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Monnett,  Osborn — A  leader  in  smoke  abate- 
ment      ^1047 

Motivation.    Moss 831 

Municipal  work.  Executives  in,  and  pro- 
motion of  subordinates 100 

Myers,  D.  M. — A  captain  of  coal  conserva- 
tion     •549 


Narragansett    Electric  Lighting   Co. — Steam 

turbine  has   record   run ^809 

National  Asso.  Stationary  Engrs.  443. 
Knox-ville  industrial  co-operative  plan 
475,  National  convention  committee  611, 
New  Jersey  convention  986,  New  TorR 
State  convention  1024,  Iowa  State  con- 
vention    1063 

National  Board  of  Boiler  and  Pressure  Ves- 
sel   Inspectors 558.   569 

National  District  Heating  Ass'n 985 

National  Elec.  Light  Asso. — Paper  82,  Op- 
erating code  for  large  central  stations 
387  856,  Convention  524,  609,  Another 
reason  for  ar  operating  code  733,  Re- 
organization plan  742.  Sidelights  on  con- 
vention 743,  Program  ^745,  Prime  Mov- 
ers Committee  report  on  steam  turbines 
898.  New  officers  903,  Cooling  coils  for 
water-cooled  transformers  934,  Pressing 
problems  discussed  at  Pasadena  Conven- 
tion 936,  R.  H.  Ballard,  past  president 
•939,  M.  Insull,  president  •940,  Tlie 
dawn  of  a  new  day  973,  Papers  102C,  1025 
National  Electrical  Code,  Revision  of ,.  649.  676 
National    engineers'    license    law .  .  234  434. 

784    976 

National  Marine  League 315 

National  Society  of  Engrs  .  A  229,  The  com- 
ing National  Engineers'  Organization 
557,  559,  603,  Membership  increasing 
946,  Washington  meeting  971.  978,  Or- 
ganization  chart ^979 

Naval  Architects  and  Marine  Engrs..  Society 

of — Paper    194 

Naval  horsepower  of  9,000.000  to  use  oil,  1052 
Necrology — Year's    progress    in    the    power 
field *2.     31 


Pago 
New  En-!.ind — Efficient  utilization  of  water 

powei  -   already  developed 1011 

New  En;,l;jnd,   Electric  ai-.rvice  in 820 

New     J'  !  fiey     legislation — Turning     meters 

back  ' ')  zero    73 

"New   M'  xico" — Economy  of   electric  drive  61'.J 

New  Me.vico,  Oil  and  gas  reservoirs  in 633 

New    Yc'  k    engineers    loya! 80 

New    To;  k    lighting    companieg    use    3.463.- 

408  toi;s  of  coal   111  a  y-^ar 926 

New  Yo  .  New  Haven  &  Hartford  R.R. — 
Impro     d    coal-handling   facilities    at    Cos 

Cob •548 

New  Yoi  k    State  industrial   code    Proposed 

amend  mi  its    to 1060 

Newark.  >  J.,  Sectional  elevation  and  plan 
•views  o.  oil  ttorage  and  burning  equip- 
ment,   liiirnet   St.    School •54 

NewcomI/    M.   B.,   Death  of 526 

Nitrate  i-lints.   Propose  to  operate  U.  S..  .    688 

"No    Acci.icnt   Week" — Be   careful 930 

Northeri:  Equipment  Co. — New  Copes  regu- 
lator     •472 

Nozzle  tube  illustrated.      Spitzglass ]  ^504 
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Ohio  Board   of  Boiler  Rules 41 

Oil.     Sec  also   "Lubrication." 

Oil    as    a    fuel    for    boilers    and    furnaces 

Fleming-    •550 

Oil  as  fuel.  Comparative  value  of  coal  and     98 

Oil   at   the   sump.    Saving •152 

Oil — Balancing    fuel,    lubricant    and   motor. 

Parish    •sgs 

Oil   boiler   efficiency.    Fuel    and 828 

Oil,   British  control  of   fuel '    763 

Oil  burmng,  Capacities  of  steel  stacks  for.  .    894 
Oil  burning — Flue-gas  temperature  and  CO2 
as  a  guide  to  furnace  operation.    Phelps  •725 

Oil.    Burning   fuel 518 

Oil.  CO2  in  flue  gas  when  burning •lOS 

Oil.  Comparative  evaporative  values  of  coal 

and     i9g 

Oil  consumed  in  U.  S.  for  power.         569 

Oil  Cooling  quenching — Ford  uses  large  re- 
frigeration plant  in  making  automobiles 

Peterson    *3QQ 

Oil-  Crude  and  ga.soline  prices  advanced  in 
Caufornia  555.   The  worm  commences  to 

turn    55g 

Oil.   Economical   combustion   of   fuel!  '  '    '  '  •730 
Oil  engine.      See  "Engine.   Internal-Combus- 
tion. 
Oil    filter    for    reclaiming    lubricating    oil 

Simple    ^391 

Oil  filter.  New  Wayne  gravity '970 

Oil  fire  efficiency  boosted  by  Orsat.  . 84 

Oil.   Flashing  point   of   fuel....  ±347 

Oil,    Fuel,    bibliography '. 433 

Oil,  Fuel,   Elements  of  combustion  o't.'.'..'.    333 
Oil    fuel    for   refrigerating   plants.    Coal   or 

Porter    ggg 

OiJ  f^^l..  Relative  value  of  coal'  and!  Evans  'es? 

Oil.  Fuel,   shortage 193 

Oil,    Fuel,    tanks.   Tamarack   Mills!  !!!!!"  •799 

Oil  fuel  vs.  coal.     Myers 352 

^*l«S"^^'-   '^^-  mechanical   stokers.      Daniels 

•684.  Criticism 930 

Oil    in    transformers.     Preventing  '  sludging 

of    ^811 

OU   indicator    gage ! ^435 

Oil-land    leasing    bill    signed    by'  'President 

Wilson      35g    430 

Oil— Mexico,    a    petroleum    storehouse    78 

No  shortage  of  Mexican  oil.  .  .  .  "  117 

Oil.  Naval  horsepower  of  9.000,000  to  use' 1052 

Oil  pressure.    Regulating  the '434 

Oil.   Preventing  siphonage   of t311 

Oil  profiteers.   Hunting   for  fuel "    147 

Oil,    Starting-compensator !  !  !  ^347 

Oil — Steam-cyUnder  lubrication.    Osboriie!  !    140 
Oil   storage  and  burning  equipment.    Burnet 
St.  School.   Newark.   N.  J.,   Sectional  ele- 
vation and  plan  views  of ^54 

Oil  supply,  Britain  trying  to  secure  a  world- 

■wide    ggo 

Oil  supply  in  U.  S.,   Available.  !!!!!!!!!!    553 

Oil    supply   is   limited.    Why   our 473 

Oil  switch  automatically.  Alarm  clock  used 

to    open •eoi 

Oil    systems    for    geared    turbines.    Standard 

lubricating.       Schmeltzer,    Fernald 194 

Oil    tank,    15,0 JO-gal.    concrete   fuel ^619 

Oil  testing  methods.   Better  cylinder •389 

Oil   testing   set.    Portable  insulating ^849 

Oil    to   run.    Starting   the 601 

Oil,  Use  of  fuel,  in  the  U.  S 460 

Oil  wells  in  Louisiana.  Salt  water  infiltra- 
tion   in    some 341 

Oiler,     Using     compression     grease    cup    as 

wick-feed    ^33 

Oils,    A    new    process    for    the    preparation 

of   lubricating    §26 

Oils    and    their    physical    characteristics — 

Practical   lubrication.     Osborne ^66 

Oils.     Crude     petroleums     am^     lubricating. 

Roberts    843 

Oils,  Cylinder,  for  (>ompound  engines t897 

Oils.  Gravity,  flash  and  fire  test  of  lubri- 
cating     t785 

Oils    Physical   tests   of.      Hill •oS-^ 

Oils,     Physical     tests     of    paraffin-base     and 

asphaltic-base.     Osborne 497 

Oils,    Relationship    between    specific    gra-vity 

and  heating  value  of   crude 16 

Old  man,  A  tip  for  the •lei 

O-  e  pound  per  horsepower.  .  .     891 

Oneida  St.  Plani.  Pulverized  fuel  at. 
Thompson,  •336,  339.  Ed.  341.  ^354. 
681.  Comparative  cost  783.  855.  Com- 
parison of   tests 101.3 

Operating  code.   Another  reason   for  an ...  .    733 
Opportunities     for     the    Combustion     Engi- 
neer    1 1020 

Orient  (111.)  coal.  Experimental  retort 
test  of    119 
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Orifice   plate    illustrated.      Spitzg-lasS.  .....  •604 

Orsat.  Oil  fire  emciency  boosted  by 84 

Overload    relays — Principles     of     operation. 

Todd *131 

Oxide-film    lig-htning-    arrester *956 


Pacific  Coast,  Power  problems  of  the.  Brom- 
ley  "701 

Pacific  Coast,  Po^^^i^•  shortage  on  the 305 

Pacific  Gas  and  Electric  Co.'s  system,  Addi- 
tions to    398 

Pacific  Northwest,   Hog  fuel  in  the..*709,   734 
Pacific  Korthwest,  Sawmill  drive  in  the. .  .    733 

Pacific  Power  and  Light  Co 625 

Packing  rings.  Alloy  for  metallic J 1069 

Packing,   Trouble  with  spray  valve *478 

Pan,    Boiler   water-leg   drip    *896 

Paper  belting  made  in  Germany •223 

Paper  machinery  drives.  Electric  motors  lor 

pulp    and.      Easton    •584 

Paper  mills.  Boiler-feeding  system  for   ....  •266 
Parallel.    How   two    a.c.    motors    were    con- 
trolled   in.      Grant     ^1006 

Parallel,    Operating   two    similar   alternators 
having    opposite    polarity    in.      Briggs.  .  . 

•810.    816 

Parallel,   Rotary  converters  in    tl017 

Paralleling    two    alternators    when    they    ro- 
tate in   opposite  directions.      Briggs •886 

Parallelism    of   engine   guides.    Testing    .  .  .  .    t77 

Paris.    A   super-power  plant   for    708 

Parisian   district,.   Central  station   to   supply 

entire 661 

Parsons,    Sir    Chas.    A.,    K.   C.    B.,    receives 

PrankUn   Medal    *1021 

Patches,    Riveting,     on    cylindrical    pressure 

shells.     Hemingway,  Page    •lOi 

Peace  treaty  cartoon '79 

Peat,   Anhydrous,   in  Irish  bogs    481 

Peat   bogs.   Area  of,   of  Manitoba,    Ontario, 

Quebec    and   New    Brunswick    916 

Pelton   turbine   governor,    Rlva    ^62 

Pendulum,    Clock,   precision   speed   limit...* 890 
Pennsylvania  Electric  Ass'n.  discusses  power 
factor  744,   Paper  822,   Harrisburg  meet- 
ing       981 

Per   cent.    Why  not   express   vacuum   values 

in?     109 

Perpetual  motion,  Mr.  Bissel  has  found  an- 
other      ^818 

Petroleum,  British  companies  exploring  for.  828 
Petroleum  production  in  states  east  of  Cali- 
fornia       632 

Petroleum  production  in  the  U.  S 609 

Petroleum     report.      Gov't. — Something     to 

think    about     •241 

Petroleum    storehouse,    Mexico,    a    78,    No 

shortage  of  Mexican  oil 117 

Petroleam,    The   age   of    61,    71 

Petroleum,    The   origin    o*    290 

Petroleum — U.  S.  reserves  app.  40  per  cent 

exhausted 304 

Petroleum,  World's  production  of    280 

Petroleums,     Crude,     and     lubricating     oils. 

Roberts 842 

Pigott,   R.  J.  S. — Power-plant  economist.  ..  *775 

Pigs  in  clover    *751 

Pin  from  a  casting.   Removing  a  tight.  ...  *518 
Pinions  from  Lewis'  formula.  Chart  to  de- 
termine   pitch     of     15-tooth    cast     steel. 
McManus,  Ehlinger *541 

PIPING 

See  also  "Pump,"  "Boiler,"  "Con- 
denser, Ammonia,"  "Valve,"  "Engine, . 
Steam,"    "Water   power,"    etc. 

— Break,    Unusual,   in   a   10-in.   steam   main.^738 

— Color  schemes  for  plant  piping.  Wilkin- 
son        610 

— Covering,  Tests  on  slag  wool  for  steam- 
pipe     280 

— Coverings,  Relative  merits  of  various  pipe. 

Morgan     •960 

— Diagram     for     computing     thickness     of 

plate   for   steel   pipe.      Batcheller •656 

— Faulty  heating  system  piping   •436 

— Peed-water  piping.  Diagram  of — Exten- 
sion to  L  Street  Station,  Boston. 
Bromley    ^129 

— Head    due    to    friction    in    water    pipes. 

Some  notes  on  the  loss  of.  Brayton.  .  .  .    848 

— Joint,  Pipe,  reinforced  with  concrete   .  .  .  •189 

— Pipe-line  breaks.  Cause  of 419 

— Piping   of   heating   system    ^1048 

— Piping    to    paper-mill    driers    and    boiler  , 
feeders    'Zee 

— Pitching     and     draining     pressure     pipe 

lines     638 

— Power-plant  piping.  Design  and  construc- 
tion of.     Morgan    384,    '797 

— Pump  suction  and  discharge  pipes,  "Ve- 
locity   in    t479 

— Size  of  pipe  line  and  power  for  pump- 
ing     t977 

— Sizes  and  velocity  of  flow  of  steam. 
Charts  for  graphical  determination  of 
pipe.      Brayton    •662,    ^762 

— Standard  pipe  hanger  data ^507 

— Steam  pipe  wiih  superheated  steam.  Ca- 
pacity of    231 

— Steam   piping  in   engine,    compressor   and 

boiler  room.   Plan  of    ^764 

— Underground     steam    main,     12-in.     high 

pressure    : ^925 

— Union,    An    emergency     •lOSe 

— Water    by    orifice,     Measuring    flow     of. 

Davis,     Jordan     *238 

— Water     connections.     Original     and    new 

piping   of    ^270 

— Wa*er  motor  supply  pipe.  Increasing  size 

of t395 

— Water-supply    line,    Airbound    t683 

Piston    bursts — kills    man 743 
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Piston    head    repaired,    Fractured'  oil-engine. ^109 

Piston,   Loose,   caused  knock    ^394 

Piston-rod    ends    worked    loose    *35 

Piston  rod  from  crosshead.  Loosening t897 

Piston  would  not  come  out.  Why  the •1014 

Pilot   tube  illustrated.      Spitzglass    ^503 

Pliers    and    screwdriver   kinks    •519 

Plug   cocks,   Regrinding    t739 

Poetry    207,    •653,    686,    1029 

Porosity     and     Volume    Changes     of     Fire- 
bricks  t986 

Pound,   One,  per  horsepower    891 

Powdered  coal.      See   "Pulverized." 

Power    activities.    Geographical    distribution 

of  coal  and    899 

Power   bills.    How   applied   in    calculating — 

Standard   meter   rates.      Allison    •ZIS 

Power  costs.  The  year  1919  encouraging  re- 
garding       268 

Power     development     and     suggestions     for 

future   progress,   A   study   of.      Morrow..  ^922 
Power  factor.      See   "Electricity." 
Power  field.  Year's  progress  in  the  ^2,  31, 

Correction     157 

Power  from  the  tide    892 

POWER  PLANT 

See    also     "Electricity,"     "Central    sta- 
tion," "Boiler,"  "Piping*,"  "Water  pow- 
er,"   "Lubrication,"   etc. 
— Abbott,   W.   L. — A   leader  in   power-plant 

operation    ^667 

— Alaska,    10,000  hp.   steam   turbine  plant. 

Coal    Creek    ^666 

— Armour  South  St.  Paul  plant.  New ^48 

— Booster  station.  Combined  gas  and  motor- 
driven    pressure.       Walden     *950 

— Carle,    N.    A. — A    progressive    in    power- 
plant    construction     ^728 

■ — Chile    Exploration    Co.'s    Tocopilla   power 

plant.      Thomas    •492,    515 

— Coal   Consumption   of   Power   Plants    and 

Bonuses    for   Coal    Saving.      Parsons.  .  t281 
— Color    schemes   for   plant-piping.      Wilkin- 
son        610 

— Connors    Creek    plant — Turbine    installed 

in  record  time ^372 

— Diman,  Geo.  H. — Power  plant  pioneer.  .  *383 
— Electrical  and  steam-plant  operators .  .  .  188 
— Financing    improvements    for    the    power 

plant.      Duffey 774 

— Finney     Avenue    Ice    Plant,     St.     Louis, 

Economy    at    the.      Wilkle    ^990 

— Ford  Works.  Gas-steam  unit  shows  72.4 
per  cent  thermal  efliciency  at.  Royer.  . 

•532,  649 
— France,     Production     resumed     in     some 

plants   of    553 

— Gebhardt,  Prof.  G.  F. — Power-plant  en- 
gineering      ^1008 

— Germany    during    the    war,    Power    plant 

built   in    ^252 

— Havana  central  station  to  double  power- 
plant  capacity    1024 

— High   wages  influence  power-plant  design. ^917 
— Ice  cream  and  dairy  plant.  Power  and  re- 
frigeration for  model    ^752 

— Instruments   in    the   steam   plant    516 

— Interconnecting     industrial     and     centrai- 

station   plants.      Weber    ^1049,    1053 

— International    power    plant    on    Uruguay 

River    825 

— Kinks,   Three  power  plant •820,   ^1014 

— Knoxville  industrial  co-operative  plan .  .  .    475 

— Korea.   Power-plant   construction   in 688 

— L    Street    Station,    Boston,    Extension    to. 

Bromley    •124 

— Leaks — "Pigs    in    clover" •761 

— Leaks  that  waste  coal.  Three  power-plant. 

Smith 627,  976 

— Log  sheet.  Power-plant ^344 

— McKeesport  Tin  Plate  Co.'s  plant.   Novel 

coal  handling   at   the    •178 

— Machinery  Center,  Fifteen  firms  unite  in 

plant   display   at    . 237 

— Maintenance,    Delayed     676 

— Mill  settled,  Why  the "SIS 

— Mills,    Adjustable-speed  motor   equipment 

for  rolling.      Jeffery    •408 

— Mills,      Electrical      drives      for      lumber. 

Franklin •536 

— Mills,    Electrical   drives   for   steel    115 

— Mills,    Electrically  driven   steel  reversing. 

Jeffrey    •1030.  1054 

— Mills,  Power  drives  for  rolling.  Rogers. 
•17,     •95,     ^171,     •291.     •465,     ^542, 

•622,   •SOO.   ^962 
— Mills,   Steam  vs.  electriq  main-roll  drives 

for  steel 80,    ^861 

— Mills'    machinery   drives.    Electric   motors 

for  pulp   and   paper.      Easton    ^684 

— Moline  Station  adds  to  steam  and  gener- 
ating capacity.     Wilson    ^208 

— Mount    Union    plant,    Penn.,     War    Dept. 

offers  for  sale 98 

— New   York,   Latest,   power  plant  to  have 

large    units    864 

— Nitrate    plants.    Propose    to    operate    U. 

S 688 

— Okanogan  Valley,  Wash.,   steam  pumping 

plant     443 

— Oneida  St.  Station,  Pulverlzed-f ael  plant 
at  »354,  •336,  339,  Ed.  341,  681, 
Comparative  cost  783,  865,  Comparison 

of    tests    1013 

— Organized  power-plant  employees    1016 

— Paper  mills.   Boiler-feeding  system   for.  ..•266 

— Paris,   A  super-power  plant  for    708 

— Paying  basis.   On  a 267 

— Pigott.   R,   J.   S. — Power-plant   economist. ^775 
— Piping,  Design  and  construction  of  power- 
plant.     Morgan 384,    ^797 

— Production  of  electric  power  and  fuel  con- 
sumption by  public  utility  power 
plants  in  the  U.  S.  for  Feb.,  Mar.,  Apr., 
and  July,  1919  312,  For  Jan..  Feb. 
and  Mar.,  1920 1046 
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POWER    PLANT — ^Continued 

— Railroad  stationary  plants.  Operation  and 

maintenance   of    313 

— Railway   stationary  plants.   Design   of .  ,  .    192 
— Sawmills,       New       power       plants       for. 

Woods     '162 

. — Sinclair,   New.   boiler  plant   at   East  Chi- 
cago     •576 

— Sparrows  Point,  Md. — One  of  the  world's 

largest  steel-mill  electrical   equipments.  445 
— Steam  electric  power-plant  layouts.     Den- 
nis         104 

— Super-power     central     station.     Proposed 
(supplement),       Stevens       ^832,       853, 

Economies  to  be  expected    •879- 

— Super-power  project  one  of  many  angles.  929' 

— Tamarack  Mills,  Fuel  oil  tanks ^799 

— Treatment    of    power-plant    trouble.     Sai- 
ler     '58 

— West  Penn  Power  Co. — Vertical  shaft  be- 
ing driven  to  a  7-ft.  vein  of  coal 184 

— Year's  progress  in  the  power  field.  .  .  .*2,      31 
Power  problems  of  the  Pacific  Coast.  Brom- 
ley      ^701 

Power  production.  An  expert  in  economical 

— Foster  McKenzie,   of  Cleveland.   Ohio..^512 
Power  requirements!  in  North  Atlantic  Sea- 
board  States — Constructive   legislation.  .  .    864 

Power   shortage  on  the  Pacific  Coast 305 

Power    situation.     Secretary    Lane    reviews 

fuel   and    60,   71 

Power  supply  and  generation  of  the  future. 

60,  71 

Power  wastes.  Our   854 

Power,  Worcester  Section  A.  S.  M.  E.  dis- 
cusses industrial    •IIS 

Precaution    against    burns    when    handling 

Ume     73 

Precision  speed  limit.  Clock-pendulum ^890 

Pressinger,    W.   P.,   Death   of    1062 

Pressure  charts.  Averaging 273,  307 

Pressure,      Forward,      back     pressure,      and 

m.e.p t347 

Pressure    gage    cock    to    dampen   vibrations. 

Choking    t859 

Pressure  in  closed  heater  higher  than  boiler 

pressure      t859 

Pressure  in  thick  hollow  cylinders.  Allow- 
able      ^104 

Pressure    on    a   bit   brace.    Getting    ^642 

Pressure,    Regulating  the  oil    ^434 

Pressure    regulator,    R.    K.    hydro-electric.  .•  888 
Pressure  shells,    Riveting  patches   on  cyUn- 

drical.      Hemingway,    Page     ^164 

Pressure-temperature  scales  for  low-pressure 

steam    ^817 

Pressure  values  given  in  steam  tables t935 

Pressure   Vessel   Inspectors,   National   Board 

of  Boiler   and    558,   569 

Pressures  and  temperatures.  Regulation  of — 
Practical    refrigeration   for   the   operating 

engineer.     Hill •581 

Pressures,    Short   manometer   for  measuring 

high    •ess 

Presto  !    Change-O  !    Strohm 'Sa? 

Profiteers,   Hunting  for  fuel-oil    147 

Propelling  machinery  for  U.  S.  S.  "Ten- 
nessee."    Sykes   •413 

Propelling    machinery.    Future    of    marine. 

Thomas     •461 

Protectors,  Smith  door •304 

Public     ownership — The    dawn    of    a    new 

day     972 

Public    Service    Electric    Co. — 1919    output 

greater  than  1918 743 

Public   utility   companies'   side   of   the  coal 

situation     399 

Publicity  for  engineering  societies 616 

Puget  Sound  Traction,  Light  and  Power 
Co. — Fatal  boiler  explosion  at  Seattle 
•444,  Washery  sludge  burned  in  pul- 
verized form  at  Seattle    729  ■ 

Pull    and   power   required   to    draw    car   up 

incline     tl017 

Pulley,   Compressed-spruce    •SSS 

Pulley,  Increasing  size  of  governor  driv- 
ing     t605 

Pulleys,     Belt     thickness     influences     speed 

ratio   of    t521 

Pulp   and  paper  machinery   drives.   Electric 

motors  for.     Easton   •684 

Pulverized    coal    applied    to-    copper    blast 

furnaces    329  • 

Pulverized  coal  under  central-station  boilers. 
Anderson  'SSO,  339,  Ed.  341,  •354,  681. 
Comparative  cost  783,  855,  Comparison  of 

tests    1013 

Pulverized  form  at  Seattle,  Washery  sludge 

burned    in    729 

Pulverized  Fuel,  Canadian  Commission  of 
Coiiservation    on    t83 

PUMP 

See   also  "Piping."  "Valve,"  "Coupling," 
etc. 

— Air  chambers.  Form  ol  pump   $739  ■ 

— Airbound,  Cause  of  pump  becoming    .  .  .  $935 
— Air-pump    capacities,     Dalton's    law     ap- 
plied to.     Wheeler •296 

— Air    primps    for     condensing    equipment. 

Wheeler 196 

— Automatic    control     for    motors     driving 

pumps  and  compressors.     Jones ^498 

— Centrifugal  pump.  Small  synchronous  mo- 
tor driving.      Brown    *25 

— Centrifugal  pumps.  Parallel  discharge  of. 

Heermans     •554 

— Centrifugal    pumps.    Synchronous    motors 

for   driving.      Mortensen    •90.    •603 

— Combined   gas   .and   motor-driven  pressure 

booster    station.     Walden ^960 

— Controller,  Emergency  automatic.  Briggs.  ^143 
— Cylinders.  Relative  length  of  pump...  $1017 
— Discharge  of  attached  circulating  pump..  $645 
— Drain    trenches    in    pump    and    condenser 

pits      310 

— Duplex   fire  pump.    Over-stroking  of    .  .  .  $395 
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PUMP — Continued 

Duplex     pump.     Compression     regulating' 

valves  of    tl91 

— Duplex  pump.  Lame  running  of    J 235 

— Duplex  pump.   Lead  for  direct    t37 

— Duplex  pump,    Regpttint,'   spool    on t785 

— ^Economy   of   direct   steam   pumps t821 

— Electrically    operated    pumping    plants    in 

Indiana     276 

— Exports,   Domestic,   of    pumps   and  pump- 
ing  machinery,    to   Oct.,    1!>19 197 

— Feed    pump.    Determining-    size    of t275 

— Feed    pump.    Jumping    of     t785 

-^Flywheel    pumps.    Advantages   of   modern 

over    old-style    till 

— "Framanco"  pump  reg^ulator   '852 

— Lift   of   jet   pump t859 

— Multiple-stage        high-pressure        turbine 

pumping    set     535 

— Pipe  line,  Si?;e  of,  and  power  for  pump- 
ing     t977 

— Pumping  water  with  a  spiral-spring  belt.  874 
— Regulating    pump     with    variable    steam 

pressure    t395 

— Repairing  cracked  pump   casing    *109 

— Revolutions    of    pump     t935 

— Setting  steam  valves  of  duplex  pump..  1 1059 
— Sinking    pump.     Pressure     at     discharg-e 

coupling    of    1935 

— Steam-jet  air  pumps  for  condensers.  Tay- 
lor      '995 

— Suction   pipe.    Trouble    from   long   pump.  177 

— Suction   valves.   Size   of   pump    t'''85 

— Valves,    Compression,    on    steami    end    of 

pump    t37 

— Water-pumping'  motor.     Novel 'SI* 

— Welding,    Repairs   made   by   electric    ....  •462 


R 

R.  K.  hydro-electric  pressure  regulator.  ...  *888 
Radio  Telegraphy  and  Telephony,  Robison's 

Manual   of t84 

Railroad    stationary    plants,    Operation    and 

maintenance   of '.    313 

Railroads    Electrification   of   the — Secretary 

Lane's    recommendations 60,      71 

Railway  stationaiT  plants,  Design  of 192 

Randolf ,  J.  A.,   Death  of 446 

Ratchet   wrench,    Adjustable *776 

Rateati  Battu  Smoot  Co. — High-speed  tur- 
bine-driven blowers *450 

Rates  of  heating  companies  in  various  cities 

of   the  .U.   S 65 

Rates,  Standard  meter — Basis  of  develop- 
ment. Allison  183,  186,  How  applied  in 
calculating    power    bills     •218,     Demand 

rates   *257 

Ratio   of   expansion t897 

Reactive  factor t375 

Reboring   Corliss   valve   chambers 274, 

'559.   779 
Reconnecting  induction   motors — Reconnect- 
ing problems.     Dudley ^55 

Recorders    for    determining    COj,     SampUng 

tanks   vs.   continuous.      Phelps ^297 

Records    and    their    interpretation.    Graphic 

meter.      Hamilton *803 

Records — EflBcient   operation    of    the    boiler 

plant.  Morgan •868,   ♦957 

Records,   Electrical  maintenance 147 

REFRIGERATION 

— Absorption  machine  merely  needed  better 

steam  circulation.    Parsons 69 

— American   Soc.   Refrig.  Engrs. — St.  Louis 

meeting   943,    Ed 930 

— Ammonia  and  air  compressor,  A  perfected 

high-pressure   rotary.      Lord *156 

— Ammonia  charge  goes.  Where  the.  Por- 
ter   618.     896 

— Ammonia  coil  for  cooling  water t37 

— Ammonia  compressor.  Engine-type  syn- 
chronous motor  driving.    Brown *26 

— Ammonia-compressor    explosions.     Hill.  . 

382,   388 

— Ammonia  compressor.  Large,  driven  by  a 

compound  uniflow-Corliss  engine.    Hill  *955 

— Ammonia      compressor,       Setting      piston 

clearance   of    t235 

— Ammonia  compressors  with  ttirbines  and 

air  compressors  in  background *4:9 

— Ammonia  condenser.  Cleaning  the  double- 
pipe.      Solomon 'log 

— Ammonia    from    coils.    Precautions    when 

pumping.      Hill ^718 

— Ammonia  in  circulation  in  compression 
refrigeration,  Two  indirect  methods  of 
finding  the  weight  of.    Gavett ^1042 

— Ammonia    leaks    in    refrigerating    plants. 

Testing  for.     Hill ^955 

— Armour  South  St.   Paul  plant,   New.  .  .  .    *48 

— Brine,    Freezing  of,    a  puzzle 35,   476 

— Coal  or  oil  fuel  for  refrigerating  plants? 

Porter    889 

— Experiences,     Some     refrigerating     plant. 

Tullis    30 

— Exports,  during  Oct.  1919,  of  air-com- 
pressing and  refrigerating  machinery.  .    197 

— Exports  of  refrigerating'  machinery,   Feb. 

1920 656 

— Exports    of    refrigerating    machinery    to 

various    countries 472 

— Finney  Avenue  Ice  Plant,  St.  Louis,  Econ- 
omy at  the.    Wilkie *990 

— Ford    uses    large    refrigeration    plant    in 

making  automobiles.    Peterson •366 

— Future  of  refrigeration,  The 72 

— Ice   cream    and   dairy    plant.    Power    and 

refrigeration   for  model •'752 

— Ice  plant  in  Cuba,  Model  small.    KiUan.  .^248 

— Ice,    Refrigerating  effect   of    natural    and 

artificial   152,   Ryan 731 

— International  Conference  of  Refrigeration  315 

— Lubrication,    Refrigerating-machinery .   .  .    647 

— Natural  refrigeration.  Used 1056 

— Need  of  competent  engineers 561,  737 
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Page 
REFRIGERATION — Continued 
— Needed    feature    of    the    refrigerating    in- 
dustry        815 

— Practical  refrigeration  for  the  operating 
engineer — Getting  ac(juaintcd  with  the 
plant.  Hill  •320.  Correction  604,  Reg- 
ulation   of   pressures   and    temperatures 

•581,  Pure  water  as  feed  water 784 

— Refrigeration    for    the    practical    engineer. 

Hill 382,    388 

— Study  course.  Refrigeration — I.  What  is 
mechanical  refrigeration?  Macintire 
•63,  Ed.  32,  II.  Ammonia-compression 
system  •ISS,  The  ammonia  compres- 
sor *320,  The  ammonia  condenser 
•301.  Ammonia  fittings  and  accessories 
•459,  The  brine  system  •.")40.  Insula- 
tion •630,  Low-temperature  ammonia 
compression  *669,  The  high-speed  am- 
monia compressor  'TeO,  Automatic 
refrigeration    ^840,    Refrigerants    ^914, 

Cooling-    water •lOOi 

— Tank  won't  work.  Believes  purge 73 

— Troubleman,  On  the  road  with  the  refrig- 
erating.   Moran 420,   509,   807,    ^873 

— Year's  progress  in  the  power  field...  ^2,     31 

Register,    Hendricks'    Commercial t446 

Regrinding  of  stop-cock.  Too  much '6SZ 

Regrinding  plug  cocks t'739 

Regulator,   New  Copes ^472 

Relays  installed  on   emergency  service,  -Re- 
verse-current        ^36 

Relays,    Overload — Principles    of    operation 

Todd    ^131 

Relays.      Protective    and    service    restoring, 

Todd '912 

Removing  a  tight  pin  from  a  easting •olS 

Repair.   Emergency,   to   lubricator  plug....^435 

Repair  jobs  in  Central   America ^189 

Repaired,  Fractured  oil-engine  piston  head.^109 
Repairing  a  boiler-plate  lamination.  .  •519,  817 
Repairing  a  commutator  under  difficulties.  .  •lOS 
Repairing    a    shell-type    transformer.     Reed.^723 

Repairing  cracked  pump  casing ^109 

Repairing   cracked   tube   shee. i ^190' 

Repairs   made   by  electric    weiding ^462 

Report    sheet    that   dispensed   with    ifour   re- 
port   sheets    ^344 

Report  sheet.  Weekly  boiler-room.  Morgan  ^960 
Republican  Club — Repairs  made  by  electric 

welding*    ^462 

Research    worker,    A   veteran   engineering — 

J.    R.    Allen •636 

Resharpening  files 548 

Reverse-current    relays    installed    on     emer- 
gency   service *36 

Rheostat     connected     to     rotor     slip    rings, 

Water   ^188 

Ring  shaft  lubrication.  Merits  of  chain  and 

559,   819,   1057 

Rings,    Alloy  for  metallic   packing..- tl069 

Riva  Pelton  turbine  g'overnor •-62 

Riveting    patches     on     cylindrical    pressure 

shells.     Hemingway,   Page •16-4 

Rockport,    Texas,    Boiler    explosion    at    ^27, 
Why  boilers  explode  31,   Possible  causes 

of  boiler  explosions 644 

Rub-a-dub,  two  men  in  a  tub ^79 

Rules  for  autogenous  welding 471 

Rules   for   the   safe   operation   of   steam   en- 
gines   and    turbines.     Clock 732 

Rules.    Simple  belt-lacing.    Black 761 

Russell  storage  heater ^419 

Rut.  Keeping  out  of  the.  .  .  .268,   270,   602,   934 


Safe    operation    of    steam    engines    and    tur- 
bines, Rules  for  the.     Clock 732 

Safety  codes — "Better  safe  than  sorry"..  306 
Safety  first  for  the  engine  room.     Ray.  .  .  .    686 

Safety,    Industrial,    Conference 83 

Safety    motor-starting    switch •eS 

St.    Louis    Economy    at    the   Finney   Avenue 

Ice   Plant.      Wilkie ^990 

St.  Paul  &  Taeoma  Lumber  Co. — Hog  fuel 

in   the  Pacific   Northwest ^709,   734 

St.   Paul   plant.   New   Armour  South ^48 

Salaries,    Low,    force   men    out    of    Govern- 
ment   service 598 

Salt  Lake's  smoke  problem.  Snow  employed 

in  217,  Sampling  atmosphere  by  airplane  ^279 
Salts,  Bichromate,  as  boiler  compound.  Use 

of 477 

Sawdust — Willful  waste  makes  woeful  want  280 
Sawmill  drive  in  the  Pacific  Northwest .  .  .  733 
Saw  mills.  New  power  plants  for.    Woods.  .^162 

Scale  foi-med  in   safety  valve, *270 

Scale,  Not  coal,  but •394 

Scales     for    low-pressure    steam.    Pressure- 
temperature    'SI'.' 

Schmid.   A.,   Death  of 201 

School.  An  advocate  of  the  junior  technical. 

Williston    ^428 

School,   Larkin    fund   to   David   Ranken .  .  .  .  1025 
School.   Newark,   N.   J.,    Sectional   elevation 
and  plan  views  of  oil  storage  and  burn- 
ing equipment,   Burnet  St ^54 

Scraper,  Wire,  made  from  hacksaw  blade.  .  *679 

Screens,   Traveling,  reduced  labor •1055 

Screwdriver,   Pliers   and,    kinks ^519 

Seattle,   Fatal   boiler   explosion    at •444 

Seattle,    Washery   sludge  burned   in   pulver- 
ized form   at 729 

Selling  Your  Services.     Pearson t570 

Semi-Diesel  engines.   Light-load  running  de- 
vice  for 118 

Shaft  governors,  Small — Steam-turbine  gov- 
ernors     *21 

Shaft  lubrication 1057 

Shaft,  'Vertical,  being  driven  to  a  7-ft.  vein 

of   coal — West   Penn   Power   Co 184 

Shafting    sizes,    Recommends    standard.  .  .  .    814 

Shafts  by  heat.  Straightening 517 

Shafts,  Lining  turbine  and  generator.    Pat- 
terson     ^370 

Shaw  monolith  suspended  boiler  arch ^458 
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Sheet,   Power-plant   log '344 

Shells    Riveting  patches  on  cylindrical  pres- 
sure.    Hemingway.   Page ^164 

Ship  in   the  worid,   "Africa"  largest  Diesel- 
engine    driven    970 

Ship,    >;f.chanical  stokers   aboard.     Bromley   •8& 
Ships,     i';mergency    Fleet    Corp.    water-tube 
boilei  -,   for   wood.      Dean,   Kreisinger.  .  .  . 

•348,  Ed.  SIO' 

Shovele: — 'Wliich,   Right-  or  left-hand? •310 

Shrink    fits.    Allowances   for todS- 

Sierta  &   San  Francisco  Po-wer  Co 279 

Signal  sy.stem  for  use  in  place  of  telephone  ^74 

Signaling-  board  in  boiler  room •262- 

Silt  dxBii  >sal  at  Taeoma  hydro-electric  plant. 

Evans     ^694 

Sinclair,  New.  bciler  plant  at  East  Chicago  •576 

Siphon,   Automatic  control  for •309' 

Siphon.  Fn-eze-proof  mixture  in  gage.  .  .  .  67S- 
Slag  wool  for  steam-pipe  covering.  Tests  on  280 
Sludge,   Washery,  burned  in  pulverized  form 

at    Seattle    729 

Smiles.     Cheney •I 

Smith  door   protectors '304 

Smoke     abatement,     A     leader     in — Osbom 

Monnr  tt    •1047 

Smoke    abatement — Year's   progress   in    the 

power    field •2,      31 

Smoke  connection  to  stac'<i    Provision  for..t821 
Smoke    liuisance.    Eliminating    the....*...    779 
Smoke     problem.     Snow     employed     in     Salt 
Lake '.s  'il?.  Sampling  atmosphere  by  air- 
plane     •279' 

Smoke-stack      of      locomotive-type      boiler, 

Flame    in tl63 

Smoke — Swat  the  waster '41 

Smokeless  chimneys  not  conclusive  proof  of 

furnace   economy 33 

Social  function  of  the  engineer 117 

Society  of  Amer.  Military  Engrs 443 

Soda    for    boiler-plate    cracks.    Why    blame 

caustic?    fe77 

"Soffioni" — Steam  from  the  earth.  .  .  .•70,    ^889 

Softener.   International    "Hot-Flow" ^1009 

Soldering   a   handhole   seat.    Kurtz ^139 

Soldering  caused  trouble  on  d.-c.  armature. 

Faulty    ^107 

Soldering  iron.   An  electric-arc.    Briggs.  .  .  . '545 

Soldering  iion.   Handy.      Sailer ^836 

Soot  on  boiler  tubes.  Effect  of.  Morgan .  .  . 

•872.    •957 

South  St.  Paul  plant.  New  Armour ^48 

Specialists,  Shortage  of  engineering 115 

Specific  gravity  and  heating  value  of  crude 

oils.   Relationship  between 16 

Specific   gravity,    Conveision   of   Baumg   de- 
grees    to tl059 

Specifications   for  lubricants 813 

Speed,     Adjustable,    motor    equipment     for 

rolling   mills.     Jeffery •408 

Speed  Umit.  Clock-pendulum  precision '890 

Spring.   Bourdon  gage.    Parker '722 

Spruce,   Compressed,  pulley *88o 

Stack,   Provision   for   smoke   connection   to   J821 

Stack   velocities.    Measuring   small •23.3 

Stacks,   Capacities  of  steel,  for  oil  burning  894 

Starrs,   Geo.  R.,   Death   of ^399 

Stater  frames.   Reinforced  concrete  for.  .  .  .    148 

Staybolt.   Gallagher  flexible •430 

Staybolt   holes.    Electrically   welded *151 

Steam.  See  also  "Cylinder,"  "Power  plant," 
"Engine."  "Condenser,"  "Turbine," 
"Pump,"  "Boiler,"  "Gage,"  "Valve," 
"Heating  and  ventilation,"  "Piping." 
"Trap." 
Steam,  Additional,  for  increased  back  pres- 
sure    t347,   783 

Steam   alignment   diagram,    A *10io 

Steam    and    Gas    Power    Engineering,    Ele- 
ments of.     Potter 1788 

Steam  and  generating  capacity,  MoUne  Sta- 
tion adds  to,     Wilson ^208 

Steam,    Charts   for   graphical    determination 
of    pipe    sizes    and    velocity    of    flow    of. 

Brayton •662,   •762 

Steam      circulation.       Absorption      machine 

merely  needed  better.    Parsons 69 

Steam     consutuptions    of    hydraulic    pumps 
and     steam-jet    ejectors.     Comparison    of. 

Taylor    '999 

Steam — Dispatching     method     of     operating 

boiler  plant ^262 

Steam,    Exhaust — New    Armour    South    St. 

Paul  plant      •48 

Steam-flow  meters.  Flanges  for 892 

Steam  from  a  cubic  foot  of  water t563 

Steam   from   the  earth ^70.   •889 

Steam     kettles.     Utilization     of     discharge 

from    $739 

Steam  line,  Willans  total.    Flory •740 

Steam,  Live,   wasted   through  back-pressure 

valve    t439 

Steam  man,   A  real — Edw.  F.   Miller ^927 

Steam.   Pressure-temperature  scales  for  low- 
pressure     •817 

Steam,    Reporting    average    cost    per    pound 

of    $311 

Steam  requirements   of  a  ty^.cal  industrial 
plant   under  different   conditions.      Weber 

•1050,   1053 
Steam,  Superheated,  Capacity  of  steam  pipe 

„   with    231 

Steam.    Superheated — Why   not? 33 

Steam,  SupeAeating  wet 688 

Steam.    Supersaturated 999,   1012 

Steam  tables.  Pressure  values  given  in....  $935 

Steam  trap.  The  Miller •lOOO 

Steam  vs.  electric  main-roll  drives  for  steel 

mills    .• 80,    ^861 

Steam   with   separating  calorimeter.   Testing 

quality   of     $235 

Steamboat    Inspection    Ser-vice    amends    its 

rules    •so 

Steamfitters.    Licensing .  .  .394,   644 

Steamship    engine    construction.    Ball    bear- 
ings   in 353 

Steel   foundation  for  temporary  10,060-kw. 
turbine •Z73 
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Pag-e 
Steel    in    Tension.    Compression    and    Shear, 
Relation    Between    the    Elastic    Streng-ths 

of.     Seely,  Putnam ■  ■■.  t  -SS 

Steel-mill  electrical  equipments,   One  of  the 

world's    largest .•  •    "i*" 

Steel    mills,    Adjustable-speed   motor   eamp- 

ment  for.    Jeffer.\ 408 

Steel   mills.    Electrical    drives    for 115 

Steel   mills.   Power  drives   for.      Rog-ers.  .  .  . 

♦17,    'gS,    'ITL-Sgi,    »4G5 
•542,    •632,    *800,    *!>03 
Steel    mills.    Steam     vs.  ,  electric    uiain-rpll 

drives   for .80,      M>1 

Steel    reversing-    mills.    Electrically    driven. 

Jeffrey •1030,  1054 

Steel  stacks  for  oil  burning.  Capacities  of.    894 

Stick,   The  big.      Strohm . .  .  .  .  ■  ■•1029 

Stoker    definitions,    Boiler    and.... 982,   Ed.   9<1 
Stoker,    Developing-   the   chain-grate.    Gauss 

•144,   ol7 

Stoker  lineshaft    Changed *7S1 

Stokers    aboard    ship.    Mechanical.     Bromley     ^t) 
Stokers — Efficient    operation    of    the    boiler 

plant.     Morgan ■  '9-^  ' 

Stokers,    Fuel    oil   vs.    mechanical.      Daniels 

•684,   Criticism 93- 

Stokers — Power     drives     for    rolling     mills. 

Rogers.  .*291,   •465,    •543,    »622,    *800,    *963 
Stokers   than   with   hand   firing.   Less   grate 

area   with tl069 

Stokers — Year's     progress     in     the     power 

field •  ■  '3,      31 

Stoking  with  different  rates  of  firing.  Com- 
parative efficiency  of  underfeed,   overfeed 

and  hand !Hn 

Storage   heater,    Russell -in 

Strainer,  A  good  watpr-line •560 

Strengths  of  Steel  in  Tension,  Compression 
and   Shear,   Relation   between  the  Elastic. 

Seely,    Putnam ^7o5 

Strikes  come.   When *So2 

Study  course  for  the  coal  trade 687 

Study  course.  Refrigeration  1,  What  is 
mechanical  refrigeration?  Macintire  •eS, 
Ed.  32,  Ammonia-compression  systecn 
•138,  The  ammonia  compressor  •230. 
The  ammonia  condenser  *301,  Ammonia 
fittings  and  accessories  ^459,  The  brine 
system  ^540,  Insulation  *630,  Low-tem- 
perature ammonia  compression  •Ceg,  The 
high-speed  ammonia  compressor  •769, 
Automatic  refrigeration  ^840,  Refrig- 
erants  ^914,  Cooling  water *1004 

Sturtevant  turbine  governors  •22,  Turbine- 
gear   transmission •931 

Success,  Qualities  of.     Brown 674 

Sulphur    Occurs    in   Coal,    A    study    of    the 

Forms  in  Which.     Powell,  Parr t84 

Sump — Automatic  control  for  siphon ^309 

Sump.   Saving  oil  at  the •152 

Sundry   Ci-vil    Bill 939 

Superheating    wet   steam 688 

Superheating  with  reciprocating  engines .  . .    895 
Super-power  central  station.  Proposed  (Sup- 
plement).   Stevens  •832,   853,  Economies 

expected    •879 

Super-power    item — Sundry    Civil    Bill    939, 

Power  survey  authorized 1063 

Super-power  project  one  of  many  angles..    929 

Supersaturated    steam 999.  1012 

Swat  the  waster ^41 

Switch  automatically.   Alarm  clock  used  to 

open   oil 'COl 

Switch,   Safety  motor-starting ^65 

Switches,   Installing  disconnecting •150 

Synchronous-motor  applications.   Berkshire.  ^166 
Synchronous     motor.     Unity     power-factor. 

Berkshire •SaO,    854 

Synchronous  motor  is   caused   to   pull   out, 

What   happens   when   a? 274.    'SgS 

Synchronous  motor.    Size   of $935 

Synchronous-motor    trouble 75 

Synchronous    motors — -Cost    of    low    power 

factor.     Brown ^34 

Synchronous  motors  for  driving  centrifugal 

pumps.    Mortensen •gO,   'COS 

Synchronous  motors  for  industrial  applica- 
tions. Induction  and.     Drake 823 

T 

Table — Average  temperature  of  colder  man- 
ufacturing areas  from  Oct.  1  to  May  1. 

Alden    ^94 

Table — Cylinder  temperatures  at  the  end  of 

the  piston  stroke.     Osborne 497 

Table — Direct   radiation   required  per   1,000 

cu.ft.   of  air  per  min.     Alden    ^94 

Table — Gallons  condenser  water  per  ton  re- 
frigeration— Refrig,  study  course.  Mac- 
intire     ^303 

Table — Relative     value     of     coal     and    oil. 

Fleming    •551 

Table — Sizes  and  types  of  ciotors  and 
methods  of  drive  for  lumber-mill  appli- 
cations.      Franklin      •539 

Table.    Unit   boiler-plant   rating.      Lee    ....  ^377 
Tables — Flow    of    water,    saturated    steam, 

gas    and    air.       Spitzglass     ^504 

Tables  for  computing  combustion  data  from 

CO2  readings    *966 

Tables — Physical   tests  of  parafiBn-base  and 

asphaltic-base   oils.      Osborne    497 

Tacoma    hydro-electric    plant.    Silt    disposal 

at.     Evans "694 

Tamarack    Mills,    Fuel-oil    tanks    ^799 

Tank,    15,000-gal.   concrete  fuel-oU    ^619 

Tank.    Gallons    per   inch   depth    of    vertical 

sided    tl017 

Tank    won't    work.    Believes    purge    73 

Tanks,   Capacity  of  cylindrical    tl53 

Tanks,    Live-steam   coils   for   oil-storage    ,.$897 
Tanks,    Sampling,    vs.    continuous   recorders 

for  determining  COj.     Phelps    '297 

Tanks,   Trmarack   Mills,   Fuel-oil 'Tg^ 

Taunton-New  Bedford  Copper  Co. — Old 
engine  dismantled,  installed  69  years 
ago    ,1001 


Page 
Taylor    Society,    Carl    G.   Barth    honored    by 

the    900 

Technical    Advisory    Committee   to    continue 

work    1023 

Technical   man   as   an   inventor    778 

Technical  men  in  Federal  service    Increased 

pay    for .    787 

Technical     school.      An     advocate     of      the 

junior.      Williston    '428 

"Technology    Plan" — Co-operation    between 

educational  institution  and  industry  267, 

New    plan     474 

Teeth,     Chart    for    determining    proportions 

of    gear.      McManus,    Ehlinger     ^541 

Telegraphy       and       Telephony,        Robison's 

Manual   of    Radio    $84 

Telephone,    Signal    system    for   use   in   place 

of    •74 

Telephony.     Robison's     Manual     of     Radio 

Telegraphy    and     184 

Temperature    distillation    of    coal.    Regional 

power  development   and   the  low    

824,   Ed.   815 
Temperature,  Low,   ammonia  compression — 

Refrig.    stud.v   course.      Macintire    *669 

Temperature    of    feed    water    from    heater. 

Morgan      *958 

Temperatures.    Regulation   of   pressures   and 

— Practical   refrigeration   for  the  rperat- 

ing    engineer.      Hill     :  .  .  .  ^581 

Templet   for  cutting  commutator  mica  seg- 
ments.      Harris     •635 

"Tennessee."    Propelling   machinery    for   U. 

S.    S.       Sykes     •413 

Terry    turbines,     Shaft    governors    of     ....  ^354 
Test,  Boiler,  at  East  Chicago  Sinclair  plant. •580 

Test   data   from    specific  plants    277 

Test.    Diagram    of    a    Cleveland    open    cup. 

Osborne    *67 

Test,    Feed-water    heater.      Morgan    ^957 

Test     Four-day,    on    five   Oneida    St.    boilers 

burning     pulverized     coal      '354,      ^336, 

339,     Ed.     341,     Comparative    cost     783, 

855,   Comparison   of   tests    101.3 

Test — Gas-steam   unit    shows   72.4   per   cent 

thermal  efficiency  at  Ford  Works.     Royer 

•532,    649 
Test  of  Orient    (111.)    coal  Experimental  re- 
tort        119 

Test  of  StirUng  boilers  using  wood  fuel .  .  . 

•711,    734 
Test  on   two   94-hp.  r.-t.  boilers.     Morgan. 

•870,    ^957 
Test,     Sample    record    from    an    indicating 

wattmeter  used  during  a.  Hamilton  ..*804 
Testing  engines  for   40,000   ft.   in   the   air. 

McBride    ^793 

Testing  for  ammonia  leaks  in  refrigerating 

plants.      Hill    •gss 

Testing    methods.    Better    cylinder-oil    ....  ^389 
Testing  on  a  grounded  circuit.     Parham   .  .  ^593 

Testing   parallelism    of   engine   guides $77 

Testing  polyphase  watt-hour  meters.     Find- 
ley    ^875 

Testing  set.   Portable  insulating-oil    ^849 

Testing     synchronous     motor     driving    two 

single-stage  pumps.     Mortensen    .  .  .  ^90,   •f  03 

Testing,  Weld,  device    ^346 

Tests — Balancing  fuel,  lubricant  and  motor. 

Parish ^565 

Tests — Emergency    Fleet    Corp.    water-tube 

boilers    for    wood    ships.       Dean,    Kreis- 

inger     ^348,    Ed.    516 

Tests,    How    to    make — Locating    faults    in 

induction    motors.       Dudley     *453 

Tests — Kerosene    as    a   fuel   for    high-speed 

engines.      Seaton     ^154 

Tests     on     520-hp.     boiler     equipped     with 

chain-grate  stoker,  Results  of.  Marsh. •1001 
Tests  on  slag  wool  for  steam-pipe  covering  380 
Tests — The   dissipation   of   heat   by  various 

surfaces     985 

Thermal  efficiency  at  Ford  Works,  Gas-steam 

unit  shows  72.4  per  cent.      Royer..  •532,   649 

Thinking,   Do  your   own !      Carpenter    615 

Tidal   ebb   and   flow   in    Great    Britain,    Util- 
ization  of    708,    Power   from    the    tide.  .    893 

Tip,    A,    for   the    old    man    •161 

Tocopilla    power    plant,    Chile    Exploration 

Co.'s.      Thomas    •492,    515 

Toledo    Railway    and  Light   Co. — Wreck   of 

motor-generator     set     ^485 

Tom,     Two-faced.       Strohm ^491 

Tool     for     pulling     worn     hydraulic    valve 

seats    •642 

Tools  lor  removing  coils    *346 

Torch,     Non-upsetting     •332 

Trade,    Proposed   cut  in   appropriations   for 

promoting    foreign     433 

Training  of  leaders 675 

Transformer         connections.  Three-phase 

power    from    single-phase.      Gibbs •672 

Transformer-loss    eliminator,    A ^973 

Transformer    Repairing  a  shell-type.     Reed.  •  723 
Transformer — Year's  progress  in  the  power 

field    •2,   31 

Transformers,      CooUng     coils     for     water- 
cooled    924 

Transformers,    Fire    hazard    in     1025 

Transformers,    Large     945 

Transformers     operate.     How     three-phase. 

Gibbs    •1002 

Transformers,     Preventing     sludging    of     oil 

in    •Sll 

Transmission,     Turbine-gear     •921 

Trap   connections.    Return    $37 

Trap    expansion  movement.    Increasing    .  .  .  'eOO 

Trap.     The  Miller  steam    •lOOO 

Trap   was  made.    How   the   oil    •162 

Traveling  screens  reduced  labor    •1055 

Troubleman,  On  the  road  with  the  refriger- 
ating.     Moran    420,    509,    807,    •873 

Tube,    Boiler.      See    "Boiler." 
Tube,     Condenser.       See     "Condenser,     steam." 
Tubes     Flow    of    air    through    small    brass. 
Taylor     •1022 
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TURBINE,  STEAM. 

See  also  "Pump,"  "Electricity,"  "Blower," 
etc. 

— Balancing    steam    turbines     •562 

— Blades,     Monel-metal,     in     destroyer     tur- 
bines.      Rice     ^908 

— Design,      Engineers      whu      use      turbines 

should   have   a  voice  in   their    557 

— Explosion  at  Phoenix  Mills,  Utica,  N.  Y.  986 
— Foundations,     Proper     lining     upon,     for 

operation    of    geared   m  arine    turbines .  1053 

— Gear    transmission.    Turbine     ^931 

— Geared   turbines,    Standard   lubricating  oil 

systems    for.      Schmeltzer,    Fernald.  .  .    194 

— Gears,    High-speed    turbine     116 

— Governors,  Steam-turbine — Small  shaft 
governors  *31,  Goveinors  of  small 
Westinghouse  turbines  '135,  Shaft 
governors  of  Terry  turbines  •254, 
Shaft  governors  of  small  Curtis  tur- 
bines *338,  Governors  of  75-  to  3,000- 
kw.  Curtis  turbines.  Bromley  ....  ^414 
— H  i  g  h  -     speed      turbine-Uriven      blowers. 

Smoot    ^450 

— Lubrication,  Steam-turbine.  Osborne.  .  ^332 
— Mixed  pressure  extraction  turbines  .  .  .  ^48 
— Operating  troubles  with  steam  turbines.  436 
— Parsons,    Sir  Chas.   A.,    K.   C.   B.,   receives 

Franklin   Medal    •1021 

— Rules    for    the    safe    operation    of    steam 

engines    and    turbines.      Clock    732 

— Shafts.     Lining     turbine     and     generator. 

Patterson     ^370 

— Steam   from  the   earth   in   Italy ^889 

— Steam-turbine      economy      characteristics. 

Plory     ^740 

— Steam  turbine  has  record  run   *809,  An- 
other  long   run    1056 

— Steam   turbine.    The.      Sniffen    83 

— Steam      turbines.     Prime     Movers     Com- 
mittee   report     on     898 

— Superheated   steam  in  turbines    787 

— Supersaturated   steam    999,    1012 

— Turbine    a     one-speed    machine     $521 

— Turbine-driven     vs.     engine-driven     alter- 
nators— I    Mortensen     •330,    II     •425, 

III  ^469 
— Turbine  installed  in  record  time  ....  '373 
— Waterbury   turbine   explosion     Details    of 

the    ^633 

— ^Year's  progress  in  the  power  field   ....  •2,  31 
Turbine.   Water.      See   "Water  Power." 
Turbo-air    compres-sors.    Advantages    of     .  .  $739 
Turbo-alternator — Year's     progress     in     the 

power  field    *2,   31 

Turbo-alternators,    Cooling    of     473 

Turbo-blowers — Power     drives     for     rolling 

mills.      Rogers    

•465,   •643,    ^632.   'SOO.   ^962 
Turbo-generators — PropelUng  machinery  for 

U.    S.    S.    "Tennessee."      Sykes     ^413 

Turbo-generators — Regulating  the   oil   pres- 
sure      ^434 

Tuscany — Steam  from  the  earth  ....  ^70,  •SSg 
Two-faced  Tom.      Strohm    ^491 
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Uniflow   engine.    The    •263 

Union,   An  emergency    •1056 

Union    Traction    Co.    of    Indiana — Unusual 

break    in    a    10-in.    steam    main     •738 

United  Electric  Light  &  Power  Co. — Latest 

New    York    power    plant    to    have    large 

units      864 

U.    S.    produces   about   95   per   cent   of    the 

natural   gas    184 

Unorganized  labor — When  strikes  come...^233 
Unrest,    Industrial    106,    783,    1058 


Vacuum  gage  reading  referred  to  barom- 
eter     $395 

Vacuum  referred  to  standard  30  barom- 
eter     $977 

Vacuum  to  pounds  per  sq.in..  Conversion 
of   inches   of    $439 

Vacuum  values  in  per  cent.  Why  not  ex- 
press ?    109 

VALVE 

See      also      "Engine,      Steam."      "Pump," 
"Boiler,"    "Engine,    Internal-combustion," 
etc. 
— Automatic  expansion    and   control  valves 

— Refrig.   study   course.     Macintire.  ..  •SiO 

— Blind    of    a    valve    $683 

— Car-operating   valve.      Burgess    •lOS 

— Curtis  turbine  governor  valve.  Bromley. •416 
— D  slide  valve — Necessity  of  unequal  laps 

for   equalizing   cutofl    $859 

— D  slide  valve.   Steam  laps  of    $935 

— Engine    valves.    Types    of — Power    drives 

for  rolUng   mills.      Rogers    •SOO,   962 

— Feather  and   plate  valves  in   section,   etc. 

Refrig.    study    course.      Macintire    ...•770 

— Globe   valve,    Direction    of    setting    $375 

— Governor    and    automatic   throttle   valves. ^130 

— Governor  valve.  Case  of  a  stuck    1055 

— Governor  valve  small  Curtis  turbine  .  .  ^329 
— Home-made  emergency  valve.  Noble  .  ^314 
— Hydraulic   valve    seats.    Tool    for   pulling 

worn •642 

— L    Street    Station,    Dean    electrically    con- 
trolled  valves   in.      Bromley    •126 

— Lap  and  negative  lead  of  valve $739 

— Lap    on   head   end   of   valve.    Reason   for 

greater    $77 

— Link    valve    gear,    Proportions    of $683 

— Multi-pump    valves.    Advantages    of    ...  $977 

— Noisy   exhaust   valves    $1017 

— Packing,  Trouble  with  spray-valve  ....  ^478 
— Packing  valve  stems  under  pressure  476, 

Not   good  for  all  valves    896 
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VALVE — Continued 

Pilot  valve,  Principle  of  modern:  View  of 

bypass         valve — Pop's         water-power 

course.      Carpenter    •260 

. Pilot    valve,    Rudimental    idea    of — Pop  s 

water-power  course.     Carpenter *^   o 

— Pipe-line    valves,    Care    of    27^ 

— Pressure-reducing  and  pressure-regrulating 

valves     ilo'i 

— Radial    valve    gear    ;785 

— Reboring  Corli.ss  valve  chambers    .  .  .... 

274,    559,    779 

— Reseating    an    angle  valve    •151 

— Safety    valve.    Slowdown    of     ;04.f) 

— Safety  valve,  Frozen,  causes  boiler  ex- 
plosion 157,  •175,  186,  Discussion 
(whole  page)  43;i,  434,  Hazards  of 
the  human  element  639,  Possible 
causes  of  boiler  explosions  644, 
Freeze-proof  mixture  in  gage  siphon.  .  678 
— Safety    valve    lever.    Weight    required    at 

end     of     t479 

— Safety    valve — Pressiire    in    closed    heater 

higher   than   boiler    pressure    t859 

— Safety-valve  seats,  Leaky 343 

— Scale    formed    in    safety    valve    •370 

— Stop-cock     Too    much    regrinding    of...^68,v 
— Suction      and     discharge     valve — Refrig. 

study   course.      Macintire    '221 

— Terry    governor   valve.    Standard   type    of.^255 

— Trick's  slide  valve •1:821 

— Valve  failure  and  valve  steels  in  internal- 
combustion  engines.     Aitchison 396 

— Valve-seat     repair      •189 

— Valve-timing   mechanism.    Adjustment    of. 

Snow     •968 

— Water   lift   when   the   safety  valve  blows. 

Why  does  the?    ...232,  269,   307.  343,  642 
Vane    for    measuring    stack    gas    velocities.  •233 
Venturi    tube    illustrated.      Spitzglass     ....•504 
■Vessels    in    New    Englmd    coal    trade    oper- 
ated  at   a    loss    252 

Vickers-Petters     light-load     running    device 

for  semi-Diesel  engines    118,  458 

Viseosimeter,      Sectionil     diagram     of     the 

Universal   Saybolt.     Osborne    *68 

Volatile   matter  in   coil.   Determination   of.    149 
■Voltages     with     various     connections      and 
phases.    Comparison    of    motor.      Dudley  ^55 

Volterra — Steam  from  the  earth •70,    •889 

Volume    Changes    of    Firebricks,     Porosity 
and     t986 


W 


Wage    increase    in    tae    water,     light     and 

power  industries    .    102 

Wages,     High,     influwice     power-plant     de- 
sign  ^917 

Walsh,   Major  E.  T.    beath   of    201 

Wanted:       A    practical    man     '.  .  .  .  •900 

Washery   sludge  burnjd  in  pulverized  form 

at    Seattle     | 729 

Washington    State    Coal    Commission    holds 

preliminary   meetins    743 

Waster,    Swat    the    .    ^41 

Watch,    Demagnetizing  a    308 

Water,    A    drop    of.     Pagett     •693 

Water,    Ammonia    coij    for    cooling     t37 

Water  by  movable  bait  tube.  Raising   .  .  .  .Jill 
Water  by  orifice.  Measuring  flow  of.  Da'vis, 

Jordan     ^238 

Water,       Cooling — Rt'rig.       study      course. 

Macintire    ^1004 

Water    deliveiT — Com)ined    gas    and    motor- 
driven    pressure   boister    station.    Walden.^950 
Water.    Drinking,    Coc  ing — Ford   uses    large 
refrigeration    plant,  in    making    automo- 

V\il£ic  T>£itoT»ar\n  *366 

1  uctivity  of    1:645 

e  aporation.      Johnson.  .  ^28 
near        Thorold, 

427 


biles.  Peterson 
Water,  Electrical  con 
Water — Equivalent  e 
Waterfall,       Prehisto 

Ont 


Water    heater.    Savin; 


Water  heater,  Corrosiin  of  feed   tl91 


from    use    of    feed.  1:1059 


Water   heater    test,    lied.      Morgan    ^957 

Water-line   .strainer,    ^    good    ^560 

WATER    POWER        , 

— Bhakra    Dam.    Indi     228 

— British   Columbia,   Water   power   of    ....    569 
— British  Guiana.  Wder  power  available  in.   803 
— California     require     more     hydro-electric 
power  157.  Powp  growth  in  California 
184,    Application    for    power   purposes   541 


Pago 
WATER   POWER — Continued 
— Canada — Construction   co-sl   of   plants....    714 

— Canada,    Hydro-electric    power    in     Otiii 

— Canada,   White   coal    available   in    796 

— Ceylon,    Sources    of    water    power    in     .  .    281 
— Chelan    River,    Hydraulic    electric    power 

plant   at   mouth  of    241 

— Cuba.       Hydro-electric       ic-e       plant       in. 

Kilian    ^248 

— Czecho-Slovakia,  Hydro-electric  develop- 
ment  in    83 

— Dam,  Precautions  to  observe  when  oper- 
ating gates   at   a.      Wyss    222 

— Federal     water-power    policy     will    mean. 

What  a  definite 1061 

— Finland.  Water  power  in  118,  Amount  ex- 
aggerated        648 

— France,    Hydro-electric   power   in    514 

— Funds  for  investigating  water-power  re- 
sources        473 

— Geographical     distribution     of     coal     and 

power     activities     899 

— Germany,     Hydro-electric    plants    on     the 

River    Neckar     787 

— "Great    St.    Lawrence     The"     1060 

— Hydraulic   governor  during   short-circuits. 

Handling.     Wyss    596 

— Hydraulic    turbine    runner,    A    new    type 

of.      Nagler    ^81 

— Hydraulic  Turbines.     Daugherty t612 

— Hydro -electric  central  stations  in  Can- 
ada      1023 

— Hydro-electric     development     will    utilize 

1,900-ft.  fall   of  water 281 

— Hydro-electric  plant  hints.     Wyss 497 

— Ice    troubles.     Preventing     310 

— Improving     an     ineflficient     water    power 

plant.       Carpenter     •768 

— Induction  generator  for  small  water- 
power    plants     tl91 

— Italy,    H.vdro-electric   undertakings  in    ...    553 
— Japan,    Extension    of    hydro-electric    pro- 
jects   in     1010 

— Kern    River    No.    3    construction    work. 

New.      Dennis    556 

— Leaks     in     hydraulic      gates,      Stopping. 

Wyss    100 

— Leaks   in    rock-filled   dams.    The   location 

and   remedy   of.      McDonald    626 

— Niagara  power.  Urges  greater  use  of 
•314,  Power  canal  constructed  in 
1842  481.  Beauties  and  power  de- 
velopments    of     Niagara      Falls     525, 

Work    progressing     787 

— Our    power     wastes     854 

— Pacific    Coast,    Power    problems    of    the. 

Bromley     ^701 

— Pipe  lines  against  collapse.  Safeguarding. 

Carpenter     594 

— Pop's     water-power     course.       Carpenter. 

XV    ^99.    XVI    •260 
— Power    development    and    suggestions   for 
future    progress,     A    study    of.       Mor- 
row      ^922 

— Pressure    regulator,    R.    K.    hydro-electric. ^888 

— Riva  Pelton  turbine  governor •62 

— St.  Lawrence  power.     Vogelsang.  ..  .357    397 
— Secretary   Lane's   recommendations    ...60.    '71 

— Spain's   available   water  power    444 

— Spanish    hydro-electric    plant.    New     ....    19.3 

• — Sweden's    available    water    power     386 

— Tacoma       considering       development       of 

Lake   Cushman   power    site    1 10 

— Tacoma  hydro-electric  plant.   Silt  disposal 

at.      Evans ^694 

— Trash  racks  for  hydraulic  power  plants. 
Installation  and  maintenance  of.  Mc- 
Donald     •659 

— Traveling    screens    reduced    labor     ....•10.55 
— U.    S.,    Water-power  development   in    the.  1020 
— Water    power    available    for    electric    gen- 
erator       (859 

— Water-power  bill — Cartoon  *79,  Prog- 
ress in  water-power  legislation  18.5, 
598,  Senator  Norris'  amendment  re- 
jected 474,  As  reported  from  Confer- 
ence Committee  825,  Bill  on   the  rocks 

972,   Bill  becomes  a  law    1054,   1061 

— Water  powers  already  developed.  Effi- 
cient   utilization     1011 

— Water   powers.    Our — Fallacies,    facts    and 

possibilities.      Stafford    1040 

— Water-turbine   nozzle.   Changed    *189 

— Waterwheel-driven  alternators.  Vertical- 
shaft — Mechanical  features.  Morten- 
sen  *698.  Lubricating  system  and 
rotor  *837  Brakes,  ventilation  and  ex- 
citers      *953 
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WATKK    POWER — Continued 

— Wh'-n    th'i    coal    i.s    tfone     106 

— Woriii'fl   largest  plant   to  be  near  Oregon- 

W  .ishington   border 812 

— Year's   progress  in   the  power  field....  ^2,    31 

Water  pumping  motor,  Novel ^814 

Watei  purification.  Boiler — Precaution 
agrairist    burns    when    handling    lime....      7.3 

Water    softening,     Hot-proress     •429 

Watei-  -apply    line.    Air-bound     1683 

Water — Transfer  of  heat  requires  difference 

of    temperatures    t521 

Waterbury     turbine     explosion.     Details     of 

the    •633 

Waterwheel-driven       alternators.       Vertical- 
shatt — Mechanical       features.         Morten- 
sen    'fi'JH.    Lu'oricating   system    and    rotor 
•837.     Brakes,     ventilation     ana    exoiier8.^953 
Waterwheels    used    for   braking    and   initial 

power    612 

Watts     &     Walsh     Co. — Compressed-spruce 

pulley    '2^5 

Wayne.   New,   gravity   oil   filter    •Q?© 

Weld-testing     device     '348 

Welded     joints,     Electric-arc     '925 

Welded   stay-bolt  holes.   Electrically •151 

Welding  machine.   Automatic  arc •o48 

Welding  machine.  Automatic — Year's  prog- 
ress in  the  power  field •2.  31 

Welding.  Rules  for  autogenous 471 

Welding  Steam  Boiler  and  Flywheel  Serv- 
ice Bureau  accept  auto?-enous  40,  Re- 
pairs made  by  electric  welding    tS? 

Welds.   El'-ctric  arc  vs.  gas 604,  934 

"Welfare  "  activities  of  engineering  societies. 
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ENGINEERS  of  course  fully  realize  the  value  of  lubrica- 
tion. They  would  not  attempt  to  run  or  allow  their 
subordinates  to  keep  in  operation  any  piece  of  machinery 
that  was  not  kept  properly  oiled.  Yet  in  their  daily  lives  and 
conduct,  engineers-in-charge  do  not  seem  to  realize  the  lubri- 
cating value  of  a  smile.  Brought  up  in  the  rough  school  of 
practice,  by  the  time  they  have  arrived  at  a  position  of  au- 
thority a  great  many  seem  to  have  completely  lost  their  sense 
of  humor. 

Looking  backward  after  nearly  a  score  of  years  of  power- 
house work,  I  remember  four  men  who  seem  to  stand  out, 
apart  from  the  rest.  The  first  and  most  successful  of  these 
had  the  gift  or  acquired  the  ability  of  mixing  a  smile  with 
his  daily  contact  with  those  over  whom  he  had  authority. 
From  a  technical  viewpoint,  I  believe  this  man  knew  the  least 
of  the  quartet,  yet  he  was  one  of  the  most  successful  engineers 
that  I  have  ever  .known.  Perhaps  he  appreciated  the  human 
element  a  little  more  than  the  others  and  acted  accordingly. 
His  engine  room  and  boiler  room  were  neat  and  clean,  and 
he  was  always  able  to  get  the  hard,  hot  and  laborious  work 
done  without  friction  with  his  subordinates.  He  was  not  a 
loud-voiced  individual,  neither  was  he  a  wooden  Indian,  but 
he  had  the  happy  faculty, of  smiling  at  the  right  time. 

In  the  last  fifteen  years  this  man  has  been  the  engineer-in- 
charge  in  four  different  plants  and  he  has  had  the  same  de- 
gree of  success  in  each.  It  may  be  he  possessed  a  certain 
amount  of  personal  magnetism  that  made  the  pathway  easy, 
but  I  am  convinced  that  for  the  most  part  it  was  sim.ply  be- 
cause he  could  smile  with  his  men  when  occasion  demanded  it. 

The  second  of  these  four  men  has  been  in  charge  of  some 
large  plants  and  is  a  thorough  mechanic  as  well  as  a  first- 
class  engineer,  that  is,  a  first  class  engineer,  judging  him 
from  his  knowledge  of  power-plant  equipment  and  its  needs. 


A  martinet  for  discipline,  he  has  always  erected  a  barrier  be- 
tween himself  and  his  men.  When  conditions  have  arisen 
that  should  have  caused  him  to  open  the  door  of  his  reserve, 
he  always  bolted  it  securely  from  tne  other  side. 

This  man,  after  a  lifetime  in  power-plant  work,  cannot  be 
called  a  successful  engineer.  Like  the  old  Bourbons  of  France, 
he  has  learned  nothing  and  forgotten  nothing. 

The  third  is  a  man  of  quiet  demeanor  and  good  intentions 
and,  a  capable  engineer  in  many  ways,  yet  he  evidently  hasn't 
smiled  since  he  was  a  child.  It  would  actually  be  easier  for 
him  to  cry  than  to  crack  a  smile,  and  for  that  reason  he  is  no 
more  capable  of  inspiring  a  man  to  a  little  extra  effort  than 
the  boiler-feed  pump  would  be. 

The  last  of  the  four  has  more  technical  knowledge  than  the 
rest  and  is  a  bright,  keen  man  in  every  way,  yet  he  has  been 
the  least  successful  of  them  all.  A  man  of  nervous  tempera- 
ment, not  only  is  he  easily  irritated,  but  he  conveys  that  irri- 
tation to  others  with  the  '■esult  that  there  is  constant  friction 
between  himself  and  his  help. 

A  distinguished  artist  was  once  asked  by  a  young  enthus- 
iast with  what  he  mixed  his  paints.  The  great  man,  noted 
almost  as  much  for  his  gruffness  as  famed  for  his  greatness, 
repHed,  "With  brains,  sir!  Brains!"  Applying  this  test  to 
power-house  work  I  believe  if  the  successful  engineer  were 
asked  to  what  he  attributed  his  achievements,  the  reply  would 
probably  be:     "By  mixing  mvNwork  v\ijh  smiles,  sir." 

This  line  of  reasoning  could  well  be  made  to  fit  any  branch 
of  work,  but  we  who  go  down  to  the  pit  of  whirring  wheels 
and  humming  drums  of  concealed  energ>',  are  prone  to  think 
of  things  that  concern  only  us  and  to  judge  men  and  condi- 
tions by  what  we  have  learned  from  daily  contact  with  life 
as   we   find  it. 

Contributed  by  Frankland  Cheney. 
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IN  THE  field  of  power  the  year  1919  is  notable  as  it  brought  back  to  mmd 
memories  of  James  Watt.  On  August  19  it  was  just  one  hundred  years 
since  this  genius  passed  away,  leaving  behind  him  the  germ  of  the  great 
industrial  advancement  of  the  present  day. 

Reviewing  the  past  twelve  months,  it  has  been  a  period  marked  by  "watch- 
ful waiting"  for  prices  to  lower,  industrial  disturbances  caused  by  the  radicals 
of  labor  and  employers  of  the  old  school,  and  eventually  an  immense  volume 
of  business  to  make  up  demands  accumulating  during  the  period  of  the  war. 
With  labor  less  productive  than  before  and  sudden  curtailment  of  effort  due 
to  the  recent  coal  shortage,  there  has  been  little  opportunity  for  development 
or  even  for  special  work  of  any  kind.  The  big  bulk  of  power  equipment  de- 
livered has  been  along  standard  lines. 

In  engineering  design  it  has  been  a  period  of  crystallization.  Operating 
results  from  high  steam  pressures  and  superheats  are  being  weighed  and 
digested,  large  turbines  of  different  types  are  being  compared,  and  designers 
are  trying  to  settle  in  their  own  minds  limits  of  speed  and  capacity.  It  is  just 
a  breathing  spell'  however,  for  the  advancing  cost  of  fuel  makes  action  urgent. 

As  greater  opportunities  lie  in  higher  pressures  than  in  excessive  tem- 
peratures, an  early  resumption  of  the  advance  in  this  direction  may  be  ex- 
pected. High  pressures  of  yesterday  are  now  standard,  and  a  higher  goal 
has  been  set.  At  no  distant  date  the  present  maximum  of  350  lb.  gage  coupled 
to  a  temperature  approximating  650  deg.  F.  should  be  exceeded,  with  current 
practice  following  and  slowly  closing  up  the  gap.  Piping  to  carry  pressures 
far  above  those  now  in  common  use  is  available,  and  welding  will  do  con- 
siderable in  eliminating  leaks  and  similar  troubles.  Turbine  designers  do 
not  anticipate  insurmountable  difficulties  in  building  machines  for  any  pressure 
that  boilers  will  deliver.  It  is  in  the  boiler  itself,  the  economizer  and  the 
numerous  auxiliaries  of  the  plant  that  further  investigation  and  development 
will  be  necessary.  While  boiler  pi-essure  might  be  increased  to  almost  any 
desired  point  by  the  elimination  of  drums  of  large  diameter,  it  is  the  steels 
now  in  commercial  use  that  are  the  limiting  factor.  At  about  seven  hundred 
degrees  Fahrenheit  the  strength  of  the  material  seriously  lessens,  so  that  in 
operation  it  would  be  unsafe  to  exceed  this  temperature.  More  homogeneous 
material  of  higher  heat-resisting  qualities  would  solve  the  problem,  but  even 
the  limit  quoted  would  allow  pressures  up  to  six  hundred  pounds  and  low 
superheat,  which  in  itself  would  give  economies  fifty  per  cent,  greater  than 
are  obtained  in  present  good  practice,  with  due  allowances,  of  course,  for 
higher  initial  costs  and  probably  higher  upkeep  resulting  from  the  service. 
The    ever-increasing   price   of    coal   has  forced  improvement  in  the  average 
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plant.  The  lessons  taught  by  the  Fuel  Administration  have  not  been  forgot- 
ten. The  possibilities  of  saving  in  the  boiler  room  are  more  generally  appre- 
ciated, and  efficient  combustion  is  being  given  more  attention  than  ever 
before.  Naturally,  this  has  brought  about  a  more  general  use  of  boiler-room 
instruments  and  by  the  manufacturer  marked  improvement  in  design,  insur- 
ing greater  accuracy  and  reliability. 

Scarcity  of  coal  as  well  as  price  has  given  impetus  to  the  use  of  fuel 
oil,  especially  along  the  Atlantic  coast ;  has  brought  about  the  use  of  inferior 
coals  such  as  anthracite  xulm,  coke  breeze  and  lignites,  and  has  stirred  into 
renewed  activity  experimental  work  with  powdered  coal  and  colloidal  fuel. 
Efforts  toward  conservation  are  turning  more  insistently  to  generation  of 
electrical  energy  at  the  mines,  to  a  more  general  use  of  water  power  and  to 
the  possibilities  of  low-temperature  distillation  of  coal.  Burning  raw  coal  is 
extremely  wasteful  when  it  is  possible  to  recover  byproducts  sufficient  to  pay 
for  the  fuel  and  still  leave  in  the  gas  remaining,  seventy  per  cent,  of  the  orig- 
inal heat  in  the  coal.  Higher,  but  not  excessive,  initial  cost  of  installation  and 
more  skilled  attendance  is  the  price  of  such  recovery. 

Scarcity  of  labor  has  enforced  the  installation  of  labor-saving  devices 
in  the  power  plant.  The  use  of  coal-  and  ash-handling  equipment  and  of 
mechanical  soot  blowers  has  become  more  prevalent,  and  stokers  cannot  be 
made  fast  enough  to  meet  the  demand.  The  number  of  stoker  manufacturers 
has  increased  at  a  surprising  rate,  and  the  capacity  of  each  seems  to  be  taxed 
to  the  limit.  For  the  same  reason  and  for  the  better  economy  that  is  possible, 
operators  are  resorting  more  frequently  to  automatic  regulation  of  the  damper, 
the  supply  of  air  to  the  furnace,  the  stoker  engine  and  the  water  fed  to  the 
boilers. 

High  prices  are  a}so  enforcing  conservation  along  other  lines.  The 
profligate  use  of  steel  in  the  power-plant  building,  running  as  high  as  five  to 
six  pounds  per  pound  of  steam-generating  capacity,  is  no  more.  The  enor- 
mous heights  above  ground  and  depths  below  are  giving  way  to  more  logical 
designs,  inclosing  only  useful  space,  and  economy  in  the  use  of  construction 
material.  A  notable  instance  of  this  modern  tendency  is  the  new  Moline 
boiler  plant  of  the  United  Light  and  Railway  Company.  Reinforced  concrete 
was  used  throughout  with  a  considerable  saving  in  first  cost.  A  design  studied 
to  eliminate  all  but  usable  space  and  to  combine  bunker  and  roof  support,  was 
an  additional  factor  in  the  economy. 

A  feature  of  the  year  was  the  remarkable  activity  among  engineers.  The 
characteristic  reticence  and  retiring  disposition  of  the  average  engineer  gave 
way  during  the  war  to  a  realization  of  the  value  of  cooperation  and  active 
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participation  in  public  affairs.  The  result  has  been  a 
desire  for  unification  of  effort  among  all  engineering 
societies  of  the  country.  Plans  of  procedure  have  been 
remodeled  and  new  services  inaugurated  to  meet  the 
new  conditions.  There  has  been  a  great  movement  to- 
ward cooperation  between  individual  societies,  and  plans 
for  amalgamation  of  engineering  interests  into  one  rep- 
rssentative  body,  with  the 
purpose  of  making  more  ef- 
fective all  work  for  the 
good  of  the  public  and  the 
advancement  of  the  profes- 
sion. 

Boiler  Fuel 

Briefly,  the  foregoing 
enumerates  tendencies 
which  require  more  illumi- 
nation. Reverting  to  fuel, 
pulverized  coal  for  the 
power  plant  has  been  in  the 
spotlight  again  and  notable 
improvement  is  evident.  At 
Milwaukee  the  plant  pre- 
viously referred  to  in  these 
columns  has  been  extended 
and  comprehensive  tests 
have  been  conducted,  but 
the  results  at  this  writing 
are  not  available  for  publi- 
cation. Previous  tests  on 
the  first  unit  were  favor- 
able, and  encouraging  word 
of  equipment  of  this  char- 
acter comes  from  Seattle  and  Pittsburgh.  At  the  spring 
meeting  of  the  American  Society  of  Mechanical  En- 
gineers the  relative  merits  of  powdered  coal  and  mod- 
ern stoker  installations  were  given  a  thorough  airing. 

Urgent  need  for  coal  conservation  has  again  brought 
to  the  front  the  great  piles  of  culm  in  the  anthracite 
regions.    The  coarser  portion  of  this  fuel  under  proper 
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conditions  can  be  burned  directly  in  stokers.  The  finer 
culm  passing  through  a  1/32-inch  mesh  is  first  pulver- 
ized and,  as  powdered  coal,  has  been'  burned  success- 
fully under  boilers.  Another  interesting  ex])eriment 
was  the  mixing  of  this  pulverized  culm  with  oil  in  the 
proportions  of  thirty  and  seventy  per  cent.,  respectively. 
Similar  tests  on  a  mixture  of  coal  and  oil  known  as  col- 
loidal fuel  were  made  with 
excellent  results  by  the 
Submarine  Defense  Asso- 
ciation with  a  view  to  con- 
serving the  oil  supply  of 
the  Navy.  In  numerous  in- 
stances anthracite  screen- 
ings have  been  mixed  with 
bituminous  coal  in  about 
the  same  proportions  as 
with  oil  and  have  been 
burned  satisfactorily  in 
hand-fired  furnaces  depend- 
ing upon  natural  draft. 

The  rising  price  of  coal 
and  the  shortage  of  labor 
has  created  a  situation  ex- 
tremely favorable  to  oil. 
Where,  formerly,  regions 
remote  from  coal  mines  and 
contiguous  to  oil  fields 
burnedto  advantage  the  lat- 
ter fuel,  quite  recently 
there  has  been  a  steadily 
growing  market  for  oil 
along  the  Atlantic  coast, 
particularly  in  New  Eng- 
land, which  can  be  reached  so  conveniently  by  tank 
steamers.  The  movement  is  spreading  to  New  York 
State,  New  Jersey  and  eastern  Pennsylvania,  and  even 
in  the  bituminous  coal  regions  of  the  Middle  West  there 
have  been  numerous  transfers  from  coal  to  oil.  The 
obvious  reasons  are  the  relative  prices  of  the  two  fuels, 
the    saving   in   labor   effected   by   the    use    of    oil    and 
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the  more  easily  controlled  combustion  of  the  liquid  fuel. 
Owing  to  the  impetus  given  to  the  quest  for  petroleum 
during  the  war,  the  continued  high  prices  for  oil  and 
the  recent  improved  conditions  in  the  market  for  drilling 
equipment,  the  domestic  production  for  1919  will  reach 
probably  360  million  barrels,  as  compared  to  345  million 
barrels  for  1918.  The  estimated  consumption  exceeds 
400  million  barrels,  greater 
by  a  small  percentage  than 
the  figure  of  397  million 
barrels  given  for  the  pre- 
vious year. 

Mexico  today  is  the  great 

fuel-oil  supply  house.    The 

1919  production  will  likely 

be   eighty   million  barrels; 

what    the    potential    daily 

production  is  no  one  knows, 

but   estimates   by    authori- 
ties place  it  at  one  million 

barrels.     Oil   interests   are 

reported  ready  to  spend  one 

hundred  million  dollars  in 

further  developments  there. 

The  Mexican  oil  sftuation 

is    now    one    of    disputed 

ownership.      In    1883    the 

Diaz    government    enacted 

the  mining  laws  according 

to  which  the  owner  of  the 

surface  of  oil-bearing  land 

owned  also  the  oil  that  the 

land  might  be  made  to  yield 
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direct  dominion.  These  decrees  and  others  annulled 
the  long  standing  previous  legal  status  of  all  petroleum 
leases  and  titles.  .          ,     . 

But  however  the  dispute  is  settled,  the  price  ot  oil 
will  surely  chase  the  price  of  coal.  This  is  indicated  by 
the  fact  that  in  New  England  consumers  signed  long- 
term  contracts  for  oil  at  ninety-two  cents  per  barrel  of 

forty-two  gallons,  while  to- 
day such  contracts  cannot 
be  made  under  about  $2.50 
per  barrel,  and  then  there 
is  a  sliding-price  clause 
which  may  be  to  the  advan- 
tage or  disadvantage  of  the 
cansumer. 

Notable   Steam-Power 
Plants 

Among  the  notable  steam 
stations  given  publicity 
during  the  year  were  the 
United  States  Nitrate  Plant 
No.  2  at  Muscle  Shoals, 
Alabama,  and  the  Old 
Hickory  plant  near  Mem- 
phis, Tennessee,  both  war 
projects  conceived  and  built 
in  record  time.  The  for- 
mer, which  was  completed 
shortly  after  the  armistice 
was  signed,  has  never  been 
in  operation.  It  was  laid 
out  for  two  turbine  units 
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On  these  grounds  the  oil  industry  grew.  At  the  consti- 
tutional convention  of  the  Carranza  government  the 
famous  "Article  27"  of  the  constitution  which  became 
effective  May  1,  1917,  was  written;  it  reads  in  part: 
".  .  .  the  nation  has  direct  dominion  over  .  .  .  solid 
mineral  combustibles,  petroleum,  and  all  solid  liquid 
or  gaseous  carbohydrates."  Carranza,  on  Feb.  19  last, 
issued  a  statement  defining  the  provision  as  meaning 


to  supply  ninety  thousand  kilowatts  for  the  manufac- 
ture of  great  quantities  of  ammonium  nitrate.  Only 
one  unit  of  sixty  thousand  kilowatts  capacity  was  in- 
stalled, this  being  a  three-cylinder  reaction  turbine  with 
a  water  rate  ranging  between  ten  and  eleven  pounds 
of  steam  per  kilowatt-hour.  Boilers  were  of  the  Stir- 
ling type  having  15,070  square  feet  of  steam-making 
surface  and  fifteen-retort  underfeed  stokers.   Initially  it 
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was  planned  to  use  a  total  steam  temperature  of  590  de- 
grees. Operating-  conditions  were  to  be  practically  ideal. 
Supplying  principally  electric  furnaces,  the  load  factor 
would  have  been  ifiinety-five  per  cent.  Excellent  coal, 
low  in  ash  and  moisture  and  high  in  volatile,  was  avail- 
able. With  a  furnace  volume  of  11.6  cubic  feet  per 
square  foot  of  active  grate  area,  a  boiler  efficiency 
ranging  from  76  to  78  per  cent,  and  a  kilowatt-hour  at 
the  switchboard  for  seventeen  to  eighteen  thousand 
British  thermal  units,  was  expected.  Unfortunately, 
this-  plant  has  been  shut*  down  for  nearly  a  year,  wait- 
ing for  the  Government  to  decide  what  should  be  done 
with  it. 

At  the  Old  Hickory  plant  

are  a  large  number  of  me- 
dium-sized boilers,  sixty- 
eight  of  the  Stirling  type, 
rated  at  823  horsepower 
each,  having  been  installed. 
On  the  entire  works  over 
thirty-three  thousand  men 
were  engaged  in  the  con- 
struction. Everything  was 
subordinated  to  speed  and 
because  of  the  probable 
short  time  of  operation  the 
cost  was  kept  to  the  lowest 
possible  point  consistent 
with  satisfactory  operation. 
Boilers  were  installed  on 
the  basis  of  operation  at 
175  per  cent,  continuous 
rating  and  with  the  fifty- 
six  thousand  rated  horse- 
power in  boilers  it  was 
planned  to  carry  day  and 
night  an  average  load  of 
eighty-six  thousand  horse- 
power, this  with  Kentucky 
coal  containing  14  per  cent, 
ash,  1.8  per  cent,  sulphur 
and  12,600  B.t.u.  per  pound 
of  dry  coal.  An  estimated 
daily  coal  consumption  of 
five  thousand  tons  and 
about  nine  hundred  tons  of 
ash  required  an  extensive 
system  to  store  and  handle, 
particularly  as  there  was 
bunker  capacity  for  only 
one  day's  run. 

In  its  power  plant  at 
Springdale,  Penn.,  the  West 
Penn    Power    Company    is 

installing  four  1529-hp.  boilers,  each  equipped  with  two 
thirteen-retort  underfeed  stokers,  opposing  each  other 
and  delivering  the  ash  to-  a  clinker  grinder.  An  interest- 
ing feature  is  that  the  ashpit  is  sealed  by  carrying  it 
down  below  the  level  of  the  water  in  the  Allegheny 
River.  It  is  intended  to  remove  the  ashes  from  the 
pits  by  bucket  conveyors.  T^his  arrangement,  in  addition 
to  sealing  the  ashpit,  furnishes  a  novel  means  of  quench- 
ing the  ash. 

At  Cheswick,  Penn.,  the  Cheswick  Power  Company 
is  building  a  power  house,  the  boiler  room  of  which  will 
have  twenty-eight  boiler  units  of  2087  rated  horsepower 
each,  or  a  total  of  58,436  rated  horsepower.  The  first 
seven  of  these  units  are  to  be  installed  now,  each 
equipped  with  a  17-retort,  21-tuyere  underfeed  stoker 
having  a  clinker  grinder.  This  is  the  widest  stoker  the 
Westinghouse  company  has  yet  built.     The  boilers  are 
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51  tubes  wide  and  18  tubes  high.  By  the  company's  en- 
gineers it  was  found  to  be  more  desirable  to  use  the 
wide  boiler  with  single-end  stoker  equipment  than  the 
narrower  boiler  with  a  double  fire. 

It  will  be  interesting  to  watch  these  two  plants  when 
they  are  both  in  operation,  as  they  will  use  practically 
the  same  coal,  carry  similar  loads  and  have  the  same 
make  of  stoker  and  boiler.  The  only  difference  will  be 
that  it  is  planned  to  operate  the  West  Penn  boilers  at 
ratings  of  250  per  cent,  up,  while  175  per  cent,  will  be 
the  normal  rate  of  operation  in  the  Cheswick  plant. 

A  relatively  small  but  interesting  plant  is  that  of  the 
American  Smelting  and  Refining  Company  at  Omaha. 

For  simplicity,  low  initial 
cost,  accessibility  and  mini- 
mum labor  requirements,  it 
is  a  model.  At  present  it 
contains  only  one  unit  of 
two  406-horsepower  boilers 
set  over  one  eleven-retort 
underfeed  stoker.  Iowa  coal 
containing  on  the  average 
14  per  cent,  moisture,  31 
per  cent,  volatile  matter,  35 
per  cent,  fixed  carbon  and 
20  per  cent,  ash,  with  a  heat 
value  of  nine  thousand 
British  thermal  units  and  a 
sulphur  content  of  about 
six  per  cent.,  is  burned  at 
very  high  efficiency  and 
with  a  minimum  of  oper- 
ating troubles. 

To  utilize  to  the  full  the 
radiant  energy  from  the 
fire,  the  boiler  is  made 
wider  than  usual  and  less 
tubes  high.  It  is  horizon- 
tally baffled  at  the  fifth  row 
of  tubes.  Because  of  its 
location  back  of  the  bridge- 
wall,  the  superheater  also 
draws  on  the  radiant  energy 
of  the  fuel  bed  and  the 
burning  gases  in  the  fur- 
nace. No  hot  gases  pass 
through  the  elements,  still 
nearly  uniform  heat  under 
all  conditions  of  load  is 
maintained. 

The  rein  forced-concrete 
boiler  house  at  Moline  has 
been  mentioned  previously, 
and  in  the  review  of  1918 
reference  was  made  to  the  new  plant  at  Kansas  City. 
Since  the  war  progress  on  this  station  has  been  more 
rapid,  two  twenty-five-thousand-kilowatt  units  now 
being  completed  and  in  operation.  The  probable  ulti- 
mate capacity  of  the  station  will  be  two  hundred  thou- 
sand kilowatts.  It  is  a  typical  Sargent  &  Lundy  river 
plant  resembling  those  at  Cincinnati  and  Windsor.  The 
boilers  are  of  the  cross-drum  type  having  13,512  square 
feet  of  steam-making  surface.  The  operating  pressure 
is  300  pounds  and  the  superheat  250  degrees,  giving  a 
steam  temperature  of  about  670  degrees,  as  compared  to 
650  degrees  for  the  Joliet  plant  and  685  degrees  for  the 
Buffalo  General  Electric  station.  These  final  tempera- 
tures are  near  the  safe  limit  of  the  steel  now  used  in 
boiler  manufacture.  They  are  attained  by  the  use  of 
superheat  ranging  from  225  to  275  degrees.  To  reach 
approximately  these  same  temperatures,  the  present  in- 
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clination  tends  toward  higher  pressures  and  less  super- 
heat. As  far  as  temperatures  go,  a  pressure  of  six  hun- 
dred pounds  and  superheat  of  one  hundred  and  fifty  de- 
grees would  not  exceed  the  limits  given  in  the  cases 
cited. 

The  chain-grate  stokers  employed  are  unusually  large, 
being  10  feet  wide  by  17.5  feet  long.  Large  area  and 
high  stoker  speed  with  relatively  thin  fires  give  the  coal- 
burning  capacity  needed  to  operate  the  boilers  at  high 
rating. 

For  a  high-pressure  installation  the  economizer  prob- 
lem has  been  solved  in  an  interesting  manner.  While 
cast-iron  economizers  have  given  safe  and  efficient  serv- 
ice at  pressures  in  the  vicinity  of  two  hundred  pounds, 
conservative  engineering  opinion  rather  hesitates  to  sub- 
ject the  uncertainties  of  cast  iron  to  pressures  fifty  per 
cent,  greater.  For  economizers,  steel  is  not  so  durable 
as  cast  iron  on  account  of  the  greater  corrosion,  but  it  is 
safer.  As  a  compromise,  in  the  plant  under  discussion 
the  economizer  was  made  in  two  sections.  A  high- 
pressure  element  made  of  steel  and  resembling  a  section 
of  a  Stirling  boiler,  is  placed  above  the  boiler  uptake 
and  low-pressure  cast-iron  elements  in  the  usual  position 
above  the  boiler  next  to  the  induced-draft  fan  discharg- 
ing to  the  smoke  flue.  As  far  as  the  water  connections 
are  concerned,  the  two  sections  are  distinct.  The  feed 
water  is  pumped  through  the  low-pressure  section  into 
a  tank  which  supplies  the  suction  of  the  feed  pumps  de- 
livering through  the  high-pressure  economizer  to  the 
boiler.  In  the  low-pressure  economizer  the  feed  water  is 
heated  to  a  temperature  somewhat  less  than  two  hundred 
degrees  Fahrenheit  to  prevent  the  formation  of  steam 
and  the  resulting  pressure,  but  still  allowing  it  to  pass 
to  the  high-pressure  section  at  a  temperature  sufficiently 
high  to  prevent  condensation  on  the  tubes.  The  corro- 
sion resulting  from  condensation  is  thus  limited  to  the 
low-pressure  elements,  where  it  is  better  resisted  by  the 
cast  iron  and  where  leakage  and  deterioration  are  more 
easily  controlled. 

At  Toledo  the  finishing  touches  are  being  given  to  the 
second  large  unit  at  the  plant  of  the  Acme  Power  Co. 
and  at  the  Riverside  station  in  Minneapolis  the  25,000- 
kilowatt  addition  in  one  turbine  unit  is  in  operation. 
An  interesting  plant  has  been  built  by  Armour  &  Com- 
pany at  South  St.  Paul.  It  consists  of  a  refrigeratiiii.: 
plant  containing  both  compression  and  absorption  sys- 
tems and  a  mixed-pressure  bleeder-turbine  generating 
installation.     The  interesting  feature  is  the  balancing  of 


the  supply  of  exhaust  steam  with  the  requirements  for 
process  work  in  the  packing  plant.  After  careful  selec- 
tion of  equipment  in  the  first  place,  the  final  adjustment 
was  left  to  the  bleeder  turbines,  which  make  up  a  defi- 
ciency in  the  main  exhaust 
or  utilize  an  excess. 

Mention  of  notable  plants 
would  not  be  complete  with- 
out reference  to  the  great 
expansion  of  power  genera- 
tion and  distribution.  Gen- 
erating stations,  hydraulic 
and  steam,  and  even  whole 
systems  are  being  tied  to- 
gether, and  water  power, 
even  of  small  capacity,  is 
being  utilized  to  the  fullest 
extent,  where  before  it  was 
given  only  minor  considera- 
tion. 

To  guide  this  movement 
and  furnish  to  expanding  in- 
dustry and  transportation 
an  adequate,  dependable  and 
economical  power  supply. 
Secretary  of  the  Interior 
Lane  asked  of  Congress  two  appropriations,  one  of  fifty 
thousand  dollars  to  continue  the  power  survey  of  the 
vhole  United  States  undertaken  originally  by  the  Geo- 
logical Survey  at  the  request  of  the  Fuel  Administra- 
tion, and  one  of  two  hundred  thousand  dollars  for  a 
more  intensive  survey  of  the  Atlantic  coast  section  from 
Boston  to  Washington  or  Richmond,  in  which  one- 
fourth  of  the  entire  generating  capacity  of  the  country 
is  concentrated.  The  plan,  which  had  the  unqualified 
support  of  the  engineering  profession,  was  to  enlist  the 
cooperation  of  the  electric  industry  in  a  careful  eco- 
nomic and  engineering  investigation  of  the  future  power 
requirements  of  this  region  and  of  the  best  means  of 
supplying  its  needs,  taking  into  account  the  most  effi- 
cient use  of  natural  resources  and  linking  all  together 
in  one  great  super-power  system.  With  cheaper  power 
and  more  general  use  of  it,  manufacturers  could  suc- 
cessfully compete  in  the  world's  markets  and  still  main- 
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tain  American  standards  of  wages  and  living.  Unfortu- 
nately, the  proposal  of  Secretary  Lane  suffered  the  fate 
of  the  water-power  bill  and  other  well-merited  legisla- 
tion. The  subject  is  too  important  to  be  set  aside  and 
should  be  given  immediate  consideration  as  soon  as  Con- 


FIG.    9.      RATEAU  BATTU   SMOOT    1700-HP.    3600-R.P.M. 
SYNCHRONOUS  MOTOR-DRIVEN  BLOWER 

gress  has  disposed  of  its  foreign-relations  problems  and 
the  return  of  the  railways. 

Steam  Turbines  and  Auxiliaries 

A  notable  incident  was  the  starting  up  of  the  great 
rhree-element  cross-compound  turbine  unit  of  the  In- 
terborough  Rapid  Transit  Company  of  New  York. 
With  a  two-hour  rating  of  70,000  kilowatts  and  a 
normal  output  of  60,000  kilowatts,  it  is  the  most  power- 
ful prime  mover  in  the  world.  In  the  turbine  field 
much  of  the  time  seems  to  have  been  spent  in  digest- 
ing operating  data  obtained  from  the  numerous  large 
units  recently  installed,  in  determining  and  correcting 
the  cause  of  accidents  to  a  number  of  large  machines, 
all  of  the  same  type,  and  in  studying  limitations  as  to 
speed  and  capacity  of  single-shaft  units.  The  Commit- 
tee on  Prime  Movers  of  the  National  Electric  Light  As- 
sociation were  of  the  opinion  that  with  present  con- 
structional problems  of  prevailing  frequencies  and 
speeds  and  the  recognized  factors  of  safety,  efficiency 
and  cost,  the  size  of  the  systems  today  will  hardly  war- 
rant single  units  larger  than  30,000  kilowatts  capacity. 
In  particular  cases,  and  until  increased  reliability,  as 
well  as  improvements  in  operating  efficiencies,  have  been 
established,  even  extended  systems  will  not  justify  the 
use  of  larger  units.  While  on  the  whole  this  statement 
found  support,  there  is  general  confidence  that  larger 
turbines  having  a  greater  proportionate  size  to  the  total 


FTG.  10.  RATEAU  BATTU  SMOOT  1000-HP.  8750-R.P.M. 
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Station  capacity  will  be  developed  gradually.  Equally 
high  efficiency  could  perhaps  be  secured  in  sm?ll  ma- 
chines, but  the  initial  cost  per  kilowatt  would  be  greater. 
Later,  the  same  question  was  discussed  before  the 
American  Institute  of  Electrical  Engineers.  Turbine 
designers  agreed  that  the  limit  of  a  single-shaft  machine 
did  not  lie  in  the  generator,  but  in  the  turbine-^and  in 
the  last  wheel  of  that.  Concerning  this  limitation  there 
were  two  sets  of  adherents  one  favoring  the  division 
of  the  turbine  into  separate  compounded  elements,  each 


driving  its  own  generator  and  each  capable  of  operating 
alone  under  high-pressure  steam.  Engineers  of  the  op- 
posing school  preferred  dividing  the  installation  into  a 
number  of  identical  units  of  smaller  capacity  rather 
than  into  a  number  of  dissimilar  elements  forming  the 
successive  stages  of  a  compound  unit.  The  accidents 
that  had  occurred  to  large  single-shaft  turbines  were 
due  to  fluttering  and  vibration  of  the  wheels,  which  had 
been  made  too  thin  in  order  to  save  weight  and  space. 
Stiffening  the  wheels  and  putting  the  openings  in  them 
nearer  to  the  hub,  where  a  suitable  reinforcement  could 
be  provided,  had  overcome  the  trouble. 

Electrical  engineers  were  positive  that  generators 
could  be  designed  conservatively  and  constructed  for 
units  of  fifty  thousand  or  even  one  hundred  thousand 
kilowatts,  but  the  higher  the  capacity  the  higher  the 
voltage  must  necessarily  become.  For  speeds  of  twelve 
hundred  revolutions  per  minute  and  lower,  the  stator, 
and  for  higher  speeds,  the  rotor,  is  the  limiting  member. 

Relative  to  steam  condensers,  there  is  little  to  say, 
except  that  in  size  and  refinements  they  have  kept  pace 
with  the  large  tur- 
bine units.  Notable 
among  these  is  the 
surface  condenser 
Fig.  3,  which  has 
fifty-six  thousand 
square  feet  of  ac- 
tive tube  .  surface, 
and  the  jet  con- 
denser Fig.  1.  The 
latter  is  capable  of 
passing  thirteen 
million  gallons  of 
water  per  hour. 
Certain  large  con- 
densers have  been 
placed  on  spring 
supports  w  i  t  hout 
expansion  joints. 
Another  method  is 
to  hang  the  con- 
denser from  the 
turbine  foundation, 
which  accomplishes 
practically  the  same 
results  as  the 
springs.      Mention 

might  be  made  o^  the  prominent  place  in  marine  work 
given  the  steam  air  ejector  and  its  increasing  use  in 
the  stationary  power  plant.  An  over-all  efficiency 
higher  than  that  of  the  hydraulic  air  pump  is  claimed 
for  this  device.  The  disadvantage  of  a  greater  steam 
consumption  is  more  than  offset  by  the  recovery  of  prac- 
tically all  the  heat  that  it  uses. 

A  new  development  is  a  four-compartment  surface 
condenser  in  which  tubes  may  be  cleaned  or  repairs 
made  while  the  turbine  is  in  service.  Each  compart- 
ment is  equipped  with  a  set  of  valves  to  control  the  cir- 
culating water.  Shutting  off  the  valves  allows  a  com- 
partment to  be  cleaned.  It  is  then  placed  in  service  and 
the  same  operation  is  repeated  on  the  remaining  sec- 
tions in  turn. 

Rotary  Blowers  and  Compressors 

Although  differing  entirely  from  the  steam  turbine  in 
design  and  use,  but  still  a  rotary  machine,  mention 
might  be  made  here  of  a  large  synchronous  motor- 
driven  turbo-blower.  Fig.  9,  installed  for  the  Tennessee 
Copper  Company  to  discharge  air  into  the  main  air  line 
which   directs   the  blast   into  several   copper   smelters. 
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Normally,  125,000  cubic  feet  of  air  per  minute  is  dis- 
charged at  a  pressure  of  50  ounces,  this  output  prob- 
ably being  the  largest  ever  delivered  by  a  single  unit. 
The  blower  Fig.  10  is  driven  by  a  one-thousand-horse- 
power steam  turbine,  runs  at  8750  r.p.m.  and  compresses 
15,000  cubic  feet  of  free  air  per  minute  to  a  pressure  of 
fifteen  pounds.  The  dimensions  of  this  unit  are  re- 
markably small  for  the  capacity,  the  outside  diameter  of 
the  blower  casing  being  approximately  thirty-six  inches. 
Word  came  recently  of  a  high-pressure  rotary  com- 
pressor of  the  eccentric  rotor,  telescopic  blade  type,  per- 
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fected  by  W.  G.  E.  Roloflf,  of  Belleville,  .Illinois.  Ac- 
cording to  report  the  leakage,  friction  and  packing 
troubles  inherent  with  this  type  have  been  eliminated 
to  such  an  extent  that  a  volumetric  efficiency  of  92  per 
cent,  when  compressing  to  one  hundred  pounds  pres- 
sure is  commercially  obtainable.  Other  claims  are  that 
this  machine  without  alteration  will  handle  gas,  air  or 
liquid,  or  a  gas  and  a  liquid  at  the  same  time,  and  that 
it  is  possible  to  obtain  a  pressure  of  five  hundred  pounds 
in  a  single-stage  machine  and  one  thousand  pounds  in 
three  stages  with  the  elements  on  the  same  shaft — all 
this  with  a  machine  of  about  one-tenth  the  weight  and 
occupying  about  one-twentieth  the  floor  space  required 
by  a  reciprocating  compressor  of  the  same  capacity. 

Steam  Engines 

A  canvass  among  builders  of  reciprocating  steam  en- 
gines revealed  that  during  the  first  half  of  this  year, 
when  rising  costs  of  material  and  labor  and  the  uncer- 
tainty as  to  whether  these  would  soon  reduce  led  to 
hesitation  in  new  construction,  there  was  not  the  usual 
demand  for  steam  engines.  But  more  recent  conditions 
have  indicated  that  the  steam  engine  is  by  no  means  a 
back  number,  and  the  demand  is  active,  especially  in 
the  small  and  medium  sizes.  In  the  large  sizes,  of 
course,  there  is  still  a  large  demand  for  water-works 
pumping. 

The  rising  fuel  and  labor  costs  have  created  a  market 
for  the  more  economical  types  of  engine,  and  have  also 
resulted  in  a  great  impe;tus  to  the  uniflow  type.  There 
are  now  nearly  a  dozen  firms  building  these  engines, 
many  of  whom  have  taken  out  licenses  during  the  past 
year.  This  type,  because  of  its  flat  load  curve,  makes 
an  appeal  where  variable  load  conditions  are  encoun- 
tered. 

A  giant  Nordberg  hoisting  engine,  even  larger  than 
the  famous  Tamarack  hoist  in  the  Calumet  district, 
which  had  previously  held  the  record,  is  being  installed 
at  the  No.  2  shaft  of  the  Quincy  Mining  Co.  In  gen- 
eral arrangement  it  is  similar  to  the  Tamarack  hoist, 
the  cylinders  and  frames  being  set  at  an  angle  of  45 
deg.,  with  the  main  bearing  and  drum  shaft  forming 


the  apex  of  the  triangle.  The  two  high-pressure  cylin- 
ders work  on  a  common  crankpin  at  one  end  of  the 
crankshaft  and  the  two  low-pressure  cylinders  work 
on  a  common  crankpin  on  the  opposite  end  of  the  crank- 
shaft. The  high-pressure  cylinders  are  32  in.  in  diam- 
eter, the  low-pressure  cylinders  60  in.  in  diameter  and 
all  four  cylinders  have  a  common  stroke  of  6  6in.  The 
hoisting  drum  is  30  ft.  in  diameter  and  approximately 
30  ft.  face.  It  is  cylindro-conical  in  shape,  having  cones 
at  each  end  and  a  center  cylindrical  section.  The  drum 
is  built  with  a  winding  capacity  of  13,000  ft.  of  1^-in. 
rope  in  one  layer.  The  inclination  of  the  shaft  is  about 
40  degrees. 

The  hoist  will  lift  20,000  lb.  of  copper  ore  per  trip 
in  skips  weighing  approximately  10,000  lb.  each.  The 
total  rope  pull  is  52,000  lb.,  as  compared  to  42,000  lb. 
for  the  Tamarack  hoist,  and  the  torque  when  operat- 
ing in  balance  is  275,000  ft. -lb.  The  hoisting  speed 
will  be  3200  ft.  per  min.  The  engine  is  equipped  with 
a  counter-current  jet  condenser  and  will  be  supplied 
with  steam  at  160  lb.  boiler  pressure.  The  auxiliaries, 
such  as  brakes,  reversing  gear  and  throttle,  are  oper- 
ated by  oil  under  pressure  supplied  from  an  accumu- 
lator. 

Oil  Engines 

The  past  year  has  seen  few  radical  changes  in  oil- 
engine design.  The  market  for  these  engines  is  prom- 
ising, and  it  is  anticipated  that  the  greater  use  of  fuel 
oil  for  boiler  purposes  will  carry  with  it  a  demand  for 
oil  engines  in  localities  in  which  they  have  heretofore 
been  used  very  little.  This  will  be  due  to  the  modifica- 
tion of  city  ordinances  regarding  fuel-oil  storage  and  to 
the  fact  that  the  oil  companies  will  push  the  oil  business 
in  these  localities  to  a  greater  extent. 

Both  the  two-  and  the  four-stroke  cycle  types  are 
being  built,  although  the  latter  is  in  the  majority.     Cer- 
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tain  companies,  by  careful  attention  to  design  and 
workmanship,  appear  to  have  successfully  overcome 
some  of  the  previous  troubles  attributed  to  the  two- 
stroke-cycle  type. 

The  marine  field  is  promising,  and  a  considerable 
number  of  Diesel  engines  have  been  built  and  more  are 
on  order  for  cargo  carriers.  Twin  engines  of  moderate 
power  are  apprrently  the  more  popular. 

A  considerable  number  of  stationary  units  are  being 
built  for  mining  and  oil-line  pumping  service,  as  well  as 
scattered  industrial  applications.     Those  in  the  mining 


10 


POWER 


Vol.  51,  No.  1 


districts  are  mostly  of  the  larger  size,  vertical  type,  and 
go  to  the  Southwest.  A  number  of  these  engines  of 
tlie  two-stroke-cycle  type,  in  sizes  up  to  twelve  hun- 
dred and  fifty  horsepower,  five  cylinders,  have  been  in- 
stalled, and  others  are  building  in  sizes  up  to  twenty- 
five  hundred  horsepower,  five  cylinders.  The  largest 
lour-stroke-cycle  engine  built  for  stationary  practice  in 
this  country  is  sixteen  hundred  horsepower. 

Fig.  14  shows  a  1250-b.hp.  two-stroke-cycle  Diesel  en- 
gine built  by  the  Nordberg  Manufacturing  Company  for 
driving  a  6500  cubic  foot  variable-speed  compressor  at 
an  elevation  of  5000  feet.  The  engine  has  five  working 
cylinders,  each  20^^  by  26  inches,  delivering  250  horse- 
power, and  the  sixth  cylinder  is  the  scavenging  pump. 
.  The  speed  will  vary  from  180  to  80  r.p.m.  The  weight 
of  the  engine  is  380,000  pounds,  or  slightly  over  300 
pounds  per  horsepower.  A  fuel  consumption  of  one 
pound  of  oil  per  1000  cubic  feet  of  air  compressed  to 
90  pounds  is  anticipated. 

BoiLER-RooM  Tendencies 

Relative  to  the  boiler  room,  previous  reference  has 
been  made  to  the  possibilities  of  higher  pressures  and 
to  the  more  common  use  of  instruments  and  labor- 
saving  devices.  In  large  plants  \he.  tendency  seems  to 
be  toward  boilers  of  moderate  size  rather  than  enor- 
mous capacities  in  one  unit,  the  range  running  from 
one  thousand  to  fifteen  hundred  horsepower.  Boiler- 
setting  design  and  materials  used  have  received  much 
attention  of  late.  An  innovation  is  the  use  of  rein- 
forced-concrete  settings  by  the  engineers  of  the  Robert 
Gair  Company,  of  Brooklyn.  In  the  older  boiler  room 
of  the  company  containing  hand-fired  return-tubular 
boilers,  reinforced  concrete  was  used  for  the  settings, 
and  cinder  concrete  containing  no  sand  formed  the 
lining  for  the  furnaces.  Eight  years'  use  confirmed  the 
reliability  of  these  settings,  so  that  recently,  when  add- 
ing additional  boiler  capacity,  engineers  of  the  Gair 
company  had  no  hesitancy  in  prescribing  concrete  for 
the  new  settings  and  reinforced-concrete  columns  ex- 
posed to  the  heat  of  the  furnace  for  support  of  the 
boilers,  the  latter  being  large  stoker-fired  return-tubular 
boilers.  Results  from  the  latest  installations  will  be 
watched  with  interest,  for  if  concrete  can  be  made  safe 
for  boiler  settings,  it  will  lower  the  construction  cost 
appreciably  and  no  doubt  come  into  wide  use  for  the 
purpose. 

Recent  tendencies,  particularly  with  high  boilei' 
ratings,  is  to  build  the  walls  of  the  furnace  with  as  few 
different  kinds  of  materials  as  possible  and  to  make 
them  solid,  well-bonded  and  homogeneous.  This  devel- 
opment has  been  carried  to  the  extent  of  building  fur- 
nace walls  of  solid  firebrick. 

During  the  year  a  new  marine  boiler  of  the  Heine 
cross-drum  type  was  reported  and  publicity  was  given 
to  a  "double-service"  boiler  oftering  a  new  method  of 
separating  scale-forming  solids  from  the  feed  water. 
The  apparatus  consists  of  a  live-steam  feed-water 
purifier  located  within  a  horizontal  fire-tube  boiler 
which  may  be  of  the  locomotive,  Scotch  or  return- 
tubular  type.  Carbonates,  sulphates,  magnesia,  mud 
and  oil  are  retained  in  the  purifier  and  do  not  get  into 
the  boiler.  As  the  fire  strikes  no  portion  of  the  purifier, 
the  deposits  do  not  bake  on  as  they  would  in  the  boiler, 
and  remaining  in  the  form  of  a  sludge,  can  be  blown  out 
through  the  blowofif  at  any  time  the  boiler  is  under 
pressure. 

Boiler  explosions  were  about  as  numerous  as  usual, 
our  old  "enemy"  the  lap-seam  boiler  "hogging"  the  bulk 
of  the  accidents.  The  most  disastrous  accident  of  the 
year  was  the  explosion  occurring  at  Mobile,  which  re- 
sulted in  four  deaths  and  a  property  damage  exceeding 


one  hundred  thousand  dollars.  Two  water-tube  boilers, 
one  a  two-hundred-horsepower  Stirling  and  the  other 
a  Heine  of  nearly  the  same  size,  let  go  almost  simul- 
taneously. 

Chain  Grate  and  Underfeed  Stokers 

In  the  stoker  field  there  has  been  great  activity.  Man- 
ufacturers of  all  types,  and  there  are  many  new  faces 
among  them,  have  been  busy  trying  to  catch  up  with  the 
demand.  Orders  held  in  abeyance  during  the  war  and 
the  present  labor  situation  within  the  power  plant  are 
the  reasons.  To  meet  the  desire  for  an  automatic 
stoker  that  can  be  forced  to  a  point  of  capacity  far  in 
excess  of  the  limits  of  natural  draft,  various  chain- 
grate  manufacturers  have  been  attempting  to  apply 
forced  draft  to  their  stokers,  with  provisions  to  readily 
convert  them  to  the  natural-draft  type  during  low-load 
periods.  The  stokers  have  been  divided  into  distinctive 
compartments  so  thac  air  pressure  and  volume  may  be 
suited  to  the  requirements  of  the  fuel  passing  over  each 
compartment.  The  air  is  supplied  by  one  large  fan, 
with  damper  regulation  at  each  compartment,  or,  as  in 
one  case,  by  a  small  turbo-blower  for  each  compart- 
ment. Chain-grate  stokers  with  forced  draft  have  been 
operating  satisfactorily  for  some  time  with  various  kinds 
of  fine  fuel  such  as  anthracite  screenings,  culm,  coke 
breeze,  etc.,  and  more  recently  successful  installations 
have  been  made  for  low-grade  fuels,  such  as  bituminous 
coals  high  in  ash,  and  lignites  with  excessive  moisture. 

Combustion  rates  up  to  seventy  pounds  of  Illinois 
bituminous  coal  per  square  foot  of  grate  area  per  hour 
have  been  maintained,  and  with  the  performance  of  the 
steam  locomotive  in  view  there  are  hopes  of  exceeding 
by  a  wide  margin  the  figure  given.  The  thickness  of 
the  fuel  bed  needed  to  prevent  the  air  from  blowing 
holes  in  the  fire,  the  added  clinker  troubles  with  thick 
fires,  the  regulation  of  the  various  compartments,  and 
furnace  upkeep  are  factors  holding  back  the  advance. 
With  a  positive  pressure  in  the  furnace  preventing  in- 
filtration of  cooling  air  through  the  walls,  deterioration 
of  brickwork  and  refractory  material  is  rapid. 

For  these  very  reasons  a  prominent  manufacturer  of 
chain  grates  is  attacking  the  same  problem  from  a  dif- 
ferent angle.  Believing  that  it  is  final  over-all  results 
that  count  and  seeing  no  advantage  in  a  gain  overcome 
by  upkeep,  the  extra  coal  for  high  ratings  is  burned 
with  natural  draft  by  increasing  the  grate  area  and 
speeding  up  the  stoker  to  the  limit.  Speeds  of  seven 
inches  per  minute,  as  compared  to  old  standards  of  one 
to  three  inches  per  minute,  have  been  attained.  Thin 
fires  are  the  rule,  the  fuel  bed,  depending  on  the  char- 
acter of  the  coal,  being  just  thick  enough  for  the  coal 
to  burn  out  completely  during  the  active  travel  of  the 
grate.  With  these  thin  fires  there  is  no  disturbance  of 
the  fuel  bed  and  consequently  no  clinkers.  The  fire  is 
bright  and  quick,  and  with  a  steady  load  and  uniform 
coal,  conditions  are  ideal.  Fisk  Street  Station  of  t\\e 
Commonwealth  Edison  Company  and  the  new  Kansas 
City  plant  furnish  examples  of  the  large  stokers  the 
above  practice  requires.  In  either  station  chain  grates 
having  the  unusual  length  of  17.5  feet  have  been  in- 
stalled. Owing  to  the  use  of  economizers,  however, 
induced  draft  is  employed. 

In  underfeed  stokers  the  most  important  develop- 
ments are  tne  perfection  of  power  dump  grates  and  the 
clinker  grinder,  both  of  which  are  coming  into  more 
general  use,  the  choice  depending  upon  the  character  of 
the  coal  burned.  Another  praiseworthy  improvement 
is  the  provision  of  sectional  drive,  wherein  the  total 
number  of  retorts  is  divided  into  sections  of  a  few  or 
several  retorts,  depending  upon  the  size  of  the  stoker. 
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Each  section  may  be  operated  without  interference  with 
other  sections,  giving  a  flexibihty  highly  desirable  in 
maintaining  a  uniform  fuel  bed  on  the  wide  stokers  now 
in  use.  Various  methods  of  drive  have  been  developed, 
and  the  acceleration  or  retardation  of  the  feed  of  the 
coal  is  facilitated  by  means  of  two-speed  power  boxes. 
In  stokers  of  extreme  width  this  sectionalizing  in  a 
moderate  degree  has  been  carried  to  the  chain  grate. 

Smoke  Abatement 

Combustion  is  a  subject  naturally  suggested  by 
stokers,  and  for  the  good  of  liumanity  as  well  as  the 
pockets  of  plant  owners,  it  is  desirable  that  it  be  of  the 


All  over  the  world  there  has  been  rapid  expansion  of 
the  application  of  hydro-electric  power.  The  shortage 
of  coal  during  the  war  gave  impetus  to  the  movement, 
and  today  there  is  scarcely  a  country  having  hydraulic 
resources  that  is  not  considering  the  better  use  of  its 
dormant  water  power  or  is  already  carrying  out  well- 
defined  plans. 

Norway  has  made  exceptional  progress  in  this  line, 
and  Canada  is  a  close  second  with  its  276  hydraulic 
horsepower  per  thousand  of  population,  as  compared 
to  one  hundred  horsepower  for  the  United  States.  In 
ilic  former  country  the  great  Queen>town  development 
i.f  300,000  horsepower  on  the  Canadian  side  of  Niagara 


FTG.     14.       TWO-STROKE    CYCLE,    1250-HP.   DIESEL  DRIVING  AIR  COIMPRESSOR 


smokeless  variety.  Since  the  war  period  of  dirty  coal 
and  fuel  unfamiliar  to  the  plant,  there  has  been  some 
recovery  from  the  condition  of  smudge  and  smoke  that 
was  generally  prevalent.  Judging  from  records  of  the 
past,  Chicago  has  taken  a  backward  step  in  destroying 
the  identity  of  its  smoke  department  and  making  it  an 
adjunct  of  the  board  of  health.  The  old  policy  of  edu- 
cation and  cooperation  that  had  proved  so  successful 
has  been  supplanted  by,  arbitrary  ruling  based  from  the 
health  standpoint.  The  violator  is  no  longer  shown  how 
to  mend  his  ways.  Good  combustion,  which  would 
solve  the  problem  from  all  angles,  is  not  considered. 

A  ray  of  hope  comes  from  Salt  Lake  City,  where  the 
Bureau  of  Mines,  operating  under  the  provisions  of  the 
Sundry  Appropriations  Bill,  in  cooperation  with  the 
University  of  Utah,  is  making  a  thorough  investi- 
gation of  the  smoke  conditions.  The  most  approved 
engineering  methods  are  being  used  in  securing  data 
from  which  a  working  plan  to  reduce  the  smoke  nui- 
sance will  be  evolved.  Authority  is  given  the  bureau  to 
extend  aid  to  other  cities  interested  in  smoke  abate- 
ment. 


is  now  under  construction  and  orders  have  been  placed 
by  the  Hydraulic  Power  Commission  of  Ontario  for 
the  first  three  units.  Under  a  head  of  320  feet  each 
turbine  will  develop  52.500  horsepower  at  the  point  of 
maximum  efificiency,  ai:J  about  60,000  horsepower  at 
full  gate  opening. 

On  the  American  side  the  Niagara  Falls  Power  Co. 
is  installing  three  units,  each  to  develop  37,500  horse- 
power under  a  214-foot  head.  The  type  of  hydraulic 
turbine  used  to  drive  two  of  the  generators  is  shown  m 
Figs.  6  and  8.  The  first  unit  is  nearly  ready  for  opera- 
lion  and  for  the  time  being  ranks  as  the  most  powerful 
turbine  in  the  world.  These  machines  are  in  line  with 
the  modern  tendency  of  installing  high-powered  units, 
although  Dr.  C  P.  Steinmetz  has  expressed  the  opinion 
that  the  country  is  approaching  the  limit  of  water-power 
development  by  present  methods  of  concentrating  in 
large  stations. 

Other  tendencies  in  the  field  are  the  development  of 
small  water-power  plants  connected  together  and  under 
remote  control  from  the  master  station,  the  provision 
of  piezometer  equipment  in  each  turbine  intake  so  that 
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operating  efficiency  may  be  checked  and  maintained, 
and  general  attention  to  details  of  design  affecting  the 
ease  of  operation  and  economy. 

One  of  the  latest  developments  is  a  new  governor  de- 
signed by  M.  Seewer,  a  Swiss  engineer,  for  high-head 
hydraulic  turbines  of  the  Pelton  type.  The  governing 
is  effected  by  changing  the  shape  of  the  jet  by  guide 
members  located  in  the  interior  of  the  jet  nozzle  and 
«o  arranged  that  the  jet  may  be  practically  cylindrical 
or  may  be  partly  or  totally  dispersed.    A  slight  disper- 


FIG. 


15.     RATEAU   BATTU   SMOOT    1000-KW.    2700-R.P.M. 
DIRECT-CURRENT    TURBO   GENERATOR 


sion  of  the  jet  produces  a  material  reduction  in  the 
hydraulic  efficiency  of  the  turbine  and  at  complete  dis- 
persion no  useful  power  is  produced. 

The  Electrical  Field 

Although  new  types  of  electrical  apparatus  have  been 
Drought  out  during  the  past  year,  the  greatest  develop- 
ment has  been  along  the  line  of  large-scale  operation 
with  standard  equipment.  The  year  has  seen  the 
placing  in  operation  of  the  largest  turbo-generating 
unit  ever  built;  the  delivery  of  equipment  for  the 
v/orld's  largest  furnace  installation ;  the  construction 
of  the  largest  electric  locomotives;  the  completion  of 
the  design  for  a  transformer  of  higher  rating  than 
has  yet  been  manufactured;  and  the  construction  of 
three  of  the  largest  hydro-electric  generating  units 
built  up  to  the  present  time,  although  orders  have  been 
placed  for  machines  exceeding  these  in  size  by  about 
thirty  per  cent. ;  the  export  shipment  of  the  electrical 
apparatus  for  what  will  be  the  first  electrically  driven 
steel  blooming  mill  to  be  erected  in  the  Far  East;  and 
rhe  export  shipment  of  the  equipment  for  a  large  hydro- 
electric development  in  Europe. 

The  60,000-kilowatt  25-cycle  three-element  cross-com- 
pound unit,  Fig.  2,  was  placed  in  service  at  the  Seventy- 
fourth  Street  Station  of  the  Interborough  Rapid  Transit 
Company,  New  York  City,  in  the  early  part  of  the  past 
year,  and  the  performance  of  this  unit  indicates  that  the 
:onstruction  and  operation  of  such  a  machine  and  even 
one  of  larger  capacity  is  within  the  premise  of  good 
engineering.  These  generators  are  so  connected  to  the 
busbars  that  any  combination  of  them  can  be  operated 
in  parallel.  In  practice,  however,  all  three  machines  are 
^)rought  up  to  speed  together,  and  synchronized  through 
a  single  oil  switch  connecting  the  generators  to  the  main 
busses.  An  indication  of  the  confidence  in  such  ma- 
chines is  shown  in  the  construction  of  the  new  plant  at 
Cheswick,  Penn.,  of  the  Duquesne  Light  and  Power 
Company.  In  this  plant  it  is  planned  to  eventually  in- 
stall a  total  of  five  of  these  machines.  The  first  and 
probably  two  of  the  units  will  be  put  into  service  during 
the  coming  year.  A  similar  sixty-cycle  unit  was  in- 
stalled in  the  United  States  Government  Nitrate  Plant 
No.  2  at  Muscle  Shoals,  Alabama.  In  this  case  the  gen- 
erator driven  by  the  high-pressure  turbine  is  operated 
at  1800  r.p.m.  and  the  two  driven  by  the  low-pressure 
turbines  run  at  1200  r.p.m. ;  the  generators,  however, 


are  all  of  the  same  capacity.  The  45,000-kilowatt  unit, 
Fig.  4,  installed  in  the  Detroit  Edison  Company's  plant 
has  also  been  in  service  for  the  past  year. 

Three  of  the  most  notable  hydro-electric  generators, 
as  to  capacity,  ever  built  have  been  completed  during 
the  year,  and  the  installation  of  these  machines  is  well 
under  way  at  this  date.  One  of  these  generators  is 
being  built  by  the  Westinghouse  Electric  and  Manu- 
facturing Company,  one  by  the  General  Electric  Com- 
pany and  the  third  by  the  Allis-Chalmers  Manufactur- 
ing Company.  The  last-named  company  has  built  the 
complete  unit  both  generator  and  hydraulic  turbine  as 
shown  in  Fig.  5.  An  idea  of  the  dimensions  of  the  gen- 
erating unit  may  be  gained  from  Fig.  7,  which  shows 
one  of  the  field  coils  used  in  the  Westinghouse  ma- 
chine. Each  machine  is  rated  at  32,500  kilovolt-am- 
peres  and  vill  operace  at  150  r.p.m.  and  generate  12,000- 
volt  three-phase  twenty-five-cycle  current.  The 
general  outline  of  all  three  generators  is  similar  to 
the  unit  shown  in  Fig.  5.  As  previously  stated,  these 
machines  are  being  installed  in  the  Hydraulic  Power 
Company's  plant  of  the  Niagara  Falls  Power  Com- 
pany at  Niagara  Falls,  New  York.  Among  other  im- 
portant hydro-electric  developments  are  the  Caribou 
development  of  the  Great  Western  Power  Company, 
which  is  installing  equipment  and  transmission  lines  for 
operation  at  165,000  volts.  Two  22,222-kilovolt-am- 
pere  11, 000- volt  60-cycle  units  are  included  in  the  in- 
itial installation.  Orders  were  placed  during  the  year 
for  three  of  the  six  generators  that  will  be  installed  at 
the  Queenstown  development  of  the  Hydro-electric 
Commission  of  Ontario.  These  generators  are  rated  at 
45, 000-kilo volt-ampere  normal,  and  50,000-kilovolt-am- 


FIG.    16. 


GENERAL    ELECTRIC    AUTOMATIC    WELDING 
MACHINE    BUILDING   UP   A   SHAFT 


pere  maximum  continuous  rating.  The  speed  of  these 
machines  will  be  187  r.p.m.  and  will  generate  12,000- 
volt  current. 

The  majority  of  installations  during  the  year  have 
followed  along  well-established  lines  in  both  capacity 
and  design  features.  However,  the  unit  that  is  now 
being  built  for  the  Southern  California  Edison  Com- 
pany may  be  considered  a  departure  from  standard 
practice.  This  unit  is  a  15,000-kilovolt-ampere  600- 
r.p.m.  50-  to  60-cycle  frequency  changer  set.  Not  only 
is  this  the  largest  in  capacity  thus  far  to  be  built,  but 
its  voltage  is  the  highest  that  a  revolving  machine  has 
been  built  for,  motor  and  generator  being  designed  for 
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15,000  and  18,000-volt  normal  operation  respectively. 
An  order  has  recently  been  placed  by  the  Consumers 
Power  Company,  Jackson,  Mich.,  for  a  10,000-kw.  fre- 
quency-changer set.  This  set  is  to  operate  so  as  to  ex- 
change power  in  either  direction  between  a  thirty-cycle 
and  a  sixty-cycle  system. 

Among  the  transformers  constructed  during  the  year 
are  to  be  found  a  numbe^of  8333-kilovolt-ampere 
66,000-volt  self-cooled  type,  one  of  which  is  shown  in 
Fig.  11.  These  are  the  largest  self-cooled  units  that 
have  been  built.  The  design  has  also  been  completed 
for  a  23,600-kilovolt-ampere  water-cooled  transformer 


FIG.    17. 


INTERIOR  OF  WESTINGHOUSB   TURBINE   IN- 
STALLED   AT    OSAKA,    JAPAN 


lor  132,000-volt  operation.  This  is  the  highest  rated 
transformer  yet  attempted'  and  in  physical  size  it  will 
be  considerably  larger  than  its  nearest  rival.  The  build- 
ing of  eleven  11,500-kilovolt-ampere  water-cooled  trans- 
formers for  150,000- volt  service  is  nearing  completion. 
These  transformers  are  designed  for  72,000  volts  on 
the  low-tension  side  and  for  delta  connection  on  the 
high-tension  side. 

A  forty-inch  reversing  blooming  mill  at  the  Sparrows 
Point  plant  of  the  Bethlehem  Steel  Company  was  put 
in  operation  early  in  the  year  and  has  since  been  in  suc- 
cessful operation.  This  equipment  has  a  double-unit 
reversing  motor.  Fig.  12,  with  a  normal  continuous 
capacity  of  5000  hp,  at  50  r.p.m.  and  a  momentary  torque 
capacity  of  approximately  2,000,000  lb.  at  one-foot 
radius  at  any  speed  from  zero  to  50  r.p.m.  During  the 
early  part  of  the  year  a  36-inch  by  110-inch  plate  mill 
was  started  at  the  Fairfield  Works  of  the  Tennessee 
Coal,  Iron  and  Railway  Company.  This  mill  is  driven 
by  a  4000-hp.  82-r.p.m.  6600-volt  induction  motor. 
Fig.  13.  A  forty-five-inch  blooming  mill  for  this  in- 
stallation is  driven  by  a  double-unit  reversing  motor 
with  a  normal  continuous  capacity  of  5600-hp,  at  55 
r.p.m.,  having  a  momentary  torque  capacity  of  2,300,- 
000  pounds. 

Considerable  attention  has  been  given  to  the  possi- 
bility of  using  220,000  volts  for  high-ten.=ion  transmis- 
sion of  electrical  power  during  the  past  year.  The  de- 
velopment of  a  1100-mile  220,000- volt  transmission 
line  to  be  put  in  operation  on  the  Pacific  Coast,  has 
been  suggested,  this  system  to  have  a  capacity  of  1,500,- 
000  kilowatts  eventually. 

The  tendency  in  the  use  of  synchronous  machines 
for  power-factor  correction  and  voltage  regulation  on 
high-voltage  transmission  systems  is  indicated  in  the 
30,000-kilovolt-ampere    synchronous    condenser    being 


built  for  the  Southern  California  Ldison  Company 
In  the  design  of  high-speed  turbine-driven  direct-cur- 
rent generators,  the  one  shown  in  Fig.  15  is  repre- 
sentative. This  generator  is  of  1000-kilowatt  capacity, 
operates  at  2700  r.p.m.  and  generates  250-volt  current 
One  of  its  radical  features  is  the  commutator,  which  of 
necessity  must  be  of  considerable  length  to  provide  the 
required  brush  contact  surface  to  handle  the  4000-am- 
pere  normal  full-load  current. 

One  of  the  most  notable  electrically  driven  mine- 
hoist  equipments  constructed  during  the  year  was  thai 
built  for  the  Chicago,  Burlington  &  Quincy  Railroad 
Company  and  placed  in  operation  at  this  company's 
coal  mines  operated  by  the  Valier  Coal  Company.  The 
hoist  mote  is  1350  horsepower  direct-connected  to  c 
single-cylinder  drum  on  which  two  ropes  wind  for  bal- 
ance operation  with  two  dumping  skips.  The  rope  speed 
of  this  installation  is  1500  feet  per  minute.  A  note- 
v/orthy  feature  of  this  installation  is  the  semi-auto- 
matic operation,  as  the  trip  may  be  started  either  by  at 
operator  on  the  hoist  platform  in  the  usual  manner  oi 
by  the  skip  tender  at  the  bottom  of  the  shaft,  and  is 
automatically  retarded  and  brought  to  rest,  stopping 
accurately  in  the  dump  and  at  the  loading  chute. 

Electric-arc  welding  during  the  year  has  been  char- 
acterized by  considerable  effort  to  improve  the  art.  The 
American  Welding  Society  was  formed  and  may  be  con- 
sidered the  successor  to  the  Welding  Committee  of  the 
United  Emergency  Fleet  Corporation  and  the  National 
Welding  Council.  It  is  to  be  hoped  that  the  formation 
of  this  society  will  bring  about  the  degree  of  coopera- 
tion between  the  various  welding  interests  that  is  so 


FIG.    18.     ONE    OF    THE    YORK    VERTICAL    COMPOUND 
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necessary  for  the  advancement  of  the  art.  The  oper- 
ator is  still  being  considered  one  of  the  most  important 
factors  in  the  making  of  reliable  welds,  and  it  is  being 
appreciated  to  a  degree  that  some  of  the  manufacturer* 
of  welding  equipment  have  established  schools  for  train- 
ing operators  sent  by  purchasers  of  their  equipment. 
One  of  the  most  recent  designs  in  electric  welding  with 
metal  electrodes  is  that  of  an  automatic  machine  shown 
in  Fig.  16.  Here  the  machine  is  shown  building  up  a 
shaft  that  has  been  incorrectly  machined. 

Export  of  Electrical  Machinery 

Among   the   notable   export   shipments   of   electrical 
equipment  during  the  year  are :    The  equipment  for  the 
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first  electrically  driven  steel  blooming  mill  to  be  erected 
in  the  Far  East.  This  equipment  is  to  replace  a  steam 
engine  now  operating  a  forty-inch  reversing  mill.  The 
mill  v^ill  form  part  of  the  plant  of  the  Imperial  Steel 
Works  of  Japan  near  Tokio,  and  will  be  operated  by  a 
3500-horsepower  single-unit  motor,  of  the  reversing 
blooming-mill  type,  taking  direct  current  at  six  hundred 
volts.  Two  25^000-kilowatt  steam-turbine  driven  units, 
which,  when  installed,  will  complete  the  largest  steam- 
driven  electrical  installation  in  the  Far  East,  are  now 
being  erected  at  Osaka,  Japan,  for  the  Osaka  Electric 
Light  Company.  The  interior  of  one  of  these  turbines 
is  shown  in  Fig.  17.  When  these  two  units  are  in- 
stalled, they  will  bring  the  capacity  of  this  plant  up  to 
75,000  kilowatts.  Electrical  equipment  for  twenty  elec- 
tric furnaces  has  been  shipped  to  the  Glomfjord  Smelt- 
verk  Company,  of  Glomfjord,  Norway.  A  1300-kilo- 
volt-ampere  single-phase  transformer  is  required  to 
supply  power  to  each  of  the  equipments.  Another 
notable  shipment  was  the  two  14,060-kilovolt-ampere 
66()0-volt  hydro-electric  units  built  for  the  Ebro  Irriga- 


case  three-cylinder  compound  vertical  compressors  are 
employed  and  in  the  other,  machines  of  the  horizontal 
double-acting  type  using  feather  valves.  The  speed  ex- 
ceeds 200  r.p.m. 

Ammonia  intercoolers  are  used  between  the  low- 
pressure  and  high-pressure  compressors  in  both  instal- 
lations. In  one  plant  they,  are  of  the  usual  accumulator 
design,  consisting  of  larga#ylindrical  tanks  with  helical 
liquid  cooling  coils.  In  Trie  intercoolers  of  the  other 
plant  the  hot  discharge  vapors  from  the  low-pressure 
compressor  are  cooled  by  means  of  a  liquid  rain  over 
baffle  plates. 

The  brine  coolers  are  of  the  horizontal-shell  straight- 
tube  type  in  one  plant  and  of  the  standard  shell  and 
helical  coil  design  in  the  other.  One  of  the  horizontal 
coolers  is  supplied  with  helically  wound  iron  strips  in 
the  tubes  to  maintain  a  nearly  uniform  brine  tempera- 
ture at  any  one  point.  Although  this  cooler  has  the 
same  effective  brine-cooling  surface  as  the  others,  it  has 
shown  under  the  same  conditions  of  operation,  fifty  per 
cent,  greater  capacity. 


FIG.    19, 
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tion  Company  in  Spain.  An  order  has  been  placed  in 
this  country  for  the  electrical  equipment  for  a  forty- 
inch  reversing  blooming  mill,  for  the  Tata  Iron  and 
Steel  Company,  India.  This  equipment  is  similar  to  the 
forty-five-inch  blooming  mill  at  the  Fairfield  Works  of 
the  Tennessee  Coal  and  Iron  Company,  previously  re- 
ferred to. 

Advance  in  Refrigeration 

Refrigeration  has  witnessed  a  wider  application  and 
more  scientific  development  of  the  high-speed  com- 
pressor driven  by  the  synchronous  motor.  Engineers 
and  executives  are  anxiously  awaiting  reliable  perform- 
ance data  of  the  high-speed  plants  which  also  embody 
refinements  in  design  to  improve  heat  transfer  in  con- 
densers and  coolers. 

Two  of  the  largest  synchronous-motor-driven  com- 
pound, compression  refrigerating  plants  in  the  United 
States  have  been  installed  recently  by  the  Merchants 
Refrigerating  Company,  of  New  York.  The  capacity 
of  either  plant  is  550  tons  of  refrigeration.     In  one 


Ammonia-condensing  units  in  one  of  these  plants  are 
of  the  shell  and  straight-tube  type  erected  vertically. 
The  water-distributing  device  is  so  constructed  that  an 
annular  ring  of  water  inside  of  the  tube  flows  down  by 
gravity  to  the  collecting  point  underneath  the  condenser. 
On  account  of  the  excellent  distribution  of  the  water 
the  liquefaction  temperature  is  never  over  five  degrees 
above  the  outlet-water  temperature.  The  advantages 
of  this  type  of  condenser  are  the  small  space  occupied, 
the  high  efficiency  and  the  ease  with  which  they  can  be 
kept  clean. 

One  of  the  plants  was  laid  out  to  use  not  in  excess 
of  1.8  brake  horsepower  per  ton  of  refrigeration  at 
3  lb.  back  pressure  and  165  lb.  condenser  pressure. 
The  other  was  designed  to  produce  a  ton  of  refrigera- 
tion on  not  to  exceed  1.65  brake  horsepower  at  8 
pounds  back  pressure  and  165  pounds  condenser  pres- 
sure. Present  indications  are  that  as  soon  as  all  neces- 
sary adiustments  have  been  made,  the  power  consump- 
tion will  be  less  than  the  figures  given,  for  the  condi- 
tions stipulated. 
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The  new  synchronous-motor-driven  high-speed  re- 
frigerating plant  of  the  Quincy  Market  Cold  Storage 
and  Warehouse  Company,  of  Boston,  has  received  such 
recent  mention  in  these  columns  that  it  w^ill  be  unneces- 
sary to  enumerate  details. 

Engineering  Societies  Active 

Never  in  their  history  have  engineering  societies  been 
so  active  as  in  the  past  year.  From  the  consideration 
of  purely  technical  subjects  they  are  now  assuming 
greater  activity  in  the  industrial  field,  are  following 
more  closely  engineering  legislation,  and  directing  engi- 
neering matters  of  local  or  national  import.  In  other 
words,  the  plan  is  to  render  the  maximum  of  national, 
social  and  political  service.  To  carry  on  this  work 
most  effectively  there  is  full  realization  of  the  value  of 
cooperation  and  unity  of  action.  A  joint  conference 
committee  of  the  five  great  associations  of  the  country 
has  already  outlined  a  plan  to  form  a  single  compre- 
hensive organization  for  securing  united  action  of  the 
engineering  and  allied  technical  professions  in  matters 
of  common  interest.  It  is  to  be  made  up  of  a  federation 
of  local  and  national  engineering  societies  with  the  ex- 
isting specialized  professional  associations  still  retain- 
ing their  identity.  Local  societies  and  sections  of  the 
existing  professional  associations  would  thus  be  joined 
together  for  concerted  action  in  their  respective  terri- 
tories and  the  general  engineering  society,  made  up  of 
representatives  from  the  local  groups,  would  care  for 
matters  of  national  scope.  Action  on  this  plan  awaits 
the  approval  of  the  societies  represented  in  the  con- 
ference. 

Another  movement  on  foot  is  the  formation  of  an 
American  Engineering  Standards  Association,  the  ob- 
jects being  to  unify  and  simplify  the  methods  of  arriv- 
ing at  engineering  standards,  to  secure  cooperation  be- 
tween various  organizations,  to  prevent  overlapping  or 
duplication  of  work  and  to  cooperate  with  similar  or- 
ganizations in  other  countries  to  promote  international 
standardization.  Realizing  the  value  of  cooperation 
from  war  work  along  these  lines,  the  five  national  asso- 
ciations previously  referred  to  invited  the  Government 
Departments  of  War,  Navy  and  Commerce  to  appoint 
representatives  to  act  with  them  to  continue  this  work. 
The  engineering  standards  committee  so  formed  has 
drawn  up  plans  of  action  that  should  not  interfere  with 
organizations  already  doing  excellent  work  in  this  line 
and  is  awaiting  ratification  by  the  governing  boards  of 
all  the  societies  and  departments  represented. 

In  the  refrigerating  industry  the  foremost  societies  of 
the  field  have  united  to  form  a  parent  body  known  as 
the  American  Association  of  Ice  and  Refrigeration,  the 
objects  being  to  avoid  duplication  of  effort  and  by  joint 
?ctivity  to  do  more  effective  work  on  the  problems  of 
the  field. 

The  National  Safety  Council  has  approved  the  organ- 
ization of  an  engineering  section,  so  that  civil,  mechan- 
ical, electrical,  mining  and  chemical  engineers  may  con- 
tribute more  effectively  toward  the  solution  of  purely 
engineering  problems  encountered  in  safety  work. 

In  passing,  mention  should  be  made  of  the  effort  to 
raise  and  standardize  salaries  of  engineers.  In  this 
movement  the  American  Association  of  Engineers  took 
an  active  part. 

The  establishment  of  a  Bureau  of  Research  by  the 
American  Society  of  Heating  and  Ventilating  Engineers 
and  the  arrangement  by  which  a  portion  of  the  magnifi- 
cent new  laboratories  of  the  Bureau  of  Mines  at  Pitts- 
burgh was  placed  at  its  disposal,  with  Professor  John 
R.  Allen  as  director,  should  prove  of  inestimable  value 


to  a  field  lacking  in  constants  and  reliable  data  on  heat 
losses. 

Other  work  in  which  the  aid  of  the  Bureau  of  Mines 
is  sought  is  the  perpetuation  of  power  economy  by  con- 
tinuing the  work  of  the  Fuel  Administration.  An  effort 
in  this  direction  is  being  made  by  the  International 
Power  Economy  Conference,  but  before  the  Bureau 
can  assume  this  new  role,  funds  are  needed,  and  it  is 
the  primary  intention  to  create  sufficient  public  senti- 
ment to  influence  favorable  action  by  Congress. 

Passage  of  the  Jones-Reavis  bill  is  another  duty  to 
be  imposed  on  Congress  as  soon  as  the  "back-home" 
campaign  has  had  its  effect.  The  bill  proposes  to  re- 
organize the  Department  of  the  Interior  into  a  Depart- 
ment of  Public  Works,  consolidating  under  one  head 
all  building  of  the  Government,  amounting  to  twenty 
per  cent  of  the  appropriations  made  by  Congress.  Hith- 
erto this  work  has  been  done  by  thirty  different  bureaus, 
twelve  to  fifteen  of  them  of  an  engineering  character 
tucked  away  in  various  departments  foreign  to  their 
work.  Concentration  in  one  bureau  will  promote  effi- 
ciency and  enable  Government  building  to  be  done  at 
much  less  expense.  Instigated  by  the  Engineering 
Council,  the  movement  is  now  being  carried  on  by  an 
organization  perfected  at  a  conference  of  seventy-four 
different  engineering  societies.  State  organizations  with 
state  directors  are  now  being  formed  to  conduct  a  strong 
]uiblicity  campaign  on  the  merits  of  the  bill. 

Power  Plant  Legislation 

Legislation  affecting  the  power  plant  more  directly, 
in  addition  to  that  already  mentioned,  was  the  creation 
in  Massachusetts  of  a  Department  of  Public  Safety,  or- 
ganized into  three  divisions  and  incorporating  the  Board 
of  Boiler  Rules,  boiler  and  building  inspection  and  the 
examination  and  licensing  of  engineers  and  firemen  into 
one  of  the  three,  known  as  the  division  of  inspection. 
The  repeal  of  the  daylight  saving  law  will  have  its  effect 
on  the  general  public  as  well  as  the  power  plant,  unless 
general  local  action  perpetuates  in  urban  centers  the 
advantages  so  evident  during  the  war.  There  has  been 
no  indication  of  engineer's  license  legislation,  but  dur- 
ing the  year  bills  for  the  legal  adoption  of  the  Ameri- 
can vSociety  of  Mechanical  Engineers'  Boiler  Code  were 
introduced  before  state  legislatures  with  the  result 
that  thirteen  states  have  adopted  the  Code,  namely : 
Massachusetts,  Rhode  Island,  New  York,  New  Jersey, 
Delaware,  Pennsylvania,  Ohio,  Michigan,  Indiana,  Wis- 
consin, Minnesota,  Missouri,  Oklahoma  and  California. 

The  Honor  Roll  for  1919 

During  the  year  many  received  memorials  for  the 
•  excellent  work  they  had  done  at  home  or  abroad  during 
the  war  or  in  the  civil  pursuits  of  life.  The  list  is  too 
extended  for  repetition  and  will  be  limited  here  to 
recipients  closely  connected  with  the  power  field.  Earh- 
in  the  year  Prof.  Auguste  C.  E.  Rateau,  inventor  of  the 
Rateau  turbine,  was  named  a  member  of  the  Academic 
des  Sciences.  Major-General  George  Goethals  was 
awarded  the  John  Fritz  medal  in  recognition  of  his  dis- 
tinction In  the  engineering  profession  :.nd  as  the  builder 
of  the  Panama  Canal.  At  the  recent  annual  meeting 
of  the  American  Society  of  Mechanical  Engineers  a  ses- 
sion was  held  in  commemoration  of  the  eightieth  anni- 
versary of  the  meeting  of  Cornelius  De  Lamater  and 
Captam  John  Ericsson,  their  fifty  years  of  service  to 
this  country  and  *he  thirtieth  anniversary  of  their  deaths. 
Fifteen  technical  societies  and  civic  organizations  w'ere 
represented  in  the  gathering.  It  is  the  intention  to  erect 
tablets  in  New  York  on  the  sites  formerly  occupied  by 
the  Phoenix  Foundrv  and  the  De  Lamater  Iron  Wor^. 
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in  which  both  men  did  so  much  for  naval  architecture 
and  industrial  engineering.  During  the  annual  meeting 
of  the  Mechanical  Engineers  a  memorial  tablet  was  un- 
veiled and  is  to  be  placed  in  the  society's  rooms  as  a 
tribute  to  Frederick  Remsen  Hutton,  who  did  such  ef- 
fective work  for  the  society  in  its  early  days.  Also  a 
memorial  brochure  was  presented  in  remembrance  of 
William  Kent,  best  known  as  the  author  of  the  hand- 
book bearing  his  name. 

By  the  Institute  of  Electrical  Engineers  the  Edison 
Medal  was  awarded  to  B en j main  G.  Lamme  for  inven- 
tion and  development  of  electrical  machinery.  At  the 
annual  meeting  of  the  society  a  memorial  tablet  erected 
in  acknowledgment  of  the  services  of  William  D. 
Weaver  to  the  Institute  was  unveiled,  following  an  ap- 
preciation of  his  efforts  toward  establishing  the  great 
technical  library  now  quartered  in  the  Engineering  So- 
cieties Building.  To  the  family  of  Andrew  Carnegie  a 
resolution  expressing  sincere  appreciation  of  his  great 
contributions  to  the  advancement  of  engineering  was 
passed  by  the  leading  engineering  societies  of  the  coun- 
try and  duly  forwarded.  The  honorary  degree  of  Doc- 
tor of  Engineering  was  conferred  upon  Rear  Admiral 
Robert  S.  Griffin,  Engineer-in-Chief  of  the  United  States 
Navy,  by  the  Stevens  Institute  of  Technology.  B.  H. 
Peck  was  awarded  the  Chanute  Medal  for  the  best  pa- 
per presented  to  the  Western  Society  of  Engineers  dur- 
ing the  year  previous,  and  announcement  was  made  by 
ihe  same  society  of  the  award  of  the  Alvord  Medal  .to 
Herbert  C.  Hoover,  who  had  been  chosen  by  a  commit- 
tee of  the  society  as  the  engineer  who  had  done  most 
for  the  comfort  and  well-being  of  humanity. 

Engineering  societies  closely  related  to  the  field,  hon- 
ored the  foHowing  men  with  the  presidencies :  Fred  J. 
Miller,  American  Society  of  Mechanical  Engineers; 
Calvert  Townley,  American  Institute  of  Electrical 
Engineers :  R.  H.  Ballard,  National  Electric  Light 
Association;  John  J.  Calahan,  National  Association 
of  Stationary  Engineers;  F.  E.  Matthews,  Ameri- 
can Society  of  Refrigerating  Engineers;  Walter  S. 
Timmis,  American  Society  of  Heating  and  Ventilating 
Engineers. 

Necrology 

Several  men  of  prominence  in  the  field  passed  away 
during  the  year.  In  chronological  order  the  columns 
of  Power  has  record  of  the  following:  Professor  Rolla 
C.  Carpenter,  long  associated  with  Sibley  College  of 
Cornell  University;  Abram  T.  Baldwin,  president  of 
the  Precision  Instrument  Company;  Burt  O.  Gage,  a 
prominent  inventor  and  pump  expert  and  superintend- 
ent of  the  Warren  Steam  Pump  Company;  Frederick 
L.  Hickock,  president  of  the  Reliance  Gauge  Column 
Company;  Malcolm  Gifford,  president  of  the  Gifford- 
Wood  Company;  Capt.  Charles  H.  Manning,  for  many 
years  prominent  in  engineering  circles  in  New  Eng- 
land as  chief  engineer  of  the  Amoskeag  Manufacturing 
Company,  the  largest  cotton  mill  in  the  world ;  Profes- 
sor Charles  B.  Richards,  Emeritus  Professor  of  Mechan- 
ical Engineering  at  Yale ;  George  H.  Phillips,  president 
and  treasurer  of  the  Hewes  &  Phillips  Iron  Works ; 
William  T.  Wheeler,  president  of  the  Diamond  Carbon- 
ating  Company;  Charles  Edwin  Knox,  one  of  New 
York's  leading  consulting  electrical  engineers ;  Samuel 
T.  Wellman,  past  president  of  the  American  Society  of 
Mechanical  Engineers  and  an  inventor  best  known  by 
his  patents  on  the  Wellman  hydraulic  crane  and  the 
Wellman  open-hearth  charging  machine ;  Oscar  Otto, 
latterly  general  superintendent  of  the  South  Philadel- 
phia Machine  Works  of  the  Westinghouse  Electric  and 
Manufacturing    Company;    Frederick    Sargent,    senior 


member  of  the  firm  of  Sargent  &  Lundy  and  one  of 
the  most  prominent  consulting  engineers  in  the  United 
States;  Andrew  Carnegie,  the  great  ironmaster  and 
philanthropist;  Charles  E.  Lord,  general  patent  attor- 
ney of  the  International  Harvester  Company  and  at 
the  time  of  his  death  chairman  of  the  Chicago  Section 
of  the  American  Society  of  Mechanical  Engineers; 
Richard  Hammond,  former  president  of  the  Lake  Erie 
Boiler  Works  and  the  Lake  Erie  Engineering  Works ;  H. 
L.  Gantt,  well-known  industrial  engineer  and  author  of 
several  works  on  industrial  management. 

Relationship     Between    Specific    Gravity 
and    Heating    Value    of   Crude    Oils 

Speaking  of  tests  conducted  by  Professor  O'Neill,  of 
the  Department  of  Chemistry,  University  of  California, 
C.  R.  Weymouth  [Transactions  A.  S.  M.  E.,  Vol.  33, 
p.  68]  says : 

It  was  found  that  there  is  no  exact  relationship  between  the 
specific  gravity  of  crude  oil  and  its  hydrogen  content,  al- 
though there  is  a  general  tendency  toward  an  increase  in 
hydrogen  content  with  a  lighter  oil.  Examination  of  the 
ultirnate  analyses  and  calorimeter  tests  of  a  number  of  Cali- 
fornia oils  indicates  the  rather  startling  fact  that  it  is  possible 
in  oils  having  practically  the  same  total  quantity  of  inert  con- 
stituents to  have  a  variation  in  both  hydrogen  and  carbon 
content  with  practically  no  variation  in  the  calorific  value  of 
the  oil. 

The  inevitable  conclusion  that  the  calorific  value  of  crude 
oil  does  not  correspond  to  the  heat  of  combustion  of  its  ele- 
mental constituent  and  that  formulas  for  calculating  the  total 
heat  of  fuels  are  not  applicable  to  California  crude  oils  is 
borne  out  by  the  fact  that  the  calculated  calorific  value  was, 
in  one  instance,  8.7  per  cent,  greater  than  that  obtained  from 
a  calorimeter  test. 

While  this  relates  to  California  oil,  we  have  not  seen 
anything  to  show  that  it  does  not  equally  apply  to  Mexi- 
can oil. 


According  to  Commerce  Reports  it  is  announced  that 
a  great  scheme  of  electricity  supply  for  the  north  Mid- 
land counties  is  proposed,  the  chairman  of  the  Notting- 
ham corporation  electricity  committee  having  stated  that 
government  experts  have  recommended  the  erection  of 
a  superpower  station  on  the  banks  of  the  Trent  to  meet 
the  requirements  of  an  area  50  miles  north  to  south  and 
40  miles  east  to  west,  or  2000  square  miles  in  all.  Such 
area  would  include  parts  of  the  counties  of  Nottingham, 
Derby,  Stafford  and  Leicester.  The  estimated  cost  of 
the  first  section  is  $25,549,125,  while  the  whole  scheme 
when  complete  is  expected  to  require  an  outlay  of  $68,- 
131,000.  The  ultimate  annual  saving  to  Nottingham 
tramways  alone  is  put  at  $194,660.  A  further  proposal, 
which  is  under  inquiry  by  the  Ministry  of  Health,  re- 
lates to  an  application  by  the  Manchester  City  Council 
for  power  to  borrow  $4,866,500  for  extending  its  elec- 
tricity works.  In  order  to  meet  new  calls  for  electricity 
for  industrial  purposes,  it  is  stated  that  the  extensions 
must  be  completed  within  three  years. 


In  1901  the  first  transmission  line  operating  at  a 
voltage  above  70,000  was  put  into  service.  The  use 
of  high-voltage  transmission  has  increased  until  today 
there  are  in  this  country  and  Canada  about  fifty  com- 
panies operating  systems  at  70.000  volts  and  above. 
These  systems  represent  an  aggregate  of  approxi- 
mately 14,000  miles  of  single-circuit  line  and  have 
over  2,000,000  kw.  of  generating  capacity  connected 
to  them. 
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UNDERSTAND    that    Youngstown,    Ohio,    is    a 
great  steel  town,"  I  remarked  to  a  fellow  traveler 
as  the  train  on  which  we  were  riding  rushed  on 
its  way  toward  that  city. 

•    "Steel  man?"  he  asked,  knocking  the  ashes  from  the 
end  of  his  cigar. 

I  replied  that  I  was  not,  but  that  I  would  be  inter- 
ested in  going  through  some  of  the  mills  if  permission 
could  be  obtained. 

"That's  a  proposition  that  you  can't  tell  anything 
about  until  you  try.  No'w,  you  would  find  it  next  to 
an  impossibility  to  obtain  permission  to  go  tnrough 
some  of  the  largest  steel  plants  in  Pittsburgh  and 
through  some  of  the  plants  in  Youngstown  and  sur- 
rounding towns;  that  is,  those  operated  by  these  same 
companies.  Why,  I  don't  know,  and  I  doubt  if  they 
can  tell  unless  they  don't  want  to  be  bothered  having 
an  outsider  around  their  works.  It  surely  can't  be 
because  they  expect  to  keep  out  men  who  might  come 
from  other  works  in  order  to  obtain  information 
regarding  manufacturing  processes,  because  it  is 
assumed  that  such  are  employed  in  every  mill. 

"I  would  advise  you  to  visit  the  Youngstown  Steel 
and  Tube  Co.'s  plants,  the  Republic  Iron  and  Steel 
Co.'s  mills,  the  Sharon  Steel  Hoop  and  several  other 
that  are  situated  in  surrounding  towns.  You  will  be 
pretty  sure  to  get  through 
these  mills  because  they  are 
progressive  and  are  not 
afraid  of  a  little  publicity." 
Seeing  that  I  was  inter- 
ested, my  new-found  friend 
went  on  to  tell  me  something 
about  steel  mills.  * '  O  f 
course,  you  know  that  the 
iron  ore  that  comes  from 
the  mines  of  the  iron  coun- 
try looks  to  the  layman  a 
good  deal  like  brown  dirt. 
This  ore  is  put  in  a  blast 
furnace  (Fig.  1)  with  a 
certain  amount  of  coke  and 
limestone ;  that  is,  with,  say,  pjQ  j  blast  furnace 
300     tons     of     ore     about  plant  youngstown 


200  tons  of  coke  and  about  65  tons  of  limestone,  al- 
though the  amount  of  fuel  and  limestone  depends 
upon  the  nature  of  the  ore  and  the  grade  of  iron 
wanted.  These  furnaces  are  around  70  to  100  ft.  high 
and  are  equipped  with  inclined  elevators,  each  having 
two  counterbalaned  cages,  the  empty  one  descending 
as  the  loaded  one  ascends.  At  the  top  of  the  furnace 
the  coke,  limestone  and  ore  are  automatically  dumped 
into  a  hopper  and  fed  to  the  furnace  in  the  order 
named. 

"Upon  melting,  the  nonmetallic  matter  separates 
from  the  reduced  iron  and  unites  with  the  lime,  and 
the  flux  being  lighter  than  the  iron,  floats  on  its  sur- 
face and  is  drawn  off  as  slag,  through  a  suitable  hole, 
after  which  the  iron  is  drawn  out  through  a  lower 
tap-hole  into  pig-iron  molds,  or  it  is  conveyed  in  ladle 
cars  either  to  the  bessemer  converter  or  to  the  open- 
hearth  furnace. 

"All  material  chargejl  into  a  blast  furnace  passes 
out  either  as  a  liquid  or  as  a  gas.  The  gas  that 
comes  off  at  the  top  passes  down  into  ovens  and  is 
burned  there.  The  liquid  products  pass  off  as  iron 
and  slag.  Pig  iron  is  often  heated  in  a  puddling  fur- 
nace at  a  temperature  somewhat  above  its  melting 
point.  The  puddling  furnace  is  a  reverberatory 
furnace   and   the    flame   plays   over  the   metal.      The 

impurities  are  gradually 
burned  out,  and  the  pure 
metal  is  collected  by  means 
of  long  iron  rods  manipu- 
lated by  the  puddlers.  The 
metal  comes  from  the  fur- 
nace in  a  pasty  condition  in 
the  form  cf  irregular  balls 
(Fig.  3)  and  is  then  run 
through  a  squeezer  to  re- 
move the  main  portion  of 
the  slag.  It  is  finally  passed 
through  a  rolling  mill  (Fig. 
4).  This  metal,  however, 
contains  too  much  slag  for 
ordinary  purposes  and  it  is 
AND  ORE  BRIDGE.  MAIN  Sheared,  and  after  reheating 
SHEET  AND  TUBE  CO.  it   is   again   passed   through 
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a  rolling  mill,  thus  making  it 
purer,  and  it  is  generally 
known  as  wrought  iron," 

"This  is  all  mighty  inter- 
esting," I  said  as  my  friend 
employed  himseli  in  wiping 
his  glasses.  "I  suppose  that 
steel  is  produced  in  much  the 
same  manner?" 

He  did  not  reply  for  a  mo- 
ment and  then  said :  "I  might 
say  that  the  most  common 
processes  in  making  steel  are 
known  as  the  bessemer  and 
the  open-hearth  processes.  A 
pig-ironblast furnace  produces 
a  product  known  as  pig  iron, 
which  is  sold  to  such  concerns 
as  do  not  have  a  blast  furnace 
or  when  the  ore  is  obtained  at 
a  distance  from  the  mill. 
For    instance,    some    of    the 

iron  mined  in  the  Michigan  iron  country  is 
made  into  pig  iron  for  shipment  close  to  the  mines, 
although  most  of  it  goes  to  the  various  Lake  ports  in 
its  natural  state  and  is  put  through  the  blast  furnace 
at  the  mills.  In  the  instance  of  the  steel  mill  at 
Sparrows  Point,  Md.,  the  pig  iron  comes  from  Cuba, 
and  it  is  doubtless  cheaper  to  handle  it  in  that  way 
than  to  bring  in  the  raw  iron  ore. 

"Well,  after  the  iron  has  been  treated  in  the  blast 
furnace  at  a  steel  mill,  it  is  run  into  huge  ladle  metal 
cars  (Fig.  2)  and  is  carried  either  to  the  bessemer 
converter  or  to  the  openhearth  furnace." 

"What  is  the  bessemer  process?  I  have  heard  of  it 
and  seen  mills  where  a  sheet  of  flame  and  sparks  was 
being  blown  apparently  through  the  roof  and  they 
said  it  was  a  bessemer  converter.    What  is  the  idea?" 

"In  the  bessemer  process  the  hot  pig  metal  from  the 
blast  furnace  is  poured  from  the  metal  cars,  of  which 
I  already  spoke,  into  the  converter,  and  air  is  blown 
through  it.  This  is  to  remove  the  impurities  by  the 
combustion  of  the  silicon,  manganese  and  carbon. 
This  process  requires  from  seven  to  fifteen  minutes. 
Both  bottom-and-side-blow  vessels  are  employed,  but 
the  side-blow  is  used  mostly  in  this  country.  The  air 
is  introduced  through  tuyeres  in  one  side  of  the 
vessel,  and  the  pressure  used  is  around  three  or  four 
pounds  per  square  inch. 

"When  charging,  the  vessel  is  tipped  forward  and 
the  molten  pig  iron  is  charged  in  the  proper  amount. 
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Then  the  converter  is  tilted 
back  to  an  angle  of  five  or 
six  degrees  and  the  air  blast 
is  turned  on.  You  will  first 
see  a  few  sparks  come  from 
the  mouth  of  the  converter 
and  after  three  or  four  min- 
utes of  blowing  a  slight  flame 
will  appear  at  the  mouth. 
The  vessel  is  in  the  meantime 
being  slowly  turned  toward  a 
vertical  position  and  after 
from  five  to  fifteen  minutes 
the  flame  and  sparks  are 
shooting  out  at  a  greater  rate. 
That  is  what  you  have  seen, 
as  you  just  mentioned." 

"What  is  to  prevent  the 
metal  from  being  blown  out 
with  the  slag,  sparks,  etc.?" 
I  asked. 

"That  is  taken  care  of  by 
reducing  the  air  pressure  as  low  as  possible  when  the 
'boil'  takes  place;  but  if  the  air  pressure  is  reduced 
below  about  1]  lb.,  the  metal  or  slag  will  run  into  the 
windbox." 

"How  does  the  operator  know  when  the  metal  has 
been  sufficiently  heated?" 

"An  experienced  blower  can  generally  tell  when  the 
final  fiame  has  been  had,  but  if  he  is  not  sure  the  ves- 
sel is  turned  down  and  the  metal  is  inspected.  If  the 
last  flame  has  occurred  and  the  carbon  has  been  elim- 
inated, the  metal  and  slag  lie  quiet  and  flat  in  the 
converter  without  bubbling,  but  if  there  is  still  car- 
bon in  the  metal  the  slag  boils  somewhat." 

"What  happens  after  the  metal  has  been  blown 
sufficiently?"  I  next  asked,  as  I  handed  out  a  cigar 
that  cost  two  for  a  quarter,  but  probably  formerly 
sold  two  for  a  nickel. 

"It  is  formed  into  ingot  molds,"  replied  my  friend 
as  he  suspiciously  gazed  at  the  cigar  I  had  given  him. 
"These  ingots  are  heated  and  then  run  through  roll- 
ing mills.  You  will  see  them  if  you  can  obtain  per- 
mission to  go  through  any  of  the  works." 

"You  spoke  of  the  openhearth  process.  How  does 
that  operate?" 

"In  the  openhearth  process  scrap  steel  and  some  pig 
iron  are  melted  in  a  bath  type  of  furnace,  and  the 
carbon,  silicon  and  manganese  are  oxidized  out  of  the 
metal  by  means  of  certain  additions  of  iron  ore.  Nearly 
pure  iron  is  obtained  in  this  type  of  furnace. 


FIG.  3. 
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Coke  fuel  is  not  used  as  the  heating  me- 
dium, but  instead  producer  gas  or  natural 
gas.  Fuel  oil  can  be  used,  and  experiments 
have  been  made  with  powdered  coal.  How- 
ever, whatever  fuel  is  used  the  method  of 
working  and  the  conditions  in  an  openhearth 
furnace  are  about  the  same." 

"You  mentioned  that  pig  iron  is  put  into 
the  furnace  with  scrap  steel.  Doesn't  that 
make  a  metal  of  less  purity?" 

"If  the  furnace  metal  is  to  be  properly 
heated,  it  is  necessary  that  it  should  bubble. 
The  pig  iron  assists  in  this  because  it  pro- 
duces the  essential  carbon,  but  only  enough 
pig  iron  is  used  to  bring  the  carbon  down 
to  about  what  is  required  in  the  finished 
steel. 

"With  openhearth  furnaces  two  processes 
are  used,  the  acid  and  the  basic.  In  either 
the  steel  is  low  in  carbon  and  must  be  re- 
carbonized  by  means  of  proper  agents,  as  I 
have  just  stated.  The  process  is  carried  on 
in  either  stationary  or  tilting  furnaces,  and 
some  of  the  stationary  furnaces  have  a 
capacity  of  200  tons.  It  requires  from  six  to 
twelve  hours  to  run  a  heat." 

"What  is  the  difference  in  operation  between  a  tilt- 
ing and  a  stationary  furnace?"  I  asked  at  this  point 
of  the  conversation. 

"The  tilting  furnace  is  tilted  forward  on  rockers, 
similar  to  the  motion  of  a  rocking  chair.  The  station- 
ary furnace,  as  the  name  implies,  does  not  move,  but 
the  metal  is  drawn  from  it  through  plugged  tap  holes 
into  huge  ladles,  from  which  it  is  poured  into  ingot 
molds." 

In  Figs.  5  and  6  are  shown  the  charging  and  tap- 
ping side  of  a  100-ton  capacity  openhearth  furnace  at 
the  main  plant  of  the  Youngstown  Sheet  and  Tubs 
Co.,  which  plant  I  visited  later  on,  and  many  of  the 
illustrations  in  this  and  following  articles  are  repro- 
duced through  the  courtesy  of  that  company  and  of 
the  Republic  Iron  and  Steel  Co. 

"You  spoke  of  acid  and  basic  openhearth  steel," 
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A  100-TON   OPENHEARTH   FURNACE,    SHOWING   CHARGING 
CRANE    ANT)    CHARGING    BOXRS 


I  remarked  as  the  train  stopped  at  a  station, 
i  >  the  difference?" 

"In  acid  openhearth  steel  the  charge  consists  of 
pig  iron  and  ore  or  pig  iron  and  scrap  having  a  low 
phosphorus  content,  and  is  melted  in  an  openhearth 
furnace  with  an  acid  or  siliceous  lining.  In  the  proc- 
ess the  impurities  in  the  pig  iron  are  removed  to  a 
great  extent  by  means  of  an  oxidizing  flame  that  is 
brought  about  by  the  mingling  of  producer  gas  and 
preheated  air  in  a  reverberatory  regenerative  furnace 
similar  to  the  puddling-furnace  process  in  making 
wrought  iron;  but  the  furnace  temperature  is  carried 
much  higher,  and  both  the  metal  and  the  slag  become 
molten. 

"In    making    basic    openhearth    steel,    the    charge 
of  either  melted  or  pig  iron  or  a  mixture  of  pig  iron 
and  low  carbon  scrap  is  heated  in  a  furnace  similar 
to  that  used  with  the  acid  furnace,  the  lining,  how- 
ever,  being   of   dolomite,   lime  magnesite   or 
other  basic  material." 

"I  don't  quite  get  the  idea  regarding  the 
application  of  the  gas  and  air  to  the  furnace." 
"I'll  try  to  make  that  plain  to  you,"  replied 
my  companion.  "The  main  parts  of  a  regen- 
erative furnace  are  the  inclosed  chamber  or 
the  hearth,  the  bottom  of  which  is  lined  with 
refractory  material,  where  the  flame  is  pro- 
duced and  heats  the  charge  of  metal;  the  re- 
generative chambers,  where  the  air  is  pre- 
heated, which  are  filled  with  brick  checker- 
work,  and  where  the  heat  of  the  products 
of  combustion  leaving  the  hearth  is  absorbed, 
to  be  returned  to  the  incoming  gas  and  air 
when  the  direction  of  flow  is  reversed. 

"For  instance,  gas  from  the  gas  producer 
is  conducted  through  a  suitable  passage  to  a 
gas  generator  and  is  then  conducted  to  the 
furnace  at  a  point  above  the  surface  of  the 
molten  metal.  Air  also  passes  through  an  air 
regenerator,  where  it  is  heated,  and  is  then 
delivered  to  the  furnace  with  the  gas.  The 
gas  burns,  and  the  hot  flame  passes  through 
a  second  set  of  gas  and  air  generators,  and 
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the  reverse  of  gas  and  air  flow  can  be  had  by  the  use  of 
a  reversing  valve.  The  gas  and  air  are  heated  to  about 
1000  deg.  before  entering  the  combustion  chamber. 

"Of  course  I  have  hardly  hit  the  high  spots  relat- 
ing/to  blast  furnaces,  and  the  subject  vi^ould  require 
many  books  to  cover,  but  I  think  I  have  given  you  an 
idea  of  what  the  process  is  and  that  was  what  you 
was  after." 

"You  have  been  mighty  interesting,"  I  replied.  "As 
^  understand  it,  the  bessemer  process  handles  pig 
iron  only  and  the  openhearth  handles  pig  and  scrap. 
The  products  of  both  are  poured  into  ingot  molds  and 
while  hot  are  put  through  a  blooming  mill." 

"That's  about  it,"  answered  my  friend,  as  he  arose 
to  get  his  hat,  the  train  having  slowed  down  for  his 
station. 

"There  is  one  thing  I  don't  understand  and  that  is 
the  charging  of  the  openhearth  furnace,"  I  said  as 
I  went  to  the  platform  to  bid  him  goodby. 

"That  is  easily  explained,"  was  the  answer.  "A 
charging  crane  is  used  (Fig.  5).  The  crane  runs  on 
a  very  wide-gage  track  and  is  electrically  operated. 
In  front  of  the  charging  end  of  the  furnace  is  an- 
other track  on  which  cars  run  carrying  the  charging 
box.  The  crane  is  run  along  in  front  of  these  cars, 
an  extension  ^m  is  run  out  and  the  head  of  the 
arm  engaged  with  a  suitably  formed  coupling  head 
on  the  end  of  the  charging  box.  The  arm  and  box  of 
metal  are  then  elevated  sufficiently  to  come  in  line 
with  the  furnace  door,  which  is  then  opened  and  the 
arm  with  the  charging  box  on  the  end  is  run  into  the 
furnace.  Then  it  is  turned  half  over  and  the  con- 
tents of  the  box  dropped  into  the  furnace,  after  which 
the  arm  and  box  are  turned  back  to  their  original 
position,  the  arm  is  withdrawn  and  the  charging  box 
is  replaced  on  its  car  ready  for  hauling  away  for 
another  load  of  scrap  iron." 

I  returned  to  my  seat  as  the  train  started  on  its 
way  and  in  a  short  time  reached  my  destination, 
Youngstown,  where  later,  I  saw  most  of  the  process 
of  which  my  casual  acquaintance  had  explained. 

Contributory  Negligence  of  Engineers 

By  a.  L.  H.  Street 

Plaintiff,  as  day  engineer  at  the  defendant's  plant, 
mounted  a  ladder  to  make  repairs  on  some  steam  pipes. 
The  ladder  slipped  and  he  was  injured.  Suing  for 
damages,  he  asserted  negligence  on  the  part  of  defend- 
ant employer  in  failing  to  provide  a  ladder  so  spiked 
as  to  avoid  slipping.  At  the  trial  it  was  shown  that 
the  ladder  was  spiked  at  one  end,  and  that  the  night 
before  the  accident  the  plaintiff  had  left  the  ladder  in 
proper  position.  But  during  the  night  another  em- 
ployee used  it  in  another  place  and  then  returned  it 
wrong  end  up. 

Denying  the  plaintiff's  right  to  recover  damages  on 
the  ground  that  plaintiff's  own  contributory  negligence 
in  failing  to  assure  himself  that  the  ladder  was  prop- 
erly secured  against  slipping  barred  any  valid  claim  on 
his  part,  the  Pennsylvania  Supreme  Court  says  in  the 
case  of  Finan  vs.  F.  T.  Mason  Co.,  107  Atlantic  Reporter, 
692: 

An  employer  is  bound  to  protect  his  employee  from 
danger  reasonably  to  be  apprehended,  but  not  against  all 
possible  danger,  and  least  of  all  against  danger  occa- 
sioned by  the  employee's  own  negligence.  Not  only  did 
the  evidence  come  short  of  showing  negligence  chargeable 


to  the  defendant,  but  on  the  admitted  facts  the  injury 
complained  of  was  traceable  directly  to  the  plaintiff's  neg- 
ligence in  failing  to  examine  tha  position  of  the  ladder 
before  ascending  it. 

Measuring  Diesel-Engine  Crankpin 
Clearance 

By  L.  H.  Morrison 

The  average  operator  of  Diesel  engines  "jumps"  the 
connecting-rod  big-end  to  determine  the  crankpin  clear- 
ance. This  is  open  to  the  objection  that  the  result  ob- 
tained is  comparative,  not  exact. 

To  secure  an  accurate  determination  of  pin  clearance, 
either  of  two  methods  can  be  adopted.  In  Fig.  1,  which 
outlines  a  big-end  bearing  and  crankpin,  a  lead  wire  B, 
or  soft  soldering  wire,  about  %  in-  in  diameter,  is  in- 
serted in  the  bearing  between  the  pin  and  the  babbitt. 
The  bolts  are  next  tightened  until  the  halves  of  the 
bearing  meet  on  the  shims,  or  distance  pieces,  at  the 
junctions  AA.  After  loosening  the  bolts,  the  wire, 
which  has  been  flattened  in  the  tightening  process,  is 


Pig.    1.      By  Lead  Wire  Pig.    2.     By  Thickness  Gag€ 

METHOD    OP   MEASURIXG    CRANK   PIN   CLEARANCE 

measured  by  a  micrometer.  If  the  thickness  is  not  be- 
tween 0.007  in.  and  0.010  in.,  shims  can  be  removed  or 
inserted  at  A  to  bring  the  clearance  to  this  value.  The 
objection  to  this  method  lies  in  the  difficulty  of  remov- 
ing the  wire.  Usually,  the  pressure  exerted  on  the 
bolts  with  the  consequent  flattening  of  the  wire  causes 
the  latter  to  adhere  to  the  crankpin  so  that  it  is  almost 
impossible  to  remove  the  wire  without  lowering  the  bot- 
tom half  of  the  bearing. 

A  second  method  is  outlined  in  Fig.  2.  Here  the 
bolts  are  dr?wn  up  as  tight  as  possible  and  the  opening 
at  A  is  measured  by  a  thickness  gage.  This  width  plus 
the  desirable  clearance  of  0.007  in.  is  equal  to  the  thick- 
ness of  shims,  or  distance  pieces,  that  must  be  inserted. 
If  the  halves  of  the  bearing  come  together  without 
shims,  the  bearing  needs  rebabbitting.  In  rebabbitting 
it  is  highly  desirable  to  have  ample  shimming  between 
the  two  halves.  One-half  inch  on  each  side  is  not  too 
much,  since  that  will  allow  considerable  wear  before  the 
bearing  need  be  rebabbitted  again. 


Not  only  has  increased  eff.ciency  been  secured  in  the 
burning  of  coal  in  the  furnaces  under  oil  stills,  as  a 
result  of  Bureau  of  Mines  experiments,  but  a  consider- 
able percentage  of  increased  capacity  has  been  attained. 
The  work  has  been  done  in  co-operation  with  the 
Sinclair  Oil  Company. 
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Steam-Turbine  Governors — Small  Shaft  Governors 


This,  the  first  article,  describes  methods  of  gov- 
erning and  considers  the  construction  and  adjust- 
ment of  a  few  turbine  governors  of  the  shaft 
type. 

METHODS  OF  GOVERNING  TURBINES— The 
manner  of  governing  steam  turbines  is  in  some 
respects  similar  to  that  employed  for  reciprocat- 
ing engines,  with  the  chief  difference  that  for  large 
turbines  the  governing  mechanism  is  usually  more  com- 
plex. 

There  are  three  types  of  turbine  governors  commonly 
used.  The  throttling  type  uses  a  balanced  throttle 
valve  operated  through  links  and  levers  by  w^eights  or 
springs  moved  by  centrifugal  force,  throttling  the  ad- 
mission of  steam  to  a  chest  from  vi^hich  the  steam  flows 
to  the  turbine  nozzles.  Nearly  all  small  turbines  are 
governed  in  this  manner,  the  governor  proper  being  at- 
tached directly  to  the  end  of  the  mainshaft  and  known 
as  a  direct,  or  shaft,  governor. 

The  second,  or  intermittent  admission,  method  is  ex- 
emplified in  the  Westinghouse  and  Parsons  turbines. 
With  this  method  of  governing,  the  primary  and  second- 
ary, or  main,  steam  valves  are  held  to  their  seats  by 
springs  and  opened  by  the  movement  of  pistons  on  the 
main-valve  spindles,  the  pistons  being  actuated  by  steam 
or  oil  pressure  admitted  through  relay  valves. 

The  third  method,  wherein  hydraulically  moved  relay 
valves  or  cama  on  a  shaft  operate  a  number  of  steam 
nozzle  valves,  as  in  the  Curtis  turbine,  is  a  multiple-con- 
trol method,  or  more  correctly,  control  by  a  series  of 
valves  operated  in  rotation,  for  there  are  a  number  of 
poppet  valves  which  admit  steam  to  the  nozzles.  The 
chief  advantage  claimed  for  this  manner  of  governing 
is  that  the  working  nozzles,  or  nozzles  admitting  initial 


knife-edges  and  are  held  in  place  by  twO  springs.  As 
the  speed  increases,  the  weights  fly  out  and  cause  the 
round-nosed  pins  C  to  move  forward  against  the  collar 
D,  the  action  of  centrifugal  force  in  throwing  out  the 
weights  being  resisted  by  the  springs.  As  the  springs 
are  compressed,  the  collar  D  pushes  against  the  shoulder 
of  the  spindle  E,  which  moves  the  bell  crank  F  oper- 
ating the  balanced  throttle  valve,  Fig.  3.     There  is  a 


FIG.    2. 


TURBINE  WHEEL.  GOVERNOR  AND   ITS   CONNEC- 
TIONS— SMALL  DB  LAVAL  MACHINE 


PIG.  1. 


GOVERNOR  AND  EMERGENCY  GOVERNOR  OF  SMALL  DE  LAVAL 
STEAM  TURBINES 


pressure  steam,  do  so  continuously,  thus  they  always 
work  at  highest  efficiency. 

De  Laval  Shaft  Governor — In  Fig.  1  is  shown  a  sec- 
tional view  of  the  shaft  governor  used  on  small  De  Laval 
turbines.  This  governor  is  mounted  on  the  end  of  one 
of  the  gear  shafts.  (See  Fig.  2.)  Weights  AA,  Fig.  1, 
in  the  form  of  half-cylinders  of  bars,  are  mounted  and 
hinged  on  knife-edges  BB.    The  weights  swing  on  their 


certain  amount  of  "play"  at  F  to  reduce  the  amount  of 
valve  opening.  In  some  sizes  of  turbines  it  requires 
but  i-in.  movement  of  the  spindle  E  to  move  the  valve 
from  full  open  to  complete  closure.  The  bell  crank  is 
balanced  by  a  spring,  as  shown.  The  governor  regula- 
tion is  supplemented  by  hand-operated  nozzle  valves, 
shown  in  Fig.  4,  which  admit  additional  steam  to  the 
wheel  during  overloads. 

De  Laval  Emergency  Governors — Turbines  designed 
to  be  run  condensing  cannot  be 
operated  against  a  relatively  high 
back  pressure.  This  fact  is  made 
use  of  in  some  of  the  De  Laval 
machines.  Referring  to  Fig.  1,  it 
will  be  seen  that  there  is  an  ad- 
justable projection  G  that  moves 
in  and  out  with  the  spindle.  In 
case  the  speed  should  increase  be- 
yond that  predetermined,  the 
projection  G  will  move  out,  push 
o^^en  a  valve  H  which  admits  air 
to  the  condenser  through  the  hol- 
low spindle  of  the  valve,  through 
the  pipe  J  to  the  piston  K. 

In  other  types  of  small 
De  Laval  turbines  the  shaft  gov- 
ernor is  like  the  one  described 
above,  but  the  emergency  stop 
consists  chiefly  of  a  butterfly 
valve  in  the  exhaust  pipe  operated  by  the  governor  after 
the  turbine  has  exceeded  a  predetermined  speed. 

The  Kerr  governor  is  indeed  simple  a.id  in  general 
like  most  shaft  governors.  The  throw  of  the  weights 
by  centrifugal  force  is  resisted  by  a  heavy  spring.  The 
weights  are  in  the  form  of  half-cylinders,  machined 
from  a  solid  piece  and  split.  They  swing  on  hardened- 
steel  knife-edges  which  are  detachable.     Those  parts  of 
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the  weights  which  push  the  spindle  forward  do  so  by 
making  a  rolling  contact. 

The   spring   on   the   governor-valve   spindle   tends   to 
hold  the  valve  open  and  resists  the  closing  effort  of  the 


PIG.   3.      B.4LANCED  THROTTLE  VALVE,   SMALL  DE  LAVAL 
Tl'RBINES 

governor.  To  obtain  slight  speed  variations,  the  com- 
pression of  this  spring  may  be  increased  or  decreased. 
Normally,  the  governor  is  adjusted  for  faster  or  slower 
speeds  by  increasing  or  diminishing  the  compression  of 


FIG.  4.   GOVERNOR  END  OP'  SMALL  DB  LAVAL  TURBINE 

The  small  handwheels  in  front  are  used  to  open  valves  admit- 
ting more  high  pressure  steam  to  ttie  wheel  to  handle  lieavy 
load?. 


FIG.  5. 


LOOKING  DOWN  ON  GOVERNOR  AND  GOVERNOR 
VALVE,  STURTEVANT  TURBINE 


the  main  spring  by  screwing  a  nut  down  on  or  away 
from  the  spring.  The  spindle  is  well  provided  with  oil 
channels  for  adequate  lubrication.  No  emergency  stop 
is  provided,  it  being  considered  that  the  governor  will 
always  function  to  prevent  excessive  speeds. 

Sturtevant  Turbine  Governors — All  Sturtevant  tur- 
bines are  provided  with  direct-type  governors  mounted 
on  the  end  of  the  mainshafts.  An  emergency  stop, 
independent  of  the  main  governor,  prevents  excessive 
speed. 

Fig.  7  is  a  sectional  elevation  of  a  Sturtevant  turbine, 
showing  the  relative  position  of  the  governor  mechan- 
ism to  the  rest  of  the  machine.  As  shown,  the  motion 
of  the  governor  spindle  is  transmitted  to  the  regulating 
valve  through  one  bell  crank,  no  other  connecting  levers 
being  used.  The  illustration  shows  that  the  emergency 
stop  valve  A  is  of  the  butterfly  type. 

Fig.  5  is  a  view  looking  dovvnn  on  the  governor 
mechanism,  the  top  half  of  the  casing  having  been  re- 


FIG.  6.   SHAFT  GOVERNOR  FOR  STURTEVANT  TURBINE 

moved.  As  the  weights  A  and  B  are  thrown  out  against 
the  tension  of  a  spring  between  them  and  on  the  spindle, 
the  spindle  is  pushed  forward,  moving  out  the  ben 
crank,  lifting  the  regulating-valve  stem  and  disks  and 
decreasing  the  flow  of  steam  to  the  turbine.  Notice 
that  the  bell  crank  is  pivoted  on  knife-edges,  which 
should  not  be  oiled.  An  oil  cup  drops  oil  to  the  end  of 
the  bell  crank  and  the  spindle.     The  centrifugal  force 
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causes  the  oil  to  flow  along  the  spindle  to  a  felt  washer, 
shown  in  Fig.  6. 

The  Emergency  Governor — As  stated,  the  emergency 
governor  valve  is  of  the  butterfly  variety,  placed  be- 
tween the  regulating  valve  and  casing.  It 
is  spring-loaded  and  held  open  by  a  notched 
bell  crank,  as  shown  in  Fig.  5.  Referring  to 
Fig.  6,  a  bolt  C  is  held  in  the  casing  (at  a 
point  C,  Fig.  8)  by  a  helical  spring,  and  a 
threaded  plug  at  one  end  of  the  hole.  Should 
the  regulating  governor  be  deranged,  the 
bolt  will  begin  to  move  out  of  the  casing  at 
D,  Fig.  6,  when  the  speed  has  increased  to 
about  8  per  cent,  above  normal,  and  at  10 
per  cent  over- 
speed  will  fly  out 
and  strike  the 
inner  end  of  the 
lever  C,  Fig,  5, 
which  will  re- 
lease the  reset- 
ting lever  D,  al- 
lowing  the 
spring  £■'  to  close 
the  emergency 
valve  and  stop 
turbine.  After 
the  throttle  has 
been  closed,  re- 
set the  emer- 
gency governor, 
a  knob  -  handle 
being  provided 
to  assist  in  rais- 


ing the  resetting  lever.  Adjust  the  emergency  governor 
when  necessary  by  screwing  in  the  plug  G,  Fig.  6,  to 
make  the  governor  more  sluggish  and  screw  it  out  to 
make  it  operate  at  less  overspeed. 

To  prevent  chattering  of  the  emergency  gear,  a 
spring  F,  Fig.  5,  rests  against  the  bell-crank  trip. 

The  weights  are  mounted  on  knife-edges  at  E  and  F, 
Fig.  6  (D  and  E,  Fig.  8)  and  the  spindle  rests  on 
knife-edges  J  and  K  (F  and  G,  Fig.  8).  Do  not  oil 
these  knife-edges,  for  if  oiled  they  may  gather  dirt  and 
wear  rapidly. 

To  increase  the  speed  of  the  turbine,  increase  the 
compression  of  the  spring  by  screwing  in  H,  Figs.  5, 


6  and  8;  to  decrease  the  speed,  decrease  the  compres- 
sion of  the  spring.  In  making  adjustments  to  governors 
it  is  always  well  to  go  slowly. 

Care  of  the  Governor — Keep  the  governor  spindle 
oiled,  but  do  not  overlubricate  it.  Oil 
reaches  the  spindle  by  following  along  by 
capillary  action ;  the  felt  washer  acts  as 
oiler  and  wiper.  As  the  governor  spindle 
has  little  movement,  the  oil  and  dust  that 
collect  on  it  must  not  be  allowed  to  gum  or 
harden  on  it.  If  the  turbine  is  exposed  to 
outside  air,  the  oil  on  it  may  congeal  on  cold 
days  and  cause  the  governor  to  jump  or 
race.     This  may  be  avoided  by  moving  the 

spindle  in  and 
out  a  few 
times  bv  hand 
before  start- 
ing the  tur- 
bine. 

At  the  end 
of  runs  stop 
the  turbine 
b  y  releasing 
the  emer- 
g  e  n  c  y  valve. 
If  this  is 
not  done,  the 
stem  may  be- 
come so  fast 
-in  the  stuff- 
ing-box that 
the  spring 
will  not  turn 

it  when  the  resetting  lever  is  released  on  overspeed. 
No  packing  is  used  in  the  stuffing-box  on  the  regulat- 
ing valve.  The  stem  is  made  a  close  fit  in  the  box, 
which  is  quite  long;  leakage  of  steam  around  the  stem 
is  usually  slight  and  an  indication  that  there  is  suflS- 
cient  clearance.  Sometimes,  when  using  superheated 
steam,  the  stem  expands  and  sticks  in  the  stuffing-box. 
The  regulating  valve  disks  are  not  intended  to  fit 
tightly  on  their  seats,  but  to  reduce  the  area  of  valve 
opening  enough  to  regulate  the  speed  of  the  machine. 
The  seats  and  ports  are  large  in  diameter  and  lift  about 
-Jy-  in.  from  their  seats.  Of  course  when  the  governor 
weights  fly  all  the  way  out,  the  valve  should  be  closed. 


FIG.     7.       SECTIONAL    VIEW    OF    STURTEVANT    TURBINE,    SHOWIXG  GOVERXOR 


FIG.    8.      THE    SHAFT    GOVERNOR    OF    THE    STURTEVANT  TURBINE,   ASSEMBLED  .\ND   DISMANTLED 
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The  Cost  of  Low  Power  Factor 

By  will  brown 

Engineer  with  the  Electric  Machinery  Company 


By  using  synchronous  motors  to  correct  power 
factor,  large  savings  can  he  made  in  the  cost  of 
power,  generator  capacity  and  copper  loss.  Even 
in  small  systems  it  is  now  profitable  to  correct 
power  factor,  and  the  place  to  do  it  is  at  the 
motor  end  of  the  line.  Pump  and  water-pipe  dia- 
grams make  the  article  easy  to  understand. 

THERE  is  a  certain  amount  of  lagging  reactive 
kv.-a.  (kilovolt-amperes)  in  every  alternating- 
current  power  circuit  vv^here  power  factor  is  less 
than  unity.  In  the  analogies  given  in  the  previous 
article,  "The  Flow  of  Wattless  Current  Explained," 
in  the  Sept.  30  issue,  the  lagging  reactive  kv.-a.  is  the 
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1.     CURVES    FOR    ESTIMATING    THE     SIZE 
SYNCHRONOUS   MOTOR    TO    INSTALL 
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water  flowing  in  and  out  of  chamber  C.  A  synchronous 
motor  can  supply  leading  reactive  kv.-a.,  which  raises 
the  system  power  factor,  and  at  the  same  time  this 
motor  can  carry  a  power  load  measured  in  kilowatts. 
The  economical  feature  about  this  is  that  the  motor 
can  supply  almost  as  much  leading  reactive  kv.-a.  and 
at  the  same  time  carry  a  large  percentage  of  its  rated 
mechanical  load,  as  it  could  if  the  full  capacity  of  the 
motor  was  used  to  correct  power  factor  or  for  driving 
a  mechanical  load  alone. 

For  example,  a  synchronous  motor  with  a  rated  capa- 
city of  142  kv.-a.  can  furnish  100  re- 
active kv.-a.   (leading)  and  also  carry 
a  mechanical  load  of  100  kw.    On  the 
other  hand,  if  it 
is  desirable  that 
the  motor  carry 
the  largest  pos- 
sible mechanical 
load,    it  can   be 
operated  at 
unity  power  fac- 
t  o  r ,     carrying 
14  2     kilov/atts, 
and  no  reactive 
k  i  1 0  V  olt  -  am- 
peres.   The  mo- 
tor   that    is    to 
operate  at  unity 
power     factor 


FIG. 


can  be  built  at  less  expense  than  one  of  the  same  capa- 
city to  operate  at  low  leading  power  factor.  There  is 
less  material  used  in  the  former  case  and  the  exciter 
is  of  smaller  size. 

Every  synchronous  motor  requires  direct  current  to 
energize  its  field  windings — much  the  same  as  an  alter- 
nator. An  exciter,  it  is  true,  is  an  added  complication 
but  by  no  means  a  serious  one.  Any  operator  who  has 
handled  direct-current  motors  will  see  no  great  difficulty 
in  a  direct-current  generator  with  a  rheostat  in  series 
with  its  field  windings.  After  an  operator  has  seen 
these  exciters  operate  for  years  with  hardly  any  expense 
beyond  the  renewing  of  an  occasional  brush,  exciter 
troubles  cease  to  be  something  to  worry  over. 

When  a  synchronous  motor  is  supplying  reactive  kilo- 
volt-amperes to  the  line,  it  is  helping  the  whole  system 
back  to  the  generating  station.  That  is  the  reason  some 
power  companies  offer  inducements  to  customers  who 
will  install  synchronous  motors  and  raise  their  power 
factor.  As  to  how  much  low  power  factor  costs  consider 
the  following  case: 

A  50-hp.  induction  motor  consumed  in  one  year  a 
total  of  83,000  kw.-hr.,  this  being  a  load  factor  of  22  per 
cent.  The  power  contract  contained  the  following:  "If 
the  power  factor  of  the  energy  taken  is  found  to  be 
less  than  85  per  cent.,  then  the  consumer  shall  pay  for 
the  electrical  energy  taken  on  the  basis  of  85  per  cent, 
power  factor.  A  further  discount  of  5  per  cent,  will  be 
given  to  consumers  installing  synchronous  motors." 

The  average  power  factor  of  the  motor  was  0.65,  and 
the  net  power  bill  amounted  to  $1590.  If  this  had  been 
a  synchronous  motor,  it  would  have  met  easily  the  re- 
quirements of  85  per  cent,  power  factor  and  the  bill 
would  have  been  $1330.  But  in  addition  to  this  it  would 
also  have  earned  a  bonus  of  $66.50,  so  that  the  net  bill 
would  have  been  $1263.50— a  saving  of  $326.50  for  one 
year's  power  bill  on  a  50-hp.  motor  that  only  averaged 
five  hours  and  twenty  minutes  operation  each  day. 

If  the  power  factor  and  the  kilovolt-amperes  of  a 
system  are  known,  by  the  use  of  Fig.  1,  the  capacity  of 
a  synchronous  motor  to  install  can  be  found,  which  will 
give  the  maximum  corrective  effect  to  power  factor 
while  carrying  mechanical  load.  On  the  vertical  scale 
to  the  left  locate  the  present  power  factor.  From  this 
point  extend  a  horizontal  line  to  the  right  and  mark 
intersections  of  this  line  with  curves 
OA,  OB  and  LC.  From  these  points 
of  intersection 
drop  vertical 
lines  to  the 
kv.-a.  scale  at 
the  bottom.  The 
point  on  curve 
OA  will  show 
the  mechanical 
load  in  kilo- 
watts that  the 
s  y  n  c  h  r  onous 
motor  can  carry. 
The  point  on 
curve  OB  will 
show  the  kv.-a. 
capacity  of  the 
s  y  n  c  h  r  onous 
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motor.  The  point  on  curve  LC  will  show  the  total  kv.-a. 
of  the  system,  also  the  new  power  factor  of  the  sys- 
tem after  such  a  synchronous  motor  has  been  added. 

For  example,  suppose  a  line  transmitting  a  load  of 
1000  kv.-a.  is  operating  at  60  per  cent,  power  factor; 
points  X  Y  and  Z,  on  the  curves  Fig.  1,  determine 
answers  to  the  following  questions:  What  is  the  high- 
est point  we  should  try  to  raise  the  power  factor  of 
the  line  consistent  with  the  economy  of  the  apparatus? 
Answer,  given  by  a  vertical  dropped  from  Z  to  the  base 
line;  namely,  88  per  cent,  power  factor.  What  is  the 
kv.-a.  rating  of  the  synchronous  motor  that  will  give 
this  amount  of  correction  ?  Answer,  given  by  a  vertical 
from  Y  to  the  base  line;  namely,  45  per  cent,  of  the 
load  on  the  system,  in  this  problem  1000  X  0-45  =  450 
kv.-a.  What  is  the  kilowatt  load  that  the  motor  can 
carry,  allowing  the  maximum  correction  for  the  system? 
Answer,  given  in  per  cent,  of  the  kv.-a.  load  on  the  line 
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FIGS.  3  TO  5.  HYDRAULIC  ANALOGIES  OF  HOW  THE 
LOW  POWER  FACTOR  OF  A  LINE  IS  IMPROVED 

by  a  vertical  from  X  to  the  base  line;  namely,  20  per 
cent.,  or  1000  X  0.20  =  200  kilowatts. 

In  other  words,  the  most  economical  thing  to  do  would 
be  to  install  a  synchronous  motor  with  a  total  kv.-a. 
rating  of  450  and  run  it  at  a  power  factor  of  44  per 
cent,  leading,  allowing  it  to  carry  200  kw.  mechanical 
load.  As  a  result  of  this  the  power  factor  of  the  line 
would  be  raised  to  88.  per  cent.,  the  kv.-a.  of  the  line 
would  be  reduced  to  880  and  the  kilowatt  load  would 
be  increased  to  800  kw.  The  VR  losses,  voltage  drop, 
etc.,  would  be  slightly  less  than  in  the  original  case  when 
the  system  was  carrying  only  600  kw.  For  the  method 
of  finding  the  effects  of  combining  the  synchronous  mo- 
tor load  with  the  line  see  article  "A  Simple  Method  of 
Determining  Power-Factor  Correction,"  published  in 
Power  June  15,  1919. 

Low  power  factor  of  induction-motor  loads  has  always 
been  a  source  of  trouble  to  power  companies,  but  within 
the  last  year  or  two  it  has  become  such  a  serious  propo- 
sition that  most  companies  are  preparing  to  enforce 


some  kind  of  a  penalty  clause  similar  to  that  previously 
quoted.  To  a  limited  extent  the  power  company  can 
correct  low  power  factor  by  installing  large  synchro- 
nous condensers  in  its  substations,  but  the  real  place 
to  correct  power  factor  is  right  at  the  motors — the 
place  where  the  low  power  factor  is  caused.  In  order 
to  make  this  clear,  consider  again  the  pump  and  water- 
pipe  diagrams.  Fig.  3  indicates  a  pump  and  long  sup- 
ply pipe  operating  at  lagging  power  factor  due  to  the 
reactive  chamber  C.  The  power  company  is  paid  only 
for  the  water  that  passes  through  the  discharge  pipe  S. 
But  the  company  has  to  maintain  a  considerably  larger 
pump  and  piping  system  to  move  all  that  excess  water 
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when  operating  at  low  power  factor.  Also,  there  is  an 
increased  expense  due  to  increased  losses  in  the  pump 
and  pipes.  In  Fig.  4  the  reactive  chamber  D,  whose  gas 
expands  under  pressure,  as  explained  in  the  preceding 
article  "The  Flow  of  Wattless  Current  Explained,"  Sept. 
30  issue,  has  been  added  to  the  line  at  a  point  near  the 
pump.  This  corresponds  to  a  synchronous  motor  operat- 
ing at  leading  power  factor  placed  in  close  proximity 
to  the  generators.  Assuming  that  the  action  of  this 
chamber  exactly  balances  chamber  C,  the  pump  will  be 
able  to  operate  at  100  per  cent,  power  factor,  but  the 
supply  line  or  distribution  system  will  still  be  at  low 
power  factor  and  burdened  with  the  reactive  current 
which  flows  back  and  forth  between  chamber  D  and 
chamber  C. 

Since  there  is  a  certain  friction  to  every  foot  of  pipe, 


FIG.     7.     SMALL     SYNCHRONOUS     MOTOR     DRJVING 
CENTRIFUGAL    PUMP 

it  is  evident  that  there  is  considerable  friction  loss  in- 
volved in  Moving  this  excess  amount  of  water  between 
Z)  and  C  This  extra  friction  loss  means  a  direct  loss 
of  power  which  must  be  made  up  by  the  prime  mover 
driving  pump. 

In  Fig.  5  the  reactive  chamber  D  is  placed  directly 
opposite  chamber  C.    This  corresponds  to  placing  a  syn- 
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chronous  motor  close  to  the  induction-motor  load.  The 
pump  is  now  operating  at  100  per  cent,  power  factor 
and  so  is  the  whole  supply  line.  The  reactive  current 
flows  back  and  forth  between  chamber  C  and  chamber  D 
and  relieves  the  whole  line  of  the  excess  water  and  fric- 
tion loss.  The  whole  line,  including  the  pump,  now  oper- 
ates at  practically  unity  power  factor  with  the  minimum 
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of  losses.     It  is  evidently  very  desirable  to  correct  low 
power  factor  as  close  as  possible  to  its  source. 

Fig.  6  represents  a  power  system  from  the  generating- 
station  to  the  motors.  Distances  between  A  and  B  and 
B  and  C  will  vary  in  different  systems.  Assume  this 
system  to  be  operating  at  lagging  power  factor.  If 
synchronous  condensers  are  placed  at  A  the  power  fac- 
tor of  the  generating  station  will  be  improved,  but  all 
the  balance  of  the  system  from  A  to  C  will  remain  at 
as  bad  power  factor  as  before.  If  the  synchronous  con- 
densers are  placed  at  B,  the  power  factor  will  be  raised 
from  B  inclusive  back  to  A,  but  from  B  to  C  the  low 
power  factor  will  still  prevail  as  before.  If  synchronous 
motors  are  placed  at  C  (on  the  motor  system),  the 
power  factor  will  be  raised  on  the  whole  system  from 
C  clear  back  to  A,  and  these  motors  can  also  be  driving 
mechanical  loads  without  seriously  in- 
terfering with  their  capacity  for  cor- 
recting power  factor.  There  is  great 
saving  when  the  power  factor  is  cor- 
rected at  the  motor  system  C  instead 
of  at  the  transformer  substation  B. 

To  illustrate  the  extent  of  the  cop- 
per losses  due  to  low  power  factor  on 
a  certain  system,  when  tests  were 
made,  the  following  facts  were  dis- 
covered : 

The  motor  load  was  practically 
7500  kw.  The  power  factor  at  the 
substation  (because  of  synchronous 
condensers  installed  there)  was  near 
unity,  but  on  the  distribution  circuit 
it  was  70  per  cent.  The  watts  loss, 
or  copper  loss,  on  this  circuit  at  this 
power  factor  was  1900  kw.  Later, 
synchronous  motors  replaced  part  of  the  induction  mo- 
tors and  the  power  factor  of  the  total  motor  load  was 
raifed  to  unity.  The  motor  load  remained  practically  at 
thfc  same  figure,  7500  kw.,  but  the  whole  circuit  now 
operated  near  unity  power  factor  and  the  copper  losses 
were  reduced  to  900  kilowatts. 

Thus  a  saving  of  1000  kw.  was  secured  by  raising  the 
power  factor  of  this  7500-kw.  motor  system  and  feeder 


circuit  from  70  per  cent,  to  100  per  cent.  And  it  was 
no  longer  necessary  to  run  the  synchronous  condensers 
at  the  substation.  Assuming  the  system  to  operate  at 
this  figure  for  4000  hours  per  year,  the  total  saving 
would  be  4,000,000  kw.-hr.  If  we  say  the  cost  of  gen- 
erating and  delivering  this  wasted  power  to  the  feeder 
circuit  averages  0.5c.  per  kw.-hr.,  the  total  amount  saved 
in  dollars  would  be  $20,000.  This  represents  an  actual 
saving  at  the  coal  pile,  for  copper  losses  take  power  from 
the  prime  mover  just  the  same  as  if  useful  work  was 
performed.  This,  however,  is  only  a  part  of  the  loss. 
The  increase  in  overhead  necessary  to  take  care  of  large 
amounts  of  reactive  current  on  a  system,  also  the 
greater  percentage  of  trouble  and  upkeep  expense,  the 
lowered  efl^ciency  due  to  poor  voltage  regulation  and 
other  results  of  poor  power  factor  make  up  a  heavy  total. 
Furthermore,  poor  voltage  regulation  at  the  motors 
causes  a  reduction  in  production,  and  in  some  cases  an 
inferior  quality  of  material  produced,  either  one  of 
which  may  amount  to  losses  of  large  proportions  in  a 
year's  operation. 

Is  it  practical  for  a  power  consumer  to  correct  the 
power  factor  of  his  own  load?  A  few  years  ago  the 
answer  would  have  been  no,  it  could  not  be  done  except 
in  the  cases  of  large  users  of  power.  But  the  time  is 
now  at  hand  when  it  will  be  possible  for  the  great 
majority  of  plants  to  raise  the  power  factor  if  they 
wish  to.  Synchronous  motors  of  50-hp.  and  up  can  be 
used  for  driving  certain  classes  of  loads  that  have  for- 
merly been  driven  by  induction  motors.  The  efficien- 
cies of  such  motors  even  at  leading  power  factors  will 
compare  favorably  with  induction  motors.  Even  if  the 
load  to  be  driven  is  less  than  50  hp.,  it  may  be  practical 
to  use  a  synchronous  motor.  A  motor  of  larger  kilovolt- 
ampere  capacity  could  be  installed  and  the  excess  capa- 
city used  for  supplying  leading  reactive  kilovolt-amperes 
to  the  induction  motors.  There  is  a  slight  loss  in  effi- 
ciency, and  the  first  cost  will  be  higher  but  not  at  all 
prohibitive.  In  fact,  the  savings  on  the  power  bill 
will  in  many  cases  pay  this  difference  within  a  short 
period.     After  that  it  may  be  considered  that  the  syn- 
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chronous  motor  is  a  source  of  revenue  to  any  plant  that 
was  formerly  running  at  low  power  factor.  The  net 
result  will  be  that  power  will  cost  less  on  such  a  basis 
than  under  any  other  method.  The  importance  of  a 
more  economical  use  of  power  is  becoming  of  greater 
concern  each  year,  since  the  cost  of  producing  it  is  on 
the  increase  and  there  is  small  prospect  of  a  change 
in  this  condition. 
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Boiler  Explosion  at  Rockport^  Texas 


DETAILS  have  just  become  available  concerning 
a  boiler  explosion  which,  although  occurring 
several  months  past,  presents  features  that 
make  an  account  of  it  interesting.  The  boiler,  a  72-in. 
horizontal  return-tubular,  was  in  use  at  Heldenfeld 
Bros.  Ship  Yards  at  Rockport,  Tex.,  and  exploded  at 


FIG.  1.   SAFETY  VALVE  AFTER  ACCIDENT 

7:20  on  the  morning  of  July  29,  1919,  killing  four  per- 
sons, slightly  injuring  one,  and  causing  a  partial  de- 
struction of  the  boiler  plant. 

This  boiler  had  been  in  continuous  operation  for  two 
weeks  and  on  the  night  preceding  the  explosion  was 
steaming  and  seemingly  in  good  condition  until  about 
3  a.  m.,  when  the  grates  dropped.  This  resulted  in 
cutting  the  boiler  out,  but  not  before  it  was  filled  with 
water  until  the  gage-glass  registered  within  two  inches 
of  the  top  and  which  was  blown  down  to  see  if  it  was 
in  good  condition.  There  was  also  another  boiler  oper- 
ating in  battery  with  this  boiler  which  was  kept  in  op- 
eration until  the  end  of  the  watch  at  6  a.  m.  It  was 
about  5  :30  before  the  boiler  was  cool  enough  to  work 
on,  and  the  work  of  reinstalling  the  grates  took  until  6. 
When  the  day  crew  came  on,  there  was  still  about  forty 
pounds  of  steam,  with  the  water  in  the  glass  at  about 
the  same  position;  so  stated  the  night  engineer. 

At  this  time  in  the  morning,  after  changing  watches, 
there  was  no  one  but  the  day  power-house  crew  and 
the  watchman  on  duty,  as  the  workmen  were  admitted 
at  7:25.  The  watchman  stated  that  he  was  on  his  way 
to  the  main  entrance  gate  to  let  the  workmen  into  the 
yards  and  on  passing  the  power  house,  he  stopped  to 
say  a  few  words  to  the  day  crew.  Their  positions,  he 
says,  were  as  follows:  One  of  the  firemen  was  sitting 
directly/in  front  of  the  boiler  reading  a  paper,  the  other 
was  a  little  to  one  side,  and  back  of  him,  sitting  on  the 
ground,  a  laborer  was  cleaning  some  ashes  from  the 
entrance,  and  the  engineer  was  between  the  boiler  that 
had  been  cut  off  the  line  and  the  one  that  was  kept 
steaming,  a  space  of  about  twelve  feet,  working  with  a 
boiler-feed  pump.  A  few  words  were  passed  and  he 
proceeded  to  the  front  entrance  gate  and  was  just  in  the 
act  of  removing  the  lock  to  let  the  workmen  into  the 
yard  when  the  explosion  occurred. 

When  the  bodies  were  found,  the  engineer  was  where 
he  was  last  seen  by  the  watchman,  one  of  the  firemen 
was  in  the  same  place,  and  the  other  was  over  on  top 
of  the  mill  house,  about  125  ft.  away.  The  laborer  was 
found  about  15  ft.  in  front  and  to  one  side  of  the  boiler 


that  was  still  in  operation  at  6  o'clock.  The  boiler  was 
blown  about  650  ft.  north  of  the  yards,  wrecking  part 
of  the  boiler  house,  leaving  the  other  boiler  intact,  with 
the  exception  that  all  of  the  steam  lines  were  wrecked. 
A  blacksmith  shop  standing  about  50  ft.  to  the  north 
was  also  partly  wrecked. 

As  all  the  day  crew  were  instantly  killed,  it  is  im- 
possible to  determine  with  exactness  the  condition  im- 
mediately preceding  the  explosion.  The  examination 
of  the  boiler,  however,  found  all  seams,  dome,  braces 
and  shell  intact.  The  tube  sheets  were  bulged  and  all 
the  tubes  were  out  of  the  front  sheet  and  some  of  them 
projecting  through  the  rear  sheet,  bent  over;  others 
were  still  in  the  same  position,  with  the  beads  in  good 
condition.  The  tubes  were  beaded  over  at  the  rear, 
while  only  expanded  at  the  front.  There  was  no  evi- 
dence of  any  part  of  the  boiler  being  overheated.  On 
examination  of  the  bulged  tube  sheets  it  was  found  that 
the  metal  between  the  tube  holes  was  not  fractured.  The 
circumferential  seam  holding  the  tube  sheets  showed  no 
evidence  of  fracture.  The  shell  at  this  point  was 
slightly  turned  down  and  the  rivet  holes  not  pulled. 
Every  rivet  tested  in  the  boiler  was  tight.  The  bottom 
of  the  shell  was  buckled  in  at  the  front  and  gradually 
down  from  3  to  14  in.  at  the  rear. 

There  are  two  theories  as  the  possible,  if  not  probable, 
cause  of  the  explosion.  It  is  stated  by  the  night  crew, 
that  at  the  time  the  boiler  was  cut  out  for  repairs  it 
had  105  lb.  steam  and  was  not  even  known  to  simmer 
or  partly  pop.  It  is  also  stated  that  previously  there 
had  been  a  pressure  of  115  lb.  and  the  pop  valve  did 
not  work.  It  is  probable  that  the  other  boiler  was  kept 
steaming,  as  only  one  boiler  was  needed  at  this  time 
(which,  it  is  stated,  has  happened  before).  The  day 
crew,  realizing  the  need  of  the  second  boiler  on  short 


FIG.     2.     TUBES  rnO.IKCTlNG  THROrGH   REAR  .'^HEET 

notice,  started  a  heavy  fire  in  it,  and  according  to  one 
of  the  night  firemen's  statements  it  would  take  about 
twenty  minutes  to  again  get  100  lb.  or  more  of  steam 
in  the  boiler.  The  day  crew,  in  the  same  position  as 
when  last  seen  by  the  watchman  only  about  three  min- 
utes before  the  explosion,  forgetting  the  boiler,  permit- 
led  excessive  steam  pressure  to  build  up  and  upon  no- 
ticing this  condition,  one  of  the  firemen  went  on  top  of 
the  boiler  to  make  the  bali-and-lever  safetv  valve  work. 
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and  while  trying  to  do  so,  the  boiler  blew  up.  This  is 
the  theory  for  the  body  of  one  of  the  firemen  found  on 
the  mill-house  roof.  It  is  also  probable  that  the  day 
crew  started  a  fire  in  the  firebox  when  they  came  on 
duty.  However,  the  owner,  his  superintendent  and 
chief  engineer  stated  that  they  saw  the  boiler  pop  the 
week  previously,  and  one  of  the  engineers  said  that  he 
saw  it  pop  the  Saturday  before  the  explosion.  The 
superintendent  asserts  that  he  saw  it  pop  on  the  morn- 
ing of  the  day  before  the  explosion.  This  is  hardly 
possible,  because  on  examination  of  the  safety  valve  it 
v/as  found  that  the  valve  stem,  where  it  passes  through 
the  fulcrum  or  top  of  the  valve  body,  was  so  corroded 
that  it  took  a  small  sledge  hammer  to  move  it  in  either 
direction.  The  corrosion  was  found  to  be  of  old  origin 
and  about  -^2  in.  all  around  the  stem  of  the  valve  where 
it  passed  through  the  cage,  in  which  condition  it  could 
not  have  worked  for  some  time,  besides  having  a  100-lb. 
weight  at  least  two-thirds  the  way  out  on  the  lever. 

The  other  theory  is  that  the  pressure  was  not  equal- 
ized, and  upon  trying  to  cut  the  two  boilers  together 
with  unequal  pressure,  the  explosion  occurred.     The 


owner  states  that  at  one  time  previously,  with  the  pres- 
sures unequal,  the  boilers  were  cut  together,  resulting 
in  blowing  the  fusible  plug.  This  theory  of  the  explo- 
sion is  hardly  probable,  if  the  condition  of  the  stop 
valve  as  found  and  demonstrated  by  the  owner  was  the 
same  as  at  the  time  of  the  explosion.  The  valve  being 
closed,  he  took  hold  of  the  valve-stem  wheel  and  moved 
it  about  one  inch,  stating  that  that  was  the  position  in 
which  it  was  found  only  a  few  minutes  after  the  explo- 
sion. This,  however,  would  not  open  the  valve,  as  it 
required  a  one-eighth  turn  of  the  wheel  before  the  slack 
was  taken  up  between  the  stem  and  valve.  It  then  had 
to  be  moved  about  one-sixteenth  of  a  turn  more  before 
the  valve  left  the  seat,  which  was  good  evidence  that  it 
had  never  been  open  far  enough  to  admit  steam.  The 
prevailing  opinion,  which  seems  to  be  logical,  is  that  an 
excessive  pressure  caused  the  front  tube  sheet  to  bulge 
and  pull  off  the  tubes  at  front,  as  they  were  not  beaded. 
This  boiler  was  not  insured  and  had  never  been  in- 
spected except  at  the  time  of  the  purchase,  which  was 
about  a  year  previously.  The  boiler  was  second-hand 
and  about  twelve  years  old. 


Equivalent  Evaporation 
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ONE  of  the  principal  objects  of  a  boiler  test  is 
to  determine  accurately  the  total  heat  absorbed 
by  the  water  in  the  boiler.  This  quantity  of 
heat  may  be  expressed  in  common  thermal  units,  but 
owing  to  the  large  numerical  values  that  would  be  in- 
volved, a  larger  unit  of  heat  is  used  in  expressing  boiler 
capacities.    This  new  heat  unit  in  the  British  system  is 


FIG.    1.      WATER    LEVELS    FIG. 
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the  amount  of  heat  required  to  evaporate  one  pound  of 
water  from  a  temperature  of  212  deg.  F.  to  dry  steam 
at  the  same  temperature,  being  equal  to  970.4  B.t.u. 
(recently  found,  it  is  claimed,  to  be  971.6  B.t.u),  the 
B.t.u.  being  defined  as  ik  of  the  total  heat  required  to 
raise  the  temperature  of  one  pound  of  water  from 
32  to  212  deg.  F.  The  total  heat  absorbed  by  a  boiler 
in  terms  of  this  larger  unit  is  called  the  equivalent  evap- 
oration. It  is  the  amount  of  water  that  would  be  evap- 
orated to  dry  steam  by  the  total  heat  actually  absorbed 
by  the  boiler  if  the  feed  temperature,  as  well  as  that  of 
the  steam,  were  212  deg.  Therefore,  to  find  the  equiva- 
lent evaporation,  the  total  heat  in  B.t.u.  absorbed  by  the 
boiler  is  divided  by  970.4. 

As  commonly  stated,  tht  equivalent  evaporation  is 
equal  to  the  total  feed  water  pumped  into  the  boiler  and 


apparently  evaporated  (corrected  for  difference  in  water 
levels  at  beginning  and  end  of  test),  multiplied  by  a 
quantity  called  the  "factor  of  evaporation." 

In  the  new  boiler  code  of  the  American  Society  of 
Mechanical  Engineers  equivalent  evaporation  "is  ob- 
tained by  multiplying  the  weight  of  water  evaporated, 
corrected  for  moisture  in  the  steam,  by  the  'factor  of 
evaporation.'  The  latter  equals  (H  —  h)  -r- 970.4,  in 
which  H  and  h  are  respectively  the  total  heat  of  satu- 
rated steam  and  of  the  feed  water  entering  the  boiler." 

In  order  to  correct  for  the  quality  of  the  steam,  the 
following  instructions  are  given  in  this  code: 

When  the  percentage  of  moisture  is  less  than  2  per  cent.,  it 
is  sufficient  merely  to  deduct  the  percentage  from  the  weight 
of  water  fed,  in  which  case  the  factor  of  correction  for  qual- 
ity is 

Per  cent,  moisture 
1 (1) 

100 
When  the  percentage  of  moisture  is  greater  than  2  per  cent, 
or  if  extreme  accuracy  is  required,  the  factor  of  correction  is 

H  —  hi 

\-P (2) 

H  —  h 
in  which  P  is  the  proportion  of  moisture,  H  the  total  heat  of 
1  lb.  of  dry  saturated  steam,  hx  the  heat  in  the  water  at  the 
temperature  of  saturated  steam,  and  h  the  heat  in  water  at 
feed-water  temperature. 

When,  therefore,  the  weight  of  water  pumped  into 
the  boiler  and  apparently  evaporated  is  multiplied  by 
the  product  of  the  "correction  factor  for  quality"  and 
the  "factor  of  evaporation,"  in  other  words,  the  product 
of  expressions  (1)  and  (2),  the  result  is  the  equiva- 
lent evaporation  according  to  the  code's  definition. 
Since  P=\ — x,  the  product  of  (1)  and  (2)  is 
H-~h^    (H  —  h] 

(1-^r) h  [ 

1  H—h\    [   970.4   J 

Now  since  H  =  L-]-  h^  and  Ha  =  xL-}-  h^ 
pression  may  be  simplified  to  read 
Ha  —  h 


I- 


this  ex- 


(3) 

970.4 
In  these  expressions  x  is  the  quality  of  the  steam,  L 
is  the  latent  heat  of  evaporation  and  Ha  is  the  total 
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actual  heat  of  the  steam  (above  32  deg.),  whether  wet, 
dry  or  superheated.  The  other  symbols  have  been  al- 
ready defined. 

It  will  therefore  be  seen  that  the  total  equivalent 
evaporation  is  obtained  from  the  expression, 

Ha  —  h 

We  = IVa  (4) 

970.4 
in  which  We  is  the  equivalent  evaporation,  and  Wa  the 
apparent  evaporation.  In  this  expression  Ha  is  equal 
(a)  xL  +  h,;  (b)  L  +  /t;  (c)  L^h  +  m  (7—7.); 
for  wet,  dry  and  superheated  steam  respectively,  where 
m  is  the  mean  specific  heat  of  superheated  steam,  T 
the  actual  steam  temperature  and  Ts  the  temperature  of 
saturated  steam  at  the  pressure  observed. 

It  is  evident,  therefore,  that  it  is  a  waste  of  time,  be- 
ing confusing,  to  use  for  wet  steam  the  method  rec- 
ommended in  the  code.  No  distinction  should  be  made 
between  the  forms  of  expression  for  the  equivalent 
evaporation  for  wet,  dry  or  superheated  steam,  the  gen- 
eral expression  applying  to  all  cases. 

"Factor  of  evaporation"  should  therefore  be  defined 
as  the  total  actual  heat  of  one  pound  of  steam,  (wet, 
dry  or  superheated)  above  the  feed  temperature  divided 
by  970.4.  When,  however,  the  water  levels  and  steam 
pressures  are  not  the  same  at  the  beginning  and  end  of 
the  test,  none  of  the  expressions  referred  to  gives  the 
true  value  for  the  heat  absorbed  by  the  boiler,  for  the 
reason  that  none  takes  into  account  accurately  the  heat 
of  the  liquid  above  feed  temperature  of  the  weight  of 
water  represented  by  this  difference  in  level,  as  well  as 
other  quantities  of  heat. 

When  the  water  level  at  the  end  is  higher  than  at 
the  beginning  of  the  test,  it  is  evident  that  more  water 
has  been  pumped  into  the  boiler  than  has  been  evapo- 
rated, but  the  temperature  of  all  this  water  has  been 
laised  to  the  boiling  point.  If,  on  the  other  hand,  the 
level  be  lower  at  the  end  than  at  the  beginning,  more 
water  will  have  been  evaporated  than  pumped  in,  but 
the  temperature  of  all  this  has  not  been  raised  from  the 
feed-water  temperature.  The  weight  represented  by 
the  difference  of  level  in  this  case  will  have  been  sup- 
plied with  only  the  heat  of  vaporization. 

It  is  a  matter  of  some  importance  and  considerable 
interest  to  consider  that  weight  of  water  is  represented 
by  the  difference  in  level  at  the  beginning  and  the  end 
of  a  test.  When,  for  instance,  the  level  is  higher  at  the 
end,  the  excess  of  water  supplied  to  the  boiler  over  that 
evaporated  will  be  the  volume  between  the  two  levels 
multiplied  by  the  specific  weight  of  water  at  boiler 
temperature,  minus  the  same  volume  multiplied  by  the 
specific  weight  of  steam  at  boiler  pressure.  The  correc- 
tions must  include  not  only  the  heat  of  the  liquid  of  the 
excess  above  feed  temperature  which  is  to  be  added,  but 
also  the  latent  heat  of  vaporization  of  the  steam  which 
originally  filled  this  space,  which  amount  of  heat  is  to 
be  subtracted  since  the  steam  was  condensed.  This  con- 
clusion follows  from  ,the  fact  that  if  water  is  pumped 
into  a  closed  vessel  containing  water  and  steam,  the 
pressure  being  constant,  some  of  the  steam  will  con- 
dense. The  application  of  this  fact  to  boiler  conditions 
is  as  follows: 

Fig.  1  represents  a  "closed  vessel,"  the  steam  pres- 
sure being  constant,  at  140  lb.  per  sq.in.,  for  example, 
the  initial  water  level  being  at  B.  Should  the  water 
level  be  raised  to  E,  the  steam  originally  in  the  space 
B-E  will  be  condensed. 

Fig.  2  represents  a  boiler  supplying  steam  to  a  re- 
•ciprocating  engine,  the  initial  water  level  again  being  at 
J5.     Now  at  a  given  point  of  the  cycle  there  will  be  a 


definite  quantity  of  steam  between  the  two  sections  S-S 
and  L-L  (or  M-M).  Should  the  water  level  be  raised 
from  B  to  E,  the  pressure  being  constant,  the  engine 
will  continue  to  take  the  steam  at  the  same  rate  and  the 
conditions  at  any  given  section  will  be  the  same  as  at 
the  beginning.  Consequently,  the  same  amount  of 
steam  has  left  the  boiler  as  would  have  gone  out  had 
the  water  level  not  been  raised.  The  total  amount  of 
water  supplied  to  the  boiler  in  a  given  time  will  there- 
fore be  equal  to  that  supplied  the  engine  plus  the  amount 
pumped  into  the  equal  "closed"  vessel  of  Fig.  1,  or  equal 
to  the  steam  supplied  the  engine  (from  constant  water 
level  B)  plus  the  weight  of  water  in  volume  E-B,  minus 
the  steam  condensed  in  space  E-B. 

An  example  will  help  to  make  the  discussion  clear: 
Let  it  be  assumed,  for  instance,  that  the  total  water 
pumped  into  the  boiler  in  a  10-hour  test  is  40,000  lb.; 
that  the  water  level  is  one  inch  higher  at  the  end  of  the 
test  than  at  the  beginning;  that  the  boiler  pressure  is 
115  lb.  per  sq.in.  at  the  beginning  and  140  at  the  end; 
that  the  average  pressure  is  130  lb.  absolute;  that  each 
inch  of  difference  of  level  represents  a  volume  of  4 
cu.ft. ;  that  the  feed-water  temperature  is  180  deg.  F. ; 
and  that  the  quality  of  steam  is  99.5  per  cent. :  to  find 
the  total  equivalent  evaporation. 

Using  the  method  represented  in  equation  (4),  which 
amounts  to  the  same  thing  as  a  combination  of  ( 1 )  and 
(2),  we  find: 

Total  heat  in  1  lb.  steam  above  feed  temperature  at 
pressure  of  130  and  quality  of  0.995,  Ha  =  318.6 -f 
0.995  X  872.3  —  147.88  =  1040. 

Specific  weight  of  water  at  115  lb.  =  56  lb.  per  cu.ft. 
Specific  weight  of  water  at   140  lb.  =  55.4  lb.  per 
cu.ft. 

Specific  weight  of  water  at  115  lb.  =0.258  lb.  per 
cu.ft. 

Specific  weight  of  water  at   140  lb.  =  0.31   lb.  per 
cu.ft. 
Let 
W^  =  Total  weight  of  water  in  the  boiler  at  beginning 

of  test; 
W^  =  Total  weight  of  water  in  the  boiler  at  end  of  test ; 
Fi  =  Total  volume  in  cubic  feet  occupied  by  W^ ; 
F2  =  Total  volume  in  cubic  feet  occupied  by  W^ 
w^  and  W2  =  Corresponding  specific  weights  of  water 
and  W3  and  zv^  of  saturated  steam  (dry). 
Since  Wi  and  Wj  are  usually  approximately  equal, 
and  likewise  ze/g  and  w^,  the  following  expression  will 
give  results  sufficiently  close  for  that  portion  of  the 
water  pumped   in   which   is  not   evaporated   and   each 
pound  of  which  received  an  amount  of  heat  equal  to 
the  difference  between  the  heats  of  the  liquid  at  boiler 
and  feed  temperature: 

W2  -|-  ""1  ZC'3  -\-  1l\ 

{V,-V,)— (F3-F,) 

2  2 

In  accordance  with  this  method,  therefore,  the  cor- 
rection of  feed  water  for  inequality  of  water  levels 
56-}- 55.4         0.258 -f0.3i 

will  be  4 4 =  222.8—1.1  = 

2  2 

221.7  lb. 

According  to  a  strict  interpretation  of  the  code  the 

(40,000  —  222.8)  1040 

total  equivalent  evaporation  is 

970.4 
=  42,630. 

In  this  expression,  however,  no  account  has  been 
taken  of  the  heat  absorbed  by  the  water  above  the  tem- 
perature of  the  feed,  which  amount  must  be  added ;  ana 
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no  account  of  the  1.1  lb.  of  steam  (condensed)  multi- 
plied by  the  latent  heat  of  vaporization  at  140  lb.  pres- 
sure, 867.6,  which  amount  is  to  be  subtracted. 

The  total  heat  absorbed  by  the  boiler  will  be  (40,000 
—  221.7)  X  1040  +  221.7  (327.4— 147.88)  —  1.1  X 
867.6  and  the  corresponding  equivalent  evaporation,  that 
amount  divided  by  970.4,  which  gives  a  value  of  42,670. 

While  there  results  only  a  small  difference  of  equiva- 
lent evaporation  with  a  correspondingly  small  percent- 
age of  error  (about  0.1  of  1  per  cent.),  the  amount 
seems  well  worth  considering,  especially  in  view  of  the 
fact  that  the  calculations  are  simple.  If  the  difference 
in  water  levels  were  8  inches,  the  error  would  be  nearly 
1  per  cent,  by  the  old  method.  Every  possible  error 
should  be  eliminated  in  determinations  of  this  kind, 
especially  when  useless  refinement  will  not  be  entailed. 

If  the  water  level  at  the  end  were  one  inch  lower  than 
at  the  beginning,  the  total  heat  supplied  would  be  40,000 
X  1040  +  222.8  X  867.6 ;  and  not  (40,000  -f  222.8)  X 
1040,  the  value  obtained  by  the  old  methods,  which 
gives  a  value  about  0.1  of  1  per  cent,  too  large  for  a 
difference  of  level  of  one  inch. 

It  would  therefore  seem  advisable  to  define  equiva- 
lent evaporation  as  the  total  heat  absorbed  by  the  boiler 
in  B.t.u.  divided  by  970.4,  and  to  abolish  the  term  factor 
of  evaporation,  because  it  is  seldom  that  the  water  levels 
are  the  same  at  the  end  as  at  the  beginning  of  a  test. 

Some  Refrigerating  Plant  Experiences 

By  Roland  L.  Tullis 

The  average  steam  engineer  seems  to  consider  re- 
frigeration as  an  art  in  itself  and  is  disinclined  to 
bother  his  head  about  the  matter.  This  is  a  grave  mis- 
take, for  no  steam  engineer  knows  but  that  he  may  some 
day  be  called  to  operate  a  refrigerating  plant.  Many  a 
competent  steam  engineer  has  been  compelled  to  turn 
down  an  offer  of  a  better  position  simply  because  he 
was  unacquainted  with  the  operation  of  a  refrigerating 
unit  that  was  a  part  of  the  plant. 

I  once  worked  with  the  chief  engineer  of  a  large  hotel 
that  was  buying  ice  and  refrigeration  from  a  central 
ice  plant  that  was  distributing  refrigeration  through  a 
system  of  underground  piping  to  a  number  of  hotels 
in  the  vicinity.  One  day  the  agent  of  an  ice-machine 
company  succeeded  in  convincing  the  hotel  manager 
that  a  considerable  sum  of  money  could  be  saved  by  in- 
stalling one  of  his  machines.  The  manager  was  im- 
pressed by  the  agent's  talk  and  the  data  with  which  the 
latter  backed  up  his  claims,  but  when  he  called  the  chief 
engineer  into  consultation  he  almost  had  a  fight  on  his 
bands.  The  chief  didn't  want  any  ice  machine.  He 
complained  that  it  would  only  cause  a  lot  of  extra 
trouble  and  work  for  the  operating  force.  He  was 
skeptical.  He  didn't  beheve  the  agent's  figures,  al- 
though he  frankly  admitted  that  he  knew  nothing  of 
the  subject.  He  was  perfectly  satisfied  with  the  present 
refrigeration  system  and  its  cost.  He  was  a  steam  engi- 
neer of  the  old  school,  and  he  didn't  want  anything  to 
do  with  an  ice  machine. 

If  the  real  reasons  for  the  chief's  opposition  were 
known,  he  was  simply  afraid  of  an  ice  machine — afraid 
he  couldn't  operate  it.  However,  the  manager  was 
quick  to  surmise  about  what  was  the  cause  of  the  chief's 
opposition  on  the  subject.  He  went  right  ahead  and  or- 
dered the  machine  installed  and  politely  informed  the 
chief  that  he  would  have  to  study  up  on  the  subject  a 
little  and  learn  to  operate  the  machine,  or  he  would  be 
compelled  to  employ  a  man  who  was  either  willing  to 
learn  or  already  possessed  the  required  knowledge.   The 


chief  received  the  manager's  ultimatum  as  a  mar.  should. 
In  a  few  months  the  machine  was  installed  and  running 
along  smoothly.  The  machine  lived  up  to  the  agent's 
promises  and  saved  the  hotel  company  quite  a  sum  of 
money. 

I  once  took  charge  of  the  engine  room  of  a  large 
hotel,  the  equipment  of  which  included  a  35-ton  re- 
frigerating machine.  The  compressor  was  of  the  hori- 
zontal, double-acting,  steam-driven  type.  You  could 
smell  ammonia  before  you  got  inside  the  engine  room. 
I  asked  the  operating  engineer  about  the  cause  of  the 
leakage.  He  explained  that  there  had  always  been  a  small 
leak  around  the  piston  rod  on  the  compressor,  regardless 
of  the  fact  that  they  packed  it  about  every  ten  days.  He 
went  on  to  explain  that  it  gave  off  a  strong  odor,  but  it 
really  did  not  amount  to  much  as  long  as  you  could  not 
see  the  ammonia  coming  out.  He  said  that  it  had  been 
that  way  as  long  as  he  had  been  on  the  job,  about  a 
year  and  a  half.  After  I  took  charge  of  the  plant,  I 
discovered  that  the  piston  rod  on  the  compressor  was 
out  of  line  about  a  sixteenth  of  an  inch  and  was  badly 
scored,  consequently  it  was"  impossible  to  pack  it  so 
that  it  would  hold  for  any  length  of  time. 

The  ammonia  condensers  were  situated  on  the  main 
floor  of  the  building  near  the  laundry  plant.  The  laun- 
dry foreman  complained  that  the  odor  of  the  ammonia 
was  so  strong  at  times  that  it  would  drive  the  employees 
out  of  the  laundry.  The  ammonia  condensers  were  of 
ihe  double-pipe  coil  type,  fitted  together  with  rubber 
gaskets.  Most  of  the  gaskets  were  in  poor  condition 
and  leaking  badly,  especially  when  the  high  pressure  ork 
the  machine  rose  a  little  above  normal. 

The  operating  engineer  explained  that  they  had  been 
running  the  machine  twenty-four  hours  a  day,  and  that 
it  would  hardly  supply  the  required  amount  of  refrigera- 
tion. He  complained  that  the  capacity  of  the  machine 
was  insufficient  for  the  work  that  was  required  of  it. 
However,  when  I  examined  the  ammonia  receiver  I 
could  find  no  indications  of  ammonia  in  the  glass.  I 
diplomatically  questioned  him  about  this  and  pretended 
to  be  a  gullible  listener,  while  he  explained  that  he  never 
paid  much  attention  to  the  ammonia  receiver,  but  al- 
ways figured  that  there  was  plenty  of  ammonia  in  the 
system  as  long  as  he  could  get  frost  on  the  pipes.  He 
also  complained  that  he  would  get  too  much  high  pres- 
sure on  the  machine  when  the  ammonia  receiver  was 
filled  to  the  proper  level.  Whenever  the  expansion 
valves  refused  to  frost  properly,  he  would  close  the 
king  valve  and  pump  down  to  about  ten  inches  of 
vacuum,  then  open  the  valves  and  start  all  over  again. 

After  being  in  charge  of  the  plant  a  few  weeks,  I  had 
the  ammonia  condensers  overhauled  and  all  the  leaks 
stopped.  The  piston  rod  on  the  condenser  was  turned 
down  and  properly  aligned,  and  after  purging  a  few 
thousand  cubic  feet  of  air  (more  or  less)  out  of  the 
system,  I  had  injected  a  charge  of  ammonia.  The  op- 
erating engineer  was  amazed  to  find  that  the  high  pres- 
sure stood  around  185  lb.  with  the  system  full  of  am- 
monia. Here  is  the  whole  thing  in  a  nutshell.  He  had 
been  pumping  down  to  ten  inches  of  vacuum,  sucking 
air  into  the  system  around  the  leaky  piston  rod  on  the 
compressor.  The  air  in  the  system  caused  the  exceed- 
ingly high  back  pressure.  While  he  imagined  that  the 
high  back  pressure  signified  that  there  was  plenty  of 
ammonia  in  the  system,  he  was  simply  using  good  steam 
to  churn  air  and  gas  around  through  the  system. 

I  found  that,  when  this  installation  was  properly  op- 
erated, it  could  be  shut  down  nearly  twelve  hours  a  day. 
The  temperatures  were  lower  than  ever  before,  and  the 
records  of  operation  show  an  almost  unbelievable  saving; 
in  ammonia. 
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Progress  in  the  Power  Field 

L(  M ;)KING  back  over  the  preceding  year  to  review 
progress  in  the  field  has  been  the  practice  in  Power 
lor  some  time.  As  is  usual  at  this  period,  our  sum- 
mary may  be  found  on  the  leading  pages  of  this  issue. 
For  the  year  no  great  advance  can  be  recorded.  It  w^as 
more  a  period  of  crystallization  in  which  the  results 
from  previous  effort  were  considered  as  a  guide  for  fu- 
ture development.  This  is  particularly  true  of  the  tur- 
bine field,  in  which  limits  of  speed  and  capacity  of  sin- 
gle-shaft units  were  given  much  attention.  To  improve 
efficiency  the  trend  is  toward  higher  pressures  and  less 
superlieat.  Disturbances  in  the  industrial  field  from 
high  prices,  the  expectation  of  a  decided  drop  which 
did  not  materialize  and  the  demands  of  radical  labor  fol- 
lowed by  a  heavy  rush  of  orders  for  all  kinds  of  stand- 
ard power-plant  equipment,  excluded  much  of  the 
pioneer  work  that  might  have  been  expected. 

In  all  kinds  of  labor-saving  apparatus  for  the  plant 
and  instruments  to  conserve  costly  fuel,  there  was  great 
activity.  In  stokers  of  both  the  underfeed  and  chain- 
grate  types  there  has  been  progress.  To  the  latter  the 
application  of  forced  draft  for  burning  bituminous  coal 
received  much  attention,  as  did  the  alternate  method  of 
burning  more  coal  by  increasing  the  grate  area  and 
speeding  up  the  stoker.  Improved  power  dump  grates 
and  clinker  grinders,  sectionalizing  of  the  stoker  drive 
to  make  more  feasible  a  uniform  fuel  bed  on  wide 
stokers  and  the  development  of  various  methods  of 
drive  to  accelerate  or  retard  the  feed  of  the  coal  show 
the  advance  in  the  underfeed  stoker. 

High-priced  coal  and  the  recent  shortage  has  brought 
about  greater  use  of  inferior  fuels,  more  intensive  in- 
vestigation of  the  possibilities  of  powdered  coal,  low- 
temperature  distillation  and  colloidal  fuel,  more  general 
use  of  water  power  and  a  great  turning  to  oil,  particu- 
larly along  the  Atlantic  Coast.  To  conserve  fuel,  the 
tendencies  toward  concentration  and  interconnection 
are  more  marked.  An  indication  is  the  proposed  power 
surveys  of  Secretary  Lane. 

Of  the  numerous  power  stations  made  ready  for  oper- 
ation during  the  year  the  steam  plant  at  Kansas  City, 
with  its  unique  economizer  installation,  is  of  exceptional 
interest.  In  the  water-power  field  the  great  Queenstown 
development  in  Ontario  and  the  new  plant  of  the 
Niagara  Falls  Power  Company  that  is  to  contain  three 
of  the  most  powerful  water  turbines  in  the  world  are 
in  the  limelight.  The  characteristic,  size,  has  been  a 
feature  of  the  year.  The  past  twelve  months  has  seen  the 
placing  in  operation  of  the  largest  turbo-generator  ever 
built,  the  delivery  of  equipment  for  the  world's  largest 
furnace,  the  construction  of  the  largest  electric  locomo- 
tives, the  erection  of  a  giant  hoisting  engine,  the  design 
of  transformers  larger  than  any  yet  made  and  so  on. 

During  the  latter  part  of  the  year  the  demand  for 
steam  engines  was  active,  more  especially  for  the  econ- 
omical types  such  as  the  uniflow.  With  the  increasing 
use  of  oil,  engines  consuming  this  fuel  are  in  more  gen- 
eral use.  Both  the  two-  and  four-cycle  types  are  being 
built,  and  some  of  the  units  manufactured  are  of  excep- 
tional size. 


In  the  refrigerating  field  the  high-speed  compressor, 
synchronous-motor  driven,  is  the  latest  development. 
Several  units  of  this  type  have  been  installed,  and  reli- 
able data  on  economy,  upkeep  and  operation  is  the  ques- 
tion of  the  hour.  Great  activity  marked  the  electrical 
professicn,  heavy  export  trade  being  a  feature. 

The  year  has  been  one  of  activity  for  the  engineer. 
Lessons  of  the  war  had  pointed  the  way.  To  raise  the 
standing  of  the  profession  it  was  realized  that  the  serv- 
ices rendered  to  the  country  should  be  continued  dur- 
ing times  of  peace.  In  other  words,  the  engineer  has 
assumed  his  true  role,  and  to  make  most  effective  his 
services  to  mankind  he  is  realizing  as  never  before  the 
value  of  cooperation  and  unity  of  action.  The  move- 
ment is  country-wide.  Just  what  has  been  done  and 
what  is  contemplated  is  told  in  the  review. 

Why  Boilers  Explode 

IN  a  recent  issue  of  Power  C.  E.  Stromeyer,  chief 
engineer  of  the  Manchester,  England,  Steam  Users" 
Association,  commented  upon  the  large  number  of  boiler 
explosions  in  the  United  States  as  compared  with  those 
in  other  countries.  The  reason  has  long  been  known. 
Other  countries  exercise  intelligent  supervision  over  the 
design,  construction  and  operation  of  boilers,  and  when 
one  explodes  a  real  investigation  is  made  of  the  con- 
dition, and  the  responsibility  fixed.  In  the  majority 
of  our  states  one  may  build  a  boiler  any  old  way  that 
he  pleases,  out  of  any  kind  of  stock  he  can  get,  carry 
any  pressure  upon  it  that  he  has  a  mind  to,  and  hire  any- 
one who  comes  along  to  run  it. 

To  those  who  are  accustomed  to  expert  supervision, 
and  acquainted  with  its  effect,  this  state  of  affairs  is  un- 
believable. The  inhumanity  and  economic  ruthlessness 
of  permitting  a  hundred  or  two  of  preventable  boiler 
explosions  a  year,  rather  than  to  tolerate  "Govern- 
mental interference  with  private  property,"  and  to  main- 
tain the  "let  us  alone"  attitude  of  "we  will  do  as  we 
please  with  what  is  our  own.  The  risk  is  ours — we  will 
pay  the  damage  if  there  is  any,"  is  appalling.  There 
is  a  gradual  weakening  in  progress,  and  now  fifteen 
out  of  our  forty-eight  states  have  provided  more  or  le^> 
thorough  means  for  the  inspection  and  control  of  boil- 
ers, and  four  states  anr!  twenty-nine  cities  have  laws 
providing  for  the  certification  of  the  men  into  whose 
charge  they  are  given. 

A  pertinent  example  of  the  result  of  unsupervised 
operation  is  given  in  this  issue.  The  boiler,  the  explo- 
sion of  which  is  there  described,  was  second-hand,  a 
dozen  years  old,  and  had  never  been  inspected,  except 
at  the  time  of  its  purchase  a  year  ago.  After  the  ex- 
plosion the  stem  of  the  safety  v^'ive  was  found  so 
crooked  that  it  took  a  blow  from  a  small  sledge  to  move 
it  through  the  cap  in  either  direction.  One  would  sup- 
pose that  the  men  in  charge  of  a  boiler,  whose  lives  are 
menaced  by  any  risk  incurred  in  its  operation,  would  be 
on  tiieir  guard  against  such  a  condition.  But  they  do 
not  know,  and  innumerable  instances  of  this  kind  have 
no  weight  with  the  average  legislator  against  the  manu- 
facturing constituent  who  wants  to  be  let  alone,  or  the 
lobbying  dealer. 
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Lift  the  Bushel 

A  JUST  complaint  of  professionals  is  that  their  serv- 
ices are  not  appreciated,  and  with  equal  justice  it 
may  be  said  that  the  general  public  is  allowed  to  re- 
main in  ignorance  of  what  services  the  professionals  are 
capable  of  rendering.  Their  light  has  been  kept  under  a 
bushel.  Among  men  who  attain  the  direction  of  af- 
fairs, ignorance  of  comprehensiveness  of  the  different 
branches  of  engineering  is  astounding. 

Probably  not  more  than  five  men  in  every  thousand 
are  called  upon  in  a  lifetime  to  make  arrangements  for 
building  a  house,  erecting  a  mill  or  ordering  an  impor- 
tant power-plant  improvement.  Accustomed  to  satisfy 
their  material  wants  from  stocks  of  shelf-goods,  the 
first  thoughts  of  a  project  are  directed  to  finding  the 
builder  or  dealer  who  will  supply  the  want,  although 
it  may  be  known  from  experience  that  there  are  times 
and  occasions  when  the  drug  clerk  is  to  be  superseded 
by  the  physician  and  that  a  man  who  is  his  own  lawyer 
has  a  fool  for  a  client.  But  without  previous  experi- 
ence the  prospective  investor  in  engineering  work  has 
little  or  no  conception  of  the  advantages  or  necessity  of 
guidance  by  services  of  trained  specialists. 

The  World  War  has  demonstrated  that  the  material, 
physical  and  financial  strength  of  nations  depends 
mainly  on  technical  development.  The  rapid  and  effi- 
cient preparations  that  we  made  for  the  conflict  are 
commonly  attributed  to  American  ingenuity,  versatility 
and  initiative,  but  without  the  breadth  of  our  technical 
training  we  could  not  have  risen  to  the  occasion.  The 
opportunities  were  presented  and  the  achievements  of 
our  technically  trained  men  were  no  less  a  surprise  to 
our  own  people  than  to  the  rest  of  the  world.  Are  we 
now  to  return  to  the  piping  times  of  peace  without  bet- 
ter public  knowledge  or  recognition  of  engineering  serv- 
ices ?  The  technical  schools  and  colleges  of  the  United 
States  annually  launch  thousands  of  graduates  upon  the 
public,  and  In  the  present  busiest  era  of  our  history  in 
many  quarters  there  is  to  be  seen  the  same  old  order 
of  affairs  that  was  responsible  for  crudeness,  obsolete- 
ness, waste  of  time  and  extravagance  in  public  and  pri- 
vate works,  due  to  the  neglect  of  available  technical 
services. 

The  public  always  is  right,  divinely  right,  because  the 
public  must  be  taken  as  we  find  it.  But  the  apathy  of 
which  the  scientific  schools  and  societies  often  com- 
plain would  be  replaced  by  appreciative  recognition  of 
the  professions  if  only  the  public  were  informed,  not 
by  grandiloquent  insinuations  that  so  rarely  reach  the 
rank  and  file  of  active  Americans,  but  by  educational 
advertising. 

If  our  college  professors  wish  to  make  their  labors 
of  actual  material  benefit  and  be  in  a  position  to  de- 
mand instead  of  begging  support  like  timid  cler- 
ical mendicants,  they  would  do  well  not  only  to 
prepare  their  students  for  the  world  but  also  to  get  to 
work  with  a  vim  to  prepare  the  world  for  their  students. 

It  is  a  pretty  uphill  job  for  a  young  graduate,  after 
spending  the  most  important  years  of  his  life  in  training 
for  a  useful  profession,  to  be  turned  loose  to  create  a 
public  demand  for  his  services.  That  is  just  what  the  ma-' 
jority  of  our  young  graduate  engineers  must  do,  and  far 
too  many  are  forced  to  seek  occupations  in  which  their 
years  of  special  training  are  of  little  or  no  value.  It  is 
as  criminal  for  college  faculties  to  dazzle  false  prospects 
before  parents  and  students  as  to  salt  a  gold  mine. 
While  it  is  true — thanks  to  special  opportunities — that 
hundreds  of  graduates  occupy  remunerative  positions 
and  are  rendering  valuable  services,  the  country  does 
not  avail  itself  of  the  service  of  thousands  of  capable 


young  men  from  a  sheer  lack  of  appreciation  that  re- 
sults from  abject  ignorance  of  the  places  they  are  ca- 
pable of  filling  in  the  industrial  world. 

Fancy  how  many  men  of  a  hundred,  as  met  on  the 
street,  are  informed  of  the  province  of  civil,  mechan- 
ical, electrical  or  mining  engineers.  These  occupations 
should  be  as  well  known  as  those  of  doctors,  dentists 
or  clergymen.  If  professions  are  imknown  to  the  pub- 
lic, how  can  it  be  expected  to  extend  its  patronage? 
If  the  colleges  would  have  their  work  appreciated,  let 
them  spend  a  liberal  proportion  of  their  time  and  means 
spreading  information  of  the  advantages  of  engineering 
services  at  least  through  the  public  schools.  Engaged 
in  such  a  propaganda,  college  faculties  will  be  doing 
more  good  for  the  public,  for  their  students  and  for 
themselves  than  to  be  employed  in  original  research  or 
reading  each  others'  books. 

Good  Things  Coming 

READERS  will  be  glad  to  learn  that  Power,  by  com- 
bining issues  in  December,  has  caught  up  with  its 
schedule  and  in  the  new  year  the  paper  will  be  pub- 
lished regularly  once  a  week  as  usual.  Printing  diffi- 
culties have  not  been  eliminated  entirely,  but  no  undue 
delay  is  anticipated.  For  the  new  year  plans  have  been 
formulated  to  make  the  paper  more  useful  and  readable 
than  ever  before;  and  its  scope  in  the  industrial  field 
will  be  broadened.  One  of  the  good  things  in  store  for 
the  reader  is  a  comprehensive  study  course  on  refrig- 
eration. This  will  be  elementary  as  the  title  implies 
and  will  cover  the  subject  thoroughly.  Principles  of 
operation  will  be  explained  in  a  simple  way.  There  will 
be  articles  on  the  compression  and  absorption  systems 
and  other  articles  dealing  with  the  various  elements  of 
each  system,  such  as  the  compressor,  the  condenser  and 
the  low-pressure  end  with  reference  to  direct  expansion 
and  brine  circulation.  The  series  will  alternate  with  an 
interesting  group  of  articles  on  steel-mill  power  plants, 
discussing  equipment  and  practice  in  the  boiler  and  en- 
gine rooms  and  the  features  of  the  power  drives  in  the 
mill.  There  will  be  other  articles  dealing  with  power 
requirements  in  textile  mills,  articles  describing  gov- 
ernors for  steam  turbines,  small  and  large,  and  many 
more  of  equal  interest  to  keep  the  reader  abreast  of  the 
times  in  all  branches  of  the  profession. 

The  steel-mill  articles  start  with  this  issue,  and  in  the 
next  number  the  study  course  on  refrigeration  will 
begin.  The  two  series  mentioned  will  supplant  the  elec- 
trical study  course  which  was  brought  to  a  close  in  the 
last  issue  of  the  old  year.  No  alarm  need  be  felt,  how- 
ever, for  there  is  a  store  of  good  practical  electrical 
material  that  will  make  this  department  more  valuable 
than  ever  to  the  operator  in  the  plant. 

That  the  articles  mentioned,  and  in  fact  the  entire 
contents  of  the  paper  from  cover  to  cover,  may  be  of 
maximum  benefit  to  our  readers  and  help  them  on  their 
way  toward  the  top  is  our  one  best  wish  for  the  new 
year. 


It  is  announced  that  an  engineer  at  Middlesborough, 
England,  has  succeeded  in  abstracting  commercial  alco- 
hol and  its  derivatives  from  coke.  It  is  asserted  that 
if  the  process,  which  requires  the  use  of  gas,  is  applied 
to  all  the  coal  carbonized  in  Great  Britain,  a  yield  of 
fifty  million  gallons  of  motor  spirits  will  be  obtained 
annually.    Prohibition  papers  please  copy! 


German  miners  have  volunteered  to  introduce  a 
seventh  shift  in  the  week's  schedule  in  order  to  increase 
the  output  of  coal.  American  miners,  or  rather  miners 
of  American  coal,  have Oh,  well ! 
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Superheated  Steam — Why   Not? 

The  statements  of  the  editorial,  "Superheated  Steam 
— Why  Not?"  in  a  recent  issue  of  Power,  apparently 
were  not  entirely  clear,  inasmuch  as  there  seems  to  have 
been  a  misinterpretation  on  the  part  of  Robert  W.  Wyld 
in  his  letter  on  page  475  of  the  Sept.  16  issue.  The 
editorial  states  that  one  superheater  manufacturer  has 
found  that  from  200  to  250  deg.  superheat  can  safely 
and  satisfactorily  be  employed  with  successful  lubrica- 
tion and  without  material  change  in  the  metal  used  in 
the  cylinders,  valves,  fittings  and  piping. 

This  statement  is  most  assuredly  correct.  There  are 
many  engines  that  can  and  do  use  highly  superheated 
steam,  and  it  is  my  belief  that  superheated  steam  at  a 
temperature  as  high  as  practical  conditions  will  permit 
should  always  be  employed  where  steam  engines  are 
used.  No  one  at  the  present  time  would  criticize  the 
use  of  highly  superheated  steam  in  turbines,  and  there 
are  many  instances  where  piston-valve  and  poppet-valve 
reciprocating  engines  are  operating  with  superheated 
steam  of  200  to  250  deg.,  and  these  engines  are  showing 
a  very  high  economy. 

The  use  of  75  to  100  deg.  of  superheat  in  connection 
with  Corliss-valve  engines,  as  pointed  out  by  Mr.  Wyld, 
is  certainly  conservative,  as  100  to  125  deg.  not  only 
would  be  within  the  limits  of  safety,  but  would  have  the 
advantage  of  increased  economy  due  to  the  high  super- 
heat. 

As  to  the  use  of  high  degrees  of  superheat  in  high- 
pressure  cylinders  of  marine  engines  having  slide  valves, 
I  know  of  a  number  of  ships  that  are  operating  with  a 
superheat  of  200  deg.  These  installations  are  highly 
satisfactory  in  every  respect. 

While,  of  course,  I  am  not  entirely  sure  of  the  com- 
pany that  is  credited  with  having  18,000,000  hp.  of 
superheater  installations,  I  am  rather  of  the  opinion  that 
it  is  possible  Mr.  Wyld  may  have  had  in  mind  a  company 
that  has  80,000,000  hp.  of  superheater  installations  in 
operation.  The  80,000,000  hp.  referred  to  is  based  on 
the  policy  of  highly  superheated  steam  and  designed  to 
produce  a  degree  of  superheat  adapted  to  each  individ- 
ual installation.  R.  A.  Hanning. 

Yonkers,  N.  Y. 

Using  Compression  Grease  Cup  as 
Wick-Feed  Oiler 

How  an  ordinary  pressed-steel  or  brass  screw  grease 
cup  may  be  made  into  a  wick-feed  oiler  similar  to  the 
type  used  on  small  electric  motors  is  shown  in  Fig.  1. 
This  has  the  advantage  of  a  larger  oil  container  than 
is  usually  supplied.     The  base  should  be  drilled  out 


smoothly,  if  there  are  any  burrs  present,  and  a  round 
felt  wick  cut  to  fit  the  hole  snugly  but  so  that  it  will 
move  freely.  A  tapered  spring  is  made  of  brass  spring 
wire  with  a  large-diameter  base  to  fit  the  cap  of  the 
grease  cup.  This  is  attached  to  the  wick  as  shown  in 
Fig.  2.  To  use  as  an  underfeed  oiler,  it  is  only  neces- 
sary to  adjust  the  wick  and  spring  so  that  the  former 
will  project  about  a  quarter  of  an  inch  from  the  nipple 
when  the  whole  cup  is  removed  from  the  bearing,  filled 
v/ith  oil  and  screwed  into  place. 

To  use  as  an  overfeed  oiler,  the  cup  should  be  packed 
with  waste  and  the  wick  used  without  a  spring,  adjust- 


Fe/tWick-- 


Brass  Wire' 
Spring 


FIG.    1.      WICK    FEED    OII.ER    FIG.     2.     METHOD    OF    JOIN- 
MADE  FROM   GREASE   CUP  ING  SPRING  AND  WICK 

ing  its  pressure  on  the  bearing  by  screwing  down  on  the 
cup.  The  waste  will  re:  lin  the  oil  in  this  case,  provided 
the  cup  threads  make  a  fairly  good  fit  on  the  base ;  if  too 
loose,  the  threads  on  both  cup  and  base  may  be  coated 
v/ith  shellac  and  this  allowed  to  become  hard  before 
screwing  together,  H.  H.  Parker. 

Oakland,  Calif. 

Smokeless  Chimneys   Not  Conclusive 
Proof  of  Furnace  Economy 

My  attention  has  been  called  to  a  letter  by  W.  E. 
Porter,  Chief  of  Bureau  of  Smoke  Reg.'lations,  Pitts- 
burgh, relating  to  an  article  appearing  under  "Inquiries 
of  General  Interest,"  entitled  "Smokeless  Chimney  Not 
Conclusive  Proof  of  Furnace  Economy."  Naturally, 
the  smokelessness  of  a  stack  appeals  to  Mr.  Porter  in 
his  professional  capacity,  but  the  fact  remains  that  a 
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smokeless  stack  is  not  conclusive  proof  of  furnace 
economy.  In  fact,  in  a  coal-burning  plant  a  stack  that 
IS  smokeless  twenty-four  hours  a  day  is  indicative  of 
excess  air  beyond  the  requirements. 

The  actual  loss  of  unburned  combustible  in  a  smoky 
stack  is  probably  not  more  than  1  or  2  per  cent,  of  the 
heat  in  the  coal.  The  really  objectionable  features  of 
smoke  are.  first,  the  sooting  of  the  surfaces  of  the  boiler 
tubes  and,  second,  what  is  commonly  known  as  the 
smoke  nuisance  in  a  community.  The  first  objection  is 
removed  by  the  daily  use  of  soot  blowers,  mechanical 
or  hand.  The  second  objection  is  a  matter  of  the  health 
and  comfort  of  the  community  and  is  the  only  logical 
reason  for  a  smokeless  stack  in  a  coal-burning  plant. 
When  a  stack  is  smokeless  continuously  every  hour  in 
the  day,  the  loss  due  to  the  excess  air  more  than  coun- 
terbalances the  gain  of  a  small  percentage  of  the  un- 
burned combustible. 

The  foregoing  remarks  apply  particularly  to  indus- 
trial plants.  In  central-station  practice  and  in  recent, 
well-designed  industrial  plants,  sufficient  regard  has 
been  taken  for  proper  combustion  space  by  high  boiler 
settings  and  correct  furnace  design,  so  that  it  is  pos- 
sible to  have  a  smokeless  stack  as  well  as  an  econom- 
ical plant.  In  the  average  industrial  plant,  where  the 
settings  are  usually  low  and  no  particular  attention  has 
been  paid  to  furnace  design,  a  smokeless  stack  usually 
means  an  uneconomical  plant.  Therefore,  we  can 
safely  say  that  the  combination  of  a  smokeless  stack 
and  an  economical  plant  is  more  a  matter  of  proper 
design  than  of  operation,  although  neither  can  be  neg- 
lected at  the  cost  of  the  other, 

James  T.  Beard,  Jr,,  Chief  Engineer, 
Fuel  Engineering  Company  of  New  York. 

Remedy  for  Present  Valve  Setting 

With  reference  to  the  indicator  cards,  by  S.  L.  Gil- 
liam, on  page  518  of  the  Sept.  23  issue  of  Power,  I  be- 
lieve the  head-end  steam  valve  is  leaking  badly  as  shown 
by  the  expansion  curve  and  high  terminal  pressure  on 
the  card.  Fig.  1,  and  also  by  the  rapid  building  up  of  the 
compression  curve  to  a  point  equal  to  the  initial  pressure 
before  the  piston  reached  the  end  of  its  stroke,  although 
the  steam  valve  has  no  lead. 

The  card  in  Fig.  2  shows  a  much  improved  expansion 
curve,  due  to  lengthening  the  wristplate  connection,  giv- 
ing the  valve  more  seal  when  closed.  The  head-end 
steam  valve  evidently  does  not  seat  properly,  and  the 
high  spots  should  be  dressed  off  carefully  with  a  fine 
file.  Having  seated  this  valve  properly,  adjust  the  radial 
rods  to  give  the  valves  the  same  lap,  with  the  wristplate 
central ;  adjust  the  hook  and  eccentric  rods  to  give  equal 
travel,  each  side  of  central  position,  to  wristplates  and 
rocker-arms;  and,  finally,  set  the  eccentrics  to  give  the 
proper  lead.  This  lead  may  vary  from  ^V  in-  to  34  in-» 
-  depending,  principally,  upon  the  speed  of  the  engine,  and 
should  be  determined  by  the  appearance  of  the  card. 
With  a  long  range,  Corliss  gear,  where  the  steam  ports 
are,  say,  each  ^  in.  wide,  the  valve  should  have  ap- 
proximately ^5  in.  lap  when  closed,  and  be  in  the  cen- 
ter of  its  travel,  having  about  H-in-  opening,  when  the 
wristplate  is  central.  F.  P.  Stoddart. 

Regarding  the  double-eccentric  long-range  cutoff  en- 
gine diagrams  by  S.  L.  Gilliam,  in  the  Sept.  23  issue  of 
Power,  I  understand  that  this  type  of  engine  requires 
a  steam-port  opening  of  t%  in.  with  wristplate  on  cen- 
ter, instead  of  /^  in.  as  he  has  it.  Mr.  Gilliam  states 
that  there  is  no  lead  on  the  head  valve,  "yet  it  is^  open 
with  engine  on  the  center  more  than  it  should  be,"  and 


that,  to  decrease  the  port  opening,  the  rod  for  that  valve 
is  lengthened  to  its  limit. 

Possibly  the  fault  is  too  early  admission,  caused  by 
the  steam  eccentric  being  too  far  ahead  of  crank.  It 
should  be  about  30  deg.  ahead,  or  just  enough  to  open 
the  admission  valve  g^  in.  when  the  crank  is  on  cen- 
ter. Too  early  adrnission  would  cause  the  engine  to 
pound.  E.  M.  Calkins. 

Johnsonburg,  Penn. 

Operating  a  220-Volt  Plant  from 
500-Volt  Service 

Fire  had  destroyed  the  mill  and  power  plant  of  a 
box  factory,  and  I  was  called  in  to  see  what  could  be 
done  to  get  things  going  again.  The  factory,  which  was 
separate  from  the  mill,  was  unharmed.  It  was  equipped 
with  220-voIt  direct-current  motors,  current  being  sup- 
plied from  the  power  plant.  There  was  no  other  220- 
volt  direct-current  service  to  be  had,  and  the  only  cur- 
rent available  was  from  a  5 50- volt  direct-current  street- 
railway  trolley  line. 

Arrangement  was  made  with  the  trolley  company  to 
use  one  hundred  horsepower  from  their  line,  and  an 
85-hp.  500-volt  shunt-wound  motor  without  a  starting 
box  was  secured.  This  motor  was  installed  and  belted 
to  a  lineshaft  in  the  factory.    Leaving  the  belt  on  the  40- 
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CONNECTION  OF  MOTOR  AND  GENERATOR 

hp.  220-volt  motor  formerly  driving  the  shaft,  the  latter 
was  driven  as  a  220-volt  generator  to  supply  power  to 
the  other  small  motors  and  lights  about  the  factory. 

As  shown  in  the  figure,  a  set  of  lamp  sockets  grouped 
in  parallel  was  connected  in  series  with  the  generator's 
shunt  field,  for  voltage  regulation,  and  a  water  rheostat 
was  used  to  start  the  85-hp.  500-volt  machine.  Various- 
sized  lamps  were  screwed  in  and  out  of  the  socket  until 
the  proper  voltage  was  obtained.  The  switch  and  fuses 
used  to  protect  the  40-hp,  machine  as  a  motor  also 
served  to  protect  it  as  a  generator.  There  was  no  volt- 
age release  on  the  85-hp.  motor  since  it  was  started 
through  the  water  rheostat ;  therefore  it  was  necessary  to 
keep  an  attendant  near  it  all  the  time,  as  the  trolley  volt- 
nge  was  very  unsteady.  We  installed  a  circuit-breaker 
for  the  protection  of  the  500-volt  motor  and  used  a 
pilot  lamp  temporarily  for  a  voltmeter  on  the  220-volt 
generator. 

This  makeshift  operated  satisfactorily  until  the  power 
plant  was  rebuilt,  excepting  that  occasionally  the  trolley 
voltage  would  fail  and  shut  the  plant  down.  Once  the 
power  came  on  before  the  attendant  got  the  water  rheo- 
stat open,  and  caused  the  brushes  to  flash  over  on  the 
85-hp.  motor,  which  set  on  fire  an  accumulation  of  saw- 
dust inside  the  armature  where  it  could  not  be  reached. 

Tampa.  Fla.  J.  C.  Buerke. 


January  6,  1920 

Piston-Rod  Ends  Worked   Loose 


POWER 


35 


The  piston  rods  in  a  large  double-acting  tandem  gas 
engine  kept  working  loose  in  the  intermediate  cross- 
head.  No  matter  how  tightly  the  cap  was  pulled  down, 
the  rear  rod  would  work  loose  and  turn  far  enough  to 
one  side,  to  let  the  tail-rod  drain  pipe  rub  the  side  of 
the  slot  in  which  it  worked,  to  say  nothing  of  spoiling 
the  threads  on  the  rod  ends  and  in  the  crosshead. 
The  construction  of  the  crosshead  was  as  shown  in  the 
cross  section  of  the  rod  ends  and  the  crosshead. 

The  usual  practice  in  putting  up  this  crosshead  had 
been  to  raise  the  rod  ends  as  high  as  possible,  put 
the  bottom  half  of  the  crosshead  under,  insert  enough 
sheet-iron  shims  A  between  the  rod  ends  to  hold  them 
in  the  proper  position  so  that  the  threads  in  the  bottom 
half  of  the  crosshead  would  incline  to  pull  the  rod  ends 
together  when  they  were  let  down  into  place.  The 
top  half  of  the  crosshead  was  then  put  on  and  pulled 
down  as  tight  as  possible  with  the  nuts  and  studs  B. 

The  engine  would  run  quietly  for  some  little  time,  but 
eventually  the  rods  would  work  loose  again  and  unless 
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the  engine  was  taken  off  the  load,  something  would  be 
ruined  in  a  short  time. 

It  was  noticed  while  taking  down  the  crosshead  that 
the  sheet-iron  shims  would  be  beaten  out  flat  and 
although  there  had  been  as  many  put  in  as  possible,  they 
were  loose  when  taken  out.  From  this  it  was  reasoned 
that  there  was  too  much  give  or  spring  to  these  shims 
and  that  as  soon  as  the  strain  came  on  they  flattened 
out  and  compressed  together  enough  to  allow  the  rods 
to  come  loose  again. 

The  trouble  was  remedied  by  making  cast-iron 
shims  of  the  proper  thickness  to  hold  the  rod  ends 
just  far  enough  apart  that  the  back  half  of  the  thread 
on  the  rod  would  ride  hard  on  the  front  half  of  the 
thread  in  the  crosshead ;  the  cap  when  put  on  was  pulled 
down  as  tight  as  possible.  Earl  Pagett. 

Cherryvale,  Kans. 

Freezing  of  Brine  a  Puzzle 

A  recent  puzzle  in  refrigeration  proved  interesting 
and  might  be  helpful  to  engineers  who  do  not  as  yet 
know  everything  about  the  subject.  We  have  a  fifteen- 
ton  ice  machine  of  the  ammonia-compressor  type.  A 
small  pump  circulates  the  brine,  a  calcium-chloride 
solution,  through  the  cooling  or  refrigerating  coil  and 
also  through  some  large  kitchen  iceboxes. 

Frequently,  during  the  summer  we  were  bothered 
with  the  brine  pump  coming  to  a  standstill  as  the  result 
of  the  brine  freezing  in  the  coil  passing  through  the 
brine  tank.  Tests  were  made  of  the  brine  and  showed 
a  much  lower  freezing  point  than  that   indicated  just 


before  the  freezing  took  place.  In  particular,  after 
dissolving  a  drum  of  calcium  for  two  days  and  testing" 
with  salimeter  I  found  the  brine  should  freeze  at  six 
above  zero.  It  was  a  matter  of  great  surprise  the  next 
day  when  it  became  known  that  the  brine  had  frozen 
at  twelve  above  zero. 

Not  knowing  everything  about  physics,  we  wondered 
at  this.  I  theorized  that  the  thermometer.s  might  not 
be  recording  properly.  One  thermometer  shows  the 
temperature  just  before  entering  the  refrigerating 
coil,  and  the  other  shows  the  brine  temperature  just 
after  leaving  the  brine  coil.  Another  possibility  seemed 
to  be  that  the  calcium  might  have  been  adulterated  to 
give  the  proper  salimeter  readings  without  being  pure. 
This  may  have  been  fanciful,  but  it  occurred  to  me 
nevertheless. 

Before  I  had  found  out  the  truth  or  untruth  of  these 
ideas,  a  more  reasonable  solution  presented  itself.  The 
brine  tank  had  been  leaking  considerably,  and  it  was 
impracticable  to  empty  it  during  the  hot  weather.  We 
allowed  the  depth  of  brine  to  decrease  gradually  for 
a  few  weeks  and  then  filled  up  again  with  more  water 
and  additional  calcium.  This  took  place  several  times, 
and  finally  it  occurred  to  me  to  connect  it  with  the 
freezing  of  the  brine  at  an  apparently  high  temperature 
above  the  proper  freezing  point. 

From  one  to  two  turns  of  the  refrigerating  coil 
would  at  times  be  exposed  above  the  brine  level  in  the 
tank.  Here  the  freezing  of  the  brine  must  have  taken 
place.  But  how  was  it  that  the  thermometer  recorded 
a  temperature  six  degrees  too  high  for  freezing  at  the 
departure  end  of  the  coil,  where  normally  we  find  the 
very  lowest  temperature  attainable  in  the  coil? 

The  explanation  seems  as  follows:  In  the  refriger- 
ating coil,  which  is  double,  consisting  of  an  inside  pipe 
containing  the  cold  expanded  ammonia  gas  and  the 
space  between  it  and  the  outside  pipe  containing  the 
moving  brine,  the  temperature  of  the  gas  is  very  low. 
much  lower  than  the  temperature  that  can  be  imparted 
to  the  moving  brine,  particularly  when  the  brine  pipe 
is  immersed  in  and,  so  to  speak,  warmed  by  contact 
with  the  brine  in  the  tank.  But  if  one  or  two  turns  of 
the  coil  are  not  immersed  in  the  brine,  the  temperature 
of  the  brine  in  these  exposed  parts  of  the  coil  falls 
very  low,  not  being  able  to  impart  any  of  its  low  tem- 
perature *to  the  surrounding  medium — that  is  to  say, 
not  being  able  to  absorb  more  than  a  trifle  of  heat 
from  the  air  that  surrounds  the  exposed  parts  of  the 
coil,  for  air  is  not  a  good  conductor  of  heat.  Doubt- 
less, before  freezing  the  brine  in  this  part  of  the  coil 
had  been  cooled  even  below  its  freezing  point,  but  the 
fact  that  it  was  kept  in  rapid  motion  by  the  pump  still 
further  reduced  it  freezing  point. 

Until  the  freeze-up  became  total,  the  brine  of  course 
continued  passing  through  into  the  im.mersed  part  cf 
the  coil  where  it  began  to  absorb  heat  from  the  sur- 
rounding medium  and  thereby  became  warmed  so  that 
at  the  point  of  departure  from  the  coil  its  temperature 
was  again  practically  normal  and  but  little  below  the 
entering  temperature,  say  two  degrees.  In  this  way 
the  temperature  as  shown  was  deceiving  concerning 
the  extreme  cold  which  the  brine  had  experienced  in 
one  part  of  the  coil.  Of  course  when  the  general  tem- 
perature of  the  brine  had  reached  twelve  degrees,  the 
temperature  in  the  exposed  part  had  fallen  much  below 
the  six  degrees  required,  and  brine  crystals  began  to 
form  on  the  surface  of  the  ammonia,  or  inner,  pipe 
faster  than  the  moving  brine  could  tear  them  off.  These 
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crystals  gradually  built  up  a  solid  body  of  frozen  brine 
or  brine-ice  until  the  pump  was  no  longer  able  to  force  a 
passageway.  The  slower  the  pumping  became  the  faster 
the  brine  froze  in  that  portion  of  the  coil.  Frost  form- 
ing on  the  outside  of  the  coil  also  acted  as  an  insulator, 
further  preventing  the  brine  from  absorbing  heat  from 
the  air  surrounding  the  exposed  part  of  the  coil. 
Buffalo,  N.  Y.  C.  A.  Goodwin. 

Reverse-Current  Relays  Installed  on 
Emergency  Service 

The  article  entitled  "Reverse-Current  Relays — Prin- 
ciples of  Operation,"  by  Victor  H.  Todd,  published  in 
Power,  July  15,  1919,  is  both  interesting  and  instruc* 
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FIG.    1.     EMERGENCY-SERVICE    SV^TCH    CONNECTIONS 

tive  and  should  prove  valuable  to  many  engineers,  whose 
plants  would  be  benefited  by  the  installation  of  tliis 
simple  but  effective  protective   device. 

There  is  one  application  of  this  apparatus,  however, 
not  mentioned  in  the  article,  and  that  is  its  use  in 
an  isolated  plant  in  connection  with  a  service  switch 
from  the  central  station.  The  usual  method  of  in- 
stallation is  to  use  a  double-throw  switch,  connecting 
the  electrical  load  to  the  blades,  the  plant  busbars  to 
one  set  of  clips  and  the  central-station  supply  to  the 
other,  as  in  Fig.  1.  This  is  not  altogether  satisfactory, 
as  it  is  necessary  to  disconnect  the  load  in  most  cases 
before  the  double-throw  switch  can  be  operated. 

About  a  year  ago,  when  many  plants,  because  of 
labor  and  coal  conditions,  were  contracting  for  break- 
dovm  service  with  their  local  central  stations,  the  plant 
I  am  connected  with  did  likewise.  However,  it  was 
deemed  desirable  tcr  avoid  the  installation  of  the  usual 
double-throw  switch  if  possible.  The  usual  practice 
when  shifting  the  load  from  one  generator  to  another 
is  to  parallel  the  machine  so  as  to  cause  no  interrup- 
tion to  the  service.  It  therefore  seemed  practicable 
to  do  the  same  thing  when  changing  to  the  outside  cur- 
rent or  back  again ;  namely,  to  parallel  the  street  service 
and  the  generators  and  thus  avoid  a  service  interrup- 
tion. In  the  course  of  our  investigation  a  representative 
of  the  Fire  Underwriters  was  called  in,  who  informed 
us  that  to  comply  with  their  regulations  we  would  have 
to  install  a  double-throw  switch,  as  is  usually  done, 
or  equip  the  circuit-breaker  of  our  generators  with 
reverse-current  relays.  In  view  of  this  ruling  it  was 
decided  to  install  a  reverse-current  relay  on  the  main 
circuit-breaker  of  each  generator,  as  well  as  on  the 
central-station  service  circuit-breaker.  The  outside 
current  would  then  be  connected  to  the  plant  busbars 
through  a  circuit-breaker,  and  shifting  the  load  from 
the  generators  to  the  street  supply  or  vice  versa  would 
be  no  different  from  changing  from  one  generator  to 
another. 

The  reverse-current  relays  would  prevent  the  plant 
from  supplying  power  to  the  central-station  service 
supply  mains  and  it  would  prevent  the  motorizing  of 
our  generators  by  the  outside  current  supply,  which 
I  was  given  to  understand  was  the  underwriters'  main 


xeason  for  insisting  on  either  -everse-current  relays 
on  the  circuit-breakers  or  a  double-throw  switch.  Fig. 
2  gives  a  schematic  diagram  of  connection,  as  we  had 
intended  for  using  the  reverse-current  relays  in  con- 
nection with  the  generators  and  service  circuit-breaker. 
However,  owing  to  the  press  of  war  work  it  was  found 
impossible  to  get  relays  applied  to  the  circuit-breaker 
by  the  manufacturers  in  a  reasonable  time,  so  the 
project  was  abandoned. 

By  equipping  each  generator's  circuit-breaker,  as  well 
as  the  one  on  the  outside-service  mains,  with  its  in- 
dividual reverse-current  relay,  any  opposition  to  con- 
necting the  street  service  directly  to  the  busbars  is 
eliminated.  As  the  central  station  is  mostly  interested 
in  preventing  a  reversal  of  current  in  the  power  leads 
they  install  in  a  building,  by  installing  and  maintaining 
a  relay  on  their  own  service  switch  they  would  be 
amply  prot>icted  from  trouble  originating  in  the  private 
plant.  The  benefits  to  be  derived  from  this  type  of 
installation  would  be  favorable  to  both  parties.  For 
example,  it  would  be  possible  to  shift  the  load  quickly 
to  the  service  main  when  cleaning  fires  and  eliminate 
the  loss  due  to  carrying  an  extra  boiler  on  the  line 
for  this  purpose,  as  is  usually  done.  Then,  in  case 
of  plant  trouble  there  need  be  no  hesitancy  in  shifting 
the  load  to  the  central  station,  where  with  the  double- 
throw  switch  scheme  many  engineers  take  a  chance 
because  of  the  service  interruptions  while  changing 
over.    As  can  readily  can  be  imagined,  the  more  flexible 
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PIG.   2.     DIAGRAM  OF  CONNECTIONS  FOR  REVERSE- 
CURRENT  RELAYS  ON  CIRCUIT-BREAKERS 

the  service  connection  is  the  more  often  it  will  be  used 
to  the  mutual  advantage  of  the  private  plant  and  the 
central  station. 

I  have  never  heard  of  a  breakdown  service  being  in- 
stalled in  this  way  and  regret  that  it  was  not  possible 
to  try  it  out  as  contemplated  in  our  plant.  However, 
the  idea  seemed  sound,  and  the  possible  benefits  are 
such  that  I  would  like  to  know  if  such  an  installation 
has  already  been  made.  Comments  on  this  subject  would 
no  doubt  prove  instructive  to  readers  of  Power. 

New  York  City.  Warren  D.  Lewis. 


An  employee  of  a  railway  company  engaged  in  pump- 
ing water  into  a  tank  for  use  by  engines  pulling  inter- 
state trains  is  entitled  to  maintain  an  action  under 
the  Federal  Employers*  Liability  Act — for  injury  re- 
ceived through  an  unguarded  condition  of  gearing 
connected  with  an  engine,  negligently  permitted  by 
the  company  to  exist — on  a  theory  that  he  was  en- 
gaged in  interstate  commerce.  (New  York  Supreme 
Court,  Appellate  Division;  Kelly  vs.  Erie  Railroad  Co.. 
177  New  York  Supplement,  278.) 
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,  «^,  INQUIRIES 
P   OF  GENERAL 
INTEREST 


Lead  for  Direct  Duplex  Pump — Why  is  not  lead  given 
to  the  steam  valve  of  a  direct  duplex  pump?         P.  K.  D. 

The  steam  valves  are  without  lead  in  order  that  the 
pump  may  be  started  at  any  point  of  the  stroke;  and  also 
to  enable  the  piston  to  be  at  slow  speeds  to  complete 
enough  of  the  stroke  to  obtain  reversal  of  the  valve  gear 
for  a  return  stroke. 


Relative   Pressure   for   Convex    and    Concave    Heads — 

What  is  the  relative  strength  of  convex  and  concave  head 
for  a  steam  drum?  B.  J.  T, 

A  concave  head,  or  one  dished  inward  so  the  drum  pres- 
sure shall  come  on  the  convex  side,  should  be  used  for  a 
maximum  working  pressure  of  only  60  per  cent,  of  that 
allowed  for  a  head  of  the  same  dimensions  with  the  pres- 
sure on  the  concave  side. 


Reduction  of  Thick  Plates  at  Girth  Joints — Why   is   it 

necessary  to  plane  or  mill  down  the  thickness  of  plate  at 
the  top  of  the  circumferential  joints  of  return-tubular 
boiler  sheets  when  the  main  plate  thickness  exceeds  ^  in? 

J.  S.  F. 
Where  exposed  to  the  fire  ^r  products  of  combustion,  the 
plate  is  to  be  reduced  to  one-half  thickness  to  obtain  thin 
enough  metal  and  short  enough  rivets  to  prevent  burning 
of  the  material  from  not  being  kept  cool  by  the  water  of 
the  boiler. 


Ammonia  Coil  for  Cooling  Water — What  length  of  pipe 
coil  in  which  there  is  circulation  of  zero  ammonia  should 
be  employed  for  cooling  200  gal.  of  water  per  hour  from 
a  temperature  of  80  deg.  F.  to  35  deg.  F.?  W.  E.  U. 

The  mean  temperature  of  the  water  would  be  (80  -\-  35) 
-^2  =  57.5  deg.  F.  From  data  of  tests  under  similar  con- 
ditions, it  is  estimated  that  there  would  be  transfer  of  heat 
through  an  iron  pipe  coil  at  the  rate  of  105  B.t.u.  per 
hour  per  square  foot  of  pipe  surface,  for  each  degree  dif- 
ference of  mean  temperature.  Hence  one  square  foot  of 
pipe  surface  would  absorb  105  X  57.5  ^=  6037.5  B.t.u.  per 
hour.  In  cooling  the  water  from  80  to  35  deg.  F.,  each 
pound  of  water  would  part  with  45  B.t.u.  and  for  cooling 
200  gal.,  or  about  1666  lb.,  of  water  per  hour,  there  would 
need  to  be  absorption  of  1666  X  45  =  74,970  B.t.u.  per 
hr.,  requiring  74,970  -■-  6,037.5  =  12.4  sq.ft.  of  coil  surface, 
or  12.4  X  2.3  =  28.5  lin.  ft.  of  1^-in.  pipe.  This  is  without 
any  allowance  for  gain  or  loss  of  heat  due  to  the  temper- 
ature of  surrounding  atmosphere,  extent  of  tank  surface 
or  character  of  insulating  material  employed. 


Compression  Valves  on  Steam  End  of  Pump— How  are 
the  compression  valves  arranged  on  a  pump  that  is 
equipped  with  them?  F.  C. 

A  compression  valve  at  each  end  of  the  steam  cylinder 
of  a  pump  is  so  arranged  as  to  vary  the  size  of  a  small 
opening  in  the  partition  between  the  steam  passage  and 
the  exhaust  passage.  The  piston  covers  the  exhaust  pas- 
sage before  the  stroke  has  been  completed,  thus  compres- 
sing any  exhaust  steam  then  remaining  in  the  cylinder  and 
steam  passage  at  the  end  of  the  cylinder,  and  if  the  piston 
cushions    too    heavily,    the    compression    valve    is    adjusted 


to  permit  escape  of  excessively  compressed  exhaust  in  the 
end  of  the  cylinder,  to  the  exhaust  passage,  by  way  of  the 
steam  passage. 


Click  in  Engine  With  a  Particular  Pressure — What  may 
be  the  cause  of  a  clicking  noise  that  seems  to  be  in  the 
crankshaft  of  a  large  Corliss  engine  whenever  the  steam 
pressure  drops  to  85  lb.?  This  has  taken  place  for  many 
months,  apparently  without  change,  and  after  careful  inspec- 
tion of  the  shaft,  flywheel,  crank  and  crankpin  there  is  no 
apparent  cause  for  noise  from  movement  of  those  parts  of 
the  engine.  P.  F.  C. 

The  cause  of  clicking  or  knock  in  an  engine  is  fre- 
quently difficult  to  locate  on  account  of  transmission  of 
sound  from  one  part  of  the  engine  to  another.  If  the  noise 
occurs  only  with  change  to  a  particular  initial  pressure, 
regardless  of  load,  it  is  most  likely  due  to  play  of  a  piston 
packing  ring  or  of  the  bull  ring.  In  any  event,  the  cause 
of  a  click,  knock  or  rattling  that  is  coincidental  with  cer- 
tain pressure  conditions  should  be  sought  for  in  the  cylin- 
der of  the   engine. 


Return  Trap  Connections — We  are  installing  some  ma- 
chinery that  requires  a  supply  of  live  steam  and  will  have 
return  traps  for  returning  the  condensation  to  the  boiler, 
carrying  85  lb.  pressure.  One  of  the  machines  is  to  be  sup- 
plied with  steam  reduced  to  the  pressure  of  30  lb.  gage.  How 
should  the   returns  and  trap  be  arranged  and  connected? 

F.  K. 

All  returns  connected  to  a  trap  or  receiver  should  be  at  the 
same  pressure;  otherwise  those  of  higher  pressure  will  pre- 
vent the  trap  from  simultaneously  receiving  returns  of  lower 
pressure.  Systems  of  returns  that  are  at  different  pressures 
will  require  separate  traps.  The  return  pipes  should  be 
sloped  so  they  will  be  drained  perfectly  clear  of  condensation 
and  discharged  by  gravity  to  the  trap  with  the  trap  placed 
four  feet  or  more  above  the  water  line  of  the  boiler  It  is 
well  to  place  an  automatic  air  valve  on  the  return  line  near 
the  trap  and  also  provide  a  pet-cock  for  testing  whether  the 
returns  are  being  emptied.  When  the  trap  becomes  filled  with 
return  water,  the  mechanism  automatically  admits  live  steam 
from  the  boiler  for  siphoning  the  water  into  the  boiler,  but 
cannot  do  so  unless  the  receiver  is  elevated  sufficiently  for 
obtaining  the  necessary  head  of  discharge  water  for  over- 
coming friction  of  the  trap  discharge  pipe  and  fittings.  There 
should  be  a  separate  return  connection  to  the  boiler,  with 
check  valve  or  connection  so  arranged  that  the  discharge  will 
not  be  affected  by  pulsations  of  a  boiler-feed  pump.  The  in- 
lets and  outlets  for  admission  and  discharge  of  return  water, 
and  for  admission  of  live  steam  and  discharge  of  displacing 
steam,  are  usually  described  in  directions  issued  by  the  man- 
ufacturer or  are  indicated  on  the  trap.  If  the  water  inlet 
of  the  trap  is  not  provided  with  a  check  valve,  one  should 
be  placed  in  the  return  line  near  the  trap.  Most  return  traps 
are  prcided  wiih  a  small  outlet  for  discharge  of  the  dis- 
placement steam.  This  should  be  provided  with  a  stop  valve 
and  pipe  connection  for  discharging  the  steam  in  the  boiler 
ashpit  or  at  some  other  point  where  a  small  quantity  of  air 
steam  or  water  discharge  from  the  trap  would  not  be  ob- 
jectionable. 
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The  Hvid  Engine  and  Its  Relation 
to  the  Fuel  Problem 


By  E.  C.  BLAKELY 


This  paper  describes  in  detail  the  arrangement  and 
operation  of  an  internal-combustion  engine  which,  the 
author  claims,  has  all  the  advantages  and  none  of  the 
disadvantages  of  the  Diesel  type.  It  can  be  made  in 
small  sices  and  has  no  electric  or  other  ignition  devices 
to  cause  complications.  Curves  from  actual  tests  are 
given  to  show  its  fuel  economy  as  compared  to  gasoline 
and  kerosene  engine  of  the  same  size.  Curves  show- 
ing  the  results  of  heat  balance   tests  are  also  given. 


MUCH  has  been  written  and  said  during  the  last  two 
or  three  years  on  the  subject  of  using  kerosene  as 
fuel  in  conventional  gasoline  engines  of  both  low- 
and  high-speed  types.  While  undoubtedly  much  has  been 
learned  concerning  the  characteristics  of  kerosene  under  such 
conditions,  the  burning  of  kerosene  in  gasoline  engines  has 
not  been  accompHshed  with  complete  success.  By  complete 
success  is  meant  starting  the  engine  on  kerosene  in  atmospheric 
temperatures  approximating  zero  degrees  Fahrenheit  and  below, 
without  preliminary  heating  of  any  sort,  and  burning  kerosene 
so  as  to  eliminate  troublesome  carbonization  and  complicated 
accessory  apparatus,  and  obtaining  high  economy. 

Kerosene  and  gasoline  are  widely  different  substances  chem- 
ically, having  nothing  in  common  but  the  base  from  which 
they  are  derived.  Their  initial  boiling  points  are  wide  apart, 
that  of  commercial  gasoline  being  about  100  deg.  F.,  while 
that  of  kerosene  is  about  330  deg.  F.  Under  these  conditions 
a  carburetor  designed  for  vaporizing  gasoline  cannot  be  ex- 
pected to  vaporize  kerosene.    The  best  it  can  do  is  to  atomize  it. 

In  order  to  vaporize,  as  well  as  to  prevent  precipitation  or 
condensation  of  the  atomized  kerosene  in  the  combustion 
chamber,  it  is  necessary  to  heat  the  charge;  and  since  the 
power  output  of  the  engine  depends  on  the  amount  of  charge 
taken  in  and  burned  during  each  cycle,  it  is  clear  that  the 
more  the  charge  is  heated  the  less  mixture  we  can  get  into 
the  cylinder  and  the  less  power  we  can  obtain.  This  forces 
us  to  a  compromise  between  two  conflicting  conditions— the 
maintenance  of  the  incoming  charge  at  the  lowest  possible 
temperature  that  will  vaporize  the  kerosene,  and  the  prevention 
of  precipitation  in  the  combustion  chamber.  This  compromise 
is  especially  difficult  in  the  case  of  an  engine  running  at  vary- 
ing speeds  and  loads. 

In  order  to  obtain  maximum  power  from  the  engine,  we 
must  have  maximum  mean  effective  pressure ;  and  since  mean 
effective  pressure  depends  largely  upon  compression  pressure, 
we  must  use  the  highest  compression  pressure  possible.  In 
order  to  prevent  so-called  preignition  when  burning  kerosene, 
we  are  forced  to  a  relatively  low  compression  pressure,  which 
lowers  the  mean  effective  pressure  and  therefore  the  power 
output. 

There  have  been  built  in  the  last  ten  years  numerous  engines 
capable  of  running  consistently  on  the  various  crude  and  fuel 
oils,  as  for  instance  Diesel  and  the  so-called  semi-Diesel  en- 
gine, hot-bulb  and  hot-surface  ignition  engines.  These,  how- 
ever, have  been  used  mainly  in  marine  work  and  in  relatively 
large  units.  The  latter  types  have  the  disadvantage  of  re- 
quiring external  preheating  before  they  can  be  started,  and 
the  torches  used  for  this  purpose  are  a  source  of  constant 
danger.  Electric  preheating  has  been  tried,  but  with  little 
success. 

There  is  an  engine,  however,  that  has  all  the  advantages  of 
the  aforementioned  types  and,  we  think,  none  of  the  dis- 
advantages. This  is  the  Hvid  engine.  It  can  be  started  cold 
on  any  liquid  fuel  that  will  flow  through  a  pipe.  It  has  no 
complicated  air-compressure  system   for  injecting  the  fuel,  no 


electrical  devices,  no  carburetor  or  mixer,  no  hot-bulb  or 
torches,  and  runs  with  a  fuel  economy  on  a  par  with  that  of 
the  Diesel  engine.  The  Hvid  engine  can  be,  and  is  being,, 
produced  in  units  as  small  as  1^  hp.,  and  so  economically  as 
to  be  able  to  compete  with  gasoline  engines  of  the  same  size. 
Briefly  enumerated,  the  chief  advantages  of  the  Hvid  en- 
gine are:  Mechanical  simplicity,  low  fuel  consumption  at  alt 
loads,  ability  to  start  and  run  on  any  oil  that  will  flow,  low 
water-jacket  losses,  no  lubricating  difficulties,  constant  com- 
pression, remarkable  torque  characteristics,  absence  of  all 
electrical  devices,  hot-bulbs  and  torches  for  ignition  purposes, 
absence  of  all  carbureting  mechanism,  and  finally,  no  carbon 
troubles.    The  Hvid  engine  is  of  the  conventional  four-stroke- 


'Abstract  of  a  paper  presented  to  the  Annual  Meeting  of  the  American 
society  of   Mechanical   Engineers,   Dec.   2-S,    1919. 


FIG.    1.       SECTION    THROUGH    CYLINDER    HEAD    OF    HA1D 
ENGINE 

cycle  type  embodying  the  usual  inlet  and  exhaust  valves,  which 
open  and  close  as  in  any  fonr-stroke-cjxle  engine.  The  com- 
pression pressure  is  carried  to  between  425  and  475  lb.  to  the 
square  inch,  which  heats  the  compressed  air  between  900  and 
1000  deg.  F.  In  the  cylinder  head  there  is  a  fuel-admission 
valve  terminating  in  a  small  steel  cup,  by  means  of  which  a 
preliminary  explosion  is  made  to  force  the  fuel  into  the  com- 
bustion space.  Referring  to  Fig.  1,  the  Hvid  cycle  is  as  fol- 
lows: During  the  suction  stroke  pure  air  is  admitted  to  the 
cylinder  through  the  intake  valve  A.  Fuel  valve  B  is  opened 
at  the  same  time  with  intake  valve  A  and  some  fuel  flows 
into  the  cup  C  out  of  the  hole  D,  which  is  uncovered  by  the 
opening  of  valve  B.     The  fuel  enters  cup  C  partly  by  gravity 
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and  partly  bj"^  suction.  The  amount  of  fuel  admitted  is  con- 
trolled by  the  metering  pin  E,  which  in  turn  is  controlled  by 
the  governor.  At  the  same  time  that  the  fuel  is  being  taken 
into  the  cup,  a  small  amount  of  fresh  air  has  also  gone  through 
an  auxiliary  air-hole  F,  down  past  a  fluted  guide  G  into  the 
cup  C.  At  the  end  of  the  suction  stroke,  the  fuel  valve  B 
and  the  air-intake  valve  A  close,  valve  B  covering  the  fuel- 
admission  hole  D.  During  the  compression  stroke  all  valves 
are  closed  and  the  air  admitted  to  the  cylinder  on  the  suction 
stroke  is  compressed  and  its  temperature  raised.  There  is 
now  a  mass  of  highly  heated  air  under  high  pressure  in  the 
combustion  chamber,  and  this  rushes  into  the  cUp  C  through 
the  small  holes  H,  near  its  bottom,  until  the  pressure  in  the 
cup  is  practically  equal  to  the  pressure  in  the  combustion  cham- 
ber. The  conditions  in  the  cup  are  now  most  favorable  to 
"cracking"  the  oil,  and  as  it  cracks,  the  lighter  and  more 
volatile  components  are  ignited  by  the  high  temperature  and 
the  resulting  high  pressure  within  the  cup  forces  the  rest  of 
the  oil  out  into  the  air  in  the  cylinder.  The  amount  of  fuel 
consumed  in  the  cup  per  cycle  is  infinitesimal  because  there  is 
only  a  very  small  amount  of  air  present  in  the  cup  to  support 
combustion.  As  the  fuel,  in  an  atomized  and  vaporous  state, 
comes  into  contact  with  the  heated  air  in  the  combustion  space, 
very  rapid  combustion  takes  place  and  the  pressure  arising 
from  it  drives  the  piston.  As  in  any  four-stroke  cycle,  the 
exhaust  valve  opens  and  the  products  of  combustion  are  forced 
out  of  the  piston  on  the  exhaust  stroke. 

It  is  interesting  to  note  the  waves  in  the  expansion  line  of 
indicator  cards  taken  from  these  engines.  These  are  typical 
of  all  cards  taken  from  Hvid  engines  and  are  caused  by  the 
introduction  of  fuel  into  the  combustion  chamber  in  waves. 
At  the  moment  when  the  preliminary  combustion  takes  place 
in  the  cup,  we  have  in  the  cup  a  pressure  approximately  800  lb., 
while  in  the  combustion  chamber  there  is  a  compression  pressure 
of  only  about  425  lb.  Some  fuel  is  consequently  sprayed  out  of 
the  cup  into  the  combustion  chamber  by  the  attempt  at  pressure 
equalization.  When  the  fuel  comes  in  contact  with  the  highly 
heated  air  in  the  combustion  chamber,  the  pressure  rises  in  the 
combustion  chamber  and  falls  in  the  cup  until  equalized,  then 
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KTG.  2.     COMPARATIVE  FU,EL-CONSUMPTION  CURVES 

no  more  fuel  can  get  out  of  the  cup  until  the  piston  moves 
forward  and  the  pressure  of  the  cylinder  drops  below  that  in 
t!ie  cup,  when  more  fuel  is  ejected. 

The  fuel  consumption  of  small  Hvid-type  engines  is  very 
good,  being  in  general  on  a  par  with  Diesel  engines  of  large 
size.  In  the  comparative  fuel-consumption  curves  shown  in 
Fig.  2,  the  fuel  economy  of  the  Hvid  engine  as  compared  with 
two  other  types  of  the  same  size  stands  out  very  plainly,  par- 
ticularly at  the  lower  fractional  loads.  The  "hit-and-miss" 
gasoline-engine  test  was  made  by  Professor  Dickinson,  of  the 
University  of  Illinois,  and  the  throttling  governing  kerosene- 
engine  test  by  Mr.   MacGregor,   of  the   Hercules  Gas  Engine 


Co.,  under  the  supervision  of  Government  experts.  The  Hv:u- 
engine  test  was  made  by  the  writer  under  the  supervision  of 
Professor  Roesch,  of  the  Armour  Institute.  The  engine  used 
in  each  case  was  a  Sj^-i"-  by  9-in.,  running  450  r.p.m.  and 
rated  at  8  horsepower. 

A  small  3-in.  by  4H-in.  Hvid  engine  was  designed  to  run 
at  1100  r.p.m.,  and  at  first  the  results  to  be  expected  from 
it  were  not  looked  upon  with  favor  because  of  its  high  speed. 
This,  however,  showed  that  this  engine  could  be  run  at  a  speed 
as  high  as  1500  r.p.m.  without  any  appearance  of  interference 
with  the  perfect  operation  of  the  Hvid  principles.  Ba'-ed  on 
its  performance,  several  engineers  connected  with  the  produc- 
tion of  Hvid  engines  raised  the  normal  speed  of  their  engines 
with  ver\'  beneficial  results.  The  result  of  some  heat-balance 
tests  is  shown  in  Fig.  3.  These  tests  were  made  upon  a 
5H-in-  by  9-in.  single-cylinder  Hvid  engine,  which  wa':  flexibly 


123456789 
Brake  Horsepower 


2     3    4     S     6    7     8 
Brake  Horsepower 


^IG. 


EFFICIENCY  AND  HEAT  BALANCE  CURVES  FROM 
8-HP.    HVID   ENGINE 


connected  with  a  Sorague  electric-cradle  dynamometer  by  means 
of  two  universal  joints.  Arrangements  were  made  for  de- 
termining the  jacket-water  loss  and  the  sensible  heat  in  the 
exhaust  gases,  the  latter  by  the  calorimeter  method.  The  de- 
veloped and  friction  horsepower  were  determined  by  means 
of  the  dynamometer.  Indicator  cards  were  taken,  but  because 
of  the  probable  errors  due  to  the  high  pressure  involved  and 
the  comparatively  high  speed  of  the  engine,  these  cards  were 
used  merely  to  study  the  valve  setting  and  general  events  of 
the  cjxle  and  not  for  indicated  power  measurements.  The 
heat  value  of  the  fuel  expressed  in  B.t.u.  per  pound  of  kero- 
sene is  calculated  from  the  following  accepted  formula : 

B.t.u.  =  18,440  -f  40  {deg.  Be  —  10) 
and  is  19,740  B.t.u.  for  the  quality  of  fuel  used  in  test  runs. 

The  torque  characteristics  of  the  Hvid  engine  are  of  con- 
siderable interest.  When  a  gasoline  engine  of  conventional 
design  is  overloaded  so  that  the  speed  drops  below  a  certain 
point,  its  torque  drops  rapidly,  because  a  certain  velocity  of 
air  must  be  maintained  through  the  carburetor  to  pick  up  and 
vaporize  the  fuel  and  carry  it  in  the  cylinder.  In  a  Hvid 
engine,  however,  since  the  introduction  of  fuel  in  the  cup  and 
into  the  cylinder  is  not  dependent  upon  the  velocity  of  the 
air  taken  in,  as  the  speed  drops  due  to  overload,  more  fuel 
is  admitted  than  at  normal  speed,  because  the  time  element 
for  the  introduction  of  fuel  i.-  lengthened.  The  engine  con- 
sequently shows  remarkable  "hanging-on"  characteristics. 
Under  these  conditions  it  is  very  wasteful  of  fuel  without  a 
doubt,  but  there  are  certain  conditions  where  this  "bulldog" 
characteristic  is  desirable  even  though  it  be  at  the  expense  of 
fuel  economy. 

In  conclusion  the  writer  says  that  while  the  Hvid  engine 
has  by  no  means  reached  its  ultimate  state  of  development,  it 
nevertheless  possesses  a  number  of  wonderful  characteristics 
which  ought  to  attract  many  internal-combustion  engineers  by 
the  possibility  they  hold  out  of  helping  to  solve  some  of  our 
fuel  problems. 


At  hearing  by  Joint  Congressional  Commission  on  R^ 
classification  of  Salaries  to  committee  representing  Federal 
employees  it  was  disclosed  that  a  "turnover"  in  personnel 
among  scientific  and  technical  workers  of  the  Government 
amounting  in  some  offices  to  one  hundred  per  cent,  a  year  pre- 
vailed. 
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Steam  Boiler  and  Flywheel  Service  Bureau 
Accepts  Autogenous  Welding 

The  committee  referred  to  is  made  up  of  engineers  of  all 
the  insurance  companies  writing  steam-boiler  insurance  in  the 
United  States.  For  the  purpose  of  obtaining  uniform  prac- 
tice in  the  acceptance  of  autogenous  welding  the  sub-commit- 
tee reports: 

By  "autogenous  welding"  is  meant  any  form  of  weldmg  by 
fusion;  that  is,  where  the  metal  of  the  parts  to  be  joined  or 
added  metal  used  for  the  purpose  is  melted  and  flowed  to- 
gether to  form  the  weld.  Such  welding  is  accomplished  by 
the  oxyacetylene,  hydrogen  or  other  flame  processes,  or  by 
the  electric  arc;  no  distinction  is  made  between  any  of  these 
processes.  The  general  rule  to  govern  the  acceptance  of  such 
welds  in  insured  vessels  is  that  prescribed  by  the  Boiler  Code 
of  the  American  Society  of  Mechanical  Engineers,  Par.  186, 
as  follows: 

Autogenous  welding  may  be  used  in  boilers  in  cases  where  the  strain 
is  carried  by  other  construction  which  conforms  to  the  requirements  of 
the  Code,  and  where  the  safety  of  the  structure  is  not  dependent  upon 
the  strength  of  the  welds. 

The  following  illustrations  will  serve  to  point  out  where 
such  work  should  be  accepted  or  rejected. 

1.  Any  autogenous  weld  of  reasonable  length  will  be  per- 
mitted in  a  stay-bolted  surface  or  one  adequately  stayed  by 
other  means  so  that  should  the  weld  fail,  the  parts  would  be 
held  together  by  the  stays.  It  is  necessary  for  the  inspector  to 
use  judgment  in  interpreting  the  meaning  of  "reasonable 
length"  as  given  above,  since  it  may  vary  in  different  cases. 
In  the  average  case  it  should  be  not  more  than  three  feet. 
Autogenous  welding  will  not  be  accepted  in  unsupported 
surface. 

2.  The  edges  of  the  inner  and  outer  sheets  of  vertical  fire- 
box boilers  or  boilers  of  the  locomotive  type  may _  be  joined 
by  autogenous  welding  to  from  the  door  openings,  if  the  sur- 
rounding surfaces  are  thoroughly  stayed.  This  would  also 
applv  to  other  openings  of  a  similar  character  in  such  surfaces. 

3.  For  low-pressure  plate-steel  boilers  operated  at  a  pres- 
sure not  exceeding  15  lb.  per  sq.in.,  or  for  higher  pressures  in 
unfired  vessels  subjected  to  water  pressure  only,  rectangular 
headers  may  be  autogenously  welded  at  the  edges  if  the  sheets 
are  properly  held  together  by  stays.  Autogenous  welding  of 
cracks  and  fractures  in  cast-iron  boilers  will  not  be  permitted. 

4.  Fire  cracks  in  girth  seams  extending  from  the  edge  of 
the  plate  to  the  rivet  hole  may  be  autogenously  welded  pro- 
vided the  cracks  are  properly  prepared  by  cutting  out  the 
metal  at  the  crack  m  the  form  of  a  letter  V  to  permit  fusion 
through  the  entire  thickness  of  the  plates.  Similar  cracks  in 
girth  seams  located  between  the  rivet  holes  may  also  be  auto- 
genously welded,  provided  the  cracks  do  not  extend  beyond 
the  edge  of  the  lap  of  the  inner  plate.  In  the  latter  class  of 
cracks  it  is  advisable  to  drill  a  hole  not  exceeding  5^  in.  in 
diameter  at  the  end  of  the  crack  before  the  weld  is  made. 
Cracks  extending  from  rivet  hole  to  rivet  hole  on  girth 
seams  cannot  be  welded.  Calking  edges  of  girth  seams  may 
be  built  up  by  autogenous  welding  where  the  original  section 
of  the  metal  between  rivet  holes  and  calking  edge  to  be  built 
up,  averages  equivalent  to  one-fourth  the  diameter  of  the 
rivet  hole  and  the  portion  of  calking  edge  to  be  replaced  does 
not  exceed  30  in.  in  length  in  a  girthwise  direction.  In  all 
repairs  to  girth  seams  by  autogenous  welding  the  rivets  must 
be  removed  over  the  portions  to  be  welded  and  for  a  distance 
of  at  least  6  in.  at  each  end  beyond  such  portions.  After  re- 
pairs are  made  the  rivet  holes  should  be  seamed  before  the 
rivets  are  redriven. 

5.  Stayed  sheets  which  have  corroded  to  a  depth  of  not 
more  than  40  per  cent,  of  their  original  thickness,  may  be  re- 
inforced or  built-up  by  autogenous  welding.  In  such  cases 
the  stays  shall  come  completely  through  the  reinforcing  metal 
so  as  to  be  plainly  visible  to  the  inspector. 

6.  Where  tubes  enter  flat  surfaces  and  the  tube  sheets  have 
been  corroded  or  where  cracks  exist  between  the  tube  liga- 
ments, autogenous  welding  may  be  used  to  reinforce  or  repair 
such  defects.  The  ends  of  such  tubes  may  be  autogenously 
welded  to  the  tube  sheet  .  The  above-mentioned  repairs  for 
tube  sheets  and  the  welding  in  of  tubes  in  the  sheets  are  not 


to  be  permitted  where  such  sheets  form  the  shell   of  a  drum 
or  boiler,  such  as  in  the  case  of  Stirling  type  of  boiler. 

7.  When  external  corrosion  has  reduced  the  thickness  of 
plate  around  handholes  to  not  more  than  50  per  cent,  of  the 
original  thickness  and  for  a  distance  not  exceeding  2  in.  from 
the  edge  of  the  hole,  the  plate  may  be  built  up  by  autogenous 
welding. 

8.  Pipe  lines  will  be  accepted  where  the  flanges  or  other 
connections  have  been  welded  autogenously,  provided  the 
work  has  been  performed  by  a  reputable  manufacturer^  and 
the  parts  properly  annealed  before  being  placed  in  position. 
Such  welding,  when  made  with  the  part  in  place  and  unan- 
nealed,  will  not  be  acceptable. 

9.  Autogenous  welded-in  patches  in  the  shell  of  a  boiler 
will  not  be  acceptable  regardless  of  the  size  of  such  patches. 
Autogenous  welding  of  cracks  in  the  shell  of  a  boiler— except 
those  specified  in  Par.  4 — regardless  of  the  direction  in  which 
they  may  lie,  will  not  be  permitted  unless  such  welding  is 
only  for  the  purpose  of  securing  tightness  and  the  stresses  on 
the  parts  is  fully  cared  for  by  properly  riveted-on  patches  or 
straps  placed  over  the  weld.  The  plates  at  the  ends  of  joints 
may  be  welded  together  for  tightness,  provided  the  straps  or 
other  construction  is  ample  to  care  for  the  stresses  on  the 
parts  so  welded. 

10.  Re-ending  or  piecing  of  tubes  for  either  fire-tube  or 
water-tube  boilers  by  the  autogenous  process  will  not  be 
permitted. 

Electric  Undertakings  in  Japan 

The  accompanying  tables  and  charts  are  arranged  from 
data  given  in  the  Statistical  Report  of  Electric  Undertakings 
in  Japan,  compiled  by  the  Director  General  of  Electric  Ex- 
ploitations, Department  of  Communications,  Tokyo,  Japan. 
This  report  is  dated  June,  1919,  and  is  a  summary  of  the  chief 
statistics  showing  the  condition  of  existing  electric  undertak- 
ings at  the  end  of  1917. 

Table  I  gives  the  number  of  undertakings  by  Kind  of  Pri- 
mary Power  for  various  classes  of  plants,  while  Table  II  gives 
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GROWTH  IN  NUMBER  OF  ELECTRIC  UNDERTAK- 
TAKINGS   IN  JAPAN   FROM  1903   TO   1917 


the  kilowatt  capacities  under  the  same  classifications.  It  is 
interesting  to  note  the  relative  number  and  capacity  of  the 
water-power  plants  as  compared  with  the  steam  and  gas  plants. 

The  charts  show  the  growth  of  the  industry  since  1903.  Fig. 
1  gives  the  number  of  plants  and  Fig.  2  their  capacity  at  the 
end  of  each  year  from  1903  to  1917.  The  values  in  Fig.  2 
include  the  reserve  capacities,  so  they  are  somewhat  higher  at 
the  end  of  1917  than  those  given  in  Table  II. 

The  report  further  classifies  the  plants  as  to  voltage.  There 
were  1865  plants  having  51,170  kw.  capacity  carrying  "low" 
voltage  or  less  than  600  volts  d.c.  or  300  volts  a.c. ;  843  plants 
with  211,600  kw.  carrying  "high"  voltage  or  higher  than  "low" 
voltage  and  lower  than  3500  volts,  and  183  plants  with  490.000 
ky.  capacity  carrying  "extra  high"  voltage  of  more  than  3500. 
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There  were  37,120  miles  of  electric?  line  using  132,794  miles 
of  wire.  The  electric  railways  covered  434  miles  and  used 
4539  cars. 

Electric-light  consumers  numbered  4,243,000,  or  41.2  per  cent. 
of  the  number  of  households.  They  used  over  ten  million 
lamps  having  a  total  equivalent  electric  power  of  173,000  kw. 
Power  consumers,  including  isolated  plant  users  as  well  as 
public-service  users,  used  85,860  motors  requiring  practically 
600,000  kw.  Other  electric  appliances  required  100,000  kw. 
additional. 

The  average  price  to  small  consumers  for  electric  light  was 
9.9c  per  kw.-hr.  from  water-power  plants  and  lie  -from  steam 
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GROWTH    IN    CAPACITY    OF    ELECTRIC    UNDER- 
INGS  IN  JAPAN  FROM  1903  TO  1917 


and  gas  plants.  The  corresponding  average  power  rates  were 
3.15c  and  4.46c  respectively.  Including  tract'on  plants  there 
was  a  total  paid-up  capital  of  $180,650,000  in  public-service 
plants  on  which  amount  a  profit  of  10.7  per  cent,  was  earned. 

TABLE    I.     NUMBER    OF    UNDERTAKINGS    USING    WATER. 
STEAM  AND  GAS   POWER 

Undertakings                                    Water     Steam  Gas  Total 

Electric    supply    360             44  93  497 

Electric   traction 23               5  . .  28 

Electric  supply  and  traction 32             15  1  48 

Isolated   plants    869            786  533  2188 

Official   plants    47             73  10  130 

Total     1331  923         637         2891 

TABLE   II.     KILOWATT    CAPACITY   FROM   WATER,    STEAM 
AND  GAS  POWER 

Undertakings                                    Water     Steam  Gas  Total 

Electric    supply    338,682       43.675  5.976  388.333 

Electric   traction    180        1,000        1,180 

Electric  supply  and  traction 71,624      68.809  655  141,088 

Isolated   plants    56.357     123,782  15.567  195.706 

Official  plants   400      20,630  5.665  26,695 

Total    '.  467.243     257.896    27,863     763.003 

National   Fuel-Inspection  System 

A  fuel-inspection  system  that  will  give  the  consumer  and 
the  producer  of  coal  accurate  information  concerning  the 
commodity  is  proposed  by  the  Secretary  of  the  Interior.  In 
an  estimate  recently  transmitted  to  Congress,  he  asks  for  an 
appropriation  of  $725,000.  The  system  is  to  be  administered 
by  the  Bureau  of  Mines.  The  work  is  to  be  under  the  imme- 
diate direction  of  a  chief  coal  inspector,  who  is  to  receive 
a  salary  of  $5000.  Among  the  other  positions  which  are 
specified  in  the  estimate  are:     Assistant  chief  coal  inspector, 


$4000;  6  district  coal  inspectors,  $4000;  100  field  coal  inspec- 
tors, $2400.  In  explaining  the  need  for  the  appropriation,  Sec- 
retary Lane  said : 

Inspection,  sampling  analysis,  and  certification  of  coal  should 
be  made  by  the  Government.  This  practice  is  followed  in 
other  commodities  and  would  be  a  benefit  to  the  producers  of 
clean  coal,  the  consumers,  and  to  the  interest  of  foreign  com- 
merce. This  will  assure  the  consumer  the  grade  of  coal  which 
he  pays  for,  protect  the  interest  of  those  preparing  clean  coal, 
without  discouraging  the  mining  of  poorer  grades  of  coal  and 
should  exert  an  influence  toward  good  coal  preparation, 

This  coal  inspection  system  proposed  by  the  Bureau  of 
Mines  contemplates  as  a  salient  feature  advice  as  to  the  qual- 
ity of  coal  shipped.  It  is  proposed  that  each  mining  company 
set  its  own  standard  of  quality,  consistent  with  the  particular 
vein  preparation,  and  the  market  which  the  business  affords, 
and  that  the  Government  shall  publish  such  standard  and  cer- 
tify as  to  whether  such  standard  is  being  maintained  by  the 
mining  companies.  There  is  not  contemplated  a  certification 
as  to  each  and  every  shipment,  but  the  system  does  provide 
for  the  accurate  sampling  of  full  carload  lots  and  for  the  in- 
spection and  sampling  at  irregular  intervals  of  a  sufficient 
number  of  cars  of  coal  to  indicate  whether  ihe  declared  stand- 
ard of  the  mining  company  is  being  maintained.  The  coal- 
mining companies  would  cooperate  and  enter  the  system  and 
be  privileged  to  advertise  that  their  product  was  from  a  mine 
whose  standard  of  preparation  was  certified  by  the  Govern- 
ment. In  case  the  coal  shipment  was  below  the  standard,  the 
mine  owner  would  be  promptly  advised  of  the  fact,  and  where 
pc  ssible,  tHe  consumer  would  receive  a  notice  to  the  same 
effect.  If  the  coal  continues  to  fall  below  the  standard,  it 
would  be  removed  from  the  certified  list  established  by  the 
Government  and  the  mine  would  be  required  to  declare  a  new 
and  different  standard  which  its  product  could  meet. 


The  Ohio  Board  of  Boiler  Rules,  at  its  last  regular  meeting 
held  at  Columbus,  Ohio,  Feb.  12-13,  1919,  unanimously  adopted 
the  following  resolutions:  Whereas,  Since  the  passage  of  the 
Ohio  Boiler  Inspection  Law  by  an  Act  of  Legislature,  May  31, 
1911,  miniature  boilers  of  less  than  two  horsepower  have  ap- 
peared in  large  numbers ;  and  Whereas,  These  miniature  boil- 
ers are  used  in  connection  with  tire  vulcanizers,  clothes  presses, 
matrix  tables,  etc.;  and  Whereas,  It  is  th«  opinion  of  this 
board  that  the  purpose  of  the  boiler  inspection  law  is  to  apply 
only  to  steam  boilers  containing  a  volume  of  water  sufficient 
to  cause  a  serious  explosion;  Therefore,  Be  It  Resolved,  That 
Section  18  (1058-23  Ohio  Code)  be  interpreted  to  exclude 
from  shop  inspection  and  stamping,  miniature  boilers  referred 
to  in  Part  2,  Sec.  4,  p.  43,  1918  edition  Ohio  Boiler  Rules. 
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THE  COAL  MARKET 


BOSTON— Currdt    prleM    per    grtwt    ton    t.o.b.    IVaw 
fork  loading  port*: 

Anthrtolt* 

Compaur 
Cosl 

^g      $8.20C«'$8.66 

atOTe     8.45®  9.05 

CbMtnut      8  55®  9.05 

fe»     r.05@  7.40 

Backwheat      S.60@  3.80 

Sloe     2.30®  2.60 

Barley     1.25 

BItuminoat 

Ctmbrlai  and 
Clearflalds      Someraets 

r.o.b.   mlnn.   net  tons tl-86@$3.S6  $3.1S@$3.eO 

r.o.b.   Philadelphia,   groas  ton*.  5.05®  5.60    5.35®  5.80 

V.o.b.   New  York,   gross  tons...  6.40®  6.86     6.75®  6.25 

4iong8lde    Boston    (water   ooal), 

groea    tooa    T.HO  T.T6    T.W9  8.K 

Pocahontaa    and    New   Blver    are    praotleally    off    the 

market    for    ooaatwlae    tbipment,    bvt    are    anoted    at 

C6.25@$7.00. 
NEW    YOBK — Current    anotationa.    White    Aah,    per 

(rota    tons,    f.o.b.    Tidewater,    at    the    lower    porta    are 

«t    follows: 

Anthraoltt 

Company 
Coal 

Broken      »7.80@$8.25 

■gg    8.20®  8.85 

Stove    8.45®  9.05 

Chestnut   8.56®  ».06 

Pea 7.05®  7.40 

Buckwheat    5.15 

Sice    4.50 

Barley    4.85 

Roller    4.86 

BItumlnout 

Spot 

!»outh   Fork    (best)    $3.259$3.60 

Cambria    (best)    3.00®  S.J5 

Cambria    (ordinary)    2.60®  190 

Clearfield    (best)    3.00®  8.t5 

Clearfield    (ordinary)    J.60®  2.90 

ReynoldsTlUe    J.859  J.9« 

^emahoning    8.26®  S.SO 

flomeraet    (medium)    '. 3.00®  8.85 

Somerset    (poor)    J.60®  f.T6 

Western    Maryland    2.60®  S.T5 

Fairmont    2.25@  2.50 

Catrobe    8.60®  ».9« 

areensburg   8.76®  8.00 

Westmoreland   %   In 8.40®  8.50 

Westmoreland   run-ofimina    3.76®  8.00 

PHTLiABELPHIA— Anthracite  prioet  are  practieally 
the  same  aa  those  listed  above  for  New  York.  Bltnm- 
•mooB  coal  prices  vary  according  to  district  from  which 
•choy  are  mined.  For  ordinary  alaok  the  price  is 
«2.46@82.65:   lump,    $3.00@$3.36. 

BUTFALO — 

Anthracite 

On  Can,  At  Cnrb, 

Gross  Ton  Net  Ton 

^rate     $8.65  810.80 

tog 8.80  10.65 

itore    »00  10.85 

Tieaumt ».10  10.85 

Pea     T.T5  9.S0 

Snokwheat    6.T0  7.T5 

BItumlnout 

illegheny  Valley    84-80 

PltUburgh fS; 

No.   8  Lump  4.65 

Ulna  Bun  4.80 

Slack 4.10 

Smokeless   4.60 

Pemnsylvanla  Smithing   5.70 

CTLHVELAND — Price*  of  coal  per  net  ton  dellrerod 
Q   CSereland  are: 

Anthraelte 

Bag     811.76®$11.90 

Sistnnt    18.00®  12.08 

Orate     11.76®  11.00 

Stove    11.800  18.10 

Poeahonta* 

«llne-mn     87.60 

Domettla    Bituminous 

W«»t  Virginia   splint    $8.60 

No.    8    PltUburgh    86.60®  6.10 

tiaaillon   lamp    , 8.259  8.60 

Ooahocton  lump    T« 7.15 

Stoam  Coal 

No.     6    slack.'. 85.25@$5.50 

No.     8    slack 6.10®  5.50 

roaghlogheny   slack 6.269  BBO 

No.    8    %,    In 6.70®  6.00 

No.    6   mine-run    (.369  6.50 

Wo.    8   mine-run B.T6 

Only  ooal   available  la   mine-nm  Pooataontaa. 

MtDDLB  WEST — Chicago  Quotatlona,  r.o.b.  ears  at 
•line: 

Springfield 
Cartorvllle 

WUUamaon  Orundy 

Franklin  La  Sail* 

Saline  Fulton               Bnreau 

Harrtsbon  Peoria                 WIU 

Ciuap     82-56@$2.70  $3.>6«$S.10        $S.26®8S.40 

Waahod    3.76®  3.00        8.46®  8.60 

HUe   Bun    ..186®  3.60  8.759  8.00          8.Q0®  8.15 

Sorwnlnn    •■  3.059  3.20  3.85®  3.50          8.759  3.00 


New  Construction 


PROPOSED    WORK 

Mass.,  Amherst— The  Massachusetts  Ag- 
iicultuial  College  will  soon  award  the  con- 
tract tor  the  construction  of  a  2  storv,  60  x 
uO  ft.  memorial  building  on  the  Campus. 
A  steam  lieating  system  will  be  installed 
m  same.  Total  estimated  cost,  $150,000. 
James  H.  Ritchie,  8  Beacon  St.,  Boston, 
Arch. 

Mass.,  Brookline  (Boston  P.  O.)— Louis 
.•^•hapiro,  27  School  St.,  Boston,  will  build 
u  2  story,  85  x  270  ft.  auto  sales  building 
on  Commonwealth  Ave.  A'  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $250,000.  Work  will  be 
done   bj'  day  labor. 

Mass.,  New  Bedforci— The  City  Hospital 
(.'ommission  received  lowest  bid  for  the 
installation  of  a  steam  heating  system  in 
the  proposed  hospital,  which  includes  a  3 
story,  46  x  175  ft  ward,  2%  story,  46  x  180 
It.  operating  building  and  a  2  st  ry,  50  x 
lUO  ft.  laundry,  on  Mt.  Pleasant  St.,  from 
the  Power  Heating  &  Ventilating  Co.,  49 
Travers  St.,  Boston,   $121,750. 

Mass.,  Wakefield— Lee  &  Hewett,  Archs. 
and  Engrs.,  1123  Broadway,  New  York 
City,  will  soon  award  the  contract  for  the 
construction  of  a  3  story  factory  addition 
ior  Heywood  Bros.  &  Wakefield  Co.,  Gard- 
ner. A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$150,000. 

Conn.,  Hartford — Bliss,  Hill  &  Steiger 
are  having  plans  prepared  for  the  con- 
struction of  a  6  story  department  store. 
A  steam  heating  system  will  be  installed 
in  same.  Buchman  &  Kahn,  56  West  45th 
St.,    New   York    City,    Archs.    and   Engrs. 

Conn.,  New  Haven — Brown  &  Von  Beren. 
Archs.,  Chamber  of  Commerce  Bldg.,  will 
soon  receive  bids  for  the  construction  of 
an  8  story,  80  x  80  ft.  store  and  storage 
building  on  Meadow  St.,  for  John  Kil- 
feather,  Meadow  St.  A  steam  hsating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated   cost,    $125,000. 

Conn.,  Thomaston — The  Seth  Thomas 
Clock  <io.,  c/o  Lockwood,  Green  &  Co., 
Archs.  and  Engrs.,  101  Park  Ave.,  New 
York  City,  will  soon  receive  bids  for  the 
construction  of  a  2  story,  60  x  120  ft.  and 
a  4  story,  60  x  120  ft.  factory  buildings. 
A  steam  heating  system  will  be  installed 
in  same. 

N.  Y.,  Brooklyn — B.  W.  Dorfman.  Arch., 
26  Court  St.,  is  preparing  plans  for  the 
construction  of  a  5  story  factory  on  Grand 
Ave.  and  Dean  St.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $200,000.  Owner's  name  with- 
held. 

N.  Y.,  College  Point — The  American 
Hard  Rubber  Co.  is  having  plans  prepaied 
for  the  construction  of  a  1  story,  120  x  130 
ft.  factory  addition.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Walter 
Kidde.  140  Cedar  St.,  New  York  City,  Arch, 
and   Engr. 

N.  Y.,  Long  Island  City — The  B.  J.  John- 
son Soap  Co.,  c/o  Lockwood,  Greene  & 
Co.,  Archs.,  101  Park  Ave.,  New  York 
(Z^ity.  is  having  plans  prepared  for  the 
construction  of  a  4  story  warehouse.  A 
steam  heating  svstem  will  be  installed  in 
.same.      Total    estimated    cost,    $250,000. 

N.  Y.,  Milbrook— H.  Ross,  47  West  34th 
St..  New  York  City,  is  having  plans  pre- 
pared for  the  construction  of  a  group  of 
1  and  2  story  buildings  for  a  sanitarium 
in  Duchess  County.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $300,000.  Alfred  Bodker,  62 
AVest  45th  St.,  New  fork  City,  Arch,  and 
Engr. 

N.  Y.,  Mineola — The  Knickerbocker  Toe 
Co.,  1480  Broadway,  New  York  City,  will 
80on  award  the  contract  for  the  construc- 
t'on  of  a  1  storv  ice  plant.  Estimated 
cost,  $110,000.  W.  Mortensen,  209  West 
76th   St.,   New  York  City,   Arch,   and  Engr. 

N.  Y..  New  York — The  Board  of  Edu- 
cation, 500  Park  Ave.,  is  having  plans  pre- 
pared for  the  construction  of  a  5  story, 
120  X  195  ft.  school  on  St.  Anns  Ave.  and 
Hagney  PI.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$500,000.  C.  B.  J.  Snyder,  Municipal  Bldg., 
Arch,  and  Engr. 


N.  V.v  New  York— Tlie  Consolidated 
Amusenient  Enterprises,  cj&  Arena  The- 
atre, bkh  Ave.  and  40th  St„  is  having 
plans  prepared  for  the  construction  of  a 
theatre  o^n  West  50th  St.  and  S'th  Ave.  A 
steam  lieaiting  system  will  be  installed  in 
same.  Total  estimated  cost,  $.130,000.  S. 
B.  Eisendiatft,  18  East  41st  St..  Arch,  and 
Engr. 

N.  Y.,  Rochester— The  E.  W.  Hamilton 
Manufacturing  Co.  plans  to  conaFtruct  a  2 
story,  55  x  195  ft.  factory  on  HaUenbeck 
St.  An  electric  power  plant  and  ma- 
chinery for  the  manufacture  of  paper 
boxes  will  be  installed  in  same.  Total  es- 
timated   cost,    $25,000. 

N.  Y.,  Syracuse — The  Board  of  Con- 
tract and  Supply  will  receive  bids  about 
January  1  for  the  construction  of  a  3 
story  school  on  South  Alvord  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $300,000. 

Ni.  Y.,  Syracuse— The  Mills  Oil  Co.,  263 
Walton  St.,  plans  to  build  4  or  5  buildiTigs, 
including  a  boiler  house,  office  building, 
stable,  garage,  storage  tanks,  etc.  Total 
estimated    cost,    $200,000. 

N.  Y.,  New  York— The  Simrud  Holding 
Corporation,  135  Broadway,  will  build  sev- 
eral stores  on  a  74  x  94  ft.  site  on  Ford- 
ham  Rd.  and  Walton  Ave.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $125,000.  Work  will  be 
done  by   day  labor. 

N.  Y.,  Syracuse — The  Battery  Service 
Co.,  Inc..  562  East  Genesee  St.,  will  re- 
ceive bids  about  March  1  for  the  construc- 
tion of  a  1  story  battery  service  building 
on  East  Genesee  St.  Estimated  cost, 
$50,000.  M.  E.  Granger,  Gurney  Bldg.. 
Arch,   and  Engr. 

N.  Y.,  Wards  Island— The  State  Hos- 
pital Commission,  Capitol,  Albany,  re- 
ceived bids  December  17  for  the  installa- 
tion of  a  heating  system  in  the  Manhattan 
State  Hospital,  here,  from  Leslie  &  Tracy, 
Inc..  5  Cohimbus  Circle.  $6300:  Gillis  & 
Geohegan.  537  West  Broadway,  $7180  r 
Charles  H.  Darmstadt  352  West  43rd  St., 
$7372.      Contractors  all  of   New  York   City. 

N.  J.,  Asbury  Park — The  Rydon  Tire  & 
Rubber  Co..  c/o  E.  A.  Arend,  Arch,  and 
Engr.,  105  West  40th  St.,  New  York  City, 
will  soon  award  the  contract  for  the  con- 
struction of  a  factory.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $100,000. 

N.  J,,  New  BrunswiCK — The  city  plan.s 
to  issue  $10,000  bonds  for  the  installation 
of  a  water  tube  boiler  in  the  pumping  sta- 
tion and  $8000  bonds  for  a  water  wheel, 
rotary   pump,    etc. 

Del.,  Wilmington — The  Daily  News  Co., 
511  Market  St..  is  having  plans  prepared 
for  the  construction  of  a  6  story  publish- 
ing plant.  .\  steam  heating  system  will 
be  installed  in  same.  Dennison  &  Hirons, 
477  5th  Ave.,  New  York  City,  Archs.  and 
Engrs. 

Md.,  Baltimore — Louis  Miller,  5  Lloyd 
.St.,  will  receive  bids  about  January  15  for 
the  construction  of  a  2  story,  45  x  50  ft. 
dairy  and  cold  storage  building  at  5-7-9 
Lloyd  St.  Separate  bids  will  be  received 
for  installing  steam  heatin.g  system,  hand 
power  elevator  and  refrigerators,  etc.  To- 
tal estimated  cost.  $50,000.  G.  R.  Gallis, 
Melvin    .Vvc    Catonsville,    Arch. 

Md.,  Crisfleld — The  McGready  Memorial 
Hospital,  c/o  Dr.  R.  R.  Norris,  is  having 
plans  prepared  for  the  construction  of  a  1 
and  2  story  hospital  on  Main  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $100,000.  H.  G. 
Jory,    1409    Munsej/    Bldg.,    Arch. 

'"enn.,  Memphis — Jones  &  Furbringer, 
.A.rchs..  Porter  Bldg.,  wil  soon  award  the 
contract  for  the  construction  of  a  sani- 
tarium for  tuberculosis  patients  at  Oak- 
ville,  including  a  power  and  heating  plant, 
etc.,  for  Memphis  and  Shelby  Counties. 
Total  estimated  cost,  $500,000.  W.  B. 
Cleveland,   Chn.,   Board  of  Trustees. 

Ohio,  Bedford — The  Board  of  Educa- 
tion will  receiv-e  bids  about  February  1 
for  the  construction  of  a  2  story,  80  x  164 
ft.  high  school.  '  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $200,000.  Hamilton  &  Watterson, 
Guardian    Bldg.,    Cle\'ieland,    Archs. 

Ohio.  Cleveland — The  Citizens  Savings  & 
Trust  Co.   and  the  Union  Commerce  Bank 
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had  plans  prepared  for  the  construction  of 
a  20  story,  145  x  258  x  385  ft.  bank  and 
ofllce  building  on  East  9th  St.  and  Euclid 
Ave.  Four  300  h.p.  boilers  and  stokers 
will  be  installed  in  same.  Total  estimated 
cost,  $8,000,000.  Graham -Anderson-Probst 
&  White.  Railway  Exchange  Bldg.,  Chi- 
cago, Engra. 

Ohio,  Cleveland — Tlie  city  received  bids 
for  the  construction  of  a  sewage  disposal 
plant  in  the  eastern  section  of  the  city, 
from  the  American  Construction  Co., 
Marion  Bldg.,  $25^,957;  McHugh  Brothers, 
West  37th  St.,  $338,730;  Masters-Mullen 
Construction  Co.,  Electric  Bldg.,  $100,486. 
One  centrifugal  pump  with  1-2V^  h.p.  and 
i-5  h.p.   motors  will   be  installed   in  same. 

Ohio,  Cleveland — The  Hinkel  Motor 
Truck  Corporation,  6521  Euclid  Ave.,  has 
purchased  a  site  and  plans  to  build  a  2 
story,  180  x  200  ft.  auto  salesroom  and 
garage  on  East  71st  St.  and  Carnegie  Ave. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $100,000. 
Whitworth  &  Johnson,  Engineers  Bldg., 
Archs. 

Ohio,  Cleveland— J.  W.  Holcomb,  916  Cit- 
izens Bldg.,  plans  to  build  a  4  story  com- 
mercial building  at  3812  Euclid  Ave.  A 
steam  heating  system  will  be  installed  In 
same.     Total    estimated   cost,    $100,000. 

Ohio,  Cleveland — The  Bender  Auto  Body 
Co.  wil  soon  award  the  contract  for  the 
construction  of  a  1  story,  100  x  250  ft. 
factory  on  West  65th  St.  and  Denison 
Ave.  Two  250  h.p.  boilers  with  stokers 
will  be  installed  in  same.  Total  estimated 
cost,  $150,000.  R.  M.  Hulett,  Fire  Bldg.. 
Arch.  Address  H.  Bender,  c/o  Northern 
Blower  Co.,  Barberton  Ave. 

Ohio,  Cleveland— A.  B.  Friedl,  3328  Vega 
Ave.,  has  purchased  a  site  on  East  93rd 
St.  and  Kinsman  Rd.,  and  plans  to  con- 
struct a  3  story  commercial  building  on 
same.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$100,000.  W.  S.  Lougee,  Marshall  Bldg., 
Arch. 

Ohio,  Silver  Lake — The  village  will  soon 
award  the  contract  for  the  construction  of 
two  1  story,  17  x  17  ft.  pump  houses  and 
is  in  the  market  for  two  deep  well,  175 
gal.  per  min.  pumps,  one  pressure  tank 
and  seven  8-inch  gate  valves.  Total  es- 
timated cost,  .'JIS.OOO.  E.  A.  Tewksbury, 
Clk.  R.  Winthrop  Pratt,  Hippodrome 
Bldg.,    Cleveland,    Engr. 

Mich.,  Battle  Creek— The  Kellog  Toasted 
Corn  Flake  Co.  plans  to  construct  a  3 
story,  100  x  218  ft.  dormitory  for  employes. 
A  steam  heating  system  will  be  installed 
in   same.     Total  estimated  cost.    $100,000. 

Mich.,  Detroit — The  Board  of  Education, 
50  Broadway,  will  soon  award  the  con- 
tract for  the  construction  of  a  2  story, 
84  x  134  ft.  school  building  on  Vancourt 
and  Milford  Aves.,  cost  $250,000:  also  for 
the  construction  of  a  field  school  No.  1154, 
Agnes  and  Field  Aves.,  $200,000.  and 
Davidson  School  No.  1147,  Roman  Ave., 
near  Davidson  Ave.,  $200,000.  Malcolm- 
son,  Higginbotham  &  Palmer,  405  Moffat 
Bldg.,   Archs. 

Mich.,  Detroit — Louis  Kamper,  Arch., 
Book  Bldg.,  will  soon  award  the  contract 
for  the  construction  of  a  1  story,  110  x 
110  ft.  pavilion  on  East  .Jefferson  Ave.  and 
Grand  Blvd.,  for  the  Kling  Products  Co., 
1424  East  .Jefferson  Ave.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,   $70,000. 

Mich.  Detroit — The  As.'ociated  Amuse- 
ments Co.,  c/o  Christian  W.  Brandt,  Arch., 
Kresge  Bldg.,  is  having  plans  prepared 
for  the  construction  of  a  2  story,  120  x  135 
ft.  theatre  on  Hamilton  Blvd.  Steam 
heating  equipment  and  a  forced,  ventila- 
tion system  will  bo  installed  in  same.  To- 
tal estimated  cost,  $250,000. 

Mich..  Detroit — The  Board  of  Fire  Com- 
missioners received  bids  for  the  installa- 
tion of  heating,  ventilating  and  plumbing 
systems  in  the  proposed  2  story.  40  x  80  ft. 
fire  engine  house  on  12th  and  I-.a  Belle 
.•^ts..  from  O'Connor  Bros.,  34  Roland 
Bldg.,  $9209;  Irvine  &  Meier,  2289  Wood- 
ward Ave..  $10,270;  W.  J.  Rewoldt,  Owen 
Bldg.,   $10,553. 

Mich.,  Detroit — The  Clayton  &  Lambert 
Manufacturing  Co.,  Beaubien  St.,  plans  to 
construct  a  1  and  2  story  factory  for  the 
manufacture  of  automobile  parts,  along  the 
Detroit  Terminal  Railway.  Plans  include 
a  power  plant.  Total  estimated  cost, 
$500,000. 


Mich.,  Detroit — The  Columbia  Motors 
Corporation,  1256  East  Jefferson  Ave.,  en- 
gaged Horace  H.  Lane.  Arch,  and  Engr.. 
Dime  Bank  Bldg..  to  prepare  plans  for  the 
construction  of  a  2  and  3  story.  300  x  720 
ft.  automobile  factory  on  Fort  and  Boyd 
Sts.  Steam  heating  equipment  will  be  In- 
.stalled  in  same.  Total  estimated  cost. 
$600,000. 

Mich.,  Detroit— Albert  Kahn.  Louis  Kahn 
and  Julius  Kahn,  Marquette  Bldg.,  have 
purchased  a  site  on  Cass  Ave.  and  Peter- 
boro  St..  and  will  prepare  plans  for  the 
construction  of  a  4  story,  130  x  185  ft. 
commerGJal  building  on  same.  Steam 
heating  equipment  will  be  installed  In 
same.  Total  estimated  cost.  $400,000.  Al- 
bert  Kahn,    Arch. 

Mich.,  Eaton  Rapids — The  Board  of  Edu- 
cation engaged  S.  D.  Butterworth.  Arch., 
432  Tussing  Blk.,  Lansing,  ,to  prepare  pre- 
liminary plans  for  the  construction  of  a  2 
story  high  school.  Steam  heating  equip- 
ment will  be  installed  in  same.  Total  esti- 
mated  cost.    $200,000. 

Mich..  Grand  Rapids — Willard  M.  Burle- 
son, 148-150  Fulton  St.,  E.,  engaged  Os- 
good &  Osgood,  Archs.,  Herald  Bldg..  to 
prepare  plans  for  the  construction  of  an 
11  story,  105  x  146  ft.  sanitarium  on  I.sland 
St.  and  Jefferson  Ave.  Steam  heating 
equipment  will   be   installed  In   same. 

Mich.,  Redford — The  Michigan  State 
Auto  School,  Woodward  Ave..  Detroit,  Is 
having  plans  prepared  for  the  construc- 
tion of  eight  buildings,  including  a  1  story, 
80  X  150  ft.  power  house  and  pumping  sta- 
tion. Total  estimated  cost,  $2,000,000. 
Christian  W.  Brandt,  Kf-esge  Bldg.,  De- 
troit. Arch. 

III..  Chicago— W.  G.  Uftendel.  Arch..  39 
South  St.,  will  soon  award  the  contract 
for  the  construction  of  a  manufacturing 
plant.  Including  a  2  stoi-y,  125  x  190  ft. 
main  building,  a  2  story.  47  x  95  ft.  office 
building,  and  a  1  story,  47  x  66  ft.  boiler 
house  and  garage,  at  2701  Grtenvlew  Ave., 
for  the  Economy  Fuse  &  Manufacturing 
Co.,  328  West  Kinzie  .St.  A  steam  heating 
.system  will  be  installed  in  same.  Total 
estimated    cost,    $150,000. 

III.,  Chicago — Charles  S.  Frost,  Arch., 
105  South  I..a  Salle  St.,  will  soon  award 
the  contract  for  the  construction  of  a  2 
story.  150  x  175  ft.  printing  plant  at  1101 
North  La  Salle  St.,  for  the  Uniform  Print- 
ing &  Supply  Co..  351  West  Chicago  Ave. 
A  steam  heating  system  will  be  installed 
in  same.     Total  estimated  cost,  $225,000. 

III.,  Chicago — jtlolabird  &  Roche,  Archs.. 
10  f  South  Mlchiean  Ave.,  will  receive  bids 
in  January  for  the  construction  of  a  3 
story.  160  x  180  ft.  hotel  addition  on  Clark 
and  Randolph  Sts.,  for  the  Hotel  Sherman 
Co..  Hotel  Sherman.  Additions  will  be 
hui;t  to  the  present  steam  heating  system 
in  same.     Total  estimated  cost,  $500,000. 

III.,  Jacksonville — The  city  plans  to  con- 
struct additions  to  the  existing  steam 
power  plant.  Estimated  cost,  $40,000.  This 
work  is  in  connection  with  the  improve- 
ments to  the  waterworks  system.  C.  M. 
Borchers,    Mayor. 

Wis.,  Rio — The  city  will  soon  award  the 
contract  for  the  construction  of  an  18  x 
fiO  ft.  power  house  and  for  furnishing  one 
l.T  h.p.  engine,  one  150  gal.  deep  well 
pump,  one  10  in.  well,  200  to  300  ft.  deep, 
one  40,000  gal.  elevator  tank  and  one  80 
ft.  tower.  Total  estimated  cost.  $25,000. 
\V.  Colins,  Clk.  W.  Kirchoffer,  Madison. 
Engr. 

Wis.,  Manitowoc — George  Brothers.  913 
South  8th  St.,  have  engaged  W^.  J.  Roueber, 
Arch.,  to  prepare  plans  for  the  construc- 
tion of  n  3  story,  100  x  125  ft.  theatrt 
building  on  .South  8th  St.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal   estimated   cost,    $150,000. 

Neb.,  Scribner — The  Scribner  Artiflcia] 
Ice  Co.  plan.s  to  build  an  Ice  plant  and  an 
electric  pinnt.  Total  estimated  cost,  $65,- 
000. 

Minn..  Aitkin — The  city  received  bids  for 
furnishing  electric  light  and  waterworks 
equipment  from  J.  G.  Robertson,  Wabash 
and    Eustis   Sts.,    St.   Paul,    $9489. 

Minn.,  New  Ulm — The  city  plans  to  con- 
struct a  90  X  90  ft.  power  plant.  Esti- 
mated   cost,    $50,000.     A.    .1.    Mueller,    Supt. 

Minn.,  Duluth — F.  G.  Beamsley.  Cashier, 
will  receive  bids  until  February  1  for  the 
construction  of  a  2  story,  50  x  140  ft.  bank 


and  office  building  on  .Superior  st.  .iHj 
20th  Ave.,  W.,  for  the  Duluth  State  Bank. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $75,000. 
Halstead  &  Sullivan.  Palladio  Bldg.,  Archs. 
and  Engrs. 

Minn.,  East  Grand  Forks — J.  A.  Noonan. 
Secy,  of  Independent  School  District  No.  3, 
will  receive  bids  until  January  15  for  the 
con.struction  of  a  3  story,  130  x  170  ft. 
high  and  grade  school  on  Kiltson  Ave. 
and  6th  St.  A  steam  heatiiio'  and  mechan- 
ical ventilating  system  will  i>e  installed  in 
same.  Total  estimated  cosi.  $375,000.  Bert 
&  Beck,  Grand  Forks,  N.  D.,  Archs.  and 
Engrs. 

Minn.,  Robblnsdale — The  Board  of  Edu- 
cation will  soon  receive  bid.s  for  the  con- 
struction of  a  2  story  school.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $125,000.  C.  A.  Gar- 
ner,  Clk.     H.    H.   Livln.ston.   Arch. 

Minn.,  St.  Paul — The  Emporium  Mercan- 
tile Co..  Robert  St..  between  7th  and  8th 
Sts.,  will  soon  award  the  contract  for  the 
construction  of  a  6  stor>-,  145  x  160  ft.  de- 
partment store  on  7th  and  Robert  Sts. 
Separate  bids  for  installing  steam  heating 
system  will  be  received.  Total  estimated 
cost,  $650,000.  C.  L.  Pilisbury  Co..  716 
Capital  Bank  Bldg.,  Engrs.  Buechner  & 
Orth,   500  Shubert  Bldg.,  Archs. 

Tex.,  Houston— The  Hulbert-Still  Elec- 
tric Co.  received  only  bid  for  the  con- 
struction of  a  1  story,  75  x  126  ft.  service 
station  at  McKinney  and  San  JacintaSts., 
from  Andrew  Hess.  4630  Park  Drive.  $22,- 
000. 

Colo.,  Boulder — The  University  of  Colo- 
rado will  soon  award  the  contract  for  the 
construction  of  a  4  story  woman's  dorm- 
itory with  two  wings,  1  story.  58  x  162  ft. 
and  1  story.  32  x  193  ft.,  on  the  campus. 
A  Warren  Webster  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.  $250,000.  F.  H.  WolcoU,  526  Kltt- 
derge  Bldg.,  Denver,  Secy,  of  the  Board 
of  Regents.  W.  E.  and  A.  A.  Fisher,  337 
Century  Bldg.,  Denver,  Supervising  Archs. 

Colo..  Mineral  Hot  Springs — The  Min- 
eral Hot  Springs  Resort  Co.  plans  to  con- 
struct several  buildings.  An  electric  light 
plant  will  be  installed  in  same.  Total 
estimated  cost,  $100,000.  W.  N.  Bowman, 
Central    Bank    Bldg.,    Denver,    Arch. 

Colo.,  Montrose — Montrose  County  plans 
to  build  a  3  story.  65  x  130  ft.  court  house. 
A  vacuum  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$150,000.  W.  N.  Bowman,  Central  Savings 
Bank  Bldg..  Denver.  Arch. 

Idaho,  Chains — W.  W.  Adamson,  hydro- 
electric engrineei,  Boise,  has  been  granted 
authority  by  the  Idaho  State  Public  Util- 
ities Commission  to  construct  a  hydro- 
electric   plant    and    system    here. 

Ore.,  Bend— The  Bend  Water,  Light  & 
Power  Co.  has  filed  an  application  with 
the  state  engineer  for  permission  to  appro- 
priate 50  second  ft.  of  water  from  Tumalo 
Creek,  for  the  development  of  4225  h.p. 
The  company  also  plans  to  construct  dam.« 
and  canal.     Total  estimated  cost.   $229,000. 

Cal.,  Fresno — The  Board  of  Education 
will  soon  award  the  contract  for  the'  in- 
stallation of  a  heating  system,  etc..  in  the 
new  John  Muir.  Arlington  Heights.  Web- 
ster. Longfellow  and  Kirk  School  build- 
ings.    J.    R    Fontaine,   Secy. 

Cal.,  San  Jose — The  Board  of  Supervis- 
ors will  soon  award  the  contract  for  dig- 
ging a  well  and  installing  a  pump  and 
motor  at  the  County  Almshouse.  Total 
estimated  cost,  $7000.  H.  A.  Pflster, 
County  Clk. 

Cal.,  Ventura — The  Sespe  Light  oi  Power 
Co.,  Merchants  Trust  Bldg.,  Los  Angeles, 
plans  to  build  hydro-electric  plants  and 
irrigation  projects  on  the-  Sespe  and  Pivu 
Rivers:  1st  unit  to  include  2  reseT-voirs  of 
51,000  acre  ft..  46.000  ft.  power  conduit. 
."lOOO  ft.  pressure  pipe  line.  1000  ft.  head, 
10.000  kw.  hydro-electric  nlant.  to  he  in- 
creased to  18.000  kw.  when  2nd  unit  Is 
built:  2nd  unit.  100,000  acre  *t.  storage 
reservoirs,  90,000  ft.  conduit,  4000  ft. 
pressure  pipe  line  2300  ft.  head,  and  8000 
kw.  plant:  3rd  unit,  additional  storage  to 
tieliver  100,000  acre  ft.  per  annum  for  ir- 
rigation. Cost  for  preliminary'  surveys 
about  $100,000.     F.  Buren.  Pres. 

Ont..  Hagersvllle — D.  X.  Almas  is  in  the 
market  for  two  5  h.p.  electric  motors  in 
his  proposed  seed  cleaning  building. 
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Ont.,  Almonte — The  taxpayers  will  vote 
on  by-law  to  raise  $25,000  for  the  purchase 
of  the  Wvlie  Electric  Power  Plant.  About 
$10,000  will  be  spent  in  development.  W. 
Watchorn,   Engr. 

Ont.,  Alton— The  Beaver  Knitting  Mills, 
Ltd.,  are  in  the  market  for  one  5  h.p.  and 
one  3  h.p.  60  cycle,  220  volt  single  phase 
motor. 

Ont.,  London— The  Bell  Telephone  Co., 
118  Notre  Dame  St.,  W.,  Montreal,  plans 
to  construct  a  1  .story,  60  x  80  ft.  addition 
to  the  telephone  excnange  building  here. 
The  present  steam  heating  system  in  same 
will  be  enlarged.  Total  estimated  cost, 
$100,000.  AV.  J.  Carmichael,  29  Hospital 
St.,   Montreal,   Arch. 

Ont.,  Mallorytown — The  Consolidated 
School  Board  is  having  plans  prepared  for 
the  construction  of  a  2  story  school.  A 
steam  heating  system  and  an  electric  op- 
erated ventilating  fan  will  be  installed  in 
same.  Total  estimated  cost,  $160,000.  B. 
Dillen.  King  St.,  Brockville,  Arch. 

Ont.,  Newmarket — The  County  of  York, 
57  Adelaide  St.,  E.,  Toronto  St.,  is  having 
plans  prepared  for  the  construction  of  a 
3  story,  80  x  150  ft.  industrial  home  on 
Eagle  St.  A  vacuum  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $28,500.  E.  A.  James  Co., 
Ltd.,   36   Toronto  St..   Toronto,   Engr. 

Ont.,  Toronto— The  city  will  soon  receive 
bids  for  the  installation  of  four  3  stage 
capacity,  electrically  driven  pumps.  Esti- 
mated cost,  $75,000.  R.  G.  Harris.  City 
Hall.  Engr. 

Ont.,  Sudbury— The  High  School  Board 
plans  to  construct  a  3  story  high  school. 
A  steam  heating  and  ventilating  system 
will  be  installed  in  same.  Total  esti- 
mated cost,  $200,000. 

Ont.,  Windsor— J.  &  J.  J.  Allen,  Allen 
Theatre,  Richmond  St.,  Toronto,  will  soon 
award  the  contract  for  the  construction  of 
a  moving  picture  theatre.  A  steam  heat- 
ing and  blower  ventilating  system,  etc., 
will  be  installed  in  same.  Total  estimated 
cost,  $200,000.  C.  H.  Crane,  2325  Dime 
Bldg.,   Detroit,   Mich.,  Arch. 

CONTRACTS    AWARDED 

Mass.,  Cambridge — Lever  Brothers  Co., 
manufacturers  of  soaps,  have  awarded  the 
contract  for  the  construction  of  a  2  story, 
86  X  134  ft.  boiler  house  at  their  plant  to 
the  Stone  &  Webster  Engineering  Cor- 
poration,   147    Milk    St.,    Boston. 

Conn..  Greenwich — The  town  has  award- 
ed the  contract  for  the  construction  of  a 
2%  story.  143  x  155  ft.  school  at  Green- 
ville, to  the  Rangeley  Construction  Co., 
56  West  39th  St.,  New  York  City.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $250,000. 

Conn.,  Hartford— The  South  School  Dis- 
trict has  awarded  the  contract  for  the 
construction  of  a  3  story,  87  x  87  ft.  school 
addition  on  Wethersford  Ave.,  to  Wise  & 
Upson,  36  Pearl  St.  A  steam  heating  sys- 
tem will  be  Installed  in  same.  Total  esti- 
mated cost,   $210,000. 

Conn.,  Hartford— C.  H.  Talcott,  19 
Woodland  St.,  has  awarded  the  contract 
for  the  construction  of  a  department  store 
to  the  Republic  Fireproofing  Co.,  26  Cort- 
land St.,  New  York  City.  A  steam  heat- 
ing system  will  be  installed  in  same. 

Conn.,  New  Haven — Kusterer  &  Smith, 
376  Yale  Ave.,  have  awarded  the  contract 
for  the  construction  of  a  6  story,  80  x  116 
ft  and  60  x  80  ft.  business  buildings  on 
Court  St.,  to  DeBussey-Kusterer  Co.,  116 
Church  St.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,    $100,000. 

Conn.,  Waterbury- The  American  Pin 
Co  ,  Waterville,  has  awarded  the  contract 
for  installing  a  steam  heating  system  In 
the  proposed  4  story,  50  x  204  ft.  brass 
factory  at  Waterville,  to  M.  J.  Daly  & 
Sons,  543-555  Bank  St.,  Waterbury.  Total 
estimated    cost,    $200,000. 

N  Y.,  Long  Island  City — The  Queens 
Electric  Light  &  Power  Co.,  347  Central 
Ave.,  Far  Rockaway,  has  awarded  the  con- 
tract for  the  construction  of  a  1  story, 
40  x  200  ft.  garage  on  Reade  and  Jane  Sts., 
to  R  Keeves  &  Son,  309  Broadway,  New 
Tork  City.     A  steam  heating  system  will 


be    installed    in    same.      Total    estimated 
cost,    $150,000. 

N.  Y.,  Long  Island  City — The  Transport 
Service  Co.,  125  Harris  Ave.,  has  awarded 
the  contract  for  the  construction  of  a  5 
story,  75  x  100  ft.  garage  and  service  sta- 
tion, on  Harris  and  Sherman  Aves.,  to  L. 
Gold,  44  Court  St.,  Brooklyn.  A  steam 
heating  system  will  be  installed  in  same. 
Total    estimated    cost,    $200,000. 

N.  Y.,  New  York — The  Lawyers  Title 
and  Trust  Co.,  160  Broadway,  has  awarded 
the  contract  for  the  construction  of  an  11 
story,  50  x  106  ft.  office  building  at  160 
Broadway,  to  G.  B.  Beaumont,  286  5th 
Ave.  A  steam  heating  system  will  be  in- 
stalled in  same. 

N.  Y.,  New  York — George  Backer,  20 
Bast  32nd  St.,  will  build  a  30  story,  100  x 
162  ft.  office,  store  and  theatre  building  on 
57th  St.  and  5th  Ave.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $6,000,000.  :Work  will  be 
done  by  day  labor 

N.  Y.,  New  York— Fred  T.  Ley,  19  West 
44th  St.,  will  build  a  20  story  office  build- 
ing on  42nd  St.  and  Madison  Ave.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $2,000,000.  Work  will 
be  done  by  day  labor. 

N.  Y.,  Syracuse — The  Greenway  Brew- 
ing Co.  has  awarded  the  contract  for  the 
construction  of  a  3,  5  and  7  story,  80  x  500 
ft.  garage  on  West  Water  St..  to  the  Syra- 
cuse Bridge  Co.,  University  Bldg.  A  steam 
heating  system,  including  two  80  h.p. 
boilers  and  fuel  oil  burners,  will  be  In- 
stalled in  same.  Total  estimated  cost, 
$250,000. 

Pa.,  Philadelphia — Gomery  &  Schwartz, 
128  North  Broad  St.,  have  awarded  the 
contract  for  the  construction  of  a  6  story, 
220  X  440  ft.  sales  and  service  building,  on 
24th  and  Market  Sts.,  to  M.  J.  O'Meara, 
6421  Overbrook  St.  A  steam  heating  sys- 
tem will  be  Installed  in  same.  Total  esti- 
mated cost,    $700,000. 

Md.,  Cumberland — The  George  Washing- 
ton Hotel  Co.  has  awarded  the  contract 
for  the  construction  of  an  8  story  hotel  to 
the  Wise  Granite  &  Construction  Co., 
American  National  Bank  Bldg.,  Richmond, 
Va.  Contract  for  installing  heating  sys- 
tem in  same  will  be  sub-let.  Total  esti- 
mated cost,  $350,000. 

Ohio,  Cincinnati — The  Ohio  Butterine  Co., 
50  Walnut  St.,  has  awarded  the  contract 
for  \he  construction  of  a  1  story,  IS  x  90 
ft.  boiler  house,  to  F.  W.  Foltz  &  Co.  and 
the  Detroit  Steel  Products  Co.,  1460  Penob- 
scot Bldg.,  Detroit. 

Ohio,  Cleveland — The  Association  Build- 
ing Co.,  c/o  Dr.  W.  E.  Power,  Osbom 
Bldg.,  has  awarded  the  contract  for  the 
construction  of  a  4  story,  86  x  240  ft.  office 
building,  on  Euclid  Ave.  and  East  93rd  St., 
to  the  Crowell-Lundoff-LIttle  Co.,  5716 
Euclid  Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,   $300,000. 

Ohio,  Cleveland — The  Parish-Pool  Cop- 
per Co.,  c/o  Paul  E.  Cleveland,  Guardian 
Bldg.,  has  awarded  the  contract  for  the 
construction  of  a  1  story.  150  x  500  ft. 
smelting  and  refining  building  on  Clmton 
Rd.,  to  A.  W.  Kilbourne  Co.,  6532  Euclid 
Ave.  Two  boilers  will  be  installed  in  same. 
Total  estimated  cost,   $300,000. 

Ohio,  Cleveland — J.  W.  Wilson,  450 
Leader-News  Bldg.,  has  awarded  the  con- 
tract for  the  construction  of  a  4  story, 
76  X  270  ft.  apartment  hotel,  at  East  96th 
St.  and  Euclid  Ave.,  to  Paul  Bros.,  528 
Citizens'  Bldg.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $400,000. 

Ind.,  Indianapolis— The  Cole  Motor  Car 
Co.,  750  East  Washington  St.,  has  awarded 
the  contract  for  the  installation  of  a  heat- 
ing system  In  the  proposed  4  story,  179  x 
225  ft  auto  assembly  factory,  on  Market 
and  Davidson  Sts..  to  Hayes  Brothers  Co., 
236  West  Vermont  St.  lotal  estimated 
cost,    $300,000. 

Mich.,  Detroit — The  Board  of  Education, 
50  Broadway,  has  awarded  the  contract  for 
installing  heating,  ventilating  and  plumb- 
ing systems  in  the  proposed  2  story,  150  x 
211  ft.  school  on  Maplewood  and  Spokane 
Aves.,  to  Irvine  &  Meier,  2289  Woodward 
Ave.,    $81,682. 

Mich.,  Detroit — The  city  has  awarded 
the  contract  for  the  construction  of  seven 


mile  sewer  and  pumping:  station  and  for 
furnishing  equipment  for  same  to  C.  A. 
Handyside,  833  Lathrop  Ave.,  $26,600. 

Mich.,  Detroit— H.  C.  Keywell.  501  Old 
Whitney  Bldg.,  has  awarded  the  contract 
for  the  construction  of  a  2-story,  38  x 
115  X  190  ft.  theatre  on  Grand  River  Ave., 
to  Daniel  Fidler,  242  Melbourne  Ave.  A 
steam  heating  boiler  with  forced  ventila- 
tion equipment  will  be  installed  in  same. 
Total  estimated  cost,  $90,000. 

Mich,,  Detroit — The  La  Salle  Gardens 
Theatre  Co.,  c/o  C.  W.  Brandt,  Arch.,  1114 
Kresge  Bldg.,  has  awarded  the  contract 
for  the  construction  of  a  2  story,  100  x  160 
ft.  theatre  at  La  Salle  Gardens,  to  Frank 
Farrington  Co.,  Scherer  Bldg.  A  steam 
heating  system,  consisting  of  boiler,  mo- 
tor-driven fan,  etc.,  will  be  installed  in 
same.     Total   estimated   cost,    $200,000. 

Mich.,  Flint — St.  Mathew's  Parish  has 
awarded  the  contract  for  the  construction 
of  a  2  story  school  on  Beach  St.,  to  the 
Duboise  Construction  Co.,  1519  North  Sagi- 
naw St.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$150,000. 

Mich.,  Lansing — The  Atlas  Drop  Forge 
Co.,  209  West  Mt.  Hope  Ave.,  has  awarded 
the  contract  for  the  construction  of  a  150 
ft.  extension  to  its  steel  storage  yard  and 
plant  and  for  furnishing  equipment,  con- 
sisting of  3  heavy  trip  hammers,  addition 
to  furnace  capacity,  additional  300  h.p. 
boiler  and  traveling  crane,  to  the  Wiscon- 
sin Bridge  &  Iron  Co.,  Penobscot  Bldg., 
Detroit. 

III.,  Chicago — The  Channel  Chemical  Co., 
58  East  Washington  St.,  has  awardtd  the 
contract  for  the  construction  of  a  4  story, 
150  X  300  ft.  factory  on  Western  Ave.  and 
West  45th  St.,  to  Davidson  &  Weiss,  53 
West  Jackson  Blvd.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $450,000. 

III.,  Chicago— The  Playerphone  Talking 
Machine  Co.,  338  North  Kedzie  Ave.,  has 
awarded  the  contract  for  the  construction 
of  a  3  story  110  x  160  ft.  phonogrraph  fac- 
tory on  LaKe  St.  and  Klldare  Ave.,  to  J. 
C.  Stellwagen,  1583  Clybourn  Ave.  A 
steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,  $110,000. 

III.,  Chicago — The  Fulton  Market  Cold 
Storage  Co.,  c/o  J.  Byfield,  Pres.,  Hotel 
Sherman,  has  awarded  the  contract  for 
the  construction  of  a  10  story,  250  x  325  ft. 
cold  storage  warehouse  on  Fulton  and 
Morgan  Sts.,  to  Blome  Sinick  Co.,  139 
North  Clark  St.  Estimated  cost,  $4,000,- 
000.     Noted  Aug.  26. 

Mo.,  St.  Louis — The  Bridge  &  Beach 
Manufacturing  Co.,  1st  and  Valentine  Sts., 
has  awarded  the  contract  for  the  con- 
struction of  seven  buildings,  including  a  1 
story,  25  x  60  ft.  boiler  house,  on  Union 
and  Belt  Sts.,  to  the  Fruin-Colnon  Con- 
tracting Co.,  Merchants  Laclede  Bldg.  To- 
tal estimated  cost,  $430,000. 

Ont.,  Toronto — ^W.  Davies  Co.,  29  Queen 
St.,  W.,  has  awarded  the  contract  for  the 
construction  of  a  4  story,  36  x  103  ft.  store 
and  office  building  to  the  Corswell  Con- 
struction Co.,  58  Wellington  St.  A  steam 
heating  system  will  be  Installed  In  same. 
Total  estimated  cost,  $100,000. 

Ont.,  Toronto— F.  R.  Pember,  Jones  Ave., 
has  awarded  the  contract  for  the  construc- 
tion of  a  600  ton  circular  coal  handling 
plant  to  J.  B.  Nicholson,  Ltd.,  Excelsior 
Life  Bldg.     Estimated  cost,  $30,000. 

Ont.,  Peterborough — The  Board  of  Edu- 
cation has  awarded  the  contract  for  the 
construction  of  a  2  story  school  building 
to  Richard  Sheeby,  751  George  St.,  $167,- 
963.  A  steam  heating  and  ventilating  sys- 
tem will  be  installed  in   same. 

Ont.,  Weston — The  Canada  Cycle  A  Mo- 
tor Co.  has  awarded  the  contract  for  the 
construction  of  a  2  story,  80  x  160  ft.  bi- 
cycle factory  addition  on  Weston  Rd.,  to 
the  John  V.  Gray  Construction  Co.,  Con- 
federation Life  Bldg.,  Toronto.  A  vacuum 
steam  heating  system  will  be  Installed  In 
same.     Total  estimated  cost,  $150,000. 

Ont.,  Kitchener — The  Dominion  Tire  Co., 
149  Strange  St.,  has  awarded  the  contract 
for  the  construction  of  a  4  story,  80  x  250 
ft.  rubber  tire  factory  on  King  St.,  W.,  to 
the  MacKinnon  Steel  Co.,  Sherbrooke,  Que. 
A  steam  heating  system  will  be  Installed 
In  same.     Total  estimated  cost,  $300,000. 
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These   are    prices    to    the    power    plant    by    jobbers    in    the    larger    buying    centers    east    of    the 
Mississippi.    Elsewhere  the  prices  will  be  modified  by  increased  freight  charges  and  by  local  conditions. 


POWER-PLANT  SUPPLIES 


HOSE 

Fire  50-Ft.  Lengths 

Underwriters'  2|-in 75c.  per  ft. 

Common,  2i-in 40% 

Air 
First  Grade       Second  Grade       Third  Grade 

^in.  perft $0  50  $0.33  $0.22 

Steam — Discounts  from  List 
First  grade 30%  Second  grade 40%  Third  grade 45% 

RUBBER  BELTING — The  following  discounts  from  list  apply  to  transmission 
rubber  and  duck  belting: 

Competition 65%  Best  grade 35% 

Standard 60% 

Note — Above  discounts  apply  on  new  list  issued  July  1. 

LEATHER  BELTING — Present  discounts  from  list  in  the  following  cities  are  as 


follows: 

New  York . . . 

St.  Louis 

Chicago 

Birmingham . 
Denver 


Medium  Grade 
45% 
40% 
20% 

15% 
30% 


Heavy  Grade 
35% 
30% 
10% 
20% 
20% 


RAWHIDE  LACING — 20%  for  cut;  45c.  per  sq.  ft.  for  ordinary. 


PACKING — Pnces  per  pound: 

Rubber  and  duck  for  low-pressure  steam $0.90 

AJsbeetos  for  high-pressure  steam 1 .50 

Duck  and  rubber  for  piston  packing 1  00 

Flax,  regular 1.20 

Flax,  waterproofed 1.60 

Compressed  asbestos  sheet 90 

Wire  insertion  asbestos  sheet 1.10 

Rubber  sheet SO 

Rubber  sheet,  wire  insertion 70 

Rubber  sheet,  duck  insertion 50 

Rubber  sheet,  cloth  insertion _ 30 

Asbestos  packing,  twisted  or  braided  and  graphited,  for  valve  stema  and 

stuffing  Doiea 1.20 

Asbestos  wick,  t-  and  1-lb.  balls 85 

PIPE  AND  BOILER  COVERING — BeTow  are  discounts  and  part  of  standard 
lists: 

PIPE  COVERING  BLOCKS  AND  SHEETS 

Standard  List  Price 

Pipe  Size  Per  Lin.  Ft.  Thickneea  Per  Sq.  Ft. 

1-in.  $0.27  J-in.  $0.27 

2-in.  .36  1  -in.  .30 

6-iii.  .80  U-in.  .45 

4-in.  .60  2  -in.  .60 

3-in.  .45  2i-in.  .75 

8-in.  1.10  3  -in.  .90 

lO-ia.  1.30  3i-in.  1.05 

f4-ply 58%o£f 

For  low-pressure  heating  and  return  lines^S-ply 60%  off 

(2-ply 62%  off 

GREASES — Prices  are  as  follows  in  the  following  cities  in  cents  per  pound  for  barrel 
lots: 


Cup 

Fiber  or  sponge. 
Transmission . . . 

Axle 

Gear 

Car  journal 


Cin- 
cinnati 

7 
8 
7 
4* 

22(gal.) 


Pitts- 
burgh 
9 
10 
9 
6 
9 
21  (gal.) 


Chicago 
6.6 
8.6 
8.1 
4.8 
6.1 
4.7 


St. 

Louis 

6.7 

13 

13 

4.75 
7.6 
4.7 


Bir- 
mingham 
8i 

81 
8i 
4* 
8i 

8i 


Denver 
13 

18 
15 

5i 

8 
15} 


COTTON  WASTE— The  following  prices  are  in  cents  per  pound: 
New  York 
Current         One  Year  Ago      Cleveland 

Whit« 13.00  llOOtolSOO  14  00 

Coloredmixed 9.00tol2.00       8.60toll.00  11.00 


Chicago 
11.00  to  14.00 
9.60  to  12.00 


WIPING  CLOTHS— Jobbers'  price  per  1000  is  as  tollowa: 


Clevdand . 
Chicago. . . 


13}  z  13}       13}  z  20} 
.  $52.00  $58.00 

.    43.00  45.00 


LINSEED  OIL— These  prices  are  per  gallon: 

New  York 
Current      One 

Year  Ago 

Raw  in  barreb  (5  bbl.  lots) $1  90  $1 .69 

6-gal.  cans 2.07  1.84 


Chicago 
Current  One 

Year  Ago 
$2.00  $1.90 

2.34  2.00 


WHITE  AND  RED  LEAD— Base  price  per  pound: 

Red 
Current  1  Year  Ago 


White 
Current    1  Yr.  Ago 
Dry 


Dry  In  Oil 

100-lb.  keg 14.00  15.60 

36-aad50-lb.  kegs....      14  25  15  70 

18Mb.  keg 14  60  16.00 

14b.  cans 16  00  17  60 

5-lb.cans 17.00  18.60 


Dry 
14.00 
14  25 
14.60 


InOU 
14  50 
14  75 
15.00 


i 


600  lb.  lots  lew  10%  diMOunt;  2000  lb.  lots  Ie8s'i6^2i% 


Dry 
and 
InOU 
14  00 
14  25 
14.50 
10  00 
17.00 


and 
In  Oil 
14.00 
14  25 
14.50 
16.00 
17.00 


RIVETS — The  following  quotations  are  allowed  for  fair-«Lsed  orders  from  ware- 
house: 


Steel  /,  and  smaller 
Tinned 


New  York    Cleveland      Chicago 

40%  55%  50% 

40%  55%  60% 

Boiler  rivets,  },  },  1  in.  diameter  by  2  in.  to  5  in.  sell  as  follows  per  100  lb. 
New  York.... $5. 00    Cleveland. ..  .$4.00    Chicago $4  87    Pittsburgh...  .$4.72 

Structural  rivel  ■,  same  sizes: 
New  York....  $5. 10    Cleveland ....  $4 .  10    Chicago $4.97    Pittsburgh...  .$4.82 

REFRACTORIES — Following  prices  are  f.  o.  b.  works,  Pittsburgh: 

Chrome  brick net  ton  $80-90  at  Cheater,  Penn. 

Chrome  cement net  ton  45-50  at  Cheater.  Penn. 

Clay  bnck,  let  quality  ireclay net  M  35-46  at  Clearfield,  Penn. 

Clay  bnck.  2nd  quality net  M  30-35  at  Clearfield.  Penn. 

Magnesite,  dead  burned net  ton  32-50  at  Chester,  Penn. 

Magnesite  brick,  9  X  4}  X  2J  in net  ton  80-90  at  Cheeter,  Penn. 

Silica  bnck net  M  41-45  at  Mt.  Union.  Penn. 

Standard  size  fire  brick,  9  z  4}  z  2}  in.    The  second  quality  is  $4  to  $5  cheaper 
per  1000. 

St.  Louis— Fire  Clay,  $35  to  $50. 

Birmingham— Silica,   $46.50-$.51.50  per   M;    fire  clay,   $42.00-$46.00  per   M; 
magnesite,  $80  per  ton;  chrome.  $80  per  ton. 
Chicago — Second  quality,  $25  per  ton 
Denver — P'ire  clay,  $11  per  ton. 

BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 

New  York  Cleveland  Chicago 

Current          One  Current          One  Cuirent          One 

Year  Ago  Year  Ago  Year  Ago 

Bestgrade 90.00           95.00  70.00           9S.0O  60.00           96  00 

Commercial....      55.00           60.00  16.60           23.00  13.00           25.00 

SWEDISH  (NORWAY)  IRON— The  average  price  per  100  lb.,  in  ton  lots,  ia: 

Current  One  Year  Ago 

NewYork $21.26  $19  00 

Cleveland 20.00  20  00 

Chicago 16.50  19.00 

In  coils  an  advance  of  50o.  is  usually  charged. 


SHEETS — Quotations  are  in  cents  per  pound  in  various  cities  from  warehouse;  abo 
the  base  quota tfons  from  mill: 

Mill  New  York 

Carloads  One 

Pittsburgh  Current  Year  Ago 

$4.35-4.85  $7.00-8.00  $6.52  $5.77  $6.00 

4.25-4.75  6.90-7.90  6.42  5.67  5.90 

4.20-4.71  6.85-7.85  6.37  5.62  5  85 

4.15-4.65  6.80-7.80  6.32  5.57  5.80 

3.75-3.20  6.02  5.72  5.17  5.02 

3.65-3.10  5.92  5.82  5.07  4.92 

3  55-4.00  5.50-6.00  5.52  4.97  4.82 

5.70-6.20  7.50-9.00  7.77  7.12  7.25 

5.40-5.90  7.20  7.47  6.82  6.96 

5.25-5.75  7.05  7.32  6.57  6.52 


Cleveland  Chicago 


Na  28  black 

No.  26  black 

Nos.  22-24  black.... 
Nos.  18-20  black. . . . 
No.  16  blue  annealed 
No.  14  blue  annealed 
No.  10  blue  annealed 
No.  28  galvanized. . . 
No.  26  galvanized . . . 
No.  24  galvanized. . . 


PIPE — The  following  discounts  are  for  carload  lota  i.  o.  b.  Pittaburgb;  basing  card 
of  Jan.  1, 1919,  for  steel  pipe  and  (or  iron  pip*: 


Steel 
Inches  Black 

},}.and| 60i% 

\ 544% 

}to3 67}% 


BUTT  WELD 


Galvanised 

24% 
40% 
44% 


Ittcbea 


JtoU 30% 


Iron 
Black  Galyanised 


2 sm% 

2}to6 63«% 


LAP  WELD 

84%  2 32*% 

41%  2ito8 34}% 

BUTT  WELD,  EXTRA  STRONG  PLAIN  ENDS 

},}nnd| 46}%  29%  JtoU $»}% 

1 61}%  39% 

JtoU 66}%  43% 

LAP  WELD,  EXTRA  STRONG  PLAIN  ENDS 

2 48}%         37%  2 33}% 

2}to4. 51}%         49%  2}to4 36}% 

4}to0 60}%         39%  4}to6. 34}% 


23}% 


18}% 
31}% 


24}% 


20}% 
23}% 
23}% 


Stock  discounts  vy  cities  named  are  as  foUowa: 

New  York  Cleveland  Chioaco 

Gal-  Gal-  Gal- 

Black  vacized  Black  vaniied  Black  vaniaad 

}  to  3  in.  steel  butt  welded 47%       31%       43}%      34}%      67}%      44% 

2}  to  3  in.  steel  lap  welded 42%        27%       45}%      39}%      63}%      41% 

Malleable  fittings.    Classes  B  and  C,  from  New  York  stock,  aeil  at  fiat  +U}% 
Caat  iron,  standard  sixM,  10-6%  off. 
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BOILEB  TUBES— The  following  are  the  prices  for  carload  lota,  f.  o.  b.  Pittsburgh: 
Lap  Welded  Steel  Charcoal  Iron 

3»to«in m  31  to  4i  in 151 

2i  to  31  in 301        3  to  31  in 1 

3|in 24  21  to  2i  in +  1 

lito2in 191  2    to2iin 16 

litoljin +29 

Standard  Commercial  Seamless — Cold  Drawn  or  Hot  Rolled 

Per  Net  Ton  Per  Net  Ton 

$327  liin J207 

267  2  to  21  in 177 

257  2ito3iin 167 

207  4  in 187 

41  to  5  in _ 207 

These  prices  do  not  apply  to  special  specifications  tor  locomotive  tubes  nor  to 
special  specifications  for  tubes  tor  the  Navy  Department,  which  will  be  subject  to 
special  negotiations. 


ELECTRICAL  SUPPLIES 

HMOREO  cable- 
Two  Cond.  Three  Cond. 
B.&  S.  Size                    Two  Cond.    Three  Cond.         Lead  Lead 
M  Ft.              M  Ft.              M  Ft.  M  Ft. 

No.l43oUd ,....      $104.00            $138.00            $164  00  $210  00 

No.  12  solid 135  OC              170.00              225  00  265.00 

No.  10  solid 185.00              235  00              275.00  325  00 

No.8stranded 285  00              375  00              620  00  500.00 

No.  a  stranded 400.00  500.00  560.00  

From  the  above  lists  discountb  are: 

Less  than  coil  lots Net  List 

Coils  to  1,000  ft 10% 

1,000  ft.  and  over 15% 


BATTERIES,  DRY- Regular  No.  6  size,  red  seal,  Columbia  or  Ever  Ready: 

Each,  Ne 

Lees  than  12 $0.40 

12  to  50 39 

60  to  125  (bbl.) 36 

126  (bbl.)  or  over 34 


CONDUITS,   ELBOWS   AND   COUPLINGS— Following  are   warehouse   net 
prices  per  lOOO.ft.  for  conduit  and  per  100  for  couplings  and  elbows: 

Conduit                         Elbows  Couplings 

Black     Galvanized     Black     Galvanized  Black      Galvanized 

Size,                  1,000  Ft.     1,000  Ft.      100  and       100  and  100  and        1,000  and 

In.                    and  over    and  over        Over           Over  Over           Over 

I $71.15           $76.25       $17.04           $18.18  $6.38            $5  74 

1 71.15            76.25         17.04             18.18  6.25              6  70 

f 93.96           100.88         22.23            23.93  8.97              9.57 

1 138.39           149.09         33.19            35.41  11.66            12.44 

IJ 187.91           201.71         42.62            45.31  16.10            17.12 

11 224.68           241.18         56.82            60.62  19.89            21.15 

2 302.29           324.49        104.17           110.77  26.62            28.20 

21 477.95           613.05       170.46           181.26  37.88            40.28 

3 625.00           670.91       454.56           483.36  56.82            60.42 

31 779.24           834.44     1,003.82        1,067.42  75.76            80.56 

4 945.03        1,010.43     1,160.08        1.223.57  94.70           100.70 

5%  cash'lO  days. 

EVom  New  York  Warehouse — 6%  cash. 

Standard  lengths  rigid,  10  ft.    Standard  lengths  flexible,  100  ft.    Standard 
lenghts  flexible,  }  to  2  in.,  60  ft. 

CONDUIT^NON-HETALLIC,  LOOM— 
Size  I.  D.,  In 
A 

1 

i 

'''                      ~  I  Coils 55%  off 

Leas  coils,.  .45%  off 


-Following  are  the  net  prices  each  in  standard-package  quantities: 


1 

u 

1* 

2 

CUT-OUTS- 

8. 

P.M. 

L. 

D 

P.M 

T-. 

T. 

P.M. 

L... 

D 

P.  S. 

B   ,. 

D 

P.  D 

B... 

""eet  per  Coil 

List,  Ft 

250 

$0  051 

250 

.06 

260 

.09 

200 

.12 

200 

.15 

150 

.18 

100 

.25 

100 

.33 

Odd  lengths 

.40 

Odd  lengths 

.55 

CUT-OUTS,  PLUG 
..  $0.11  T.  P.  toD.  P. 

. .      .11  T.  P.  toD.  P. 

. .       .26  T.  P.  S.  B.... 

..       .19  T.  P.  D.  B... 

..       .37 


S.  P. 
T.B. 


$0.24 
.38 
.33 
.54 


60-100  Amp- 

$1.68 

2.40 


CUT-OUTS,  N.  E.  C.  FUSE 

0-30  Amp.  31-60  Amp. 

D.P.M.L $0.33  $0.84 

T.  P.  M.  L ; .48  1.20 

D.  P.  S.  B 42  1.06 

T.P.S.B 81  1.80 

D.P.D.B .78  2.10 

T.  P.  D.  B 1.35  3.60 

T.  P.  to  D.  P.  D.  B .90  2.62 


FLEXIBLE  CORD— Price  per  1,000  ft.  in  coils  of  260  ft.: 

No.  18  cottoa  twisted $16.75 

No.  16  cotton  twisted 22.00 

No.  18  cotton  parallel 19.80 

No.  16  cotton  parallel 25.76 

No.  18  cotton  reinforced  heavy 30.00 

No.  16  cotton  reinforced  heavy 36.60 

No.  18  cotton  reinforced  light 23 .40 

No.  16  cotton  reinforced  light 27.50 

No.  18  cotton  Canvasite  cord 26. 00 

No.  18  cotton  Canvasite  cord , 28.60 


FUSES,  ENCLOSED— 

250- Volt                                       Std.  Pkg.  List 

3-amp.  to  30-amp 100  $0.25 

35-amp.  to   60-amp 100  .36 

65-SMip  to  100-amp 60  90 

;iO-amp  to  200-amp 26  2. 00 

225-amp to 400-amp 26  3.60 

425-amp  to  600-amp 10  6.50 

600- Volt                                         Std.  Pkg.  List 

3-amp.  to  30-amp 100  $0.40 

35-amp.  to   60-amp 100  .60 

65-amp.  to  100-amp 60  1.60 

110-amp.  to  200-amp 26  2.60 

225-amp.  to  400-amp 25  5.60 

450-amp.  to  600-amp 10  8.00 

Discount:  Less  than  l-5th  standard  package 30% 

l-5th  to  standard  package 40% 

Standard  package 62% 


FUSE  PLUGS,  MICA  CAP- 

0-30  ampere,  standai 
0-30  ampere,  less  th£ 

$4.75  C 

m  standard  package 

6.00  C 

LAMPS— Below  are 

present  quotations 

in  less  than  standard  package  quantities: 

Str.-ight-Side  Bulbs 

Pear-Shape  Bulbs 

Mazda  B— 

No.  in 

Mazda  C— 

No.  in 

Watts        Plain 

Frosted 

Package 

Watts        Clear 

Frosted 

Package 

10         $0.35 

$0.38 

100 

75           $0.70 

$0.76 

60 

16             .35 

.38 

100 

100            1.10 

1.15 

24 

26             .35 

.38 

100 

150            1.65 

1.70 

24 

40             .35 

.38 

100 

200            2.20 

2.27 

24 

60             .36 

.38 

100 

300            3.36 

3.36 

24 

60             .40 

.45 

100 

400            4.30 

4.45 

12- 

100             .85 

.92 

24 

500            4.70 

4.86 

12 

760            6.60 

6.76 

8 

1000            7.60 

7.76 

8 

Standard  quantities  are  subject  to  discount  of  10%  from  list 

Annua 

contracts 

ranging  from  $150  to  $300,000  net  allow  a 

discount  of  17  to  40%  from  liat. 

PLUGS,  ATTACHHENT- 

Each 

Hubbell,  porcelain  No.  5406,     standard  package  250 $0.24 

Hubbell  composition  No.  6467,  standard  package   50 32 

Benjamin  swivel  No.  903,  standard  package  250 20 

Hubbell  current  taps  No.  5638,  standard  package  50 40 


RUBBER-COVERED  COPPER  WIRE-Per  1000  ft.  in  New  York 

Soild 

SoUd 

Stranded 

No. 

Single  Braid 

Double  Braid 

Double  Braid 

Duplex' 

14 

$12.00 

$14.00 

$13.90 

$26.00 

12 

13.25 

15.70 

18.05 

30.70 

10 

18.30 

21.00 

23.85 

41.60 

8 

25.54 

28.60 

32.70 
51.40 
70.00 

68.77 

6 

4 

2 

101.80 

1 

131.86 

0 

160.00 

00 

193.50 

000 

235.20 

0000 

288.60 

SOCKETS.  BRASS  SHELL- 

i  In.  or  Pendant  Cap  HJn-  Cap 

Key,  Keyless,  Pull,  Key,  Keyleea,  Pull, 

Each  Each  Each  Each  Each  Each 

$0.33  $0.30  $0.60  $0.39  $0.36  $0.68 

Less  l-5th  standard  package '^^2' 

1.5th  to  standard  package +10% 

Standard  package —16% 

WIRE,  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  18  B.&  S.  regular  spools  (approx.  8  lb.) 36c.  lb 

No.  18  B.&  S.  regular  1-lb.  coils 37c.  lb. 

WIRING  SUPPLIES— 

Friction  tape,  }  m.,  less  100  lb.,  50c.  lb.,  100  lb.  lots 65o.  lb. 

Rubber  tape,  |  in.,  less  100  lb.,  65c.  lb.,  100  lb.  lots 60o.  lb. 

Wire  solder,  less  100  lb.,  50c.  lb.,  100  lb.  lots 48e.  lb. 

Soldering  paste,  2  oz.  cans  Nokorode $1.20  dos. 


TYPE  "C"  NOT  FUSIBLjfi 


SWITCHES,  KNIFE- 


Size, 
Amp. 
30 
60 
100 
200 


30 

60 
100 
200 

Discounts; 

Lees  than  $10.00  list  value +  *S 

$10  to  $25  list  value "~  ^S 

$25  to  $50  list  value ""'*% 

$50  to  $200  list  value ~^% 

$200  list  value  or  over —26% 


Single  Pole, 

Double  Pole, 

Three  Pole 

Fore  Pole 

Each 

Each 

Each 

Each 

$0.42 

$0.68 

$1.02 

$1.36 

.74 

1.22 

1.84 

2.44 

1.60 

2.60 

3.78 

6.00 

2.70 

4.60 

6.76 

9.00 

TYPE  "0"  FUSIBLE,  TOP  OR  BOTTOM 

.70 

1.06 

1.60 

i.U 

1.18 

1  80 

2.70 

3.60 

2.38 

3.86 

6.60 

7.30 

4.40 

6  76 

10.14 

13.60 
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The  Chronic  Grouch 


By  Rufus  T.  Strohm 


SIS  face,  which  bears  a 
look  of  pain,  is  longer 
than  a  country  lane, 

and    both    the    corners    of  his 

mouth  curve  sharply  downward 

to  the  south.     He 

has  a  slow,  dejected 

gait,  as  though  he 

had  to  tote  a  freight 

of  over-ripe  and" 

aged  woes  that  had 

begun  to  decom- 
pose.     His   aura 

shows   a  shade   of 

blue  that's  just  as 

cheerful  as  the  flu, 

and  one  could  al- 
most catch  the  pip 

by  looking  at]  his 

lower  lip. 


/Che  passet-s-W^ 


His     fellow-work- 
men never  hear  him  speak  a 
kindly  word  of  cheer,  nor  do 
they  ever  see  a  grin  between 
his  forehead  and  his  chin.    For 
when  it  comes  to  cracking  smiles,  Job 
had  him  beat  by  forty  miles.      He's 
just  as  pleasant  as  the  itch,  the  hydro- 
phobia  and   sich;    which    means,    of 


course,  that  none  would  weep  if  he  should 
fail  to  wake  from  sleep- — though  those  who 
know  him  best  would  feel  that  Satan  got 
a  rotten  deal. 

No  matter  what  the  job  he  gets,  he  stews 
and  fumes,  he  rants  and  frets,  and  calls 
the  boss  the  meanest  man  that's  walked  on 

legs  since  time  be- 
gan. But  every- 
body's well  aware 
that  all]  his  talk  is 
heated  air  and  that 
he  simply  must 
unload  or  else  he'd 
probably  explode. 
Still,  no  one  pauses 
at  his  side;  in- 
stead, the  passers- 
by  step  wide. 
Throughout  the 
plant,  from  end  to 
end,  there's  not  a 
man  he  calls  his 
friend:  and  all  he 
g  e  t  s  for  be  in  g 
turning  loose  his  spite 
is   all    the    lonesomeness 


mean    and 
and  spleen 


there  is, 
his  phiz. 


and  sullen   wrinkles   on 
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New  Armour  South  St.  Paul  Plant 


A  plant  vf  varied  equipment  supplying  power, 
light,  heat,  hot  water,  compressed  air  and  re- 
frigeration to  a  large  packing  house.  High 
economy  is  insured  as  exhaust  steam  require- 
ments are  practically  balanced  with  exhaust 
si  CO  111   produced. 


sequently,  a  power  plant  with  diversified  equipment  was 
essential  and  much  of  it  steam  using,  to  meet  the  large 
demand  for  exhaust  steam  by  the  various  processes  in 
I  he  packing  house.  To  insure  high  economy  it  was 
necessary  to  so  select  the  equipment  as  to  make  it  feasi- 


ANEW  packing  plant  to  serve  the  Northwest  has 
been  built  by  Armour  &  Co.  at  South  St.  Paul, 
Minn.     It  will  be  somewhat  larger  than  the 
existing  plant  at  Omaha,  and,  like  all  institutions  of  the 
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KXHAl^ST  STEAM  BALANCE  FOR  NIGHT  LOAD 
EXCLUSIVE    OF    GENERATING   UNITS 


Jan. 


FIG.   1. 
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EXHAUST  STEAM  BALANCE  FOR  DAT  LOAD 
EXCLUSIVE  OF  GENERATING  UNITS 


kind,  there  will  be  large  requirements  for  water,  steam, 
refrigeration,  light  and  power  and  compressed  air.  Con- 


ble  to  effect  a  close  balance  between  the  amount  of 
exhaust  steam  that  might  be  produced  and  the  require- 
ments of  the  packing  plant. 

To  provide  flexibility,  the  refrigerating  plant  was  di- 
vided into  compression  and  absorption  systems,  one  pro- 
ducing exhaust  steam  and  the  other  using  it.  The 
ammonia  compressors  are  served  by  a  barometric  con- 
denser that  may  be  utilized  if  the  demand  for  exhaust 
steam  is  low,  the  water  from  the  tail  pipe  being  used 
for  domestic  purposes  or  for  boiler  feed,  so  that  the 
heat  gained  from  condensing  the  steam  is  not  lost.  Nor- 
mally, however,  the  exhaust  goes  direct  to  a  5-lb.  ex- 
haust-steam line  that  makes  a  circuit  of  the  entire  plant 
and  supplies  all  requirements  for  low-pressure  steam. 
The  air  compressors  are  operated  noncondensing,  as  are 


FIG.  3.     MIXED  PRESSURE  EXTRACTION  TURBINES 
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FIG.   4.     AMMOXIA  COMPRESSORS  WITH     TURBINES   AND  AIR  COMPRESSORS   IN   BACKGROUND 


ail  auxiliaries  in  the  plant  for  the  exhaust  steam  that 
they  will  furnish.  The  prime  movers  of  the  generating 
units  are  turbines  of  the  mixed-pressure  extraction  type 
from  which  steam  may  be.bled  into  the  exhaust  line  or 
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EFFECT    OF    GENERATING   UNITS    EXHAUST 
DAY  LOAD 


the  flow  may  be  reversed  automatically  from  the  line 
to  the  turbine,  depending  upon  the  pressure  in  the  ex- 
haust line,  which  is  influenced  by  the  supply  of  and  the 
demand   for   exhaust   steam.     There   is   thus   sufflcient 


^  40 


added,  a  deficiency  in  exhaust  steam  requires  supple- 
mental use  of  live  steam  reduced  to  the  proper  pressure. 
At  no  time  is  a  surplus  of  exhaust  expected,  owing  to 
the  type  of  turbo-generators  employed. 

Such  desirable  operating  conditions  were  the  result 
of  careful  preliminary  analyses,  based  on  unit  data  ob- 


Aug.© 
FIG.   7.     STEAM  T'SED  BY  GENERATING  UNITS,  DAT  LOAD- 

tained  from  other  plants  of  the  company.  With  the 
types  and  sizes  of  the  vaiied  equipment  of  tlie  plant 
tentatively  selected,  the  hours  of  service  and  the  require- 
ments of  the  packing  house  determined,  a  careful  esti- 
mate was  made  of  the  exhaust  steam  required  and  that 


Aug.  19         Oct.Ze  Jan.e 

EFFECT    OF    GENERATING    UNITS  .EXHAUST 
NIGHT   LOAD 

flexibility  so  that  an  exhaust  steam  balance  may  be 
approximately  maintained  for  the  greater  part  of  the 
year.    During  the  winter  months,  with  the  heating  load 


Jan.9       Mar. 4  April  Eg.      June 24  Aug.  19  Oc+.26"  lan.P 

FIG.  8.    STEAM  USED  BY  GENERATING  UNITS,  NIGHT  LOAD 

produced.  The  figures  were  compiled  covering  each 
of  the  six  periods  into  which  the  year  had  been  divided 
and  then  referred  to  an  hourly  basis  for  both  the  day  and 
the  night  loads.    These  data  were  then  plotted,  and  the 
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results  of  the  analyses  are  shown  in  Figs.  1,  2,  5,  6,  7 
and  8. 

Figs.  1  and  2  show  the  estimated  amounts  of  exhaust 
steam  required,  the  exhaust  produced  and  the  balance' 
between  the  two  for  the  day  and  night  loads,  respect- 
ively, exclusive  of  the  generating  units.  The  day  curve 
covers  conditions  between  7  a.  m.  and  5  :30  p.  m.,  and 
the  night  period  continues  from  5  :30  p.  m.  to  7  a.  m. 
These  curves  show  a  deficiency  in  exhaust  steam  during 
rhe  greater  part  of  the  year.  To  relieve  this  situation, 
ihe  mixed-pressure  extraction  turbines  were  installed. 
Figs.  5  and  6  show  how  the  deficiency  of  exhaust  steam 
was  reduced  by  bleeding  steam  from  the  turbines  when 
required.  The  electric  power  load  had  been  estimated 
previously  from  load  curves  taken  during  three  months' 
operation  at  Omaha.  The  steam  consumption  of  the 
power  units  was  figured  on  a  low-pressure  steam-con- 
sumption basis,  when  the  deficiency  of  the  exhaust  steam 


The  turbine  is  a  three-stage  machine  with  ^wo  rows 
of  moving  buckets  in  the  first  stage  and  one  in  each 
of  the  other  two  stages.  Steam  is  extracted  from  the 
first  stage  after  it  has  passed  through  the  moving  buckets 
or,  if  the  operation  is  reversed,  flows  from  the  exhaust 
line  into  the  turbme  through  the  same  passage  and  with 
the  high-pressure  steam  enters  the  second  stage  through 
a  diaphragm  valve.  The  latter  consists  of  a  flat  flisk 
or  nozzle  plate  with  a  number  of  difTerent-sized  open- 
ings. Through  a  ratchet  and  a  series  of  levers  leading 
to  an  isochronous  governor  the  covering  disk  or  valve 
proper  is  revolved  to  uncover  or  close  the  various  open- 
ings in  the  nozzle  plate  in  accordance  with  the  pressure 
in  the  exhaust  line.  Simultaneously,  the  same  governor 
regulates  the  flow  through  the  high-pressure  steam  valve 
of  the  turbine.  It  is  thus  evident  that  when  the  pres- 
sure in  the  exhaust  line  exceeds  5  lb.,  the  valve  admitting 
high-pressure  steam  to  the  turbine  tends  to  close  and 
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FIG.  10.     PLAN  OF  PUMP  AND  BRINE  ROOMS  AND  ABSORPTION  REFRIGi  RATING  PLANT 


could  not  be  taken  care  of  by  the  turbine  operating  partly 
as  an  extraction  machine  and  partly  as  a  condensing 
unit.  The  conditions  were  analyzed,  and  a  division  was 
made  between  live  and  exhaust  steam.  The  different 
conditions  under  which  the  power  unit  would  have  to 
operate  are  indicated  in  Figs.  7  and  8.  It  will  be  evi- 
dent that  at  times  the  machine  will  operate  as  an  ex- 
traction turbine,  sometimes  as  a  condensing  unit  and 
at  other  times  as  a  low-pressure  turbine  or  as  a  com- 
bination unit  using  both  high-  and  low-pressure  steam. 
In  the  plant  two  of  these  turbo-generators  have  been 
installed,  each  rated  at  750  kw.  and  designed  to  deliver 
440-volt  three-phase  60-cycle  currents.  The  speed  is 
3600  r.p.m.,  and  separate  excitation  is  supplied  by 
either  one  of  two  turbine-driven  25-kw.  exciters.  Ordi- 
narily, one  of  the  main  units  is  expected  to  carry  the 
electric  load. 


the  surplus  in  the  exhaust  line  flows  into  the  turbine. 
When  the  pressure  in  the  exhaust  line  drops  below  3 
lb.,  the  operation  is  reversed  and  steam  is  bled  from 
the  turbine.  All  this  takes  place  automatically  so  that 
within  the  limits  of  the  turbines  there  is  no  difficulty  in 
m.aintaining  an  exhaust  balance.  From  the  turbine  the 
steam  enters  a  jet  condenser,  and  the  heat  in  the  mix- 
ture of  condensation  and  cooling  water  is  conserved  by 
conducting  the  condenser  discharge  to  the  hotwell  for 
boiler  use  or  to  a  sump  supplying  domestic  hot  water  for 
the  packing  house. 

On  the  electrical  side  economy  was  eflfected  by  the 
judicious  use  oi  synchronous  motors.  The  connected 
load  consisted  of  3000  hp.  in  three-phase  60-cycle  440- 
volt  motors  of  the  slip-ring  and  plain  induction  types 
varying  in  size  from  3  to  50  hp.  Depending  upon  how 
these  various  motors  were  loaded,  an  average  power  fac- 


52 


POWER 


Vol.  51,  No.  2 


tor  higher  than  65  to  70  per  cent,  could  not  be  expected. 
Four  largt  motors  were  needed — three  to  drive  deep- 
well  pumps  of  2000  gal.  per  min.  capacity  each  and  the 
other,  machinery  in  the  fertilizer  plant.  As  the  entire 
supply  of  water  for  the  plant  was  to  be  obtained  from 
wells  and  there  would  be  need  for  continuous  service, 
sturdy  and  efficient  motors  were  desired  and  in  addi- 
tion the  question  of  power  factor  correction  had  a  bear- 
mg.  To  drive  the  pumps,  which  were  single-stage  oper- 
ating against  a  total  head  of  95  ft.,  three  150-hp.  2300- 
volt  three-phase  vertical  self-starting  self -synchronizing 
synchronous  motors  with  direct-connected  exciters  were 


10.  To  supply  compressed  air  for  general  packing-house 
use  and  also  for  requirements  in  the  power  house,  two 
duplex  horizontal  air  compressors  each  having  a  ca- 
pacity of  1531  cu.ft.  per  min.  were  installed.  The  air 
is  compressed  to  80  lb.  pressure,  and  the  steam  from  the 
compressor  cylinders  is  discharged  directly  to  the  5-lb. 
exhaust  line  for  general  use. 

High-temperature  cold  storage  in  which  the  tempera- 
ture of  the  rooms  ranges  from  30  to  50  deg.  is  taken 
care  of  by  the  compression  system,  consisting  of  three 
400-ton  duplex,  opposed,  double-acting  compressors 
driven  by  cross-compound  steam  cylinders.    These  ma- 


FIG.   11.     BOILER  FRONTS  SHOWING  UNDERFEED  STOKERS  AND  TRAVELING  WEIGHING  LARRY 


selected  and  a  115-hp.  motor  of  the  same  type  for  the 
fertilizer  plant  The  speeds  are  1200  and  900  r.p.m., 
respectively.  The  pumps  were  over-motored,  the  actual 
horsepower  required  in  each  case  being  75  to  80.  The 
remainder  of  the  synchronous-motor  capacity  was  to 
be  utilized  to  raise  the  power  factor  of  the  system  to 
an  estimated  resultant  of  91  per  cent.  In  addition  to 
power-factor  correction  a  careful  checking  up  of  the 
efficiency  of  these  large  motors  as  compared  with  that 
of  induction  motors  of  the  proper  size  to  handle  the  me- 
chanical load  showed  an  advantage  in  their  favor  so 
decided  as  to  warrant  the  extra  expenditure.  The 
motors  are  sturdy,  have  a  comparatively  large  air  gap, 
and  owing  to  direct  connection  to  the  pumps  and  excit- 
ers, are  self-contained  units  independent  of  any  other 
apparatus. 

A  brief  review  of  the  other  departments  of  the  plant 
will  give  some  idea  of  the  size  of  equipment  and  the 
general  layout,  which  is  shown  specifically  in  Fig'?.  9  and 


chines  cool  6,040,000  cu.ft.  of  refrigerating  space  con- 
taining 250,000  lin.  ft.  of  2-in.  pipe  through  which  brine 
is  circulated  at  temperatures  of  about  25  deg.  Of  this 
space  20,000  cu.ft.  is  cooled  by  return  brine  from  the 
freezers.  For  normal  service  two  of  the  compressors 
will  be  required  and  the  third  held  as  a  reserve.  The 
three  machines  are  served  by  a  barometric  condenser 
having  a  capacity  to  condense  36,000  lb.  of  steam  per 
hour.  It  is  expected  that  the  condenser  will  be  in  use 
only  at  infrequent  intervals  and  that  for  the  greater 
part  of  Ihe  year  the  compressors  will  exhaust  directly 
into  the  5-lb.  exhaust  line. 

For  the  sharp  freezers,  in  which  temperatures  of  0  to 
1 5  deg.  are  maintained,  cooling  is  also  effected  by  brine 
circulation,  the  refrigeration  being  produced  by  two 
150-ton  absorption  units.  The  auxiliaries  are  turbine- 
driven  centrifugal  pumps,  exhausting  into  the  5-lb.  line 
from  which  steam  is  taken  directly  to  supply  the  needs 
of  the  absorption  plant.    These  two  units  serve  698,000 
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cu.ft.  of  refrigerating  space  containing  150,000  lin.ft.  of 
2-in.  pipe  for  brine  circulation,  also  a  chill-water  cooling 
lank  for  oleo  fat  and  crystallizing  water  for  butterine. 
For  the  higher-temperature  system  there  are  four  steel 
brine  tanks  50  ft.  long,  11  ft.  wide  and  15  ft.  6  in.  deep, 
each  containing  20  flat  coils,  44  ft.  long,  of  1^-in.  pipe. 
Shell-type  coolers  are  provided  for  the  low-temperature 
work.  Condensers  for  the  absorption  system  are  of  the 
double-pipe  type,  and  atmospheric  condensers  are  pro- 
vided for  the  compression  system.  Cooling  water  is  ob- 
tained from  the  sump,  which  will  receive  mention  later, 
and  is  returned  to  the  hotwell  for  further  use,  the  sur- 
plus, if  any,  being  wasted  to  the  sewer. 

In  the  boiler  rooms  there  are  installed  six  502-hp. 
boilers  of  the  Stirling  type  arranged  in  batteries  of  two, 
with  space  for  another  battery  of  boilers  and  plenty 
of  room  for  extension  of  the  building  in  the  future.  The 
additional  battery  is  to  be  installed  shortly,  making  a 
total  of  eight  boilers,  which  will  be  served  by  two  radial 
brick  stacks  9  ft.  diameter  by  185  ft.  high.  Thus  four 
boilers  are  connected  to  each  stack,  and  its  location  is 
midway  between  the  two  batteries  served.  The  operat- 
ing pressure  is  150-lb.  gage  and  the  superheat  50  deg.  F. 

Anticipating  variable  loads  and  high  peaks  frequently 
throughout  the  day  and  sometimes  all  day,  as  compared 
to  other  days,  it  was  decided  to  install  underfeed  stok- 
ers. Normally,  the  boilers  are  to  be  operated  at  7ii  to 
100  per  cent,  overload.  High  capacity  and  high  effi- 
ciency were  the  influencing  factors,  and  with  the  fuel 
that  will  be  burned,  either  Illinois  or  Youghiogheny 
bituminous  coal,  no  particular  difficulty  is  anticipated, 
as  inferior  fuels  have  been  burned  in  the  Omaha  plant 
in  stokers  of  the  same  type.  The  stokers  under  con- 
sideration have  an  equivalent  grate  area  of  99  sq.ft., 
giving  a  ratio  to  the  steam-making  surface  of  prac- 
tically 1  to  51,  They  are  installed  in  standard  settings 
with  no   arch  in  the  combustion  chamber.     Owing  to 


the  character  of  the  coal  hand-operated  dump  plates 
rather  than  clinker  grinders  are  provided. 

Forced  draft  is  furnished  to  the  stokers  by  two  tur- 
bine-driven fans  each  having  capacity  to  supply  six 
boilers  at  25  per  cent,  overload.  The  fans  discharge  into 
a  duct  running  the  full  length  of  the  boiler  installation, 
which  is  provided  with  a  damper  at  the  middle,  so  that 
the  service  may  be  divided  between  the  two  fans,  or 
with  the  damper  open  one  fan  may  fill  the  requirements. 
Dampers  are  also  provided  in  the  branch  ducts  to  each 
stoker.  Pressure  regulation  controls  the  quantity  of 
air  to  each  boiler.  The  vertical  engines,  connected  to 
I  he  stokers  through  a  lineshaft  and  chain  drives,  are 
under  hand  control. 

Coal  for  the  boiler  room  is  dumped  into  a  track  hop- 
per from  railway  cars.  It  is  transferred  to  a  crusher 
by  an  apron  conveyor  and  is  then  conveyed  to  an  over- 
liead  bunker  by  a  continuous  bucket  carrier.  The 
bunker,  which  is  of  the  continuous  steel  type  with 
parabolic  bottom,  is  partitioned  off  for  each  battery  of 
boilers.  The  capacity  is  about  400  tons.  A  traveling 
weigh  larry,  electrically  driven,  is  interposed  between 
ihe  bunker  and  the  stoker  hoppers. 

On  account  of  the  low  elevation  of  the  site  and  the 
presence  of  water  it  was  impossible  to  excavate  deep 
enough  to  provide  for  a  suitable  type  of  ash-handling 
equipment.  An  ordinary  hand  cart  is  used  to  transfer 
the  ashes  from  the  hoppers  under  the  stokers  to  a  skip- 
hoist  which  raises  the  ashes  to  an  overhead  concrete 
bunker,  and  through  an  under-cut  gate  and  spout  they 
are  discharged  into  railway  cars. 

In  all  packing  plants  the  water  supply  is  of  prime 
importance.  As  constant  supply  in  large  quantities  is 
needed,  the  pumping  equipment  must  be  substantial  to 
withstand  the  service  and  should  be  highly  economical. 
Although  the  plant  is  located  on  the  bank  of  the  Mis- 
sissippi River,  the  water  is  so  contaminated  by  sewage 


PRINCIPAL  EQUIPMENT   OF   ARMOUR  &  COMPANY'S   PLANT,   SOUTH    ST.    PAUL,    MINN. 
No.   EcJVjjpment         Kind  Size  Use  Operating   Conditions  Maker 

6  Boilers    Stirling    502-h.p Generate    steam    ISO  lb.  pressure  SO  deg.  superheat .. Babcock  &   Wilcox   Co 

6  Stokers    Underfeed    99-sq.ft Serve  boilers Forced  draft American    Engineering    Co. 

2  Fans    lorizontal    No.  7 Forced  draft    Driven  by  turbines Buffalo    Forge    Co 

2  Chimneys    . . .  Radial    brick 9xl85-f t Draft    Custodis 

2  Turbo-Gen- 

erators    ...A.    C.     3phase...   50-kw Power   generating   units ,?6U0  r.  p.  m.  2300  volts  60  cycles. 

^     ,  .  •'i   and   ISO   lb.   Mixed-pressure General    Electric   Co 

3  Ammonia  Duplex    opposed.. 

CompressorsOouble-acting    . .  .400-ton    Refrigeration     Steam   cross-compound Vilter  Manufacturing  Co. 

2  Absorption 

ice  machines  Absorption     ISO-ton    Refrigeration     Exhaust  steam   Carbondale    Machine    Co... 

2  Air   compress- 

ors     Duplex    horizontal  1531-cu.    ft.    per 

„  .  •<•       1   .,,!?«" General    purposes ^'eam,  heavy-duty    IngersoU-Rand     

I    Pump    Hor.     centrifugal. 4200-g.p.m Sewage    disposal Motor-driven     Worthington 

3  Pumps     Vert,    centrifugal. 2000-g.p.m Deep-well     circulation Motor-driven     "American    VVeli'Woriri 

1   Pump    Hor.    centrifugal..  1500-g.p.m Water    circulation Motor-driven uXn    Steam    Pumo   Co' " "  ' 

S  Pumps     Hor.    centrifuga  ..ISOO-g.p.m Brine    circulation Turbine-driven    HU  IPumn  Co 


,,,  ^  .       ,     .  -    Hill  Pump  Co. 

.  .Water    circu  ation Turbine-driven    Hill  Pump  Co 

•  Water    circulation Turbine-driven    Hill  Pump  Co 

.Circulation    ;.....; Turbine-driven    Hill   Pump  Co....  .'.'.'..'. 

.Hot-water    circulation Turbine-driven    Hill   Pump  Co 

.Boiler    feed Turbine-driven,  three-stage    Cameron    ... 

■  Water    circulation Turbine-driven    Hill  Pump  Co 

■  Fire Steam.  1500  g.p.m Worthington     '.'.!".!!;;!'. 

•  Sewage   disposa Steam,    Engine   9x9-in Morris   Machine   Works. 

•  Sewage   disposal Steam,    Engine    12x1 0-in Morris   Machine   Works. 

, ,      -                 ,^   -                               „                   •  Boiler   test n^an 

1   Heater    Open    200,000  Ik  per  hr.  "^^"     

1    Heater     Open    2r0.000  fb.^e^r-hn''"'     "^''"" E^haust   steam    Hoppes     

from    SO    deg.    F. 


6  Pumps    Hor.    centrifugal.. ISOO-g.p.m. 

2  Pumps    Hor.    centrifugal.. ISOO-g.p.m. 

1  Pump     Hor.    centrifugal..  ISOO-g.p.m. 

4  Pumjs    Hor.     centrifugal..  550-g.p.m. 

2  Pumps Centrifugal     SOO-g.p.m. 

1,  Pump    Hor.    centrifugal..  400-g.p.m. 

1  Pump    Duplex    20xl2xl6-in. 

1  Pump    Hor.     centrifugal.. 10-in 

2  Pumps     Hor.    centrifugal. .12-in 

1  Pump    Duplex     ,  .  .8xSxl2-in 


to  220  deg.   F..    House    water 
4  Brine     tanks. Steel    SOxllxlS.S    feet 

deep  with  20  flat 

coils     1^-in.  x44 

ft.   long Brine    cooling 

1    Condenser    ..Atmospheric     .  .  .  .  U3x24x20ftx2     in. Refrigeration    

1  Condenser    . .  Double-pipe    20xSx20ftx2  &  3  inRefrigeration   

2  Condensers    .Jet    17,000-lb.  per  hr.  .Steam    

1   Condenser    ..Barometric    36, 000-lb.  per  hr.  .Steam    

1   Conveyor    ...  Apron  and  bucket  .67-tons   per   hr...Coal    from    track    hopper    to 

^     .  ,,„,«.  ,_  conveyor     Motor-driven 

1   Coal   crtisher.  30x30    in 67-tons   per   hr.  .  .Crush    coal Motor-driven 


Exhaust  steam    Vater 


Armour    Mechanical    Co 

Vilter    Manuf  at  luring    Co 

Carbondale    Machine    Co 

Alberger  Pump  &  Condenser  Co. 
Alberger  Pump  &  Condenser  Co. 


Jeffrey    Manufacturing   Co. . 
Jeffrey    Manufacturing    Co. 


1   Weigh    larry. Traveling   2000    lb Weigh    coal Motor-driven     .'.'.'.'.".■.■.'!.".■.■.■.■.■.■.■.■.■  .'phifUps    Lang 

1   Skip    hoist. .  .micket     118-ton    _. Ash-handling    equipment Motor-driven     R.    H.    Beaumont 


250   Motors     Induction    3-to  SO-hp General 

4  Motor?     Synchronous    ....115-and    150-hp. .  .Drive    deep-well    pumps    and 

fertilizer    plant 


General    Electric    Co.... 
Electric    Machinery    Co. 
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that  it  is  not  fit  for  use  in  the  packing  plant  or  for 
boiler  feed.  As  a  consequence,  the  water  supply  is  all 
drawn  from  the  three  wells  previously  mentioned,  and 
is  discharged  into  a  large  concrete  cistern.  From  the 
cistern  the  water  through  pipe  connections  seeks  its 
own  level  in  a  sump  provided  under  the  pumproom. 
This  sump  is  divided  into  two  sections,  one  being  de- 
voted entirely  to  fire  service  and  the  other  to  the  sup- 
ply of  domestic  water  and  boiler  feed.  There  are  three 
24-in.  lines  between  the  cistern  and  the  two  sections  of 
the  sump.  One  leads  to  the  section  for  fire  service, 
another  leads  directly  from  the  cistern  to  the  other 
section,  and  the  third  leads  from  the  cistern  to  the  jet 
condensers  serving  the  main  turbo-generators.  The 
condensers,  however,  may  be  bypassed  and  the  water  in 
the  third  line  flow  directly  to  the  sump.  A  certain 
amount  of  the  returns  from  various  sources  comes  back 
to  the  division  of  the  sump  used  for  general  purpose?, 
so  that  the  temperature  ranges  from  56  to  70  deg.  Other 
returns  go  back  directly  to  the  feed-water  heater  and 
a  certain  amount  to  the  hotwell.  The  latter  also  re- 
ceives the  cooling  water  from  the  barometric  condenser 
serving  the  ammonia  compressors. 

From  either  of  these  sources  the  water  is  pumped 
under  float  control  to  either  one  of  two  large  open  feed- 
water  heaters,  one  designed  for  house  purposes  and 
the  other  for  boiler  feed,  although  the  two  are  cross- 
connected  and  can  be  used  for  either  service.  As  water 
at  110  deg.  F.  is  hot  enough  for  most  purposes  through- 
out the  packing  house,  with  a  maximum  of  150  deg.  for 

y-F^fvrn  Bencf  open  io  Atmosphere 
\i       ^  lO^aboye  Sidev/a/k  Grcrae 


specific  cases,  each  heater  is  provided  with  an  attera- 
peratur.  Water  from  the  heater  which  may  be  at  a 
temperature  of,  say,  208  deg.,  enters  the  attemperatur, 
and  by  means  of  a  thermostatic  valve  the  proper  amount 
of  cold  water  is  allowed  to  mix  with  the  hotter  water 
to  give  the  desired  temperature. 

For  boiler  feed,  water  from  the  heater  passes  through 
a  venturi  meter  into  turbine-driven  centrifugal  pumps 
supplying  the  boilers.  In  case  of  necessity  water  can 
l)e  drawn  directly  from  the  sump  or  the  hotwell,  and 
if  the  pumps  should  fail,  high-pressure  steam  injectors 
are  provided  for  emergency  use.  For  testing  purposes  a 
weigh-meter  and  reciprocating  pump  are  installed.  Out- 
side of  the  fire  pump  this  is  the  only  reciprocating  pump 
in  the  plant. 

The  new  packing  plant  is  about  ready  for  operation 
and  shoula  prove  most  economical  in  the  generation 
and  use  of  steam.  All  the  engineering  was  done  by 
the  motive-power  department  of  the  company,  of  which 
A.  McKenzie  is  superintendent. 


The  illustration  at  the  bottom  of  this  page,  showing 
the  concrete  oil  tank  and  oil-burning  equipment  of  the 
Burnet  Street  School,  Newark,  N.  J.,  will  interest  many 
Power  readers  who  are  considering  oil  fuel  for  small 
plants.  As  shown,  this  equipment  supplies  two  85-hp. 
horizontal-tubular  boilers ;  the  grate  bars  have  not  been 
removed.  Air  is  used  for  atomization  in  this  plant, 
though  the  more  general  practice  is  to  use  steam.  The 
drawing  so  well  shows  the  general  layout  that  further 
text  explanation  is  unnecessan-. 


SECTIONAL.  ELEVATION  AND  PLAN  VIEWS  OF  OIL  STOR.\GE   AND  BURNING  EQUIPMENT,    BURNET   STREET 

SCHOOL,    NEWARK,    N.    J. 

Drawing  by  courtesy  S.  T.  .Johnson  Co..  .San  Francisco,  Calif. 
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Reconnecting  Induction  Motors- 
Reconnecting  Problems 

By  a.  M.  DUDLEY 

Designing    Engineer-,    Westinghouse    Electric    and    ManufactuiinK  Company 


Problems  are  worked  out  to  show  that  any  change 
in  an  induction  motor's  operating  conditions  may 
be  considered  as  a  voltage  change. 

CONSIDERATION  of  a  simple  case  under  each  of 
the  five  characteristics  of  horsepower,  poles, 
cj'cles,  phase  and  voltage  will  bring  out  the  man- 
ner of  applying  the  "voltage  method"  to  any  and  all 
changes  in  the  motor-operating  conditions. 

1.  Change  in  Voltage — A  motor  is  connected  series- 
star  for  three-phase  440  volts,  as  in  Fig.  2.  How  should 
it  be  connected  for  220  volts?  [For  convenience  the 
table   on  page   725  of  the   issue   of   Nov.   27,    1917,   is 
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FIG. 


1.      CURVE    SHOWING    THE    EFFECTS    OF    CHORDING 
A    COIL    UPOX    THE    VOLTAGE    GENERATED 


here  reproduced.]  Looking  at  the  table  and  following 
the  horizontal  line  "Three-phase  Series  Star,"  there  ap- 
pears under  vertical  heading  "Three-phase  Series  Star," 
also,  the  figures  "100."    That  is  to  say,  the  motor  as  it 


stands  on  440  volts  is  considered  100  per  cent.  The 
new  voltage  is  to  be  220,  which  is  50  per  cent,  of  440. 
Hence,  the  same  horizontal  line  in  the  table,  namely, 
"Three-phase  Series  Star,"  is  followed  along  until  the 
desired  figure  of  50  is  found,  which  is  under  the  vertical 
heading  "Three-phase  2-Parallel  Star."  This  is  the 
correct  answer:  that  is,  if  a  motor  is  connected  three- 
phase  series-star  for  operation  on  440  volts,  it  must 
be  connected  three-phase  2-parallel  star,  as  in  Fig.  3, 
to  operate  correctly  on  220  volts. 

2.  Change  in  Phase — Refer  again  to  the  table  and 
assume  that  a  three-phase  440-volt  motor  is  to  be  recon- 
nected for  two-phase  440  volts.  Inspection  shows  that 
the  winding  as  it  stands  on  440  volts  is  four-pole  three- 
phase  series-delta,  as  in  Fig.  4.  Select  the  horizontal 
^.olumn  in  the  table  marked  "Three-phase  Series  Delta" 
and  follow  it  across,  looking  for  a  vertical  column  show- 
ing the  value  "100,"  since  the  desired  two-phase  voltage 
is  the  same  as  the  present  three-phase  voltage,  or  100 
per  cent.  Inspection  shows  that  there  is  no  "100"  under 
any  two-phase  connection.  This  indicates  at  once  that 
a  three-phase  series-delta  connected  motor  which  is 
normally  operated  on  440  volts  cannot  be  changed  and 
operated  on  two-phase  440  volts,  without  rewinding. 
The  nearest  value  to  "100"  under  a  two-phase  column 
is  "70,"  shown  under  "Two-phase  2-Parallel."  This 
means  that  if  a  three-phase  440-volt  motor  which  is 
connected  series  delta,  be  reconnected  for  2-parallel  two- 
phase,  as  in  Fig.  5,  it  should  be  operated  on  70  per  cent, 
of  440,  or  308  volts. 

3.  Change  in  Frequency — It  is  desired  to  operate  a 
three-phase  440-volt  60-cycle  motor  on  50  cycles  at  the 
same  voltage.  What  change  should  be  made  in  the 
connections?  Inspection  indicates  that  as  the  motor 
stands  it  is  connected  for  three-phase  5-parallel  star 
on  60  cycles.  A  change  in  frequency  should  be  offset 
by  a  change  in  voltage  in  the  same  direction  and  by 
the  same  amount;  hence,  if  a  motor  is  operated  on 
100  per  cent,  voltage  on  60  cycles,  it  should  ^be  con- 
nected for  I  of  100,  or  83^  per  cent.,  voltage  on  50 
cycles.    However,  the  voltage  is  to  remain  the  same  on 


COMPARISON  OF   MOTOPv   \OI.TAGE 

If  a  motor  connected  originally,  as  shown  in  any  horizontal  column, 
column,  is  shown  at  the  intersection  of  these  two  columns. 


;  WITH  VARIOUS  connections  and  phases 

lad  a  normal  voltage  of  100,  its  voltage  when  reconnected,  as  indicated  in  anj  vertical 
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Form  of  Connection                         f-.  H  H  HH  H  HH  h  H  H 

Three-phase  Series  Star 100          50  33  25         20  17  58  29  19          15  12 

Three-phase  2-Paralle  Star 200  100  67  50         40  33  116  58  39         29  23 

Three-phase  3-ParalIel  Star 300  150  100  75         60  50  173  87  58         43  35 

Three-phasi- 4-Parallel  Star 400  200  133  100         80  67  232  116  77         58  46 

Thret-phase  S-Parallel  Star 500  250  167  125  100  83  289  144  96         72  58 

Thn  e-pha&e  6-Parallel  Star 600  300  200  150  120  100  346  173  115         87  69 

Throt-phase  Series  Delta 173         86  58  43         35  29  100  50  33         25  20 

Three-phase  2-Parallel  Delta 346  173  115  87         69  58  200  100  67         50  40 

Three-phase  3-Parallel  Delta 519  259  173  130  104  87  300  150  100         75  60 

Three-phase  4-ParaIlel  Delta 692  346  231  173  138  115  400  200  133  100  80 

Three-phase  5-Parallel  Delta 865  433  288  216  173  144  500  250  167  125  100 

Three-Phase  6-Parallol  Delta 1,038  519  346  260  208  173  600  300  200  150  120 

Two-phase  Series 125          63  42  31          25  21  72  37  24          18  15 

Two-phase  2-ParalIels 250  125  84  63         50  42  144  73  49         37  29 

Two-phase  3-Parallels 375  188  125  94         75  63  216  111  '73          55  44 

Two-phase  4-Parallels........ 500  250  167  125  100  84  288  148  97         73  58 

•  Two-phase  5-Parallel 625  313  208  156  125  105  360  165  122         91  75 

Two-phase  6-Parallels 750  375  250  188  150  125  433  217  144  108  87 
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Fig.  5 

^  FIGS.    2   TO   5.      CONNBCTIOiN   DIAGRAMS   OF  INDUCTION-MOTOR  WINDINGS 

50  cycles  as  on  60  cycles,  so  this  result  must  be  obtained  and  then  if  it  is  operated  on  the  same  voltage  the  effect 

in  another  way.     If  the  voltage  cannot.be  decreased,  will  be  the  same  as  if  a  lower  voltage  had  been  applied 

the  number  of  turns  in  series  can  be  increased.    Another  to  the  original  connection.     In  the  case  in  hand  the 

way  of  saying  this  is  that  we  can  reconnect  the  winding  motor  should,  when  connected  on  50  cycles,  be  operated 

80  that  ordinarily  it  would  be  good  for  a  higher  voltage,  on   83:\    per  cent,   of   the   60-cycle   voltage.      Only    lOO 
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per  cent,  is  available,  so  the  winding  will  have  to  be 
reconnected  with  g^  ^  120  per  cent,  of  the  original 

1  umber  of  turns  in  series.  This  would  ordinarily  mean 
the  winding  was  good  for  120  per  cent,  of  the  original 
voltage.  Hence,  in  looking  up  the  change  in  the  con- 
nection table  the  figure  "120"  is  located  instead  of  83i. 


FIG. 


EIGHT-POLE     THREE-PHASE     INDUCTION-MOTOK 
WINDING     CONNECTED     4-PARALLEI.     STAR 


Referring  to  the  table  and  following  the  horizontal 
line  "Three-phase  5-Parallel  Star"  across,  search  is 
made  for  the  figure  "120";  the  nearest  thing  to  it  is 
"125",  found  under  the  vertical  heading  "4-Parallel 
Star."  The  number  of  poles  in  the  motor  would  have 
to  be  divisible  by  both  4  and  5,  in  order  to  make  this 
change  possible;  or,  in  other  words,  it  would  have  had 
to  be  either  20  poles  or  40  poles.  As  it  may  have  been 
10  poles,  for  example,  the  nearest  connection  that  could 
be  made  would  be  for  144  under  "Three-phase  2-Parallel 
Delta."    This  would  mean  the  correct  operating  voltage 

144  X  440 

=-  528  volts;  or,  if 


on  50  cvcles  would  be 


120 


operated    on    440    volts,    it    would    be    working    under 

440 

— -    =    83i   per   cent,    normal   voltage,    which    would 

usually  not  be  permissible  on  account  of  lowered  torque 
and  increased  heating. 

4.  Change  in  Number  of  Poles  or  Speed — A  60-cycle 
three-phase  motor  is  operating  on  550  volts  at  850 
r.p.m.;  it  is  desired  to  operate  at  690  r.p.m.  on  the 
same  voltage.  What  change  in  connections  should  be 
made,  if  any,  in  addition  to  changing  the  number  of 
poles?  Inspection  shows  the  motor  is  connected  4- 
parallel  star  for  8  poles,  as  in  Fig.  6.  To  get  690  r.p.m. 
would  require  to  connect  for  10  poles,  since  this  would 
give  a  no-load  speed  of  about  720  r.p.m.  and  a  full 
load  speed  of  about  690  r.p.m.     Since  the  motor  is  a 


generator  also,  it  will  generate  only 


690  X  550 
850 


the   connections   will   have   to    be   changed   to   get   the 

550 
effect  of   'TTn  =  123  per  cent,  of  the  old  voltage.     In 
446 

the  table  opposite  the  horizontal  line  "Three-phase  4- 
Parallel  Star,"  the  nearest  figure  to  "123"  is  "116," 
which  is  found  in  the  vertical  column  headed  "Three- 
phase,  2-Parallel  Delta."  Hence,  the  conclusion  is  drawn 
that  if  an  8-pole  motor.  Fig.  6,  is  connected  three-phase 
4-parallel  star  and  operated  on  550  volts  and  it  is 
reconnected  for  10-poles  2-parallei  delta.  Fig.  7,  it  may 
be  still  operated  on  550  volts,  although,  strictly  speak- 

ing,   its  normal  voltage  would  be    t^ =   ^^0 

volts.  In  this  example  no  consideration  was  given  to 
the  fact  that  the  throw  of  the  coil  in  electrical  degrees 
was  changed  in  changing  from  8  poles  to  10  poles.  This 
can  be  taken  account  of  in  the  following  way: 

Suppose  the  motor  as  it  stood  had   120  stator  slots 
and  the  coils  lay  in  slots  1  and  13.     Full  pitch  would 

120 
be  1  and  16,  since  -^  =  15.     Since  the  coils  throw  12 

slots  and  full  pitch  is  15  slots,  the  per  cent,  pitch  = 

12 

15 

for  80  per  cent,  pitch  =  0.95.     When  reconnected  for 

10  poles,  the  throw  of  the  coils  is  still  1  and  13,  but 

120 
this   is  now  100  per  cent,  pitch  since    -rrr   :=   12  and 

1  and  13  does  span  12  slots.  Therefore,  when  connected 
for  10  poles  the  coils  are  more  effective  in  the  ratio  of 

OO 
0.95 


80  per  cent.,  and  from  Fig.   1  the  chord  factor 


since  the  chord  factor  for  100  per  cent,  pitch 


1.00  from  Fig.  1.    Therefore,  v/hen  the  change  in  chord 


PIG.     7.       TEN-POLE     THREE-PHASE     INDUCTIOX-MOTOK 
WINDING    CONNECTED    2-PARALLEL    DELTA 

factor  is  also  taken  account  of,  the  new  normal  oper- 
ating  voltage    is    520,    as    obtained    in    the    foregoing, 

1.00 


=  446     multiplied  by 


0.95 


548  volts,  or  almost  exactly  right 


volts  when  connected  for  10  poles  and  a  slower  speed. 
However,  it  is  desired  to  continue  at  550  volts,  so  that 


for  operation  on  550  volts. 

5.    Change  in  Horsepowei' — A  10-hp.  220-volt  motor 
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is  operating  above  the  allowable  safe  temperature,  on 
its  normal  voltage,  and  it  is  found  by  experiment  that 
when  the  voltage  is  raised  to  250  its  temperature  is 
reduced  to  within  safe  limits.  Can  any  change  be  made 
in  the  connections  which  will  allow  the  motor  to  be 
operated  still  on  220  volts  and  duplicate  the  conditions 
when  operating  on  250  volts?  An  inspection  of  the 
winding  shows  the  motor  to  be  connected  three-phase 
series  delta,  as  in  Fig.  4.  The  experiment  which  was 
made  showed  that  the  voltage  should  be  increased  to 

250 

^^  =  114  per  cent,  of  its  original  value.     It  has  been 

pointed- out  that  reducing  the  number  of  turns  in  series 
in  a  winding  has  the  same  effect  as  increasing  the 
voltage  on  the  same  number  of  turns.  In  this  case 
if  the  voltage  was   raised  to   114   per  cent,   the  same 

effect  could  be  obtained  by  reducing  the  turns  to   rhrj 

=^  87.5  per  cent.  Consequently,  in  referring  to  the 
voltage  change  table,  in  this  case,  search  is  made  for 
"87.5"  and  not  "114." 

Selecting,  therefore,  the  horizontal  line  "Three-phase 
Series  Delta"  in  the  table  and  looking  across  the  near- 
est figure  to  "87.5"  is  "86,"  which  occurs  under  the 
vertical  heading  "Three-phase  Parallel  Star."  Conse- 
quently, the  conclusion  is  at  once  drawn  that  if  a  220-volt 
motor  has  its  connections  changed  from  series-delta. 
Fig.  4,  to  parallel-star,  Fig.  3,  it  will  act  in  every  way 


as  though 


220 


256  volts  had  been  applied  to  the 


0.86 

series-delta  connection.  This  is  equivalent  to  increasing 
the  horsepower  of  the  motor,  since  on  the  original  con- 
nection the  motor  was  overloaded  when  carrying  its 
rated  load,  but  when  the  connections  of  the  winding 
were  changed  the  machine  could  drive  its  rated  full 
load  without  distress.  The  reason  for  this  is  that, 
although  the  density  of  the  magnetic  flux  was  increased 
the  cross-section  of  the  copper  in  the  winding  was 
increased,  consequently  the  copper  losses  were  reduced. 
The  latter  being  considerably  greater  than  the  former 
resulted    in   a   reduced   temperature.      The   capacity   in 
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per  cent,  of  its  original  value. 

From  these  five  examples,  which  could  be  multiplied 
many  times  and  from  all  sorts  of  combinations  that 
could  be  made  by  changing  the  characteristics  in  pairs, 
it  can  be  readily  seen  that  any  contemplated  change  can 
be  reduced  to  an  equivalent  change  in  the  applied  volt- 
age and  the  proper  connection,  if  it  is  a  feasible  and 
rational  change,  selected  from  the  table  of  phase  and 
voltage  given  herewith. 

(A  later  article  iviU  deal  with  a  rn.eans  of  roughly 
figuring  a  netv  winding  for  an  old  core.  This  in  turn 
will  be  followed  by  a  description  of  methods  for  lo- 
cating faults  in  windings.) 


Treatment  of  Power-Plant  Trouble 


By  M.  a.  SALLER 


ONE  OF  the  greatest  bugaboos  confronting  the 
manufacturer  and  installer  of  power-plant  equip- 
ment, as  well  as  the  purchaser  or  user  thereof, 
is  the  "trouble  case"  where  the  apparatus  does  not 
do  the  work  required  of  it,  does  not  stand  up,  or  in 
general  proves  unsatisfactory  in  operation.  It  is  a 
well-known  fact  that  very  few  large  or  small  new  plants 
are  put  in  operation  without  a  "trouble  case"  being 
developed  in  connection  with  some  part  or  parts  of  the 
equipment. 

Just  where  the  difficulty  will  be  encountered  in  any 
plant  cannot  usually  be  foreseen,  for  in  r.  number  of 
plants  designed  and  erected  by  the  same  engineers,  the 
operation  of  the  equipment  in  the  one  plant  will  give 
extremely  satisfactory  results,  but  in  another  plant, 
under  almost  the  same  general  conditions,  a  persistent 
trouble  case  will  develop  in  connection  with  similar 
equipment. 

Operator  Should  be  Prepared  to  Act  Promptly 
In  Case  of  Trouble 

The  trouble  case  therefore  cannot  be  anticipated 
either  by  the  designer  or  by  the  operator,  and  conse- 
quently when  difficulty  does  arise  in  connection  with 
the  operation  or  performance  of  any  equipment  or  ap- 
paratus, steps  should  be  taken  promptly  in  order  to 
study  and  rectify  the  trouble,  and  in  practicably  every 
case  this  can  be  done  to  the  best  advantage  with  the 
hearty  cooperation  of  the  designer,  installer,  operator 
and  owner  as  the  first  essential  in  order  to  prevent 
a  long-drawn-out  controversy,  because  when  the  respon- 
sibility is  shifted,  and  "the  buck  is  passed,"  little  actual 
progress  in  adjusting  the  difficulty  can  be  accomplished. 


A  study  of  many  power-plant  troubles  of  various 
kinds  points  to  the  following  as  the  average  causes 
thereof:  Misunderstanding  of  the  functions  of  the 
apparatus;  improper  installation;  improper  operation 
or  overloading  of  the  equipment,  and  the  mental  attitude 
of  the  operators. 

The  first  cause  gives  room  for  the  development  of 
all  sorts  of  trouble  cases.  The  designer  or  engineer 
may  not  properly  or  completely  understand  the  detailed 
requirements  of  the  user  of  the  apparatus  as  it  affects 
his  own  peculiar  conditions  of  operation;  or  again,  the 
purchaser  or  operator  may  assume,  correctly  or  incor- 
rectly, that  the  apparatus  that  is  being  installed  by 
the  engineer  or  the  builder  will  do  certain  things  that 
the  maker  does  not  expect  or  contemplate  will  be  re- 
quired of  it.  In  other  words,  there  is  always  present 
as  a  possible  source  of  difficulty  the  human  factor, 
which  on  one  side  underestimates  or  is  ignorant  of 
some  special  conditions  which  must  be  met,  or  on  the 
other  side  expects  too  much  or  the  "impossible"  from 
the  apparatus  that  is  installed. 

One  method  of  guarding  against  such  misundei*- 
standings  is  the  preparation,  by  the  purchaser,  of  com- 
plete specifications  as  to  the  requirements,  including 
all  special  features,  and  the  submission  by  the  designer 
or  builder  of  equipment  clear-cut  statements  as  to  the 
performance  of  the  apparatus  under  certain  conditions 
or  under  the  special  requirements,  with  guarantees  and 
specifications  as  to  just  what  he  is  to  do;  it  being  un- 
derstood, of  course,  that  the  resort  to  such  specification? 
and  guarantees  is  not  primarily  for  the  purpose  of 
allowing  the  builder  or  the  purchaser  to  "get  out  from 
under,"  but  more  particularly  for  the  purpose  of  de- 
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veloping  the  details  as  to  what  is  wanted  and  what 
is  to  be  furnished,  so  that  both  elements  may  finally  be 
made  to  hamonize. 

Frankness  on  the  part  of  the  purchaser  as  to  what 
he  really  wants  to  accomplish,  even  though  it  does  in- 
volve something  out  of  the  ordinary  or  difficult  to 
attain,  and  frankness  on  the  part  of  the  engineer  or 
equipment  builder  as  to  just  what  can  be  accomplished 
and  done  with  the  apparatus  he  proposes,  and  an 
acknowledgment  that  something  special  or  more  expen- 
sive is  required  in  case  conditions  make  necessary, 
are  essential  if  the  "trouble  case"  from  this  score  is 
to  be  avoided. 

Trouble  Caused  by  Improper  Installation 
OF  Equipment 

Improper  installation,  of  course,  is  responsible  for 
a  larger  percentage  of  trouble  with  apparatus  and 
equipment  because  of  faulty  or  inefficient  operation. 
Practically  every  manufacturer  of  standard  power-plant 
equipment  or  material  has  available  clear  and  complete 
instructions  and  directions  as  to  the  proper  method 
of  installation  of  the  apparatus  he  supplies,  but  fre- 
quently, because  of  incompetence  or  ignorance  on  the 
part  of  the  men  doing  the  actual  installation  and  erec- 
tion work,  many  important  points  are  overlooked  which 
may  later  develop  to  be  the  causes  of  improper  opera- 
tion. 

Again,  it  is  possible  that  the  individual  piece  of 
apparatus  may  be  installed  in  accordance  with  the 
maker's  standard  directions,  but  in  spite  of  this  does 
not  fit  in  satisfactorily  with  the  general  scheme  of  the 
plant,  which  may  be  cilong  some  specialized  line.  In 
other  words,  while  standard  directions  for  installation 
and  operation  may  be  complied  with  to  satisfactorily 
cover  the  general  run  of  cases,  there  is  always  arising 
in  engineering  problems  the  special  case  which  demands 
treatment  in  other  than  the  ordinary  way. 

Therefore,  it  seems  that  the  most  desirable  course 
to  pursue  is  for  the  purchaser  or  installer  of  equipment 
to  submit  to  the  manufacturer  blueprint  or  details  of 
the  manner  in  which  the  apparatus  is  to  be  installed  in 
his  particular  plant,  with  a  statement  of  the  general 
operating  conditions,  so  that  the  benefit  of  the  maker's 
wider  experience  in  the  arrangement  of  equipment  can 
be  obtained. 

Along  the  same  line,  trouble  can  also  be  generated 
because  of  improper  operation  or  overloading  of  equip- 
ment.   Apparatus  that  is  built  for  a  certain  work  with 
provision  for  a  certain  overload 
cannot  reasonably  be  expec;:ed 
to  take  care  of  a  load  consider- 
ably   above    that    point,     and 
manufacturers     of     equipment 
are  often  confronted  with  dis- 
satisfied   customers    who    con- 
demn the  equipment 
they  have  in  service 
because   it  does  not 


operate  with  complete  sati.«faction  under  a  tremendous 
overload,  when  the  obvious  course  to  pursue  is  to  install 
additional  capacity.  The  same  condition  also  applies  to 
the  operating  factor.  Changes  in  engineers  or  the  em- 
ployment of  incompetent  operators  will  often  he  reflected 
in  the  improper  operation  and  adjustment  of  equipment, 
which  lack  of  attention  naturally  means  a  falling  off  in 
efl^ciency  or  capacity.  Here  again  the  operator  should 
find  it  profitable  to  resort  to  the  builder  or  in.staller 
for  guidance  and  information  for  securing  the  best 
results  from  the  installation  of  his  particular  apparatus. 

Mental  Attitude  Is  Often  a 
Source  of  Trouble 

Another  fruitful  source  of  trouble  cases  is  the  mental 
attitude  of  the  purchaser,  the  manufacturer  or  the 
operating  force.  Not  infrequently  the  operating  engi- 
neer has  a  prejudice  against  a  certain  class  or  type  or 
make  of  equipment,  with  the  result  that  often  he  will 
go  out  of  his  way  to  condemn  the  operation  of  the 
apparatus  or  magnify  any  difficulties  encountered  in  its 
operation.  Here  again  is  the  personal  element,  which 
can  only  be  dealt  with  according  to  the  circumstances 
of  the  case. 

Again,  the  maker  or  the  purchaser  may  get  it  in- 
to his  head  that  the  other  fellow  is  trying  to  put 
one  over  on  bim  in  the  way  cf  shifting  responsi- 
bility for  some  troubles  or  difliculties,  and  hence  instead 
of  the  close  cooperation  and  harmony  between  them  that 
IS  essential  and  desirable  to  insure  the  best  service  and 
results,  they  continue  at  loggerheads,  each  condemning 
the  other  and  his  apparatus  or  plant,  with  the  result 
that  nothing  definite  is  done  to  remedy  the  faults  and 
dissatisfaction  prevails  until  the  apparatus  is  taken  out 
of  service  and  junked. 

This  almost  inevitably  leads  to  large  expense 
and  great  inconvenience  for  both  the  purchaser  and 
the  maker,  all  of  which  could  easily  have  been  avoided 
by  a  spirit  of  closer  cooperation  and  a  better  apprecia- 
tion by  e^ch  of  the  position  of  the  other. 

The  engineer  is  wrong  when  he  is  not  open  to  con- 
viction that  some  other  design  of  apparatus  is 
as  well  fitted  for  the  work  as  is  the  machine  he  has 
decided  is  best.  The  manufacturer  is  wrong  when 
he  attempts  to  sell  a  machine  that  ie  not  adapted  to  the 
work  or  has  features  that  are  objectionable  to  the 
engineer.  The  purchaser  :  j  wrong  when  he  is  suspi- 
cious of  everyone  concerned. 

Therefore,  when  a  trouble  case  with  equipment  is 
encountered  in  any  plant,  it 
is  well  to  bear  in  mind  the 
four  essential  features  as 
outlined,  and  to  remember 
particularly  Inat  close  co- 
operation between  the  maker 
^  and      the      user      is      essen- 

tial in  satisfactorily 
clearing  up  the  dif- 
ficulty. 
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Secretary  Lane  Reviews  Fuel  and  Power  Situation 

Believes  We  Have  Too  Many  Mines  and  Miners  for  Domestic  Demands,  and  That  We 

Should  Cultivate  a  Greater  Foreign  Market 


In  his  annual  report  to  the  President,  Secretary 
Lane  expresses  the  belief  that  the  measure  of 
a  people's  industrial  capacity  is  fixed  by  the 
power  possibilities  and  that  America  may  well 
take  stock  of  her  own  power  possibilities  and 
concern  herself  more  actively  with  their  de- 
velopment and  wisest  use.  Excerpts  from  his 
report  follow. 


THE  strike  has  brought  concretely  before  us  the 
disturbing  fact  that  modern  society  is  so  in- 
volved that  we  live  virtually  by  unanimous  con- 
sent. Let  less  than  one-half  of  one  per  cent,  of  our 
population  quit  their  work  of  digging  coal,  and  we  are 
threatened  with  the  combined  horrors  of  pestilence  and 
famine.  There  was  an  immediate  demand  for  facts  as  to 
how  much  coal  is  normally  mined  in  this  country ;  by 
whom  it  is  mined ;  its  quality ;  to  what  uses  it  is  put ; 
what  better  methods  have  been  developed  for  using  coal 
than  those  of  ancient  custom ;  who  is  to  blame  that  so 
small  a  supply  is  on  the  surface;  why  we  should  live 
from  day  to  day  in  so  vital  a  matter  as  a  fuel  supply; 
what  substitutes  can  be  found  for  coal,  and  how  quickly 
these  can  be  made  available. 

Many  of  these  questions  we  were  able  to  answer,  but 
if  coal  operators  had  not  carried  over  the  statistical 
machinery  developed  during  the  war  we  would  have 
been  forced  to  the  humiliating  confession  that  we  did 
not  know  facts  which  at  the  time  were  of  the  most 
vital  importance. 

In  a  time  of  stress  it  is  not  enough  to  be  able  to  say 
that  the  United  States  contains  more  than  one-half  of 
the  world's  known  supply  of  coal,  and  that  we,  while 
only  8  per  cent,  of  the  world's  population,  produce  an- 
nually 46  per  cent,  of  all  the  coal  that  is  taken  from  the 
ground ;  that  35  per  cent,  of  the  railroad  traffic  is  coal ; 
that  in  less  than  one  hundred  years  we  have  grown  in 
production  from  100,000  to  700,000,000  tons  per  annum. 

The  Government  should  have  a  more  complete  knowl- 
edge of  the  coal  and  other  foundation  industries  than 
can  be  found  elsewhere,  and  we  should  not  fear  national 
stock-taking  as  a  continuing  process.  The  war  revealed 
how  delinquent  in  this  regard  we  have  been  in  the  past. 
To  know  what  we  have  and  what  we  can  do  with  it  is 
a  policy  of  wisdom  and  of  lasting  progress.  In  further- 
ance of  such  a  policy  the  first  step  is  to  know  our  re- 
sources :  the  second,  to  know  their  availability ;  the  third, 
to  guard  them  against  waste,  either  through  ignorance 
or  wantonness,  and  the  fourth,  to  prolong  their  life  by 
invention  and  discovery. 

Next  to  the  fertility  of  our  soil  we  have  no  physical 
cisset  as  valuable  as  our  coal  deposits.  Although  some- 
times alarmed  because  those  deposits  nearest  to  the  in- 
dustrial centers  are  rapidly  declining  and  we  can  already 
see  within  this  century  the  end  of  the  anthracite  field  if 
it  is  made  to  yield  as  much  continuously  as  the  present, 
}et  it  is  a  safe  generalization  that  we  have  sufficient 
coal  in  the  United  States  to  last  our  people  for  centuries 
to  come,  but  the  recent  strike  made  it  clear  that  it  is  not 
the  coal  in  the  mountain  that  is  of  value,  but  that  which 
is  in  the  yards. 

We  have  been  content  to  go  without  insurance  as  to  a 
coal  reserve,  because  each  day  has  brought  its  daily 


supply.  There  was  no  thought  of  railroads  stopping 
or  mines  closing  down,  so  that  large  storage  facilities 
had  not  been  provided,  and  indeed  we  would  rebel  at 
paying  for  our  coal  the  added  cost  of  caring  for  it  out- 
side its  native  warehouse.  We  have  not  thought  in 
terms  of  apprehension,  but,  as  always,  in  the  calm  cer- 
tainty that  the  stream  of  supply  would  flow  without 
ceasing. 

Average  for  Year  Low 

The  record  year  1918,  with  everything  to  stimulate 
production,  had  an  average  of  only  249  working  days  for 
the  bituminous  mines  of  the  country.  This  average  of 
tlie  country  included  a  minimum  among  the  principal  j 
coal-producing  states  of  204  days  for  Arkansas  and  a  1 
maximum  of  301  days  for  New  Mexico.  In  such  a  state 
as  Ohio  the  average  working  year  is  under  200  days. 
In  1917  the  miners  of  New  Mexico  reached  an  average 
of  321  days,  and  in  the  larger  field,  the  Raton  field,  it  was 
actually  336  days,  probably  the  record  for  steady  pro- 
duction. 

This  short  year  in  coal-mine  operation  is  due  partly 
to  seasonal  fluctuation  in  demand.  The  mines  averaged 
only  twenty-four  hours  a  week  during  the  ispring 
months.  The  weekly  report  of  that  date  showed  that 
80  per  cent,  of  the  lost  time  was  due  to  no  market,  and 
only  15  per  cent,  due  to  labor  shortage,  while  car  short- 
age was  a  negligible  factor.  In  contrast  with  this  was 
ihe  last  week  before  the  strike,  when  the  average  hours 
operated  were  thirty-nine  and  no  market  was  a  negligi- 
ble item  in  lost  time,  while  car  shortage  was  by  far  the 
largest  item.  It  follows  that  the  short  year  is  a  source 
of  loss  to  the  operator,  the  mine  worker,  and  a  tax  on 
the  consumer. 

Plants  and  Labor  Less  Productive 

With  substantially  the  same  number  of  mines  and 
miners  working  this  year  as  last,  the  accumulated  pro- 
duction for  the  first  ten  months  of  this  year  is  100,(XX),- 
000  tons  less  than  that  mined  in  the  same  period  last 
year.  This  25  per  cent,  loss  in  output  means  that  both 
plant  and  labor  have  been  less  productive,  and  in  terms 
of  capital  and  labor  coal  has  cost  the  nation  more  than 
this  year  than  last. 

The  public  must  accept  responsibility  for  the  coal  in- 
dustry and  pay  for  carrying  it  on  the  year  round.  Mine 
operators  and  mine  workers  of  whatever  mines  that 
are  necessary  to  meet  the  needs  of  the  country  must  be 
paid  for  a  year's  work.  The  shorter  the  working  year 
the  less  coal  is  mined  per  man  and  per  dollar  invested 
in  plant,  and  eventually  the  higher  priced  must  be  the 
coal.  It  is  obvious  that  the  236  tons  of  coal  mined  by 
the  average  British  miner  last  year  could  not  be  as  cheap 
per  ton  as  the  943  tons  mined  by  the  average  American 
mine  worker,  backed  up  as  he  was  with  more  efficient 
plant  equipment. 

Have  We  Too  Many  Mines  and  Miners? 

The  problem  of  the  miner  and  his  industry  may  be 
stated  in  another  way.  We  consume  all  the  coal  we 
produce.  We  produce  it  with  labor  that,  upon  social 
and  economic  grounds,  works,  as  a  rule,  too  few  days  in 
the  year.  We  therefore  must  have  a  longer  miners'  year 
and  fewer  miners,  or  a  longer  miners'  year  and  addi- 
tional markets.     One  or  the  other  is  inevitable,  unless 
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we  are  to  carry  on  the  industry  as  a  whole  as  an  emerg- 
ency industry,  holding  men  ready  for  work  when  they 
are  not  needed  in  order  that  they  may  be  ready  for  duty 
when  the  need  arises.  There  are  too  many  mines  to 
keep  all  the  miners  employed  all  the  time  or  to  give 
them  a  reasonable  year's  work.  This  conclusion  is 
based  on  the  assumptiofi  that  we  now  produce  only 
enough  coal  from  all  the  mines  to  meet  the  country's 
demands,  which  is  the  fact.  More  coal  produced  would 
not  sell  more  coal,  but  more  coal  demanded  would  re- 
sult in  greater  coal  production.  With  the  full  demand 
met  by  men  working  two-thirds  or  less  of  the  time  in 
the  year,  there  cannot  be  a  longer  year  given  to  all  of 
the  miners  without  more  demands  for  coal.  Therefore, 
the  miners  must  remain  working  but  part  time,  as  now, 
or  fewer  miners  must  work  more  days,  or  markets  must 
be  found  for  more  coal,  and  thus  all  the  miners  given 
a  longer  year.  If  we  worked  all  our  miners  in  all  of 
the  mines  a  reasonable  year,  we  would  have  a  great  over- 
production, and  to  have  all  our  mines  worked  a  longer 
period  means  that  we  must  find  some  place  in  which  to 
sell  more  coal,  either  at  home  or  abroad. 

Present  Methods  Uneconomical 

One  naturally  asks  why  the  long  haul  over  mountains 
and  through  tunnels  and  across  bridges,  and  along  streets 
and  into  houses  by  railroad,  trucks  and  on  the  backs 
of  men,  when  at  the  very  pit  mouth,  or  within  the  mine 
itself,  this  same  coal  might  be  transformed  into  elec- 
tricity and  by  wire  served  into  factories  and  homes  one, 
two  and  three  hundred  miles  from  the  mines?  Why 
burden  our  congested  railroads  with  this  traffic?  This 
may  be  a  practical  thing;  it  deserves  study  if  coal  is 
worth  conserving. 

It  has  been  everyone's  business  to  save  coal.  The 
railroads  have  experimented  with  some  success.  They 
get  perhaps  10  per  cent,  of  the  heat  energy  from  a 
ton  shoveled  beneath  the  locomotive  boiler.  They  use 
one-quarter  of  all  the  coal  mined.  Next  to  labor  this 
is  the  greatest  expense  which  our  railroads  have.  We 
can  overlook  the  stoking  of  the  domestic  furnace  as  a 
national  concern,  for  the  amount  of  coal  used  in  this 
way  amounts  to  not  more  than  17  per  cent,  of  the  na- 
tional coal  bill,  and  this  whole  charge  could  be  saved, 
it  is  estimated,  by  giving  care  to  the  bulk  of  our  coal 
which  is  burned  under  boilers  to  make  steam. 

The  Government  should  sample  and  certify  coal.  We 
do  this  as  to  wheat  and  meat,  and  it  should  be  just  as 
necessary  to  avoid  injustice  in  the  case  of  coal.  The 
public  should  know  the  kind  of  coal  it  is  buying.  There 
need  be  no  prohibition  against  the  mining  or  selling  of 
any  coal,  but  coal  should  sell  in  terms  of  its  capacity 
to  deliver  heat. 

BoiLER-RooM  Instruments  Should  Be  Provided 

It  is  not  essential  for  the  plant  manager  to  be  a  fuel 
expert,  but  he  should  be  familiar  with  the  instruments 
that  give  a  check  on  the  daily  operations.  It  is  a  mis- 
take not  to  provide  proper  instruments,  for  they  guide 
the  firemen  and  show  the  management  what  has  taken 
place  daily.  Instruments  provided  for  the  boiler  room 
manifest  the  interest  taken  by  the  management  toward 
conserving  fuel.  It  indicates  cooperation  and  encour- 
ages the  firemen  to  work  harder  to  increase  efficiency. 

It  has  been  said  that  we  have  too  many  mines  in 
operation,  as  we  appear  to  have  too  many  miners,  if  we 
are  to  maintain  only  our  present  output.  Rapid  expan- 
sion in  the  development  of  industry  may  justify  the 
existence  of  such  mines  and  so  large  a  corps  of  work- 
ers. If,  however,  this  should  not  be  so,  there  is  a  for- 
eign demand  for  the  best  of  our  bituminous  coals,  which 


i;t  present  we  are  altogether  unable  to  meet  through  lack 
of  credits  on  the  part  of  those  who  wish  the  coal  and 
lack  of  ships  to  carry  it.  England's  annual  production 
has  fallen  100,000,000  tons,  and  European  demand  next 
year  will  be  more  than  150,000,000  tons  above  her  pro- 
duction. As  this  country,  prior  to  the  war,  sold  abroad 
no  more  than  4,500,000  tons  as  against  England's  77 ,- 
000,000,  it  is  quite  manifest  that  here  will  be  a  new 
field  for  American  enterprise. 

Saving  Coal  by  Saving  Electricity 
It  is  three  years  since  Congress  was  urged  that  we 
should  be  empowered  to  make  a  study  of  the  power 
possibiliti-^s  of  the  congested  industrial  part  of  the  At- 
lantic Seaboard,  with  a  view  to  developing  not  only 
the  fact  that  there  could  be  effected  a  great  saving  in 
power  and  a  much  larger  actual  use  secured  out  of  that 
now  produced,  but  also  that  new  supplies  could  be  ob- 
tained both  from  running  water  and  from  the  conversion 
of  coal  at  the  mines  instead  of  after  a  long  rail  haul.  A 
stream  of  power  paralleling  the  Atlantic  coast  from 
Richmond  to  Boston,  a  main  channel  into  which  run 
many  minor  feeding  streams,  and  from  which  diverge 
an  infinite  number  of  small  delivering  lines — the  whole 
an  interlocking  system  that  would  take  from  the  coal 
mine  and  the  railroad  a  part  of  their  present  burden  and 
insure  the  operation  of  street  lights,  street  cars,  eleva- 
tors and  essential  industries  in  the  face  of  railroad  de- 
linquencies— this  is  the  dream  of  our  engineers,  and  a 
very  possible  dream  it  seems  to  me.  To  tie  together  the 
separated  power  plants  of  ten  states,  so  that  one  can  give 
aid  to  the  other,  so  that  one  can  take  the  place  of  the 
other,  so  that  all  may  join  their  power  for  good  in  any 
great  drive  that  may  be  projected — this  would  be  the 
prime  purpose  of  the  plan. 

It  is  likely  that  the  long-pending  power  bill  which 
will  make  available  the  dam  and  reservoir  sites  on  with- 
drawn public  lands,  and  make  feasible  the  financing  of 
many  projects  on  both  navigable  and  unnavigable 
streams,  will  soon  have  become  law.  We  shall  then 
have  an  opportunity  that  never  before  has  been  given  us 
1o  develop  the  hydro-electric  possibilities  of  the  coun- 
try. However,  as  a  matter  of  fact,  the  water-power 
resources  of  the  country  are  by  no  means  evenly  dis- 
tributed. Over  70  per  cent,  of  the  available  water 
power  is  west  of  the  Mississippi,  whereas  over  70  per 
cent,  of  the  total  horsepower  now  installed  in  prime 
movers  is  east  of  the  river.  Therefore,  unless  the 
East  is  to  lose  its  industrial  supremacy,  it  must  press, 
and  press  hard,  for  the  development  of  all  water-power 
possibilities. 

The  Age  of  Petroleum 

In  1908  the  country's  production  of  oil  was  178,500,- 
000  bbl.,  and  there  was  a  surplus  above  consumption  of 
more  than  20,000,000  bbl.  available  to  go  into  storage. 
In  1918,  ten  years  later,  the  oil  wells  of  the  United 
States  yielded  356,000,000  bbl.— nearly  twice  the  yield 
of  1908 — but  to  meet  the  demands  of  the  increased  con- 
sumption more  than  24,000,000  bbl.  had  to  be  drawn 
from  storage.  The  annual  fuel-oil  consumption  of  the 
railroads  alone  has  increased  from  16%  to  36^  million 
barrels;  the  annual  gasoline  production  from  540,000.- 
000  gal.  in  1909,  to  3,500.000.000  gal.  in  1918.  This 
reference  to  the  record  of  the  past  may  be  taken  not 
only  as  justifying  the  earlier  appeal  for  Federal  action, 
but  as  warranting  deliberate  attention  to  the  oil  problem 
of  today.  There  are  large  bodies  of  public  land  now 
withdrawn,  which,  under  the  new  leasing  bill,  which 
seems  so  near  to  final  passage  after  seven  years  of  strug- 
gle and  baffled  hope,  will  in  all  likelihood  make  a  further 
rich  contribution  to  the  .A.merican  supply. 
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And  beyond  these  in  point  of  time  lie  the  vast  de- 
posits of  oil  shale  which  by  a  comparatively  cheap  re- 
fining process  can  be  made  to  yield  vastly  more  oil 
than  has  yet  been  found  in  pools  or  sands.  The  value 
of  this  shale  oil  vi^ill  depend  upon  the  cheapness  of  its 
reduction,  and  this  must  be  greatly  lessened  by  the  value 
of  byproducts  before  it  can  compete  with  coal  or  oil 
from  wells. 

Yet  with  all  the  optimism  that  can  be  justified  thert 
should  be  a  policy  of  saving  as  to  petroleum  that  should 
be  rigid  in  the  extreme.  We  must  save  the  oil  before 
it  leaves  the  well,  keep  it  from  being  lost  and  keep  it 
from  being  flooded  out  and  driven  away  by  water. 

There  are  possible  substitutes  for  some  petroleum 
products,  but  not  for  the  whole  barrel  of  oil;  further- 
more, petroleum  is  the  cheapest  material,  speaking 
quantitatively,  from  which  liquid  fuels  and  lubricants 
can  be  made ;  therefore,  substitutes  obtained  in  quantity 
must  cost  more.  Alcohol  can  be  substituted  for  gaso- 
line, but  only  in  limited  quantity  and  at  increased  cost. 
Benzol  from  byproduct  coking  ovens  can  also  be  used, 
but  quantitatively  is  totally  inadequate.  For  kerosene 
no  quantitative  substitute  is  known. 

Wanted — A  Foreign  Supply 
Already  we  are  importers  of  petroleum.  We  are  to 
be  larger  importers  year  by  year.  The  situation  calls 
for  a  policy  prompt,  determined,  and  looking  many 
years  ahead.  For  the  American  navy  and  the  Ameri- 
can merchant  marine  and  American  trade  abroad  must 
depend  to  some  extent  upon  our  being  able  to  secure, 
not  merely  for  today,  but  for  tomorrow  as  well,  an  equal 
opportunity  with  other  nations  to  gain  a  petroleum  sup- 
ply from  the  fields  of  the  world. 

We  must  look  abroad  for  a  supplemental  supply,  and 
this  may  be  secured  through  American  enterprise  if  we 
do  the  following  things : 

(1)  Assure  American  capital  that  if  it  goes  into  a 
foreign  country  and  secures  the  right  to  drill  for  oil  on 
a  legal  and  fair  basis  (all  of  which  must  be  shown  to 
the  State  Department)  that  it  will  be  protected  against 
confiscation  or  discrimination.  This  should  be  a  known 
published  policy. 

(2)  Require  every  American  corporation  producing 
oil  in  a  foreign  country  to  take  out  a  Federal  charter 
for  such  enterprise,  under  which  whatever  oil  it  pro- 
duces should  be  subjected  to  a  preferential  right  on  the 
part  of  this  Government  to  take  all  its  supply  or  a  per- 
centage thereof  at  any  time  on  payment  of  the  market 
price. 

(3)  Sell  no  oil  to  a  vessel  carrying  a  charter  from 
any  foreign  government,  either  at  an  American  port  or 
at  any  American  bunker,  when  that  government  does  not 
sell  oil  at  a  nondiscriminatory  price  to  our  vessels  at  its 
bunkers  or  ports. 
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Riva  Pelton  Turbine  Governor 

At  the  shop  of  the  Costruzioni  Meccaniche  Riva, 
Milan,  there  is  in  process  of  construction  an  interesting 
and  rather  unusual  type  of  turbine,  says  Norman  Dagui, 
in  The  Engineer.  This  turbine  is  to  be  employed  to  pro- 
duce power  for  the  Italian  Electric  State  Railways.  It 
consists  of  two  Pelton  wheels  of  different  diameter, 
on  the  same  shaft,  one  operated  by  a  head  of 
2000  ft.  and  the  other  of  670  ft.  Because  of  the  condi- 
tions under  which  the  power  is  acquired,  a  large  varia- 
tion of  load  occurs  throughout  the  twenty-four  hours, 
and  the  plant  is  fitted  with  an  automatic  device  by  means 
of  which  the  smaller  wheel,  which  is  only  used  when 
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RIVA  SPEED  CONTROLLING  ARRANGEMENT  FOR  PELTON - 
WHEEL  TURBINES 

ihe  load  rises  to  a  certain  point,  may  be  put  to  work. 
The  diameters  of  the  two  wheels,  taken  at  the  centers 
of  the  buckets,- are  6.4  ft.  and  3.67  ft.,  respectively,  and 
the  speed  is  500  r.p.m.  The  larger-diameter  wheel  de- 
velops 3500  hp.  with  one  jet  and  the  smaller  wheel  2500 
hp.  with  two  jets.  The  two  Pelton  wheels  are  keyed 
to  the  shaft  between  the  two  bearings. 

The  distinguishing  feature  of  the  Riva  turbine  of  the 
Pelton  type  is  the  method  of  governing  the  speed.  The 
governor  or,  rather,  the  actual  control  of  the  water  jet,  is 
effected  in  two  ways — first,  by  deflection,  and  secondly, 
by  throttling.  It  is  necessary,  of  course,  to  produce  de- 
flection as  an  initial  means  of  removing  power  from  the 
rotor,  for,  were  the  necessary  power  removed  to  be 
made  simply  by  the  closing  of  the  orifice,  the  water 
shock  produced  would  become  dangerous.  To  avoid 
this  it  is  necessary  that  the  closing  of  the  jet  be  made 
slowly,  but  at  the  same  time  it  is  equally  necessary  that 
the  power  should  be  taken  from  the  turbine  with  the 
least  possible  delay.  This  dual  object  is  achieved  by  a 
system  of  mechanism  shown  diagrammatically  herewith. 
In  it  /i  is  a  lever  working  on  a  fixed  fulcrum.  To  one 
end  of  this  lever  is  attached  a  dashpot  D ;  on  the  other 
end  is  fulcrumed  the  floating  lever  B.  On  one  end  of 
this  floating  lever  operates  the  deflector  C;  the  other  is 
connected  with  the  governor.  The  fulcrum  itself  is 
connected  with  the  jet  X". 

Supposing  the  load  to  be  suddenly  removed  from  the 
turbine  and  racing  begins,  the  governor  immediately  re- 
acts on  the  floating  lever  B,  and  the  deflector  comes 
mto  action  on  the  water  stream.  Since  resistance,  how- 
ever, is  offered  in  its  operation  to  the  turning  of  the 
lever  B  about  its  fulcrum,  the  fulcrum  itself  becomes  the 
moving  point  about  the  fulcrum  of  the  lever  A,  and  the 
jet  K  begin?  to  close. 
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Refrigeration  Study  Course — I.  What  Is  Mechanical 
f  Refrigeration? 


By  H.  J.  MACINTIRE 

Professor   of   Mechanical    Engineering,    University   of   Idiho 


REFRIGERATION  is  an  old  acquaintance,  one 
that  we  meet  face  to  face  every  day  in  one  or 
another  of  its  forms.  The  wind  from  the  snow- 
capped mountain  peaks,  or  from  a  flow  of  icebergs,  or 
from  a  body  of  glacial  water,  gives  us  the  sensation 
of  cold;  that  is,  the  air  becomes  colder  than  our  bodies 
and  therefore  it  seems  cold  to  us.  In  another  manner 
the  watering  wagons,  passing  down  the  hot  street  and 
wetting  the  sizzling  pavements,  give  us  relief  and  a 
pleasant,  cool  sensation,  which  is  again  an  application 
of  refrigeration  inasmuch  as  a  reduced  temperature  has 
been  produced  which,  for  the  time  being  at  least,  is 
colder  than  it  was  before.  This  is  similar  in  action  to 
that  taking  place  in  spray  ponds  and  cooling  towers,  for 
a  cooling  action  takes  place  which  lowers  the  tempera- 
ture of  the  water.  Finally,  we  have  the  action  of  some 
volatile  liquid  like  ether  on  one's  hand.  The  ether 
evaporates,  leaving  a  feeling  of  cold.  Now,  how  do 
these  different  means  of  refrigeration  take  place,  and 
what  has  it  to  do  with  mechanical  refrigeration?  An 
attempt  in  the  following  will  be  made  to  show  analogies 
to  the  common  means  of  cooling  to  be  seen  in  nature. 

Cooling  With  Ice 

The  most  common  form  of  refrigeration  is  that  pro- 
duced in  iceboxes.  Now,  ice  possesses  a  peculiar 
property  of  being  able  to  store  up  "cold";  that  is,  it 
requires  a  large  amount  of  heat  units  to  change  ice  at 
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FIG.     1.       SHOWING     THAT     IT     TAKES     PRACTICALLY     AS 

MUCH    HEAT    TO    MELT    A    POUND    OF    ICE    AS    TO 

INCREASE  THE  TEMPERATURE  OF  A  POUND 

OF  "WATER  FROM  32  DEG.  TO  176  DEG. 

32  deg.  F  into  water  at  32  deg.  F.  In  fact,  it  will  re- 
quire as  much  heat  to  melt  a  pound  of  ice  as  would  be 
required  to  raise  the  temperature  of  a  pound  of  water 
frorn  32  deg.  F.  to  176  deg.  F,  This  is  shown  diagram- 
matically  in  Fig.  1.  But  how  does  ice  in  an  icebox  or  a 
hunker  produce   refrigeration? 

First,  we  must  understand  that  refrigeration  is  a 
means  of  lowering  the  temperature  of  something  below 
the  temperature  of  the  surroundings  or  of  keeping  the 
temperature  of  commodities  below  the  temperature  of 
'ht  surroundings.    Melting  ice  would  not  be  of  any  use 


in  a  fish  freezer,  where  a  temperature  of  — 10  deg.  F. 
is  required,  because  it  melts  at  32  deg.  F.  Melting  ice 
ir.  only  good  for  refrigeration  requiring  a  temperature 
of  38  deg.  or  40  deg.  F.    Now,  why  is  this  ? 

First,  heat  will  not  "run  uphill"  any  more  than  water 
will.  Heat  will  only  go  from  a  hotter  to  a  colder  sub- 
stance, and  the  tendency  is  for  a  common  temperature 
to  be  obtained  between  th'e  hot  and  the  cold  substance. 


FIG.    2.      SECTION   OE'  ROOM  WHERE   ICE 
ALONE  IS  USED  FOR  REFRIGERATION 

Now,  ice  will  melt  at  32  deg.  F.,  and  in  so  doing  a 
pound  of  ice  will  absorb  144  heat  units  (144  B.t.u.). 
This  heat  must  come  from  some  other  source — not 
goods  or  air  at  zero  deg.  F.,  because  these  are  colder, 
but  something  hotter  than  32  deg.  In  the  ice  bunker 
heat  from  the  goods  being  stored  or  heat  from  the  out- 
side gives  the  air  in  the  storage  room  some  particular 
temperature.  The  air  in  the  immediate  vicinity  of  the 
ice  in  the  bunker  is  very  nearly  32  deg.  'F.,  say  34  deg. 
F.  This  cold  air  in  the  upper  part  of  the  storage  room 
— ^the  bunker  part — is  heavier  than  the  air  underneath, 
and  in  consequence  (if  proper  vent  openings  are  pro- 
vided) a  flow  of  air  will  take  place,  the  cold  air  will 
descend  and  the  hot  air  will  ascend  to  give  some  of  its 
heat  to  the  ice  which,  in  absorbing  this  heat,  becomes 
melted.  In  other  words,  air  in  the  room  is  ^  carrier  of 
heat,  but  if  the  box  is  designed  carefully  for  the  condi- 
tions that  prevail  and  sufficient  ice  is  maintained,  then 
the  box  will  never  get  too  warm  and  the  meats  and 
vegetables  will  be  preserved  from  rapid  decay. 

On  analyzing  the  foregoing,  it  will  be  seen  that  a 
temperature  below  that  of  the  atmosphere  may  be  ob- 
tained by  securing  a  substance  that  can  absorb  heal 
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below  die  temperature  desired  in  the  cold  room  (in  the 
case  cited  it  was  ice),  that  there  must  be  a  fluid  carrier 
of  heat  which  will  take  the  heat  units  from  the  goods  to 
be  cooled  (the  walls,  ceiling,  meats  and  vegetables)  and 
carry  this  heat  to  the  refrigerator  (the  ice),  and  finally, 
that  the  separate  parts  must  be  proportioned  satisfac- 
torily if  success  is  to  be  attained.  In  heating  by  the 
hot-air  method  we  have  a  similar  process.  The  air  is 
heated  in  a  furnace  or  bunker  coil,  ascends  by  its  own 
low  density  or  is  circulated  by  means  of  a  suitable  fan 


Ammonia 


FIG.  3.  LIQUID  AMMONIA  IN  A  TEST 
TUBE  BOILING  AT  ATMOS- 
PHERIC PRESSURE 

and  comes  into  contact  with  the  colder  surroundings  in 
the  rooms  to  be  heated.  The  warm  air  gives  up  a  part 
of  its  heat  to  the  room  and  may  be  sent  again  to  the 
furnace  or  bunker  for  more  heat  units. 

Cooling  by  a  Volatile  Liquid 

However,  the  limitations  to  the  use  of  ice  may  be 
seen  readily  for  refrigeration  of  any  except  very  small 
installations  because  of  its  expense,  annoyance,  dirt  and 
its  limited  cooling  temperature.  For  practical  purposes 
it  is  necessary  to  obtain  some  system  which  will  give 
any  desired  temperature  and  which  is  economical  and 
reliable.  As  already  suggested,  there  is  another  method 
of  refrigeration,  using  a  volatile  liquid  that  produces  an 
effect  similar  to  that  of  an  alcohol  sponge  bath  for  a 
fevered  patient,  ether  on  one's  palm  or  water  on  a 
hot  pavement,  each  in  turn  absorbing  heat  from  the  sur- 
roundings (boiling)  and  thereby  becoming  a  vapor. 
This  rather  difficult  phenomenon  may  be  explained  by 
considering  the  action  of  water  and  steam,  remembering 
that  all  vapors  act  in  a  similar  manner  and  have  their 
own  physical  properties. 

For  example,  we  all  know  that  water  boiling  at  a 
pressure  of  150  lb.  gage  has  a  temperature  of  365.9  deg. 
F.,  but  at  atmospheric  pressure  (sea  level)  it  boils  at 
only  212  deg.  F.  Likewise,  steam  in  a  condenser  at  26 
in.  vacuum  condenses  at  a  temperature  of  125  deg.  F., 
but  at  29  in.  vacuum  it  condenses  at  a  temperature  of 
79  deg.  F.,  assuming  a  standard  barometric  pressure  of 
29.92  in.  mercury.  Why  is  this?  one  might  ask.  Sim- 
ply because  this  is  the  law  governing  the  relation  of 
pressure  to  temperature  for  saturated  water  vapor.  It 
is  absolutely  constant  for  any  particular  liquid,  and 
these  relations  are  formed  by  experiment.  If  we  have 
the  temperature,  we  may  find  the  corresponding  pressure 
(provided  the  vapor  is  saturated)  by  referring  to  the 
proper  tables  where  these  values  are  given.  However, 
water  vapor  is  not  suitable  for  low-temperature  refrig- 
eration and  so  some  other  vapor  must  be  used,  and  as 


everyone  knows,  the  most  common  refrigerant  is 
ammonia. 

The  advantages  of  ammonia  over  those  of  water 
vapor  or  other  refrigerants  consist  of  the  low  boiling 
temperature  of  the  substance  and  the  reasonable  pres- 
sures at  which  this  takes  place.  For  instance,  if  am- 
monia is  allowed  to  boil  in  a  glass,  it  will  do  so  (at  sea 
level)  — 27.2  deg.  F.  If  it  were  possible  to  keep  the 
pressure  constant  at  15.23  lb.  gage  and  to  have  it  boil, 
it  would  do  so  at  zero  degrees  F.,  and  at  20  lb.  gage 
it  would  be  6.1  deg.  F.  These  pressures  are  convenient 
to  deal  with,  but,  equally  important,  there  is  also  the 
heat  capacity  of  the  refrigerant. 

The  heat  capacity  may  be  spoken  of  as  the  heat-carry- 
ing ability  of  a  substance.  Now,  air  has  little  heat- 
carrying  capacity,  for  air  at  atmospheric  pressure  would 
require  one  cubic  foot  with  a  change  of  about  50  deg. 
F.  to  give  one  unit  of  heat  (or  refrigeration).  On  the 
other  hand,  one  cubic  foot  of  liquid  ammonia  would  give 
approximately  20,000  heat  units  without  a  change  of 
temperature.  The  comparison  speaks  for  itself  and 
shows  one  of  the  reasons  why  ammonia  has  been 
chosen  as  the  refrigerating  medium.  But  the  problem 
is  much  more  involved  than  has  yet  been  developed. 
Ammonia  is  expensive  (30c.  per  lb.  now)  and  cannot  be 
allowed  to  go  to  waste.  We  cannot,  for  economical 
reasons,  allow  this  chemical  to  be  thrown  away  after 
but  a  single  round  of  duty.  We  must  make  it  perform 
its  work  again  and  again.    How  can  that  be  done?   . 

The  Closed  Cycle 

Evidently,  we  cannot  allow  the  vapor  to  escape  into 
the  atmosphere.  It  must  be  kept  confined  all  the  time. 
But  how  can  we  accomplish  this  and  yet  keep  the  boil- 
ing pressure  constant  ?  And  how  can  we  change  a  gas 
back  into  a  liquid  again?  The  answer  is,  by  means  of 
a  machine.  Let  us  consider  the  matter  and  see  if  we 
haven't  an  old  friend  disguised  in  a  new  make-up. 

Our  old  friend  the  steam  engine  takes  steam  which 
has  been  made  by  heating  water  in  a  boiler  and  then 
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PIG.     4.      DIAGRAMMATIC    LA\OUT    OF    SIMPLE    AMMONIA 
REFRIGERATING  PLANT 

evaporating  it  into  steam.  This  steam  was  generated 
under,  say,  100  lb.  gage  pressure  and  absorbed  the  nec- 
essary heat  units  from  the  heat  of  combustion  of  the 
fuel  burning  under  the  boiler.  Then  the  steam  was 
expanaed  in  the  steam  engine  and  finally  exhausted 
under  greatly  reduced  pressure  to  a  surface  condenser 
where  cooling  water  or  some  other  refrigerating  agent 
took  away  the  heat  of  condensation  and  left  water  at 
a  temperature  corresponding  to  the  pressure  in  the  con- 
denser. Let  us  repeat  the  cycle.  Water  is  heated  until 
a  temperature  is  finally  reached  where  evaporation  be- 
gins, then  evaporation  continues  at  constant  temperature 
(and  constant  pressure)  until  all  the  water  is  steam,  then 
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zvork  is  done  on  the  steam  engine,  accompanied  by  a 
drop  of  pressure  (and  temperature)  and  finally  the  re- 
sulting low-pressure  steam  is  condensed  in  a  water- 
cooled  condenser  refrigerator.  Note  that  condensation 
and  evaporation  were  separated  by  work  done  on  a 
steam  engine.  In  refrigeration  the  opposite  cycle  must  be 
used.  For  example,  suppose  the  boiling  ammonia  absorbs 
heat  and  becomes  vaporized  (this  corresponds  to  the 
steam  boiler,  only  it  is  working  the  opposite  way)  ;  then 
(to  reverse  the  steam-engine  cycle)  the  vapor  must 
hazje  work  done  on  it  and  the  pressure  raised,  and 
hnally  heat  is  taken  away  from  the  compressed  gas  un- 
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ILLUSTRATING    EXPANSION    OF    AMMONIA    FROM 
SHIPPING  DRUM 


til  the  latter  becomes  liquid.  Let  us  see  if  this  can  be 
explained  another  way.  Suppose  we  look  at  the  prob- 
lem face  to  face.  We  want  to  use  the  low-pressure  am- 
monia vapor  again,  then  how  can  we  condense  it  ? 

Referring  to  tables  of  saturated  ammonia,  it  will  be 
seen  that  ammonia  temperatures  and  pressures  are  as 
follows: 


Pressure,  Lb.  Gage 

75  

100  

125  

150  

175 


Temperature,  Deg.  F 

43.2 

63.4 

74.4 

84.0 

92.5 


200     100.3 

Liquid  ammonia  at  100  lb.  gage  will  boil  at  63.4  deg. 
F.,  but  also  compressed  ammonia  gas  at  100  lb.  will 
condense  at  the  same  temperature.  Likewise,  at  150 
lb.  the  compressed  gas  will  condense  at  84  deg.  F.  and 
at  200  lb.  it  will  condense  at  100.3  deg.  F.  So,  then, 
if  we  have  80  deg.  F.  water,  we  can  use  enough  of  this 
so  that  the  liquid  ammonia  after  condensation  is  92.5 
deg.,  in  which  case  the  pressure  will  have  to  be  175  lb. 


According-  to  the  report  issued  by  the  Department  of 
Commerce,  Bureau  of  Foreign  and  Domestic  Commerce, 
Washington,  D.  C,  the  value  of  domestic  exports  of 
electrical  machinery  and  appliances  (excluding  locomo- 
tives) from  the  United  States  during  the  month  of  Oc- 
tober, 1919,  to  foreign  countries  was  for  the  following 
items:  Batteries,  $507,704;  carbons,  $121,621;  dyna- 
mos and  generators,  $452,946 ;  number  of  fans,  4599,  at 
a  value  of  $79,406;  heating  and  cooking  apparatus, 
$164,114;  insulated  wire  and  cables,  $487,444;  interior 
wire  and  supplies,  including  fixtures,  168,902;  number 
of  arc  lamps,  145,  value  $2239;  number  of  carbon  in- 
candescent lamps,  26,791,  value  $6075  ;  number  of  metal- 
filament  incandescent  lamps,  1,073,090,  value  $334,835; 
magnetos,  spark  plugs,  etc.,  $222,972 ;  meters  and  meas- 
uring instruments,  $237,077;  motors,  $1,007,930;  rheo- 
stats and  controllers,  $63,153 ;  switches  and  accessories, 
v$347,152;  telegraph  apparatus,  including  wireless,  $44,- 
566;  telephones,  $388,428;  transformers,  $218,789;  all 
other,  $2,425,310;  total,  $7,280,963. 


Safety  Motor-Starting  Switch 

A  new  type  of  motor-starting  switch,  which  is  low  in 
first  cost  but  provides  complete  protection  to  both  the 
operator  and  the  motor,  has  just  been  placed  on  the  mar- 
ket by  the  Westinghouse  Electric  and  Manufacturing 
Company.  It  is  designed  for  connecting  250-  and  550- 
volt  single-phase  or  polyphase  alternating-current  mo- 
tors, of  from  one  to  ten  horsepower,  directly  to  the  line 
without  the  use  of  auto-transformers  or  resistance.  As 
shown  in  the  figure,  all  the  mechanism  with  the  excep- 
tion of  the  operating  handle  is  inclosed  in  a  steel  box. 
The  protective  devices  are  easily  accessible  on  opening  a 
door  in  the  cover,  as  shown;  but  this  door  cannot  be 
opened  except  when  the  switch  is  in  the  off  position. 
Therefore  it  is  impossible  to  receive  injury  from  con- 
tact with  live  parts  when  either  operating  the  switch  or 
making  ordinary  adjustments. 

No-voltage  protection  to  the  motor  is  provided  by  a 
magnetic  release  M,  which  opens  the  switch  autornat- 
ically  on  a  failure  of  voltage.  Overload  protection  is 
provided  by  means  of  relays  R  resembling  cartridge 
fuses  in  appearance,  each  of  which  contains  a  contact 
connected  in  series  with  the  release  magnet.    Harmless 


SAFETY  SWITCH  WITH  COVER  OPEN 

momentary  overloads  have  no  effect  on  the  relays,  but  as 
soon  as  the  load  on  the  motor  becomes  dangerous,  the 
relay  contacts  break  the  magnet  circuit  and  the  switch 
automatically  opens.  The  relays  then  automatically  re- 
set themselves.  The  switch  is  so  arranged  that  it  can- 
not be  kept  closed  on  an  overload  or  no-voltage,  even 
if  the  handle  is  held  in  the  on  position. 

The  October  15  quarterly  number  of  the  Bulletin  of 
the  National  District  Heating  Association  contains  rates 
of  heating  companies  in  various  cities  of  the  United 
States  brought  down  to  date  according  to  the  best  in- 
formation available.  The  differences  in  rates  charged 
in  different  places  are  evidently  due  to  variations  of 
conditions  and  go  to  emphasize  the  inadvi<;ability  of 
fixing  rates  in  comparison  with  what  others  are  charg- 
ing. Charges  should  be  based  on  a  careful  appraisal  of 
the  property  used  and  useful  in  the  business,  together 
with  consideration  of  operating  expenses  and  the  rate 
should  obtain  a  fair  return  upon  the  capital  necessarily 
invested.  The  method  is  equally  applicable  in  arriving 
at  fair  charges  for  steam  or  heating  service  furnished  to 
customers  of  isolated  plants. 
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Practical  Lubrication— Oils  and  Their 
Physical  Characteristics 


By  W.  F.  OSBORNE 


WHAT  is  the  best  way  for  the  engineer  to  select 
the  most  efficient  and  economical  lubricants  for 
any  particular  purpose?  There  are  so  many 
lubricants,  suitable  and  unsuitable, -that  if  he  depends 
solely  upon  trying  first  one  and  then  another  until  he 
hits  upon  something  satisfactory,  he  is  quite  likely  to 
find  it  both  expensive  and  dangerous.  If  he  can  elimi- 
nate the  unsuitable  ones  first  and  then  try  out  a  few 
of  the  suitable  ones  until  an  efficient  and  economical 
lubricant  is  selected,  he  will  save  many  a  dollar  and  a 
great  deal  of  effort. 

No  matter  how  carefully  machines  are   built,  there 
is  always  some  little  difference  be- 
tween them.    These  slight  mechani- 
cal differences  frequently  affect  the 
lubrication,     making     it     hard     to 
specify  a  single  lubricant  as  being 
the  correct  one  to  use  on  the  ma- 
chine   under    all    operating    condi- 
tions.     It    is    therefore    necessary 
to  investigate  all  the  factors  that 
may    have    any    influence    on    the 
lubricants,    and    by   knowing   what 
will  happen  when  lubricants  of  cer- 
tain characteristics  are  used,  it  is 
generally  possible  to  make  a  fairly 
accurate  selection.   This  article  will 
explain  the  characteristics  of  the  principal  types 
of  lubricants  and  also  some  of  the  methods  that 
can  be  used  in  testing  for  them.     The  subse- 
quent articles  will  point  out  the  principal'  fac- 
tors that  should  be  looked  into  in  picking  out 
lubricants  for  the  most  widely  used  types  of 
machinery. 

American  lubricating  oils  of  mineral  origin 
can  be  divii^d  into  two  general  classes  readily 
distinguished  by  their  physical  characteristics 
■ — paraffin-base  oils  and  asphaltic-base  oils. 
There  is  also  a  mid-continent  or  semiparaflftn 
crude  from  which  oils  are  made  possessing  some 
of  the  characteristics  of  both  of  the  other  types. 
Many  grades  of  lubricants  are  made  from  each 
of  these  crudes,  and  they  are  also  frequently 
blended  in  varying  percentages  to  obtain  cer- 
tain results.  Lubricating  oils  may  be  of  animal,  vege- 
table or  mineral  origin,  or  combinations  of  any  or  all 
of  them  for  various  purposes. 

Like  many  other  materials  it  is  practically  impossible 
to  judge  from  appearance  alone  whether  an  oil  or  grease 
will  lubricate  a  machine  as  desired;  accordingly,  many 
attempts  have  been  made  to  devise  a  series  of  chemi- 
cal and  physical  tests  to  check  the  suitability  of  a 
lubricant  before  actually  trying  it  out  in  the  machine. 
The  physical  tests  which  are  ordinarily  made  on  oils 
are,  gravity,  flash,  fire,  pour,  color,  viscosity,  carbon 
residue,  emulsification,  acidity. 

Gravity — The  specific  gravity  of  an  oil  is  the  ratio 
of  its  weight  to  the  weight  of  an  equal  volume  of  dis- 
tilled water.  As  oils  contract  and  expand  with  tem- 
perature variations,  the  standard  of  comparison  is  set 
at  60  deg.  F.     Specific  gravities  can  be  determined  in 


FIG.    1.     WEIGH- 
ING     OIL      FOR 
THE       GRAVITY 
TEST 


a  number  of  ways,  but  the  easiest  method  for  the  engi- 
neer who  has  no  laboratory  equipment  is  for  him  to 
fill  a  clean  bottle  with  distilled  water  at  60  deg.  F. 
Weigh  the  full  bottle  and  after  emptying  and  drying 
it,  weigh  the  bottle  itself.  Now  fill  the  bottle  to  the 
same  level  with  the  oil  to  be  tested  heated  to  60  deg. 
F.  and  weigh  it  (see  Fig.  1).  After  deducting  the 
weight  of  the  bottle  in  each  case,  the  specific  gravity 
of  the  oil  is  found  by  dividing  the  weight  of  the  oil  by 
the  weight  of  the  water. 

In   the  oil  industry  an   arbitrary,  scale  of  gravities 
called  the  Baume  scale  is  used.     On  this  scale  the  spe- 
cific gravity  of  water  corresponds 
to  10  B.  and  a  specific  gravity  of 
0.667  equals  80  B.    To  the  engineer 
the  gravity   of   an  oil   is  of  value 
only  in   so  far  as  it  indicates  the 
kind  of  crude  from  which  the  oil 
was  made.     High-gravity  oils  rang- 
ing from  28  deg.  B.  to  32  B.  are 
made     from     paraffin-base    crudes, 
the  low-gravity  oils   from   19   deg. 
to    22    deg.    B.    being    made    from 
asphaltic-base      crudes.      Excellent 
oils  are  made  from  both  crudes  for 
practically     all     purposes,     and     a 
gravity  specification  that  would  in- 
clude all  high-grade  oils  would  have  to  read 
19  deg.  to  32  deg.  B.     Of  two  oils  made  from 
the    same    crude,    the    one    having    the    higher 
Baume  gravity  will  be  the  thinner  in  body.  '^ 
Flash  and  Fire — Any  liquid  on  being  heated 
sufficiently  will  give  off  vapor.    The  vapor  given 
off  by  oil  will  burn  when  mixed  with  the  proper 
quantity  of  air.     The  flash  point  of  an  oil   is 
the    temperature    at   which    the    oil   on    being 
heated   slowly   will   give   off   enough   vapor   to- 
form  with  the  air  over  its  surface  a  mixture 
which  will   ignite  upon  the   introduction   of  a 
small  flame  and  then  go  out.     As  the  tempera- 
ture of  the  oil  is  raised  more  vapor  is  given 
off,  and  when  the  production  of  vapor  is  suf- 
ficiently rapid  the  oil  takes  fire  and  burns  con- 
tinuously.   This  temperature  of  the  oil  is  called 
its  fire  point, 

A  number  of  instruments  have  been  made  to  de- 
termine flash  and  fire  points,  the  most  widely  used 
being  the  Cleveland  and  Tagliabue  open-cup  testers. 
The  Cleveland  tester  is  shown  in  Fig.  2.  The  oil  to  be 
tested  is  placed  in  the  cup  c  surrounded  by  an  oil 
bath  b  to  regulate  the  temperature.  The  heat  is  sup- 
plied by  the  gas  jet  h.  The  thermometer  th  shows 
the  temperature  of  the  oil  when  the  flash  and  fire 
occur. 

Although  the  flash  point  shows  the  temperature  at 
which  enough  oil  can  be  vaporized  to  cause  a  flash, 
it  does  not  show  how  much  oil  will  evaporate  at  that 
temperature  nor  does  it  show  the  temperature  nec- 
essary to  evaporate  the  remainder  of  the  oil.  It  is 
quite  possible  for  an  oil  to  contain  a  small  percentage 
that  will  evaporate  at  a  low  temperature,   leaving  in 
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the  cup  a  much  greater  portion  requiring  a  high 
temperature  for  complete  vaporization.  Neither  do  the 
flash  and  fire  tests  show  the  actual  lubricating  qual- 
ities of  the  oils,  although  they  may  point  out  the  possi- 
ble unsuitability  of  an  oil  for  certain  purposes  where 
a  minimum  evaporation  is  necessary.  It  should  be 
remembered  that  an  oil  will  not  flash  or  burn  spontan- 
eously at  temperatures  anywhere  near  the  flash  point; 
an  actual  flame  or  "hot  spot"  must  be  introduced  from 
some  outside  source,  and  then  there  must  be  a  suf- 
ficient amount  of  oxygen  present  for  combustion. 

Paraffin  oils  have  higher  flash  and  fire  points  than 
asphaltic  oils   of   equal   body  and   quality.     These  oils 
were    in   use   many    years    before    asphaltic    oils    were 
developed,  and  numbers  of  engineers  have  become 
accustomed  to  specifying  a  high  flash  on  this  ac- 
count.    There   seems   to   be  no   good   reason   for 
requiring  a  high  flash,  nor  are  there  any  special 
objections  to  it  provided  other  characteristics  are 
suitable,  as  practical  experience  has  shovvni   that 
both  high-  and  low-flash  test  oils  are  equally  sat- 
isfactory   for    many    purposes.      The    lower-flash 
oils  are  usually  more  suitable  for  air-compressor 
or   internal-combustion    cylinders,   as   they   evap- 
orate more  quickly  without  decomposition  with  its 
resulting  carbon  formation. 

Pour  Test — All  oils  contract  when  cooled,  and 
if  the  temperature  is  reduced  low  enough  they  will 
cease  to  flow.    The  lowest  temperature  at 
which  an  oil  will  flow  is  called  its  pour 
test.     Oils    made    from    paraffin    crudes 
contain  wax  in  solution  and  as  wax  alone 
is  solid  at  temperatures   below   110  deg. 
F.,   these  oils  congeal   at  higher 
temperatures    than    the   asphaltic 
oils   containing   no   paraffin   wax. 
Asphaltic  oils  have  pour  tests  be- 
low 0  deg.  F. ;  paraflJin  oils  have 
pour  tests  ranging  from  25  deg. 
to  80  deg.  F.,  although  they  can 
be  lowered  by  a  rather  expensive 
process     of     chilling     and     filter 
pressing  to  remove  the  wax. 

The  pour  test  should  be  given 
due  consideration  when  selecting 
oils  for  refrigerating  equipment, 
motor  cars  in  winter,  railway- 
signal  mechanisms,  ring-  or 
chain-oiled  bearings  or  any  other 
place  where  the  lubricant  must  re- 
main liquid  at  low  temperatures. 
Color — Outside  of  the  labora- 
tory the  color  of  an  oil  is  usually 
determined  by  looking  at  the  light  through  a 
four-ounce  sample  bottle  filled  with  the  oil.  Oils 
vary  in  color  from  water  white,  straw,  yellow,  amber 
and  red,  to  dark  green,  brown  or  black.  Light-colored 
oils  are  not  always  light-bodied,  as  very  viscous  as- 
phaltic oils  may  have  a  pale  amber  color;  some  red  or 
greenish  oils  are  comparatively  thin.  Many  pale  oils 
are  high-grade  filtered  oils  while  others  are  merely 
bleached;  on  the  other  hand,  red  oils  are  frequently 
filtered  and  when  properly  refined  many  of  them  are 
high-class  lubricants.  A  greenish  tinge  to  an  oil  usual- 
ly indicates  that  steam-cylinder  stock  has  been  blended 
with  a  lighter  oil  to  raise  its  viscosity. 

The  color  of  any  oil  becomes  dark  with  use  because 
of  slight  oxidization  and   by   picking  up  minute   par- 
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tides  of  foreign  matter.  Red  oils  may  change  in 
characteristics  just  as  much  as  the  pale  oils,  but  it  is 
not  so  noticeable,  owing  to  their  darker  color. 

Viscosity — The  viscosity  of  an  oil  is  the  resistance 
offered  by  its  molecules  in  sliding  past  one  another 
and  indicates  the  body  or  fluidity  of  the  oil.  The  re- 
lative body  of  two  oils  may  be  compared  roughly  in 
sample  bottles  by  turning  them  upside  down  and  watch- 
ing the  drop  from  the  bottoms.  The  oil  which  drops 
first  is  the  thinner. 

Viscosities  are  determined  accurately  by  instruments 
known    as   viscosimeters,    of   which   there   are   several 
forms.      Tht   instrument   in   most   general   use    in   the 
United    States    is    the    Universal    Saybolt    viscosimeter 
shown  in  P'ig.  3.    To  make  the  test  the  cylinder 
c  is  filled  with  the  oil  to  be  tested  and  the  sur- 
rounding bath  d  with  water  or  oil.    The  tempera- 
ture of  the  oil  to  be  tested   is  brought  to  the 
desired    point    by    regulating    the    temperature 
of  the  bath.     The  gallery  g  is  emptied  of  all 
surplus    oil   with   a   pipette,   thus   bringing   the 
level  of  the  oil  to  a  positive  starting  point.     At 
the  bottom  of  the  cylinder  is  a  jet  ;  through 
which  the  oil  flows  into  the  receiving  flash  /. 
The  orifice  is  inclosed  by  the  tube  t  extending 
below  the  bottom  and  is  closed  by  the  cork  I 
with  a  string  attached.     To  start  the  test  the 
cork  is  pulled  out  quickly  and  the  number  of 
seconds  required  for  the  oil  to  rise  up  to 
the  60-c.c.  mark  on  the  flash  /  indicates 
the  viscosity. 

In  the  illustration,  m  is  a  steam  heater, 
e  an  electric  heater  and  r  is  a  gas  heater, 
and  any  of  these  three  may   be 
used ;  as  are  stirrers  used  to  even- 
ly circulate  the  heating  bath. 

The  body,  or  viscosity,  of  any 
oil  changes  with  the  temperature., 
and  a  viscosity  reading  should 
always  be  accompanied  by  the 
temperature  at  which  it  was 
taken.  Spindle,  engine,  turbine, 
machine,  and  motor  oil  viscosities 
are  taken  at  100  deg.  F.  Steam- 
cylinder  and  gear  oils,  because- 
they  are  so  viscous,  are  heated 
to  210  deg.  F.  before  taking  the 
viscosity   reading. 

The.  two  curves  in  Fig  4  show 
how  the  viscosity  of  oil  varies 
with  a  change  in  temperature. 
These  two  oils  are  high-grade  tur- 
bine oils  and  have  about  the  same 
body  at  the  v.'orking  temperatures  of  the  bear- 
ings, 125  deg.  to  150  deg.  F.  As  the  curves  show, 
an  asphaltic  oil  having  the  same  viscosity  as  a  paraf- 
fin oil  at  130  deg.  F.  will  be  quite  a  bit  thicker  at 
ordinary  temperatures.  If  these  two  oils  were  cooled 
still  further,  the  asphaltic  oil  would  be  much  the  heavier 
until  about  35  deg.  F.  was  reached,  then  the  paraffin 
oil  would  thicken  very  rapidly  and  congeal  at  30  deg. 
F.  while  the  asphaltic  oil  would  remain  liquid  at  tem- 
peratures below  zero.  When  deciding  upon  the  oil  to 
use,  the  operating  temperature  should  be  determined 
if  possible  and  the  right  viscosity  at  that  temperature 
specified. 

The   viscosity   test    is   most    important    in    selecting 
lubricating  oils  for  almost  all  purposes.     If  the  oil  is 
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too  light  in  body  at  the  working  temperature  to  with- 
stand the  pressures,  the  metal  surfaces  will  come  into 
contact  with  friction  and  wear.  On  the  other  hand, 
if  the  oil  is  too  heavy  it  may  not  flow  to  the  working 
surfaces  fast  enough  to  maintain  the  oil  film  and  wear 


Cylinder  C 

I        FIG.    3.      .SECTIONAL   DIAGRAM    OF   THE   UNIVERSAL, 
'  SAYBOLT   VISCOSIMETER 

will  result  through  lack  of  lubrication.  Heavy-bodied 
oils  also  cause  power  losses  through  the  internal  fric- 
tion of  the  oil  itself.  High-viscosity  oils  will  sustain 
heavy  loads  and  are  used  for  slowly  moving  machinery; 
light-bodied  oils  are  used  for  high-speed  machines  with 
light  loads. 

Carbon  Residue — If  oil  is  heated  to  a  high  tempera- 
ture in  the  absence  of  a  free  supply  of  air,  the  greater 
part  of  the  oil  will  distill,  leaving  a  residue  of  carbon 
in  the  receptable.  This  carbon  is  formed  by  the 
partial  decomposition  of  the  oil,  and  the  amount  de- 
posited by  this  test  is  an  indication  of  the  extent  to 
which  the  oil  will  decompose  in  actual  service.  The 
oils  which  require  the  greatest  heat  to  evaporate  them 
usually  form  the  largest  carbon  residue,  as  the  high 
temperatures  have  a  greater  decomposing  effect.  Heavy- 
bodied  oils  leave  a  greater  residue  than  lighter-bodied 
oils  made  from  the  same  crudes  with  the  same  degree 
of  refinement. 

The  carbon-residue  test  is  helpful  in  sslecting  oils 
for  any  service  where  the  oil  is  evaporated  or  burned, 
as  carbon  deposits,  if  formed,  may  seriously  affect  the 
operation  of  the  machine.  This  applies  particularly 
to  air  compressor  and  internal-combustion  cylinders 
for  which  a  low  carbon  residue  is  highly  desirable. 
The  carbon-residue  test  will  also  give  some  idea  of  the 
relative  amount  of  sludge  which  might  be  formed  in  a 
steam  turbine  or  engine  oil-circulating   system. 

Emulsification-  -This  test  is  made  to  show  the  ra- 
pidity with  which  oil  will  separate  from  water.     Any 


engineer  can  test  his  steam-engine  or  steam-turbine 
oil  by  mixing  equal  parts  of  oil  and  water  in  a  bottle 
and,  after  thoroughly  shaking,  observing  how  quickly 
the  oil  separates.  The  ability  of  any  oil  to  separate 
depends  principally  upon  its  quality  and  the  care  taken 
in  its  refinement.  Thin  oils  naturally  separate  more 
quickly  than  the  more  viscous  ones,  a  characteristic 
that  is  taken  advantage  of  by  heating  the  oils  in  steam- 
engine  circulating  systems  to  improve  their  separation 
from  water  and  dirt. 

This  test  is  valuable  when  selecting  oils  for  the 
circulating  systems  of  steam  turbines  and  engines  or 
for  any  purpose  where  there  is  a  possibility  of  water 
getting  into  the  oil.  It  will  also  point  out  the  de- 
terioration of  oil  with  use,  and  if  tests  are  made  reg- 
ularly il;  should  be  possible  to  know  when  a  batch  of 
oil  in  a  system  is  approaching  the  end  of  its  usefulness. 

Acidity — A  practical  test  to  show  the  presence  of 
acid  can  be  made  by  coating  a  highly  polished  piece 
of  brass  with  the  oil  and  exposing  it  to  the  air  for 
twenty-four  hours.  The  quantity  of  acid  in  an  oil  can 
be  determined   accurately   only   in   the   laboratory. 

All  high-grade  oils  when  new  are  free  from  acid,  but 
they  will  all  develop  a  certain  amount  of  acidity  in  use. 
Oils  containing  animal  or  vegetable  oils  decompose 
rapidly  when  heated,  and  the  acid  developed  is  a  large 
factor  in  the  limited  use  of  such  lubricants.  Mineral 
oils  will  also  show  an  acid  content  after  they  have  been 
in  use  for  some  time,  due  to  the  breaking  down  or 
decomposition  of  the  oil.  The  acidity  test  of  used  oils 
is  of  value  in  determining  when  to  throw  away  the 
oil  in  a  turbine  or  engine  oiling  system  and  replace 
it  with  new  oil.  A  good  plan  is  to  take  samples  about 
once  a  month  and  have  the  laboratory  test  for  the 
amount  of  acid.  When  it  is  found  that  the  acid  begins 
to  increase  rather  rapidly,  the  oil  should  be  taken  out, 
as  there  is  a  great  possibility  of  its  emulsifying. 

All  these  tests  taken  together  will  usually  eliminate 
unsuitable   oils  provided   the   service   conditions   under 
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FIG.  4.    CHART  SHOWING  THE  VARIATION  OF  VISCOSITIES 
UNDER    DIFFERENT    TEMPERATURES 

which  they  are  expected  to  operate  are  correctly  esti- 
mated. If  taken  singly,  many  of  them,  such  as  gravity, 
flash,  fire  and  color,  are  of  little  value,  and  it  is  seldom 
wise  to  attempt  to  select  an  oil  without  knowing  all 
of  the  foregoing  characteristics.  Few  engineers  out- 
side of  the  larger  companies  have  the  necessary  equip- 
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ment  to  make  scientific  tests,  but  with  a  little  care 
and  experience  many  6f  the  practical  tests  outlined 
will  be  of  considerable  assistance. 

Bearings  are  sometimes  located  so  that  they  are 
difficult  to  reach  or  are  of  such  design  that  they  waste 
oil  through  leakage.  In  such  cases  a  lubricant  thicker 
than  oil  is  more  economical  and  requires  less  labor 
in  applying.  Greases  are  usually  made  by  .thickening 
?  mineral  oil  with  a  soap  formed  by  saponifying  ani- 
mal or  vegetable  oils  with  an  alkali.  They  are  made 
of  varying  consistencies,  ranging  from  the  thin  fluid 
grades  to  extremely  hard  greases  with  high  melting 
points.  Greases  of  the  softer  grades  can  also  be  made 
from  pure  petroleum  and  are  used  where  temperatures 
are  not  excessive.  The  melting  points  vary  with  the 
materials  used  and  the  method  of  manufacture. 

All  good  greases  are  homogeneous,  free  from  ex- 
cessive alkali,  acid  or  moisture,  and  contain  no  fillers 
or  stiffeners  of  a  nonlubricating  nature.  Some  greases 
also  contain  graphite  which  serves  to  fill  up  the  pores 
of  the  metal,  making  the  surfaces  smoother  and  thus 
reducing  friction.  The  method  of  manufacture  of  any 
grease  has  a  far  greater  influence  upon  its  quality 
than   its  chemical  composition. 

After  the  poor  grades  have  been  eliminated  and  a 
number  of  apparently  suitable  lubricants  have  been 
found,  the  most  efficient  one  can  be  determined  only 
by  a  practical  test  under  actual  operating  conditions. 
The  articles  to  follow  cover  the  principal  points  that 
the  engineer  should  investigate  when  picking  out  lubri- 
cants for  various  types  of  service  as  well  as  the  effect 
tl  py  have  on  certain  characteristics  in  lubricants. 

Absorption  Machine  Merely  Needed 
Better  Steam  Circulation 

By  W.  Everett  Parsons* 

Several  years  ago  I  was  retained  by  a  manufacturer 
of  absorption  refrigeration  machines  in  a  lawsuit  where 
the  purchaser  of  one  of  his  machines  refused  to  pay 
for  the  installation  on  its  failure  to  fulfill  the  guarantee 
as  to  capacity.  The  machine  was  of  the  low-pressure 
type  and  was  supposed  to  be  operated  by  exhaust  steam 
at  5  lb.  pressure. 

The  purchaser  (a  hospital)  employed  several  well- 
known  experts  to  make  tests  of  the  refrigerating  sys- 
tem, and  they  reported  that  the  machine  failed  to  de- 
velop the  capacity  guaranteed.  I  did  not  see  the  ma- 
chine. The  matter  was  taken  to  several  courts  and 
finally  was  tried  before  a  referee  after  about  two  years 
of  litigation. 

The  manufacturer  of  the  refrigerating  machine 
claimed  from  the  first  that  the  generator  heating  coils 
were  not  properly  connected  to  the  exhaust-steam  sup- 
ply system;  that  when  the  machine  was  installed  in- 
structions had  been  given  as  to  how  this  should  be  done 
and  had  been  ignored.  The  heating  system  and  con- 
nections from  the  source  to  the  generator  were  installed 
under  the  plans  and  supervision  of  one  of  the  best- 
known  heating  engineers  in  this  country.  The  pur- 
chaser therefore  naturally  concluded  that  the  heating 
expert  probably  knew  more  about  the  heating  than  the 
refrigeratiiig-machine  manufacturer  did. 

At  the  trial  before  the  referee  there  were  retained 
on  the  two  sides  at  least  eight  of  the  foremost  experts 
in  this  country. 


•Consulting:  Engineer,  Newark,  N.  J. 


The  experts  for  the  purchaser  were  first  to  be  called 
to  testify.  It  .soon  developed  that  the  coils  of  the  gen- 
erator of  the  refrigerating  machine  were  connected  on 
the  induction  system;  that  is,  with  one  end  of  "he  coils 
connected  to  the  exhaust  main  by  a  branch  pipe  and  the 
other  end  to  a  header  to  which  a  trap  and  a  small  air- 
vent  valve  were  connected.  The  several  experts  for 
the  purcha.ser  were  asked  whether  the  coils  in  the  ven- 
erator were  likely  to  become  airbound  and  how  much 
of  an  opening  there  should  be  to  get  rid  of  the  air. 
One  expert  for  the  purchaser  said  that  a  ^-in.  globf^ 
valve  just  cracked  open  would  be  suf!icient;  another  said 
a  pinhole  would  be  sufficient  after  the  generator  was  in 
full  operation.  The  latter  expert,  hovrever,  at  the  nex/: 
sitting,  asked  to  have  the  "pinhole"  testimony  stricken 
out. 

At  the  time  of  the  trial  the  writer  was  supervising 
the  remodeling  and  enlarging  of  one  of  the  largest 
combination  power  and  refrigerating  plants  in  New 
York,  near  where  the  trial  was  going  on. 

In  the  basement  of  this  power  plant  there  was  a 
large  horizontal  Berryman  feed-water  heater.  This 
heater  had  been  originally  connected  so  that  practically 
al:  the  exhaust  steam  from  the  engines  and  pu'^ps  en- 
tered it  through  a  16-in.  exhaust  main,  and  whatever 
was  not  condensed  passed  on  to  the  steam  condensers 
operated  at  atmospheric  pressure  to  make  distilled  water 
for  an  ice-making  plant.  Some  time  before  the  trial 
began  the  steam  condenser  had  been  moved  to  another 
part  of  the  basement  and  the  steam  outlet  of  heater 
had  been  closed  with  a  flange  for  a  3-in.  pipe,  but  bushed 
down  to  1-in.  Then  a  1-in.  nipple  and  globe  valve  were 
connected  as  an  air  vent. 

The  heater  as  connected  was,  of  course,  similar  in 
principle  and  arrangement  to  the  generator  of  the  ab- 
sorption machine.  I  decided  to  have  a  series  of  tests 
made  with  different  sized  air-vent  openings.  These 
tests  were  made  while  the  examination  of  the  experts 
was  in  progress.  About  the  time  this  examination  was 
completed,  I  handed  to  the  lawyer  for  the  refrigerating- 
machine  manufacturer  a  copy  of  a  table  of  the  results 
of  tests.  From  the  series  of  tests  the  results 
of  those  in  which  all  of  the  conditions  were 
as  nearly  alike  as  possible  excepting,  of  course, 
the  temperature  of  the  feed-water  leaving  the  heater, 
were  used.  With  the  1-in.  air-vent  valve  wide 
open  the  results  were  6.28  per  cent,  better  than  with  the 
1-in.  valve  open  only  one-half  turn  and  the  results  ob- 
tained were  32.41  per  t-:^t.  better  with  a  3-in.  valve  wide 
open. 

With  the  3-in.  valve  wide  open  some  steam  passed 
out  with  the  air.  This  indicated  a  free  circulation  o:. 
steam  over  all  the  heat-absorbing  surfaces,  and  thic 
without  a  doubt  helped  to  make  the  results  so  much 
better.  -* 

A  free  circulation  of  steam  in  the  coils  of  the  gener- 
ator kept  tree  from  air  is  what  the  refrigerating- 
machinery  manufacturers  had  provided  for  and  insisted 
upon  when  the  machine  was  installed. 

The  lawyer  for  the  machine  manufacturer  decided  to 
show  the  results  of  my  tests  to  the  opposing  lawyer. 
When  he  did  so,  the  case  was  promptly  ended  without 
taking  further  testimony  and  the  machine  manufacturer 
was  promptly  paid  for  his  machine. 

I  might,  however,  add  that  I  was  informed  that  dur- 
ing the  litigation  the  purchaser  arranged  with  a  com- 
petitor to  remodel  the  refrigerating  plant  at  a  consider- 
able expense,  which,  it  would  appear,  was  unnecessary. 
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Steam  From  the  Earth 

About  a  year  ago  mention  was  made  in  Power  of  a 
station  :n  Italy  in  which  use  was  made  of  steam  ex- 
tracted from  the  earth.  Ing.-Prof.  Luigi  Luiggi,  of 
Rome,  who  has  recently  been  in  this  country,  has  kindly 
furnished  Power  with  the  particulars  of  the  installation. 

The  regions  south  of  Volterra  are  rich  in  volcanic 
manifestations,  among  them  the  "soffioni,"  or  "whisper- 
ers," of  Larderello,  Fig.  1,  and  in  the  neighboring  com- 
munities of  Castelnuoeo,  Sasso,  Monterodondo,  Lago, 
Lustidnano  and  Serrazzano.  In  all  these  regions,  ex- 
tending for  many  square  kilometers,  there  break  out  of 
creases  in  the  earth  jets  of  steam  at  high  temperatures, 
superheated  vapors  rich  in  boric  acid,  ammonia,  carbonic 


FIG.  1.  NATURAL  STEAM  JETS  OF  LARDERELLO 

acid,  hydrogen  sulphide  and  other  gases.  This  vapor 
is  condensed  for  the  extraction  of  boric  acid  and  other 
byproducts.  By  suitable  borings  from  about  8  to  16  in. 
in  diameter,  and  from  300  to  500,  or  even  750  ft.  deep, 
lined  with  suitable  steel  tubes,  there  can  be  obtained  pow- 
erful jets  of  superheated  steam  of  from  10,000  to  40,000 
lb.  per  hour  capacity,  and  at  a  pressure  of  from  two  to 
five  atmospheres,  one  of  which  is  shown  in  Fig.  2.  These 
wells  remain  unchanged  in  yield  and  temperature  for 
years  and  are  not  affected  by  the  driving  of  other  wells 
if  the  latter  are  not  too  near  to  them. 

The  first  experiments  in  the  use  of  this  steam  for 
power-producing  purposes  were  made  by  Prince  Ginori- 
Conti,  the  leader  of  the  borax  industry.  By  directing  a 
jet  against  a  bucket  wheel,  an  ordinary  motor  was  made 
to  drive  a  little  dynamo  capable  of  supplying  a  few  elec- 
tric lamps.  Encouraged  by  these  results,  in  1905  he  ap- 
plied the  natural  vapor  of  the  soffioni  to  a  40-hp.  motor, 
ijtilizing  in  this  way  a  small  part  of  the  jet  from  the 
Venella  well,  which  issues  at  a  pressure  of  about  five 
atmospheres,  a  temperature  of  about  330  deg.  and  a 
quantity  of  about  11,000  lb.  per  hour. 

The  results  obtained  during  several  years  were  most 
satisfactory  from  the  viewpoint  of  the  power  produced, 
but  somevvhat  less  so  with  respect  to  the  action  of  the 
steam  upon  the  motor,  on  account  of  the  sulphuric  and 
other  corrosive  products  accompanying  the  vapor. 

Meanwhile  new  wells  were  constructed,  larger  and 
deeper,  and  jets  of  various  powers  were  obtained,  amoi^ 
jthers  one  which  produced  55,000  lb.  of  steam  per  hour 
it  a  pressure  of  about  two  atmospheres  absolute,  rep- 
resenting a  theoretical  capacity  of  4000  hp.  under  con- 
li'tions  which  made  40  per  cent,  of  the  theoretical  real- 
izable. Bringing  together  a  number  of  these  jets  would 
iiave  made  it  possible  to  supply  turbines  of  several  thou- 
sand horsepower  capacity.  Caution  led,  however,  to 
cuakincT  an  experiment  on  ^  moH prate  <;cale  sufficient  for 


conclusive  results  by  means  of  a  turbo-alternator  of  300 
hp.  set  up  in  1912  for  supplying  lighting  and  current  to 
the  LardereHo  establishment. 

The  results  of  this  experiment  were  so  satisfactory  as 
lo  induce  Prince  Ginori-Conti  to  establish  a  plant  of 
larger  capacity,  the  demand  for  which  was  made  more 
imperative  by  the  fuel  shortage  due  to  the  war.  The 
plans  were  made  and  carried  out  by  Ing.  Bringhenti. 
Three  Tosi  turbo-alternators  of  3000  kw.  each  were 
installed,  with  surface  condensers  supplied  with  circu- 
lating water  from  cooling  towers. 

To  avoid  the  chemical  action  of  the  natural  vapor 
mixed  with  corrosive  gases  on  the  metallic  parts  of  the 
turbine  and  at  the  same  time  to  avoid  the  possibility  thai  , 
the  noncondensable  gases  issuing  with  the  vapors  should 
make  it  impossible  to  maintain  a  high  vacuum  in  the 
condenser,  the  steam  was  not  supplied  directly  to  the 
turbine,  but  served  to  heat  three  multi-tubular  boilers 
working  at  a  pressure  of  1^  atmospheres  absolute, 
which  supplied  the  turbine  with  steam  from  the  con- 
densation water  of  the  turbine  itself.     The  steam  from 


FIG.  2.     JET  FROM  A  BORING  CONFINED  IN  A  PIPE 

the  soffioni  condensing,  while  giving  off  its  heat  to  the 
boilers,  is  then  utilized,  as  previously,  for  the  extraction 
of  boric  acid  and  other  secondary  products.  The  boil- 
ers are  of  the  vertical-tubular  type  with  aluminum  tubes, 
this  metal  being  the  most  resistant  to  corrosion  from  the 
gas  of  the  soffioni. 

The  three  turbines  can  develop  about  4000  hp.  each. 
They  are  direct-connected  to  three  alternators  of  3000 
kw.,  working  normally  at  2759  kw.  capacity.  They  are 
three-phase  units  of  ordinary  type  with  power  factor 
C.7  at  4500  volts  and  50  cycles.  The  electrical  energy 
is  transformed  to  36,000  and  16,000  volts,  and  distrib- 
uted by  five  separate  lines  to  various  main  centers  of 
Tuscany. 
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Power  Supply  and 
Generation  of  the  Future 

IT  HAS  been  estimated  that  with  steam  at  three  hun- 
dred pounds  and  five  hundred  and  twenty  degree  su- 
perheat, used  in  a  turbine  operating  on  twenty-nine 
inches  of  vacuum  and  eighty  per  cent.  Rankine-cycle  ef- 
ficiency, a  kilowatt-hour  maybe  produced  on  eight  pounds 
of  steam.  Even  this  condition,  when  it  will  be  possible  of 
attainment,  will  utilize  only  about  twenty-five  per  cent, 
of  the  energy  in  the  coal.  At  present  steam  pressures 
are  being  used  and  values  of  superheat  employed  that 
make  the  development  of  fittings  for  boilers  and  steam 
lines  a  difficult  problem.  The  stoker  has  been  developed 
to  where  we  are  getting  about  all  that  can  reasonably  be 
expected  from  the  boilers  in  the  way  of  efficiency,  and 
turbines  and  generators  have  been  built  in  compound 
units  up  to  sixty  thousand  kilowatts.  Even  before  these 
sizes  are  reached,  there  is  comparatively  little  to  be 
gained  in  economy  by  increasing  the  size  of  the  ma- 
chine, and  machines  of  this  capacity  are  applicable  only 
to  the  largest  systems.  Looking  at  these  facts,  it  is  evi- 
dent that  the  development  of  power-plant  equipment,  so 
far  as  concerns  the  conversion  of  chemical  energy  in  the 
coal  into  mechanical  energy,  has  apparently  almost 
reached  the  practical  limit.     - 

Dr.  Charles  P.  Steinmetz  suggests  that  the  solution 
of  the  problem  may  be  found  in  installing  a  simple 
steam-turbine-driven  induction  generator  between  the 
high-pressure  steam  boiler  wherever  steam  is  used  for 
heating,  and  converting  a  percentage  of  the  energy  into 
electrical  power  and  supplying  this  to  the  power-distri- 
bution system  of  the  community.  There  are  many  in- 
dustries that  use  large  quantities  of  steam  in  their  proc- 
esses, where  the  foregoing  has  been  given  consideration 
for  some  time  past.  However,  a  large  percentage  of  the 
heating  plants  are  in  operation  not  over  six  months  per 
year,  and  the  size  of  the  equipment  that  could  be  oper- 
ated from  them  makes  the  proposition  economically 
doubtful.  However,  this  objection  might  be  satisfac- 
torily overcome  by  supplying  heat  to  all  the  buildings  in 
one  city  block,  or  a  number  of  blocks,  from  the  same 
heating  plant.  This  scheme  would  allow  the  use  of  eco- 
nomical equipment,  but  even  such  an  arrangement  has 
its  limitations.  When  this  is  done  under  the  most  favor- 
able conditions,  it  is  at  present  possible  to  convert  not 
more  than  sixty  to  sixty-five  per  cent,  of  the  chemical 
energy  in  the  coal  into  heat  and  mechanical  energy. 
This  is  a  decided  improvement  over  the  best  efficiency 
of  conversion  now  obtained  in  the  most  economical 
power  plants,  but  conditions  where  this  is  possible  for 
over  six  months  of  the  year  are  very  limited,  conse- 
quently it  does  not  ofl^er  any  very  promising  solution  to 
the  problem. 

With  the  present  development  in  the  heating  and 
power  equipment,  it  is  apparent  that  some  very  radical 
change  must  be  made  in  steam  power-plant  equipment 
before  any  great  improvement  can  be  made  in  the  ef- 
ficiency of  converting  the  chemical  energy  in  coal  into 
mechanical  or  electric  power. 

There  are  two  ways  in  which  large  conservation  of 


coal  can  be  made;  namely,  the  more  complete  develop- 
ment of  our  water  powers,  and  the  electrification  of  our 
railways.  It  has  been  estimated  that  the  steam  railways 
of  this  country  burn,  each  year,  fuel  equivalent  to  be- 
tween one  hi  ndred  and  forty  and  one  hundred  and  fifty 
million  tons  of  coal.  Over  two-thirds  of  this  can  be 
saved  by  electrifying  our  roads,  which  is  equivalent  to 
saving  about  fifteen  per  cent,  of  our  present  coal  pro- 
duction. Furthermore,  if  our  railways  were  electrified, 
much  of  this  power  would  be  supplied  from  hydro-elec- 
tric stations,  resulting  in  even  a  greater  saving  of  fuel. 
Probably  not  over  fifteen  per  cent,  of  the  fifty  million 
kilowatts  of  our  total  potential  water  power  is  devel- 
oped, leaving  some  forty  million  kilowatts  undeveloped 
— more  than  enough  to  supply  all  our  power  require- 
ments at  the  present  time.  However,  a  considerable 
percentage  of  this  is  situated  where  it  is  not  available, 
and  much  of  that  which  is  available  cannot  be  utilized 
by  our  present  method  of  concentrating  of  large  blocks 
of  power  in  a  small  number  of  plants.  Dr.  Steinmetz's 
suggestion  that  the  small  water  powers  be  developed  by 
the  installation  of  small  water  turbines  and  induction 
generators,  and  tied  in  through  simple  switching  equij- 
ment  to  the  transmission  system,  holds  wonderful  possi- 
bihties,  especially  as  such  plants  are  already  in  satisfac- 
tory operation.  Although  the  prospects  are  not  very 
favorable  for  any  epoch-making  development  in  the  ef- 
ficiency of  our  modern  power  plants  in  the  near  future, 
the  electrification  of  our  railways  and  the  development 
of  our  water  powers,  if  taken  full  advantage  of  during 
the  next  twenty-five  years,  will  make  this  period  equal  in 
engineering  achievement  to  that  of  the  past  twenty-five. 

Secretary  Lane's 
Recommendations 

ENGINEERS  and  executives  should  read  what  Sec- 
retary Lane  has  to  say  about  the  fuel  supply  and 
power  problems  of  the  country.  Admittedly,  govern- 
ment statistics  are  very  incomplete  in  this  respect  and 
a  survey  of  power  resources  would  repay  the  nation 
many  times  the  expenditure  involved.  With  singular 
far-sightedness  Mr.  Lane  has  grasped  the  necessity  of 
altering  our  present  wasteful  methods  of  hauling  and 
utilizing  coal  for  power  purposes  if  we  are  to  conserve 
the  supply  and  meet  the  demands  of  the  future.  Further 
development  of  our  water  powers,  the  location  of  great 
power  plants  at  the  mines  and  greater  electrification  of 
our  railroads  is  a  program  that  will  soon  become  im- 
minent. 

"We  have  too  many  mines  and  too  many  miners  to 
meet  the  domestic  demand,"  says  Mr.  Lane,  as  a  result 
of  which  the  mine  year,  even  for  1918  ,with  everything 
to  stimulate  production,  averaged  only  two  hundred  and 
forty-nine  working  days.  Moreover,  during  1919  the 
production  decreased  by  twenty-five  per  cent.  Undoubt- 
edly this  is  a  factor  in  the  present  high  cost  of  coal,  be- 
cause both  the  labor  and  the  overhead  are  proportion- 
ately greater  on  the  smaller  production. 

But  when  we  have  effected  the  purposed  conserva- 
tion measures  through  giant  power  plants  at  the  mines 
and   electrification   of  the   railroads,   the   domestic   de- 
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mand  will  have  decreased  still  further  and  the  average 
miner's  year  will  have  shrunk  to  fewer  days.  The  rem- 
edy for  this,  we  are  told,  is  to  cultivate  a  large  foreign 
market  for  coal.  This  will  undoubtedly  make  for  in- 
creased business  in  the  coal  industry,  but  what  about 
conserving  our  available  coal  supply  for  the  future? 
In  other  words.  Can  we  afford  to  live  wholly  in  the 
present  and  let  the  future  take  care  of  itself,  trusting 
to  the  development  of  ways  to  utilize  the  atomic  energy 
which  Sir  Oliver  Lodge  has  lately  been  discussing? 

Again,  the  average  purchaser  of  coal  will  be  led  to 
ask  what  assurance  he  is  to  have  that  the  old  law  of 
supply  and  demand  v^rill  not  be  invoked  against  him  as 
an  argument  for  further  increases  in  price,  if  we  are  to 
cultivate  a  great  foreign  market. 

But,  putting  aside  the  coal  situation,  which  can  be 
viewed  from  so  many  angles  as  to  become  positively  con- 
fusing, it  is  most  reassuring  to  read  the  recommenda- 
tions, coming  as  they  do  from  a  Cabinet  Officer,  that  the 
Government  should  adopt  a  definite  policy  of  protec- 
tion to  all  legitimate  developments  of  oil  properties  by 
Americans  in  foreign  countries.  Oil  fuel  is  a  very  live 
topic  at  present,  and  the  problem  of  an  adequate  supply 
is  pressing.  Such  action  as  urged  by  Secretary  Lane 
should,  therefore,  receive  immediate  consideration. 

Reasonable  Administration 
of  Boiler  Laws 

THE  Massachusetts  Board  of  Boiler  Rules  requires 
that  "Each  boiler  shall  be  stamped  by  the  builder 
in  the  presence  of  the  inspector  with  a  serial  number  and 
with  the  style  of  stamping  shown  in  facsimile  previ- 
ously approved  by  this  Board." 

Occasionally,  the  representative  of  the  builder  picks 
up  the  wrong  stamp  or  gets  it  upside  down  and  the  in- 
spector does  not  notice  it,-  with  the  result  that  when  the 
boiler  arrives  in  Massachusetts  the  number  so  stamped 
does  not  agree  with  that  upon  the  certificate. 

It  would  seem  a  simple  matter  for  some  member  or 
agent  of  the  Boiler  Inspection  Department  in  Massa- 
chusetts to  correct  the  erroneous  stamping  when  the 
chief  was  satisfied  that  an  error  had  actually  been  made 
and  that  the  boiler  in  question  was  really  the  one  cov- 
ered by  the  certificate  with  which  the  correction  would 
make  it  agree  as  to  number.  The  Massachusetts  author- 
ities have,  however,  insisted  that  the  inspector  under 
whose  supervision  the  error  occurred  should  go  to  Mass- 
achusetts and  do  the  restamping  himself.  Under  a  for- 
mer department  head  the  employee  of  the  boiler  shop 
who  did  the  stamping  was  obliged  to  go  there,  too.  In- 
asmuch as  the  inspector's  word  and  that  of  the  em- 
ployee who  made  the  error  is  all  that  the  department 
has  to  go  by  in  case  they  are  dragged  to  Boston,  affi- 
davits sent  by  mail  ought  to  be  equally  convincing  and, 
in  connection  with  the  bill  of  lading  and  description, 
ought  to  be  sufficient  to  identify  the  boiler  and  warrant 
the  official  correction. 

Insistence  upon  a  personal  correction  by  the  man 
who  made  or  passed  the  error  as  a  punitive  or  deter- 
rent measure  is  deplorable.  To  send  one  or  two  men 
from  a  distant  state  just  to  stamp  a  number  is  an  eco- 
nomic crime.  It  wastes  skilled  labor,  makes  boilers  cost 
more  and  serves  no  good  purpose.  Compliance  by  the 
Board  of  Boiler  Rules  with  the  request  made  at  its  last 
hearing  to  revise  its  practice  in  this  respect  would  al- 
leviate the  apprehension  with  which  business  men  re- 
gard the  conferring  upon  governmental  factors  powers 
which  permit  them  to  interfere,  even  in  a  beneficent 
way,  with  private  enterprise. 


The  Future  of  Refrigeration 

SOME  years  ago  we  sat  at  a  banquet  of  the  Ameri- 
can Society  of  Refrigerating  Engineers  in  New 
\ork  and  heard  a  stirring  address  by  Dr.  C.  E.  Lucke, 
in  which  he  expressed  deep  regret  that  there  had  been 
so  little  progressive  development  in  the  art  of  mechan- 
ical refrigeration.  He  took  occasion  to  cite  the  for- 
ward strides  in  many  other  branches  of  the  mechan- 
ical arts  in  comparison  with  refrigeration.  With  ap- 
pealing emphasis  he  said  the  field  for  greater  develop- 
ment was  even  then  crying  for  attention.  While  the 
greater  number  of  those  present  sympathized  with  the 
Doctor's  views,  there  were  some  few  who  felt  that 
the  criticism  was  too  sharp. 

This  year  the  society  again  had  a  banquet,  and  again 
Dr.  Lucke  was  one  of  the  speakers.  He  recalled  his 
comments  of  the  years  before  and  expressed  happiness 
that  the  situation  was  so  favorably  different.  During 
the  three  days  previous  to  this  banquet  the  society  had 
listened  with  profound  gladness  to  several  papers,  some 
scientific,  some  descriptive  of  machines  that  marked 
a  really  great  event  in  the  art.  The  technical  staff  of 
the  National  Bureau  of  Standards  had  contributed  data 
dealing  with  the  properties  of  ammonia  so  sorely 
needed  from  a  scientific  point  of  view  if  less  urgent 
from  shop  and  operating  viewpoints. 

The  Doctor  saw  in  this  meeting,  as  many  others  saw, 
that  there  was  manifested  a  truly  earnest  effort  for 
closer  cooperation  of  the  engineer  and  the  scientist. 
Needless  to  say  there  must  be  an  exercise  of  this  spirit 
before  the  great  needs  of  the  industry  are  met. 

Dr.  Lucke  sees  that  refrigeration  is  due  for  an  ep- 
ochal era.  He  thinks  it  may  be  here  now  in  the  form 
of  the  high-speed  ammonia  compressor  electrically 
driven.  Certainly,  those  who  view  the  art  and  its 
potentialities  in  a  broad  yet  enthusiastic  way  are  in  ac- 
cord with  the  distinguished  Doctor's  views. 


The  American  Order  of  Steam  Engineers,  through  its 
organ,  TJie  Popular  Engineer,  voices  editorially  the 
sentiments  of  safe  and  sound  unionism.  Condemning 
the  Boston  police  strike  and  the  many  other  recent  evi- 
dences of  radicalism,  it  calls  upon  the  engineering  fra- 
ternity to  come  forward  to  assist  capital  and  labor  in 
understanding  each  other  as  partners  in  common  en- 
deavor, to  the  end  that  brains  and  technical  training 
may  receive  just  recognition  in  contradiction  to  the  pres- 
ent tendencies  towards  subsidizing  only  those  who  work 
with  their  hands.  It  is  gratifying  to  see  such  expres- 
sions from  an  association  in  a  position  to  exert  whole- 
some influence  from  within. 


A  bit  of  trouble-making  legislation  is  proposed  for 
the  coming  session  of  the  New  Jersey  legislature  in  a 
bill  which  provides  that  water  and  electric  meters  shall 
be  made  so  that  they  can  be  turned  back  to  zero  each 
time  a  reading  is  made  by  the  corporation.  The  pra- 
poser  evidently  has  no  idea  of  the  mere  physical  diffi- 
culties involved.  If  a  man  cannot  take  the  reading  of 
his  meter  and  subtract  the  last  month's  reading  from 
it,  he  will  not  be  able  to  check  his  account  if  the  meter 
starts  from  zero  each  time. 


Representative  Keller  has  introduced  a  resolution 
providing  that,  "as  the  foundation  of  our  economic  ex- 
istence is  endangered,"  the  President  should  be  in- 
structed by  Congress  to  take  over  and  operate  the  bitu- 
minous-coal mines. 


January   13,  1920 
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Believes  Purge  Tank  Won't  Work 

Having  read  H.  J.  Macintire's  article  on  "The  Refrig- 
erated Purge  Tank"  in  the  Aug.  12  issue  of  Power,  I 
cannot  agree  with  his  proposed  method  of  purging  for- 
eign gases  from  a  refrigerating  system.  I  find  his  fig- 
ures to  be  mostly  correct,  and  if  they  could  be  put  into 
practice  a  lot  of  ammonia  that  now  goes  out  through 
the  purge  valve  could  be  saved. 

But  the  trouble  is,  if  we  cooled  this  mixture  of  foul 
gas  and  ammonia  gas  to  32  deg.  F.  it  is  likely  that  the 
same  percentage  of  the  permanent  gas  would  condense 
as  of  the  pure  ammonia  gas.  This,  of  course,  would  de- 
pend on  what  this  permanent  gas  was.  This  permanent 
gas  or  foul  gas  is  often  thought  to  be  a  noncondensable 
gas,  while,  in  fact,  all  gas  will  liquefy  if  brought  to  the 
right  pressure  or  temperature.  I  have  found  some 
permanent  gas  to  be  lighter  and  some  heavier  than 
ammonia  gas. 

The  lighter  will  freely  burn  when  emerging  from  the 
purge  valve,  while  the  heavier  will  not.  Some  of  this 
gas  (while  it  is  not  ammonia  gas)  will  condense  at  about 
the  same  pressure  and  temperature  as  ammonia,  but 
usually  at  a  little  higher  pressure.  This  kind  of  gas  is  a 
source  of  trouble  and  is  hard  to  deal  with.  It  is  unde- 
sirable because  of  its  higher  condensing  temperature  or 
pressure,  which  keeps  the  entire  condensing  pressure 
higher,  and  again,  its  latent  heat  of  vaporization  is  usu- 
ally not  so  much  as  that  of  ammonia,  and  its  evaporat- 
ing temperature  is  usually  higher. 

However,  this  sort  of  gas  rarely  accumulates  in  the 
ammonia  system,  but  corn£s  with  the  ammonia,  conse- 
quently only  the  best  ammonia  should  be  used  and  it 
should  be  tested.  The  gas  that  does  get  in  the  system  is 
air  caused  by  pumping  a  vacuum  on  the  system  when 
there  is  a  leak.  The  leaks  are  usually  in  the  compressor- 
rod  packing  and  stop-valve  stem  packings.  Even  if  the 
system  is  tight  and  free  from  ammonia  leaks,  these 
packing  leaks  will  start  as  the  vacuum  is  formed,  be- 
cause the  vacuum  causes  the  temperature  to  drop  25  or 
30  deg.  F.  on  the  "low"  side  and  75  to  100  on  the 
"high"  side,  below  usual  working  temperature.  The 
lower  temperature  causes  the  packing  to  shrmk  and  let 
in  the  air.  Another  "permanent"  gas  is  generated  from 
the  compressor  lubricating  oil,  caused  by  high  com 
pressor  temperature,  poor  oil  or  both.  With  the  plant 
temperatures  I  advise  a  discharge  temperature  from  150 
to  220  deg.  F.,  depending  on  the  temperature  of  the 
brine  and  of  the  cooling  water  and  the  type  of  com- 
pressor. 

But  getting  back  to  purging  an  ammonia  condenser, 
the  most  practical  method  is  to  have  a  stop  valve  on  both 
the  gas  inlet  and  liquid  outlet  to  each  stand  of  the  am- 


monia condenser,  likewise  a  purge  valve  for  each  stand. 
To  purge,  shut  the  gas-inlet  valve  to  one  stand  of  con- 
densers, having  the  plant  operate  as  usual,  slow  the 
compressor  or  compressors  if  necessary  to  keep  the 
condensing  pressure  the  same  as  the  usual  working  pres- 
sure. 

This  stand  with  the  gas  shut  off  will  gradually  fill  with 
liquid  as  the  gas  in  it  condenses.  All  the  permanent 
gas  will  be  forced  to  the  top  by  the  liquid  coming  in 
from  the  bottom.  This  gas  can  then  be  purged  off. 
When  the  liquid  reaches  the  purge  valve,  it  is  easily  de- 
tected, as  "it  will  smoke  and  stink."  This  stand  can 
then  be  cut  in  and  the  other  standr  purged  in  a  like 
manner.  I  would  call  Mr.  Macintire's  attention  to  the 
fact  that  cooling  water  at  70  deg.  F.  does  not  mean  that 
the  condensing  pressure  should  be  114^   lb.    (gage). 

The  pressure  should  correspond  with  the  temperature 
of  the  water  leaving  the  condenser  and  not  with  the 
temperature  of  the  water  going  to  it.  But  it  seldom 
does  so  in  practice.  It  usually  runs  10  to  40  lb.  higher 
unless  the  plant  has  lots  of  condensers  or  a  small  com- 
pressor or  both.  Supposing  the  70-deg.  water  was 
raised  in  temperature  to  80  deg.  F.  while  going  over  the 
condenser.  The  condensing  pressure  would  be  139.6 
lb.  gage  instead  of  114.5  lb.  That  makes  a  difference, 
and  in  Mr.  Macintire's  case  the  excess  pressure  would 
be  40.4  lb.  instead  of  653^  lb. 

But,  further,  it  is  good  practice  with  160-lb.  gage 
pressure  and  cooling  water  at  70  deg.  F.  And  even 
though  180  lb.  is  carried,  it  is  not  necessarily  permanenr 
gas.  It  may  be  "short"  water  or  "short"  condensing 
surface  or  both.  But  the  permanent  gas  is  a  good  thing 
to  look  out  for.  With  a  good  tight  system  charged  with 
pure  NHo — lubricated  with  the  proper  kind  of  oil — 
and  never  exceeding  220  deg.  F.  discharge  temperature 
and  pumping  to  a  vacuum  only  when  necessary,  and 
then  only  after  all  packing  glands  have  been  tightened, 
and  if  all  pipe  and  fittings  in  the  system  are  made  for 
ammonia  use,  the  system  will  require  no  purging.  Of 
course,  if  we  could  have  a  rectifier  in  the  system  charged 
with  something  that  would  absorb  everything  but  NH., 
then  we  would  have  no  further  trouble  with  foreign  gas 
in  the  system  if  we  kept  the  rectifier  clean  and  ade- 
quately  charged   with   the   absorbent. 

Winkelmnn.    Ariz.  George    Trosper. 

Precaution  Against  Burns    When 
Handling  Lime 

The  increase  in  the  use  of  boiler-water  purification 
plants  compels  many  engineers  to  handle  the  lime  and 
caustic  soda  and  other  chemicals  required  for  their  op- 
eration.    Ordinary  care  will  safeguard  against  danger 
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from  injury,  but  it  has  been  my  experience  that  even 
with  careful  handling  the  operator  is  constantly  open 
to  the  danger  resulting  from  the  chemicals  spattering 
into  the  operator's  eyes. 

In  our  plant  we  have  arranged  to  keep  a  pair  of  glass 
goggles  at  the  chemical  tank  so  that  when  the  chem- 
icals are  being  handled  the  operator  can  put  them  on. 
It  is  worth  while  to  provide  this  safeguard  in  every  plant 
handling  material  of  this  kind.  M.  A.  Saller. 

Philadelphia,  Penn. 

Signal  System  for  Use  in 
Place  of  Telephone 

Owing  to  the  difficulties  attending  the  construction 
and  maintenance  of  a  private  telephone  line  paralleling 
a  transmission  line  on  the  same  poles  as  the  latter,  the 
writer  designed  a  signaling  system  which  has  accom- 
plished everything  desired. 

A  single  iron  wire  is  run  on  double-petticoat  deep- 
groove  glass  insulators  and  brackets  five  feet  below  the 
crossarm  that  carries  the  power  wires.  The  end  of  this 
iron  wire  is  grounded  at  the  end  of  the  transmission  line 


Signal       Circuit 
.12  3  4  5  6 

^^^'?'-::r-^=^. — ^ 9 — —9 -p- 

""- -":■;■<■■  5  iqnal        Sta+Iori  s ' 


[fuse 


^ 


I" Pipe  tyr^h  Caps 


-Dry  Cells  in 
Fiber  Tube 


^^        Battery 


Bell 


CONNECTION   DIAGRAM  OF  SIGNAL   SYSTEM 

and  is  fed  from  the  exciter  bus  at  the  power  house,  the 
opposite  bus  being  ground  through  a  fuse  and  fifty-ohm 
resistance  tube,  as  shown  in  the  figure. 

At  each  substation  and  at  each  sectionalizing  switch, 
a  twenty-ohm  telegraph  relay  is  connected  in  series 
with  this  signal  wire,  the  contact  points  being  reversed 
so  that  the  relay  makes  contact  when  there  is  no  cur- 
rent flowing  through  it.  An  ordinary  vibrating  bell  and 
three  dry  batteries  on  the  "local"  side  of  the  relay 
complete  the  arrangement,  and  a  strap  switch,  normally 
closed,  is  inserted  in  ihe  signal  wire  at  each  relay.  The 
general  arrangement  of  a  signal  box  is  shown  at  A  and 
the  box  circuits  at  B  in  the  figure. 

As  a  drainage  for  static  a  50-watt  110- volt  lamp  is 
connected  from  line  to  ground  at  each  signaling  point. 
Instead  of  an  ordinary  lamp  socket,  a  mogul  series- 
lighting  socket  is  used,  having  a  film  cutout  device,  but 
the  film  cutout  is  in  this  case  replaced  by  perforated 
sheet  mica  0.02  in.  thick,  to  serve  as  a  lightning  arrester. 
The  lamp  is  held  in  the  mogul  socket  by  a  reducer. 
A  system  of  signals  and  calls  has  been  adopted,  which 
anyone  can  easily  read.  For  example,  the  signal  3-1-4 
means  "Open  disconnecting  switches  (at  station 
called)";  the  signal  6-4-1 -pause-1-4-7  means  "Tree 
ground,  pole  147,"  etc.     In  case  there  is  a  contingency 


that  cannot  be  adequately  covered  by  the  signal  system, 
the  signal  5-1-2,  "Get  calling  station  on  nearest  tele- 
phone," is  used. 

The  system  described  is  considerably  cheaper  than 
the  simplest  telephone  system,  even  when  signaling  sta- 
tions are  spaced  at  frequent  intervals.  Since  opera- 
tors handle  no  live  parts,  the  device  is  perfectly  safe 
to  handle,  even  during  a  storm  or  line  trouble.  As  some 
of  the  signaling  stations  are  outdoors,  the  company  has 
constructed  a  standard  outdoor  signaling  station  which 
is  used  at  all  points,  the  battery  being  underground  to 
prevent  freezing.  R.  S.  Seese. 

Carthage,  Tenn. 

Remedy  for  Present  Valve  Setting 

Regarding  the  diagrams  submitted  by  S.  L.  Gilliam 
on  page  518  of  the  Sept.  23  issue  of  Poiver,  I  would 
say  that  the  head-end  steam  valve  is  opening  too  early. 
The  card  shows  that  admission  takes  place  two  or  three 
inches  before  the  piston  reaches  the  end  of  the  stroke, 
which  would  cause  a  severe  pound  and  would  also  in- 
crease the  amount  of  steam  used. 

The  following  instructions  will  answer  Mr.  Gilliam's 
request  for  advice  on  double-eccentric  Corliss  engines  : 
Set  the  steam  wristplate  and  intermediate  rocker  in 
central  position,  and  see  that  with  a  revolution  of  the 
eccentric  they  travel  equally  each  side  of  the  central 
positions.  Proceed  in  a  similar  manner  with  the  ex- 
haust wristplate  and  the  exhaust  intermediate  rocker. 
With  the  steam  and  exhaust  wristplates  in  central  po- 
sitions, set  the  steam  valve  /g-  in.  open  and  the  exhaust 
valves  %  in.  closed.  Unhook  the  reach  rod,  move  the 
steam  wristplate  by  hand  and  adjust  the  dashpot  rods 
so  that  at  each  extreme  position  of  the  steam  wrist- 
plate there  will  be  3^2^  in.  clearance  between  the  latch 
and  tow  plate.  Put  the  engine  on  the  crank-end  cen- 
ter, hook  up  the  reach  rod  and  turn  the  steam  eccentric 
on  the  shaft,  in  the  direction  of  rotation  of  the  engine, 
imtil  as  the  crank-end  steam-valve  opening  is  increas- 
ing, it  becomes  yV  in.  Tighten  the  setscrews  firmly  in 
the  eccentric  and  place  the  engine  on  the  head-end 
center.  With  this  position  of  the  engine  the  head- 
end steam  valve  should  be  open  the  same  amount,  jV  i"-- 
but  if  it  is  not,  adjust  the  steam-valve  rod  so  as  to 
make  it  so,  and  at  the  same  time  adjust  the  dashpot 
rod  an  equal  amount.  Mark  on  the  engine  guides  the 
extreme  position  of  the  crosshead.  Set  the  crosshead 
92  per  cent,  from  the  head  end  of  the  stroke,  move  the 
exhaust  eccentric  on  the  shaft-  in  the  direction  of  rota- 
tion of  the  engine  until  the  crank-end  exhaust  valve  is 
just  closing.  Tighten  the  setscrews  in  the  eccentric 
fi,rmly,  and  turn  the  engine  over  until  the  head-end  ex- 
haust valve  is  just  closing.  Measure  the  distance  the 
crosshead  is  from  the  crank  end  of  the  stroke,  and  if 
the  distance  varies  much  from  92  per  cent.,  adjust  the 
valve  rod  to  correct  it.  Put  the  governor  on  the  stop, 
unhook  the  reach  rod,  move  wristplate  by  hand  and 
adjust  the  governor  rods  so  that  each  latch  plate  will 
unhook  when  the  wristplate  is  g\  in.  from  the  corre- 
sponding end  of  its  travel.  Raise  and  block  up  the 
goveriior  to  such  a  point  that  when  the  wristplate  is 
moved  its  full  travel  by  hand,  each  valve-gear  latch  will 
unhook  just  before  the  corresponding  steam  valve  opens 
to  steam.  Fasten  the  governor  collar  in  this  position. 
Throw  out  the  governor  stop  and  let  the  governor  down 
to  the  bottom,  move  the  wristplate  by  hand  and  adjust 
the  safety  cams  on  the  valve  gear  so  that  the  latch 
plates  will  not  hook  up.  Apply  the  indicator  and  cor- 
rect for  any  slight  defects. 

Avoca,  Penn.  Charles  J.  Halloran. 
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Ideal  Methods  of  Boiler-Room 
Operation 

Volumes  have  been  written  on  the  subject  of  boiler- 
room  economy,  yet  lack  of  system  and  the  reign  of 
chaos  may  be  witnessed  in  many  large  and  modern 
power  plants.  Although  a  few  are  giving  details  close 
attention,  no  uniform  method  of  routine  operation  has 
been  adopted,  and  one  way  of  doing  things  is  in  vogue 
in  one  plant  and  an  altogether  different  method  in 
others. 

Most  up-to-date  engineers  agree  that  coal  scales,  draft 
gages,  flue-gas  pyrometers,  COg  analysis,  steam-flow 
meters,  stoker-speed  indicators  or  counters,  automatic- 
draft  control  and  daily  sampling  of  coal  and  ash  as 
well  as  correct  tabulations  of  daily  results  are  not  frills 
and  fads,  but  eveiyday  necessities  if  ultimate  economy 
is  to  be  secured. 

The  instruments  should  be  located  at  convenient  and 
suitable  points  in  the  boiler  rooms,  on  boards  similar 
to  switchboards,  preferably  at  one  central  point  under 
the  control  of  an  engineer  who  may  be  designated  as 
the  boiler-control  engineer  or  dispatcher. 

The  dispatcher  should  also  be  in  touch  with  the 
switchboard  operators  as  to  probable  changes  in  the 
load,  so  as  to  prevent  the  loss  of  steam  pressure  or  the 
blowing  of  safety  valves.  The  chief  error  in  the  past, 
as  I  see  it,  is  that  instruments  have  been  for  the  use 
cf  the  testing  departments  and  not  for  the  men  that 
are  depended  upon  to  actually  operate  and  get  results 
every  day.  Too  many  mere  college  boys  have  been 
playing  around,  testing  a  little  while  at  this,  then  a 
little  while  at  that,  all  of  which  is  disconnected  and 
without  results.  What  is  most  needed,  in  my  opinion, 
is  not  testing  departments,  but  results  departments, 
which  are  allied  with  the  operating  and  maintenance 
departments  and  not  separated  as  by  a  stone  wall. 
Cooperation  is  the  prime  essential  all  the  way  through 
and  I  am  convinced  that  there  is  but  one  way  to  get  it, 
and  that  is,  to  call  all  of  the  various  executives  together 
first  to  formulate  a  plan  of  operation,  then  call  in  the 
actual  operatives  and  explain  to  them  what-  you  are 
trying  to  do  and  assure  them  that  a  certain  bonus  will 
be  paid  to  all  employees  if  the  results  toe  up  to  a  cer- 
tain mark. 

Experience  has  proved  to  me  that  an  individual  bonus 
for  high  COo  or  evaporation  is  not  successful  in  secur- 
ing the  desired  results  or  economy.  The  bonus  should 
be  paid  to  all  the  men  concerned,  thus  eliminating  the 
tendency  to  practice  stunts  and  to  withhold  good  ideas 
that  would  be  of  value  to  all.  The  individual  bonus 
system  also  produces  ill  feelings  among  the  men  and 
leads  to  disorganization. 

Other  bad  results  of  the  individual  bonus  system  are 
dishonesty,  plotting  and  increased  repair  bills.  The 
pool  system  covers  the  ground  more  thoroughly,  is  more 
flexible,  and  requires  much  less  accounting,  etc. 

The  motto  of  efficiency  devices  should  be  about  as 
follows :  "That  which  produces  cooperation  and  results 
is  fostered ;  and  that  which  produces  disorganization  is 
tabooed." 

The  prime  essential  in  producing  cooperation,  or  the 
family  spirit,  is  to  get  the  men  together  occasionally 
for  the  purpose  of  discussing  subjects  pertaining  to  the 
work  in  the  boiler  room.  There  are  other  means  of 
causing  men  to  be  interested  and  satisfied  and  loyal  to 
the  company  besides  the  pay  envelope.  Some  of  them  are 
as  follows :  Make  them  feel  that  they  are  more  than 
mere  hands  and  that  they  are  responsible;  teach  them 
from   the    start    that    di<=cipHne    is    not    humiliation    or 


hardship,  but  necessary  to  prevent  overwork ;  spring  a 
variety  of  surprises  in  the  way  of  entertainments  allied 
with  various  forms  of  educational  programs,  as  a  re- 
ward for  results.  Waldo  Weaver. 
Franklin,  Ohio. 

Synchronous-Motor  Trouble 

A  certain  synchronous  motor  began  giving  trouble  at 
starting  about  a  year  ago,  and  continued  to  do  so  until 
recently,  when  the  trouble  was  located  and  remedied. 
The  motor  is  rated  at  135  hp.,  220  volts,  900  r.p.m., 
three-phase,  60  cycles.  The  stator  winding  is  star  con- 
nected and  contains  24  coils,  one  coil  per  slot  per  pole, 
commonly  known  as  chain  winding. 

The  revolving  field  poles  are  laminated,  and  each  pole 
is  surrounded  by  a  bronze  collar  that  supports  the  field 
coils  and  retains  the  laminations.  The  poles  do  not  con- 
tain an  amortisseur  or  squirrel-cage  winding  such  as  is 
found  on  motors  of  present-day  design.  This  motor 
is  direct-coupled  to  a  100-kw.  direct-current  generator 
and  an  exciter. 

Starting  is  accomplished  by  connecting  the  motor  to 
low-voltage  taps  on  a  two-coil  compensator.  The  motor 
started  and  ran  satisfactorily  for  years,  when  all  at  once 
it  became  sluggish  and  refused  to  accelerate  to  a  speed 
anywhere  near  synchronism  when  on  the  starting  side  of 
the  compensator ;  nor  would  it  come  up  to  speed  when 
t-upplied  with  full  voltage.  The  starting  voltage  was 
found  to  be  1500  volts  and  all  phases  practically  bal- 
anced. However,  after  several  attempts  at  starting 
the  motor  finally  came  to  speed.  Intermittently  it  be- 
haved this  way  for  several  months,  and  was  subject 
to  severe  treatment  that  burned  out  one  of  the  starter 
coils,  and  later  the  stator  winding. 

After  these  parts  were  renewed,  the  motor  failed  to 
accelerate  beyond  300  to  400  r.p.m.  It  was  tried  with 
ihe  field  winding  open  and  then  short-circuited,  but  all 
attempts  to  bring  it  to  speed  were  futile.  As  it  was 
necessary  to  operate  the  set,  provision  was  made  to 
start  from  the  direct-current  end,  using  a  water  rheo- 
stat to  limit  the  current.  In  this  way  it  was  accelerated 
to  a  speed  of  500  to  600  r.p.m.,  when  the  direct-current 
w^as  disconnected  and  the  motor  connected  on  the 
starter  and  brought  into  synchronism  in  the  usual  way. 
When  on  the  line  it  carried  a  100  per  cent,  momentary 
overload.  The  exciter  voltage,  field  and  line  current 
were  the  same  as  before,  when  rheostats  were  placed  on 
their  old  marks. 

The  problem  was  discussed  with  persons  of  broad  ex- 
perience. A  motor  having  one  slot  per  pole  per  phase 
has  poor  starting  ability.  Laminated  poles  are  inferior 
to  solid  poles  as  regards  starting.  It  should  have  an 
amortisseur  winding.  But,  it  started  for  years,  why  not 
now?  All  agreed  that  the  motor  had  altered  starting 
characteristics  and  were  interested  in  how  I  should 
eventually  come  out.  It  was  finally  decided  to  install 
new  field  coils.  These  solved  the  problem.  The  insula- 
tion on  the  old  coils  was  punctured  between  turns  and 
between  layers.  The  high  induced  voltage  in  the  fields 
at  starting  had  deteriorated  the  insulation  and  burned 
some  of  the  wires  nearly  in  two.  Externally,  the  coils 
were  apparently  in  good  condition.  I  read  a  great  deal 
on  synchronous-motor  troubles,  but  nothing  that  I  could 
find  dealt  with  a  similar  problem  and  pointed  to  field 
coils  exclusively  as  the  cause  of  trouble. 

Rock  Spring.  Wyo.  D.  C.  McKfehan. 
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Springing  a  15-Ton  Crankshaft 
Into  Alignment 

The  main  bearings  in  a  large  three-cylinder  oil 
engine  gave  the  operator  considerable  trouble.  The 
bearing  shells,  which  were  of  the  cylindrical  steel, 
babbitt-lined  type,  could  not  be  kept  locked  rigid  in  the 
frame,  and  two  of  them  always  operated  at  a  danger- 
ously high  temperature.  I  was  called  in  to  make  an 
inspection.  The  operating  force  was  attempting  to  roll 
the  bottom  shell  out  of  No.  3  bearing,  Fig.  1,  when  I 
arrived.  The  shaft  weighs  about  15  tons,  and  I  de- 
cided to  set  a  jack  under  the  nearest  crank  cheek. 

Great  was  our  surprise  when,  after  turning  the  shaft 
180  deg.  for  the  purpose  of  placing  the  jack,  we  dis- 


FTG.   1.     SHOWING  BEARING  POINTS  OF  CRANKSHAFT 

covered  that  the  bearing  shell,  which  had  just  been 
tight,  was  relieved  and  was  easily  rolled  out  by  hand. 
Apparently,  the  bottom  shell  carried  a  heavy  weight 
when  No.  3  crank  was  in  the  inner  dead-center  and  was 
relieved  when  this  crank  was  placed  on  the  outer  dead- 
center.  It  was  quite  safe  to  assume  that  the  crankshaft 
v/as  sprung. 

My  next  step  was  to  secure  a  surface  indicator  with 
a  range  of  0.250  of  an  inch.  The  bearing  shells  were 
then  removed  from  Nos.  2  and  3  main  bearings  so  that 
the  shaft  rested  in  the  two  end  bearings  Nos.  1  and 
4.  The  surface  indicator  was  placed  on  top  of  No.  3 
main-bearing  journal  and  the  shaft  revolved  one  com- 
plete revolution.  The  readings  showed  an  eccentricity 
in  this  journal  of  0.162  in.  In  the  same  manner  No.  2 
journal  was  found  to  run  0.065  in.  out  of  true.  The 
maximum  eccentricities  of  both  journals  were  found 
to  be  in  the  same  plane  and  in  the  highest  vertical 
position  when  No.  3  crank  was  on  the  outer  dead-center. 

It  seemed  necessary  to  dismantle  the  engine,  which' 
involved  taking  off  the  rotor,  and  to  ship  the  shaft  to 
the  factory  to  be  trued  up  and  have  all  main  bearings 
rebabbitted  to  fit  the  size  of  the  journals  after  they 
were  turned  down.  However,  the  engine  furnished 
power  for  a  large  industrial  mill,  and  a  long  shut- 
down necessary  to  do  this  work  would  result  in  large 
losses  to  the  firm  and  its  employees.  All  the  repair 
work  so  far  had  been  done  on  Saturday  afternoon  and 
Sunday,  and   it  caused  no  delays. 

The  crankshaft,  as  shown,  is  built  up  and  there  are 
no  keys  or  pins  in  the  shrunk  joints.  I  decided,  there- 
fore, to  put  No.  3  crankpin  under  torsion  and  slide  it 
0.031  in.  in  the  joint  where  it  is  shrunk  into  the 
chieek.  This  joint  was  13  in.  in  diameter.  The  dis- 
tance from  the  center  of  the  crankpin  to  the  center  of 
the  crankshaft  was  17.25  in.,  therefore  it  would  be 
seen  that  about  0.031  in.  in  the  crankpin  joint  circum- 
ference would  move  the  main  journal  0.081  and  would 
cause  it  to  run  true,  as  its  total  eccentricity  was  0.162 
in.  It  is  true  that  by  slipping  No.  3  crankpin  joint  0.031 
in.,  not  only  No.  3  journal  but  Nos.  2  and  1  as  well, 
would  be  shifted  0.081  in.  off  center  relative  to  the  re- 
maining part,  or  the  other  end  of  the  shaft,  while  the 
surface  indicator  showed  only  0.065  eccentricity  in 
^No.   2  journal  and   No.   1   journal  was   turning  true. 


However,  it  was  reasoned  that  had  it  been  practicable 
to  support  the  shaft  in  No.  4  journal  and  the  out- 
bored  bearing  only  with  the  shells  removed  from  No. 
1  journal  also,  the  surface  indicator  would  have  shown 
0.162  in.  eccentricity  in  Nos.  1  and  2  journals  as  well. 
The  weight  of  the  crankshaft  caused  it  to  rest  always 
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Checked  No.  4  JDurnal  showed  0.020  iu.  eccentricity. 

449  484  450 

450  523  462 
462                  530  480 

Checked  No.  4  journal,  0,006  in.  eccentricity. 
479  514  479 

47v .  535  479 

479  545  485 

Checked  No.  4  journal,  0.003  in.  eccentricity. 

in  No.  1  bearing  and  therefore  run  true  at  this  point 
and  at  the  same  time  decrease  the  eccentricity  in  No.  2 
journal. 

A  large  steel  Z-shaped  hook  was  made  up  and  used  in 
connecting  with  a  100-ton  hydraulic  jack  as  shown  in 
Fig.  2.  This  rigging  enabled  us  to  apply  about 
1,020,000  lb.  torsion  in  the  13-in  diameter  shrink  joint 
which  it  required  to  start  it.  The  pressure  gage  on  the 
hydraulic  jack  made  it  easy  to  compute  the  pressures. 

In  order  to  be  able  to  measure  accurately  the  amount 
which  the  joint  slipped,  an  inside  micrometer*  was  used 
between  two  points  located  32.5  in.  from  the  center 
of  the  crankpin.  At  this  point  0.005  in.  would  corre- 
spond to  0.001  in.  movement  in  the  circumference  of  the 
13-in.  diameter  shrink  joint. 

The  table  shows  how  the  joint  was  moved  gradually 
«.  few  thousandths  at  a  time.     The  strain  on  the  jack 


FIG.    2.      APPLrlCATION    OF    JACK   FOR   SHAFT   AL,IGN.MENT 

of  course  had  to  be  relieved  every  time  the  position 
was  checked.  It  will  be  noticed  that  actually  the  joint 
was  slipped  about  0.039  in.  before  the  journal  checked 
true.  This  was  due  to  the  fact  that  the  weight  of  the 
crankshaft  decreased  the  eccentricity  by  causing  it  to 
run  true  in  No.  1  journal. 

When  the  bearings  were  again  assembled  they  were 
given  0.006  in.  clearance,  and  when  the  engine  was 
started  the  shaft  ran  true  and  bearings  remained  cool. 

Newark,  N.  J.  Ralph  Miller. 


It  has  always  been  considered  dangerous  to  those 
handling  a  hose  line  to  allow  the  stream  to  come  in  con- 
tact with  an  electric  circuit.  Prof.  F.  C.  Caldwell  has 
found  by  experiment  that  there  is  no  danger  of  shocks 
when  the  distance  between  the  nozzle  and  circuit  is 
more  than  25  ft.  irrespective  of  the  voltage. 
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INQUIRIES 
OF  GENERAL 


Holding  Power  of  Flared  vs.  Beaded  Tube  Ends — What 
is  the  relative  holding  power  of  boiler  tubes  having  the 
ends  simply  flared  by  the  expanding  tool,  and  when  beaded 
over?  F.    C. 

Beading  over  the  tube  ends,  unless  done  with  great  care, 
has  a  tendency  to  weaken  the  hold  of  the  tube  and  also  to 
injure  the  texture  of  the  material.  With  ordinary  work- 
manship, the  holding  power  is  about  10  per  cent,  less  than 
when  the  tube  end  is  simply  flared,  but  when  beading  is 
carefully  performed  upon  metal  of  good  ductility,  the 
holding  powers  of  beaded  and  flared  tubes  are  sensibly 
equal.  The  durability  of  beaded  tubes  in  resisting  the  ac- 
tion of  fire  is  so  much  greater  than  when  the  tubes  are 
simply  flared  that  beaded  ends  are  to  be  preferred. 


Reason  for  Greater  Lap  on  Head  End  of  Valve — Why 
should  there  be  more  lap  of  a  D-slide  valve  for  the  head  end 
than  for  the  crank  end  of  an  engine  cylinder?  W.  R. 

On  account  of  the  angularity  of  the  connecting-rod  there  is 
less  number  of  degrees  rotation  of  the  crankshaft  and  eccen- 
tric during  the  half-stroke  in  the  head  end  than  in  the  crank 
end  of  the  cylinder.  Therefore  with  equal  laps,  cutoflF  would 
occur  later  in  the  stroke  from  the  head  end  and,  to  more 
nearly  equalize  cutoflF,  more  lap  must  be  given  to  the  valve 
on  the  head  end.  But  with  a  direct-acting  eccentric  rod,  or 
valve  gear  provided  with  a  straight  rocker,  it  is  not  practicable 
to  add  sufficient  lap  to  entirely  equalize  the  points  of  cutoflF, 
because  the  addition  of  lap  on  the  head  end  reduces  the  lead 
on  that  end  and  lead  is  of  more  importance  than  equalization 
of  cutoflF.  The  unequal  lap  should  not  be  more  than  will  re- 
sult in  the  greatest  lead  permissible  for  the  crank  end  and  the 
least  necessary  for  the  head  end.  Equalization  of  both  lead 
and  cutoflF  can  be  obtained  by  employment  of  a  properly  de- 
signed bent  rocker. 


Trouble  from  Long  Pump  Suction  Pipe — Trouble  is  ex- 
perienced in  operating  a  6  x  7  x  12-in.  light  service  pump 
on  account  of  leakage  in  the  4-in.  suction  pipe,  which  is 
1300  ft.  long.  The  suction  pipe  is  buried  4  ft.  below  the 
surface  of  the  ground.  What  would  be  the  best  way  to 
locate  the  leak?  F.  B.  S. 

A  tight  suction  pipe,  of  the  length  stated,  is  likely  to  be- 
come airbound  in  a  short  time  from  liberation  of  air  out 
of  the  water  during  the  great  length  of  time  the  water  is 
traversing  the  pipe  while  under  less  than  atmospheric  pres- 
sure and  that  trouble  is  commonly  mistaken  for  a  leak  or 
solid  stoppage  of  a  long  suction  pipe.  Before  assuming 
that  a  leak  has  developed,  it  would  be  well  to  stop  the  en- 
trance end  of  the  pipe  and  use  water  fr<jm  a  tank  under 
pressure  or  employ  the  pump  for  testing  whether  the  pipe 
is  tight  against  pressure.  If  it  is  found  to  be  pressure- 
tight,  the  air  "plugs,"  which  usually  consist  of  accumula- 
tions of  air  bubbles,  will  have  to  be  pushed  out  of  the  pipe 
by  forcing  water  through  it.  If  the  pipe  is  found  to  have 
a  leak,  its  location  can  be  determined  by  making  pressure 
tests  of  diflPerent  sections,  beginning,  for  instance,  at  the 
middle  of  its  length  and  testing  each  half,  thus  narrowing 
down  the  search  to  a  small  section  of  length  that  contains 
the  leak.  In  most  soils  where  the  leak  is  considerable,  its 
location  will  become  revealed  on  the  surface  of  the  ground 
by  keeping  the  pipe  under  water  pressure  for  12  to  24 
hours.  I 


Salvage  of  Blowoff  Water — We  have  sixty-six  84-in.  x 
20-ft.  horizontal  return-tubular  boilers  and  cut  out  three 
boilers  daily  for  cleaning,  discharging  the  boiler  water  to 
the  public  sewer.  In  addition  to  this  waste  of  water,  the 
boilers  in  use  are  blown  down  about  three  inches  three 
times  daily.  Could  not  this  water  be  discharged  to  a  set- 
tling tank  and  be  used  over  again  as  feed  water  instead  of 
replacing  it  with  fresh  water  from  the  city  supply,  which 
costs  about  one  cent  per  50  gal.?  J.   C.   M. 

Blowoff  water  usually  contains  a  concentration  of  ob- 
jectionable impurities  and,  without  purification,  would  not 
be  desirable  for  use,  excepting  in  an  emergency  or  where 
there  is  great  scarcity  of  water.  The  waste  of  water  de- 
scribed amounts  to  about  45,000  gal.  per  day,  and  at  the 
excessive  charge  of  one  cent  per  50  gal.,  or  $200  per  mil- 
lion, the  expense  of  replacing  the  blowoflF  water  is  $9  per 
day,  or  only  about  14  cents  per  boiler,  an  amount  that  does 
not  appear  to  warrant  salvage  and  purification  of  the  blow- 
oflF water  to  render  it  suitable  for  boiler  feed. 


Testing  Parallelism  of  Engine  Guides — How  can  a  test 
be  made  to  determine  whether  the  guides  of  a  horizontal 
engine  are  parallel  with  the  center  of  bore  of  the  cylinder 
without  removing  the  piston,  piston  rod  or  crosshead? 

D.A.  S. 

The  center  line  of  an  engine  cylinder  usually  is  considered 
to  be  the  line  passing  through  the  centers  of  the  counterbores. 
However,  if  it  is  desired  to  make  comparison  of  the  guides 
with  the  center  of  the  bore,  it  would  be  well  to  assume  the 
center  line  of  the  bore  to  be  a  line  through  the  centers  of  the 
bore  at  each  end  of  the  stroke  of  the  piston.  To  establish  such 
a  center  line  without  stripping  the  engine  of  the  piston,  piston 
rod  or  crosshead,  remove  the  cylinder  head  and  place  the 
crank  on  dead-center  away  from  the  cylinder,  to  bring  the 
piston  at  the  crank  end  of  the  stroke.  Wedge  a  wooden  rod 
across  the  cylinder  bore  near  the  piston  for  holding  one  end 
of  a  light  but  strong  line  at  the  center  of  the  bore,  and  secure 
the  other  end  of  the  line  to  a  stationary  object  at  a  distance 
of  about  six  diameters  of  the  bore  beyond  the  head  end.  Draw 
the  line  as  tight  as  possible  and  adjust  the  ends  of  the  line  so 
it  will  be  central  with  the  bore  vertically  and  horizontally  at 
both  ends  of  the  stroke  of  the  piston.  Then  tightly  stretch 
a  second  line  of  the  same  kind  from  the  top  of  the  cylinder, 
vertically  over  the  first  line  and  parallel  to  it,  by  careful  meas- 
urements and  plumbing  from  one  line  to  the  other.  Stretch  a 
third  line  parallel  to  the  first  and  second  lines,  over  or  to 
one  side  of  the  cylinder  the  full  length  of  the  first  lines,  and 
beyond  the  guides,  for  a  reference  line.  Carefully  test  the 
parallelism  of  the  reference  line  with  both  the  first  and 
second  lines,  using  a  distance  piece  made  of  a  light  wooden 
rod  with  ordinary  pins  in  each  end.  If  in  any  case  careful 
sighting  along  a  line  reveals  sag,  stretch  another  line  a  short 
distance  above  the  sagging  line  by  careful  plumbing  and,  by 
replumbing,  locate  a  supporting  point  for  the  line  at  about 
the  middle  of  its  span.  Fasten  to  the  crosshead  a  pointer 
terminating  in  a  V  opening  that  all  but  touches  the  reference 
line  and  after  rechecking  all  adjustments  remove  the  line  and 
blocked  rod  from  the  cylinder.  Then  to  test  parallelism  of 
the  guides  slowly  turn  the  engine  over,  preferably  backward, 
and  observe  whether  the  crosshead  carries  the  pointer  uni- 
formly at  the  same  distance  from  the  reference  line  for  the 
full  length  of  a  stroke. 
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Mexico,  a  Petroleum  Storehouse 


MEXICO  i.s  the  veritable  land  of  promise  and  broken 
promises,  of  great  natural  wealth  and  abject  poverty. 
From  the  days  of  Cortez  the  allurement  of  its  natural 
resources  has  made  an  irresistible  appeal  to  foreign  capital 
and  enterprise.  Unfortunately,  it  is  characteristic  of  a  Mexi- 
can impulsively  to  stake  all  he  owns  on  a  cock  fight,  but  to 
be  unwilling  to  risk  his  savings  in  testing  the  mineral  possi- 
bilities of  his  own  farm.  Consequently,  nearly  all  the  large 
public  utilities,  as  well  as  the  industrial  developments  of  the 
country,  have  been  promoted  by  foreigners. 

The  oil  and  asphalt  seepages  of  the  "Huasteca  Region"  in 
the  states  of  Vera  Cruz  and  Tamaulipas  are  frequently  men- 
tioned in  the  writing  of  the  early  Spanish  explorers.  The 
first  attempt  to  drill  for  oil  was  made  at  Furbero  by  an 
Englishman  named  Autrey  in  1869,  but  no  important  dis- 
covery was  made  until  1904,  when  a  group  of  California 
capitalists  brought  in  the  first  gusher  at  Cerrito  de  la  Fez, 
near  Ebano.  From  then  on,  however,  oil  field  development 
has  been  rapid.  About  four  years  later  the  Pennsylvania  Oil 
Co.  drilled  the  famous  Dos  Bocas  well,  which  burned  for 
57  days  and  could  be  seen  at  night  by  ships  30  miles  out. 

Big  strides  were  made  in  1910.  Among  the  principal  events 
of  that  year  were  the  discovery  of  the  Panuco  field  and  the 
completion  of  the  Juan  Casiano  and  Potrero  del  Llano  wells. 
It  is  safe  to  say  that  these  two  wells  combined  have  already 
produced  nearly  200,000,000  bbl.  of  oil,  which  is  a  record  that 
has  never  been  surpassed  anywhere  in  the  world. 

In  1911  the  first  shipments  of  Mexican  crude  were  made 
from  Tampico  to  the  United  States,  and  the  production  jumped 
that  year  from  four  million  to  more  than  thirteen  million  bar- 
rels. At  present  Mexico  is  making  an  annual  production 
of  75,000,000  bbl.  from  not  more  than  200  wells,  or  about 
one-fifth  as  much  oil  as  is  produced  in  this  country  from 
over  225,000  wells. 

Today  there  are  nearly  500  companies  operating  in  the 
oil  fields  of  Mexico,  but  less  than  a  score  of  them  can  be 
rated  as  important  producers.  The  ones  which  have  now 
attained  a  solid  footing  expended  unlimited  sums  of  money 
for  development  when  their  future  looked  precarious.  They 
have  overcome  innumerable  difficulties  and  maintained  an  op- 
timistic outlook  all  through  the  revolutionary  disturbances. 

Realizing  years  ago  that  Mexico  promised  to  become  the 
world's  greatest  producer  of  low-grade  oil,  the  Standard  Oil 
Company  (N.  J.)  long  since  prepared  to  meet  the  new  con- 
ditions as  they  materialized.  At  present  the  company  is  not 
by  any  means  the  largest  producer  in  Mexico,  but  it  is  well 
established  with  a  growing  organization  under  the  name  of  the 
Compania  Transcontinental  de  Petroleo,  S.  A.  The  Standard 
Oil  Company  (N.  J.)  put  into  service  the  first  large  fleet  of 
tank  steamers  to  carry  Mexican  crude.  At  Tampico,  now  one 
of  the  important  oil  depots  of  the  world,  the  Mexican  com- 
pany has  an  immense  tank  farm  and  a  topping  plant.  It  has 
tugboats  on  the  river  and  is  building  a  terminal  loading  sta- 
tion on  the  Gulf  Coast,  where  the  oil  is  piped  out  to  sea  and 
loaded  in  ships  standing  a  mile  or  more  off  shore. 

Potentialities  of  Mexico 
The  importance  of  Mexico  in  the  oil  business  of  the  world 
today  is  but  little  appreciated.     About  25  per  cent,  of  its  po- 
tential production  is  now  being  shipped. 

Publications  have  estimated  the  possible  daily  production 
of  the  Mexican  fields  for  the  last  few  years  as  follows : 

Barrels  Barrels 

191S 600,000     1917 850,000 

1916 725,000     1918  and  at  present 1,000,000 

At  the  same  time  the  average  daily  shipments  from  Mexico 
during  this  period  are  shown  below : 

Barrels  Barrels 

1915 66,798      1917 126,175 

1916 82,209    .1918 152,363 

First   eight  months,   1919 207,800 

The  extraordinary  record  of  Mexican  fields  is  more  sur- 
prising when  we  appreciate  *^hat  the  real  development  is  only 
fifteen  years  old.     The  producing  business  in  Mexico  can  be 


•From   The  Lamp,   published  by  the  Standard  Oil   Co.   of  New  Jersey 
for  its  employees. 


said  to  have  started  on  a  practical  basis  in  1904  with  the 
drilling  operations  of  Messrs.  Doheny,  Canfield  and  others 
at  Ebano.  These  operations  were  prompted  by  a  desire  to 
find  oil  for  supplying  railroads  in  the  United  States  with  fuel. 
The  second  important  step  in  the  development  of  the  pro- 
ducing business  was  the  opening  of  the  so-called  Southern 
field  in  1910,  when  the  Doheny  interests  drilled  in  the  famous 
Juan  Casiano  well  and  the  Pearson  interests  drilled  in  the 
equally  famous  Portrero  del  Llano.  The  latter  was  destined 
to  produce  100,000,000  bbl.  before  it  was  drowned  out  by  salt 
water  in  the  past  year,  and  the  former,  with  a  record  of  more 
than  80,000,000  bbl.,  is  still  producing  23,000  bbl.  a  day  through 
a  damaged  gate  valve  which  has  not  been  moved   for  years. 

The  Mexican  oil  fields  are  divided  into  three  distinct  fields 
as  regards  location  as  well  as  quality  of  crude  produced. 

The  Isthmus  of  Tehuantepec  has  not  been  a  profitable  field. 
The  oil  found  is  of  good  quality,  about  36  Be.  In  this  field 
there  have  been  a  total  of  221  wells  drilled,  which  today  have 
a  total  production  of  about  500  bbl.  from  75  producing  wells, 
all  others  having  been  abandoned.  The  Pearson  interests 
initiated  their  efforts  in  the  Mexican  field  in  this  region, 
and  built  a  refinery  at  Minatitlan,  which  now  depends  prin- 
cipally on  the  other  Mexican  fields  for  crude,  which  it  receives 
by  tank  steamer. 

Another  oil-producing  region  is  generally  known  as  the 
Northern  field  and  produces  a  heavy  crude  varying  from  8 
to  15  gravity  Be.  This  field  lies  from  twenty  to  fifty  miles  in 
a  westerly  direction  from  Tampico.  It  includes  the  fields  of 
Ebano,  Panuco  and  Topila.  Panuco  furnishes  about  85  per 
cent,  of  the  production' of  the  field,  and  its  crude  has  a  gravity 
of  12  Be.  In  the  Northern  field  approximately  250  wells  have 
been  drilled,  of  which  150  are  at  Panuco. 

The  most  important  Mexican  field  is  the  Southern,  or  so-         ■. 
called  "light  oil"  district,  which  starts   at  Tepetate,   about   70      J 
miles  south  of  Tampico,  and  extends  in  a  southerly  direction         ■ 
to  the  Tuxpam  River,  a  distance  of  about  35  miles.     In  this 
field  the  oil  is  about  21  gravity  Be.  and  the  potential  produc- 
tion is  over  500,000  bbl.  a  day.     This  production  is  the  result 
of  drilling  185  wells,  of  which  68  are  productive. 

In  the  Southern  field,  the  oil  is  transported  by  pipe  line,  but 
it  is  the  usual  practice  to  maintain  a  railroad  from  tidewater        - 
to  the  field.     The  railroads  are  about  twenty  miles  long,  fully       M 
equipped  for  handling  freight  direct  from  the  wharves  to  the        ■ 
fields. 

An  extraordinary  characteristic  of  the  wells  in  both  the 
Northern  and  Southern  fields  is  the  steadiness  of  the  flow. 
The  production  is  obtained,  more  especially  in  the  Southern 
field,  in  the  very  porous  limestone  known  as  the  Tamasopa. 
Where  this  formation  outcrops,  some  60  miles  farther  west, 
enormous  caverns  are  found.  The  samples  of  the  rock  which 
are  flowed  from  the  wells  when  drilling  them  in  look  almost 
like  honeycomb.  The  thickness  of  the  formation  is  generally 
spoken  of  as  from  one  to  three  miles,  which  is,  in  a  measure, 
an  explanation  of  the  unusual  staying  qualities  of  the  wells. 

The  wells,  when  shut  in,  show  a  pressure  of  from  300  to 
1000  lb.,  depending  on  the  locality.  When  the  wells  are  being 
flowed,  the  gate  valves  on  the  big  ones  are  generally  opened 
from  one  to  three  turns,  where  full  opening  of  the  8-in.  valve 
used  is  about  27  turns.  While  the  wells  are  being  flowed 
under  such  conditions,  they  hold  back  pressure  of  from  200  to 
700  lb.    The  oil  as  it  comes  from  the  well  is  120  to  150  deg.  F. 

The  water  that  flows  from  these  wells  following  inundation 
is  of  even  higher  temperature,  this  situation  being  peculiar 
to  limestone  formations.  The  hot  oil  is  much  easier  for  the 
pumps  to  handle,  an  advantage  which  is  fully  appreciated. 

The  most  extraordinary  natural  seepages  of  oil  in  the 
world  are  found  in  Mexico.  Long  before  oil  was  produced 
from  drilled  wells,  these  seepages  supplied  asphalt,  and  the 
streets  of  Vera  Cruz  are  paved  with  asphalt  from  seepages 
near  the  Tuxpam  River.  These  seepages  made  a  death  trap 
for  cattle  and  wild  animals  in  the  vicinity,  and  the  numerous 
skeletons  of  all  kinds  bedded  in  the  soft  asphalt  are  mute 
witnesses  of  the  effectiveness  of  these  pitfalls  afforded  by  a 
freak  of  nature. 
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In  the  Northern  field  the  heavy  oil  from  the  Panuco  and 
Topila  districts  is  generally  brought  to  Tampico  with  barges 
and  stern-wheel  steamers  similar  to  those  seen  on  the  Missis- 
sippi and  Ohio  rivers.  This  is  due  in  part  to  the  opportunity 
afiForded  by  the  Panuco  River,  which  at  all  seasons  permits 
barges  of  seven-foot  draft  to  operate  65  miles  by  water  from 
Panuco.  These  barges  hold  from  6000  to  8000  bbl.  each  and 
are  approximately  40  ft.  wide  and  200  ft.  long.  A  large 
steamer  generally  has  seven  barges  as  her  complement.  She 
takes  three  empty  barges  from  Tampico  to  Panuco,  waits 
two  or  three  hours  for  them  to  be  filled,  and  returns  to 
Tampico,  making  a  round  trip  in  24  hours.  These  barges 
are  left  at  the  deep-water  terminals  to  be  pumped  out  into 
tanks  ready  for  delivery  to  the  tank  steamers.  The  steamer 
leaves  the  three  full  barges,  takes  three  empty  barges  and 
proceeds  on  another  voyage.  While  she  is  away,  the  barges 
are  pumped  out  in  the  course  of  six  or  eight  hours,  ready 
for  the  steamer  on  her  return  trip.  One  barge  is  generally 
under  repairs,  principally  due  to  work  of  the  teredo,  which 
attacks  any  timber  in  the  water,  eating  holes  through  it  until 
it  looks  like  honeycomb.  An  unusual  characteristic  of  this 
pest  is  that  it  will  not  go  from  one  plank  to  another,  crossing 
a  seam.  The  defective  planks  are  removed  from  the  bottom 
of  the  barge,  frequently  their  weight  being  only  15  or  20  per 
cent,  of  what  it  was  when  new,  the  rest  having  been  consumed 
by  the  teredo. 

The  loading  of  steamers  in  the  Southern  field  is  interesting 
and  a  departure  from  the  usual  practice.  The  steamers  are 
loaded  on  the  Gulf  Coast  by  pipe  lines  which  are  run  from 
one  to  two  miles  out  from  the  coast  to  the  steamer's  moorings 
and  the  oil  is  delivered  to  the  vessel  while  she  is  at  sea. 

The  so-called  sea  lines  are  first  laid  ashore.  The  entire 
length  of  the  line  is  then  put  on  small  cars  on  a  railroad  and 
pulled  out  to  sea  by  tugs.  When  it  is  appreciated  that  these 
are  8-in.  or  10-in.  lines  more  than  a  mile  long  it  is  surprising 
to  see  the  ease  with  which  they  are  hauled  out,  provided  no 
accident  happens  during  the  critical  half-hour  that  the  line 
is  moving.  If  a  considerable  part  of  the  line  is  in  the  water  and 
an  accident  causes  it  to  stop. moving,  it  is  frequently  impos- 
sible to  continue  hauling  it  out,  as  it  sticks  in  the  sand  and 
has  to  be  recovered  in  sections  by  the  aid  of  divers. 

These  Hnes  are  hauled  out  to  about  40  ft.  of  water.  On 
the  end  is  an  8-in.  hose  about  100  ft.  long  attached  to  a  small 
wooden  buoy.  Around  the  end  of  the  pipe  line,  about  400  yd. 
apart,  are  placed  four  or  five  buoys  to  which  the  tank  steamer 
secures  before  connecting  up  her  hose  to  receive  oil.  After 
being  moored  she  connects  up  the  two  hose,  as  it  is  the  prac- 
tice to  lay  two  sea  lines  to  each  steamer  berth,  and  signals 
to  the  pump  station  ashore  to  start  pumping  oil.  This  oil  is 
then  delivered  at  a  rate  of  from  4000  to  6000  bbl.  an  hour. 
As  the  coast  is  little  protected,  the  surf  always  makes  com- 
municating with  the  ship  a  difficult  problem,  and  the  men 
who  handle  the  surf  boats  have  many  lively  experiences, 
particularly  in  the  winter  when  bad  weather  is  the  rule,  rather 
than  the  exception. 

When  a  Mexican  Gusher  Comes  in 

Ordinarily,  the  hole  is  drilled  to  within  300  or  400  ft.  of 
the  pay  with  a  rotary.  Pipe  is  then  cemented,  tested  to  750 
to  1000  lb.  pressure,  and  gate  valves  are  put  on,  which  can 
be  closed  any  time  the  well  comes  in.  When  it  is  expected 
that  the  pay  may  be  reached,  steam  is  kept  up  in  a  reserve 
boiler  at  a  safe  distance  from,  the  well  and  a  man  is  stationed 
at  the  drilHng  boilers  to  turn  out  the  fire  at  the  first  alarm. 
A  man  is  stationed  to  close  the  gate  valves  and  another  one 
ready  to  pull  out  the  tools. 

The  first  indication  is  that  water  used  in  drilling  starts  to 
flow  and  generally  within  ten  minutes  the  whole  story  is  told 
if  no  accident  occurs.  The  well  throws  the  water  and  drilling 
tools  out  of  the  hole  over  the  derrick.  The  man  at  the  boiler 
shuts  out  the  fire  and  turns  steam  into  the  firebox  to  prevent 
a  conflagration.  The  man  at  the  gate  valves  stands  ready  to 
close  them  the  instant  the  tools  have  been  blown  out.  The 
derrick  is  reinforced  with  heavy  timber  and  tank  steel  so  that 
the  tools  cannot  fall  back  on  the  valves  and    break  them  oflt. 

Frequently,  in  spite  of  all  precautions,  the  wire  drilling 
cable  fouls  the  tools  so  that  they  stick  in  the  pipe,  resulting 
in  a  fishing  job,   while  the  well   is   flowing  several   thousand 


barrels.  While  the  cable  is  still  in  the  hole,  of  course,  the 
gates  cannot  be  closed.  Where  the  preparations  have  not 
been  sufficient  or  an  accident  occurs,  it  is  frequently  followed 
by  disaster  to  the  well  as  well  as  to  the  men. 

A  world-famous  example  is  the  Dos  Bocas  well,  about  ten 
miles  north  of  Tepetate,  which  came  in  without  being  con- 
trolled, flowed  thousands  of  barrels  a  day,  caught  fire  and 
burned  for  some  sixty  days  until  it  extinguished  itself,  the 
flow  of  oil  having  been  replaced  by  a  geyser  of  hot  salt 
water.  This  is  now  a  sort  of  salt-water  volcano,  the  crater 
being  half  a  mile  in  diameter  and  producing  about  1,000,000 
bbl.  of  boiled  salt  water  a  day. 

In  the  famous  Potrero  del  Llano  well  an  accident  to  the 
casing  made  it  impossible  to  shut  the  well  in  and  resulted  in 
seepages  coming  up  through  the  ground  for  a  radius  of  half 
a  mile.  While  the  well  was  producing  46,000  bbl.  a  day  for 
years,  half  of  the  production  came  through  the  casing  and 
the  balance  from  these  seepages,  due  to  the  enormous  pressure 
on  the  well  and  the  leaking  through  the  defective  casing. 

The  country  is  largely  covered  with  jungle  full  of  all 
manner  of  game,  although  the  jungle  is  lo  dense  that  animals 
can  only  be  seen  in  the  narrow  trails  or  along  the  rights-of- 
v/ay  which  have  been  cleared  by  the  operators  for  their  pipe 
lines  and  railroads.  The  waters  abound  with  fish,  so  that 
only  the  choicest  varieties  are   even  worth  offering   for   sale. 

The  cHmate,  although  just  within  the  tropics,  is  not  as 
intensely  hot  as  would  be  imagined,  thanks  to  the  trade  wind 
which  blows  during  the  hot  months  from  10  o'clock  in  the 
morning  until  after  midnight.  From  June  until  September 
is  the  rainy  season,  during  which  time  there  is  a  very  heavy 
rainfall  and  passage  through  the  country  is  extremely  dif- 
ficult on  account  of  the  mud.  It  is  this  difficulty  which  has 
compelled  the  operators  to  build  railroads  rather  than  roads 
for  transportation  between  the  waterways  and  the  fields. 

The  drillers  live  in  camps  with  Chiiiese  servants.  It  would 
almost  seem  that  without  these  Chinamen  work  in  the  remote 
districts  would  be  next  to  impossible.  The  commissary  sup- 
plies come  largely  from  the  United  States,  although  fruit  and 
vegetables  are  abundant  in  Tampico.  The  soil  is  extremely 
fertile,  and  vegetables  of  almost  any  description  can  be  planted 
any  day  in  the  year. 

Any  article  touching  on  the  producing  business  in  Mexico, 
however  general,  would  be  incomplete  and  unjust  without 
paying  tribute  to  those  men  who  live  in  the  jungle,  exposed 
to  the  greatest  hardship  and  dangers,  removed  from  all  bases 
of  supplies,  who  by  their  perseverance,  ingenuity  and  courage 
bring  in  and  master  such  enormous  wells,  accompanied  with 
a  flow  of  deadly  sulphur  gas.  Particularly  was  this  true  during 
the  war,  when  the  conditions  were  the  worst  from  all  stand- 
points, and  the  importance  of  the  Mexican  production,  which 
is  essentially  fuel  oil,  for  the  use  of  the  Allies,  was  of  vital 
importance. 


RUB-A-DUB.    TWO    MEN    IN   A   TUB 
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Steamboat   Inspection    Service 
Amends   Its    Rules 

Section  4433  of  the  revised  statutes,  as  it  at  present  reads,  is 
unsuited  to  modern  practice,  and  the  Bureau  recommends  that  it 
be  amended  to  read  as  follows :  "The  working  steam  pressure 
allowable  on  all  boilers  inspected  as  required  by  the  L.  II.  shall 
be  determined  by  the  rules  of  the  Board  of  Supervising  In- 
spectors with  the  approval  of  the  Secretary  of  Commerce." 
The  purpose  of  the  proposed  amendments  in  this  section  are, 
first,  to  do  away  with  the  obsolete  rules  contained  in  the  present 
law  which  prescribes  a  working  steam  pressure  for  single- 
riveted  joints  without  taking  into  consideration  the  percentage 
strength  of  the  riveted  joint,  and  allows  20  per  cent,  additional 
pressure  for  double-riveted  joints,  but  which  does  not  allow 
a  greater  working  pressure  for  triple-  and  quadruple-riveted, 
etc.,  lap  and  butt  joints,  for  which  greater  working  pressure 
should  be  allowed  on  account  of  the  greater  strength  of  the 
triple-riveted  and  other  joints  of  greater  strength  than  the 
double-riveted  joints.  There  is  a  provision  of  the  section 
which  reads:  "No  split-calking  shall  in  any  case  be  permitted." 
This  has  been  omitted  in  the  amendment,  as  the  rules  for 
calking  would  be  prescribed  by  the  Board  of  Supervising  In- 
spectors in  connection  with  the  rules  for  riveted  joints. 

Section  4418  of  the  revised  statutes  with  reference  to  hydro- 
static pressure  tests  of  boilers  reads  as  follows:  "All  boilers 
used  on  steam  vessels  as  constructed  of  iron  or  steel  plates 
inspected  under  the  provisions  of  the  section  4430  shall  be 
subjected  to  a  hydrostatic  test  in  the  ratio  of  150  lb.  per 
sq.in.  to  100  lb.  per  sq.in.  of  working  steam  pressure  allowed." 
In  the  recommended  amendment  this  part  of  the  section  is 
made  to  read:  "All  boilers  used  on  steam  vessels  and  inspected 
as  required  by  L.  II.  shall  be  subjected  to  hydrostatic  tests  as 
shall  be  determined  by  the  rules  of  the  Board  of  Supervising 
Inspectors  with  the  approval  of  the  Secretary  of  Commerce." 
It  is  the  desire  of  the  Bureau  that  the  amendments  be  enacted 
into  law,  so  as  to  leave  with  the  Board  of  Supervising  In- 
spectors the  authority  for  determining  the  hydrostatic  test  in 
connection  with  the  rules  for  riveting  which  would  be  adopted 
by  the  Board,  all  of  such  procedure,  of  course,  to  be  approved 
by  the  Secretary  of  Commerce. 

The  purpose  of  these  and  other  amendments  is  to  bring  the 
Supervising  Inspector's  rules  up  to  date  and  facilitate  the 
rehabilitation  of  the  American  Merchant  Marine. 

New  York  Engineers  Loyal 

The  largest  meeting  of  engineers  or  firemen  ever  held  in 
this  country  took  place  at  Cooper  Union,  New  York  City, 
Dec.  11,  1919.  The  meeting  was  arranged  by  Locals  Nos.  20, 
56,  96,  319,  379,  608,  615  and  670,  International  Unilon  of 
Steam  and  Operating  Engineers,  and  Local  No.  56,  Inter- 
national  Brotherhood  of   Stationary  Firemen. 

The  purpose  of  the  meeting,  as  expressed  in  the  invitation 
extended  to  all  engineers  and  firemen  of  New  York,  by  the 
arrangement  committee,  was  "the  formulation  of  a  wage  scale 
for  engineers,  firemen,  oilers,  etc.,  in  all  steam  plants  of 
Greater  New  York  and  for  the  betterment  of  the  crafts  in 
general."  The  committee  invited  the  general  officers  of  both 
organizations  and  representatives  of  the  American  Federation 
of  Labor. 

At  8  p.m.,  when  the  general  and  local  officers,  members  of 
the  arrangements  and  invited  guests  appeared  on  the  platform, 
the  great  hall,  having  a  seating  capacity  of  2500  or  more,  was 
packed. 

Joseph  Monterfering,  of  Brooklyn,  called  the  meeting  to 
order  and  stated  the  first  business  was  the  selection  of  a  chair- 
man. Matt.  Comerford,  past  general  president  of  the  I.  U.  S. 
&  O.  E.,  now  with  Power,  was  selected  as  permanent  chair- 
man. P.  J.  Horan,  of  Local  No.  20,  I.  U.  S.  &  O.  E.,  and 
Mr.  Flannagan,  of  Local  No.  56,  I.  B.  S.  F.,  were  selected 
secretaries.  After  briefly  reciting  the  history  of  the  organiza- 
tions and  the  principles  on  which  they  are  based,  the  chairman 
introduced  the  following  speakers : 

James  P.  Holland,  president  New  York  State  Federation  of 
Labor;  W.  J.  Collins,  organizer,  American  Federation  of 
Labor;   Milton   Sncllings,  general  president,   I.  U.  S.  &  O.  E., 


Washington,  D.  C. ;  Timothy  Healy,  general  president,  Inter- 
national Brotherhood  of  Stationary  Firemen,  New  York; 
Arthur  M.  Huddell,  first  vice  president,  I.  U.  S.  &  O.  E.,  Bos- 
ton,   Mass. ;    H.    M.    Comerford,    general    secretary-treasurer, 

I.  U.  S.  &  O.  E.,  Boston,  Mass. ;  Edw.  F.  Moore,  examiner 
of  engineers  and  president  of  Local  Union  No.  569,  of  Chi- 
cago, 111.,  and  Joseph  Monterfering,  third  vice  president,  I. 
U.  S.  &  O.  E.,  Brooklyn,  N.  Y. 

The  following  resolutions  were  submitted  to  the  meeting  and 
unanimously  adopted : 

Resolutions 

Whereas,  There  are  today  in  the  Greater  City  of  New  York 
about  forty  thousand  steam-plant  employees,  comprising  en- 
gineers, firemen,  oilers,  etc.,  employed  in  factories,  public  in- 
stitutions, office  buildings,  loft  buildings,  hotels,  apartment 
houses  and  various  other  plants;  and 

Whereas,  These  men,  wlio  must  be  American  citizens,  and 
pass  examinations  as  to  their  fitness  in  order  to  receive 
licenses,  all  hold  very  responsible  positions,  being  intrusted 
with  the  care  and  operation  of  plants  that  are  essential  to  the 
preservation  of  the  lives  and  property  as  well  as  the  safety 
and  comfort  of  millions  of  people  every  day;  and 

Whereas,  There  prevails  today  in  the  trade  and  calling  of 
steam-plant  operatives  a  scale  of  wages  far  below  that  of 
the  average  American  mechanic  and  in  some  instances  below 
that  of  the  ordinary  day  laborer,  the  wages  received  being 
out  of  all  proportion  to  the  present  high  cost  of  living,  while 
the  working  hours  are  much  longer  than  those  of  the  average 
mechanic;  therefore, 

Be  It  Resolved,  That  this  mass  meeting  of  engineers  and 
firemen  assembled  in  Cooper  Union,  Thursday  evening,   Dec. 

II,  1919,  authorize  our  various  local  unions  in  the  City  of 
New  York  to  select  a  committee  to  be  known  as  a  Wage 
Committee,  which  shall  be  vested  with  full  power  to  present 
to  the  Hotel  Men's  Association,  Real  Estate  Men's  Associa- 
tion, Merchants'  Association  and  other  groups  of  employers 
the  demands  of  the  men  of  our  crafts  for  a  uniform  scale 
of  wages,  reasonable  working  hours  and  one  day's  rest  in 
seven. 

That  we  pledge  our  undivided  support  to  any  committee 
that  may  be  selected,  and  promise  to  use  all  honorable  and 
legitimate  meani  within  our  power  to  induce  employers  to 
adjust  matters  in  dispute  so  that  engineers,  firemen  and  other 
steam-plant  operatives  may  be  placed  on  an  equal  footing 
as  regards  wages  and  hours  with  all  other  mechanics  in  the 
City  of  New  York. 

Be  It  Further  Resolved,  That  we  reiterate  our  loyalty  and 
devotion  to  this  American  Republic  and  denounce  any  at- 
tempts to  subvert  our  established  forms  of  government.  We 
hereby  pledge  ourselves  to  cooperate  with  any  agency  patriotic- 
ally striving  for  industrial  peace  and  endeavoring  to  bring 
about  harmonious  relations  between  employers  and  employees. 

Steam    Versus    Electric    Main-Roll 
Drives  for  Steel  Mills 

On  Saturday,  Dec.  20,  1919,  at  the  Hotel  Chatham,  Pitts- 
burgh, Penn.,  the  Association  of  Iron  and  Steel  Electrical 
Engineers  held  its  December  meeting  of  the  Pittsburgh  Sec- 
tion. The  meeting  was  preceded  by  a  dinner  and  entertainment, 
which  proved  to  be  an  enjoyable  function.  President  D.  M. 
Pettie  presided  at  the  Technical  Session,  which  was  devoted 
to  a  discussion  of  Steam  Versus  Electric-Driven  Mills.  The 
discussion  was  opened  by  G.  E.  Stoltz,  who  explained  by  the 
use  of  moving  pictures  the  operation  ol'  both  steam  and  elec- 
trically driven  reversing  blooming  mills.  It  was  the  opinion 
of  Mr.  Stoltz  that  steam  was  used  to  the  least  advantage  when 
the  mill  was  driven  by  steam  engines,  and  that  due  to  many 
advantages  of  the  electric  drive  over  the  steam  drive  for  roll- 
ing mills,  the  last  ten  years  have  seen  a  wide  application  of 
electric  motors  to  the  driving  of  these  mills. 

Mr.  Seibert,  of  the  Bethlehem  Steel  Co.,  felt  that  in  almost 
all  cases  the  electric  drive  could  produce  steel  at  a  lower 
cost  per  ton  than  could  be  done  with  the  steam-engine  driVe, 
although  in  some  small  isolated  steel  mills  it  might  be  found 
more  economical  to  use  steam  drive.  However,  a  careful 
study  of  all  factors  should  be  made  in  every  case  before  de- 
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ciding  upon  the  type  of  drive.  The  speaker  called  attention 
to  the  lack  of  reliable  data  on  the  power  requirements  for 
steam  drive,  and  presented  by  the  use  of  lantern  slides  the 
results  of  investigations  which  he  has  made  on  steam  and 
electric-driven  reversing  blooming  mills.  The  results  of  these 
investigations  showed  a  power  cost  per  ton  of  $1.33  for  the 
steam-engine  drive  against  $0.76  for  the  electric  drive.  How- 
ever, no  fixed  rule  can  be  laid  down  as  to  the  relative  economy 
of  steam  and  electric  drive. 

The  uniflow  engine  was  discussed  as  a  possible  competi- 
tor of  the  electric  motor  for  driving  steel  mills.  The  non- 
reversing  engine  has  been  developed  to  where  it  can  be  used 
and  is  being  used  on  main-roll  drives,  but  the  reversing  type 
has  not  reached  this  stage  of  development. 

K-  A.  Pauly  pointed  out  that  the  question  of  steam  engine 
versus  electric  drive  for  rolling  mills  resolved  itself  into  a 
reversing  blooming-mill  problem,  and  if  the  electric  drive 
could  be  developed  to  a  point  where  it  could  produce  the  ton- 
nage that  is  being  obtained  with  steam-engine-driven  reversing 
blooming  mills,  then  there  would  be  little  question  of  the 
superiority  of  electric  drive  over  the  steam  drive.  Mr.  Pauly 
no  doubt  created  somewhat  of  a  surprise  for  many  when  he 
said  that  all  high-production  reversing  mills  were  steam-driven, 
and  that  in  no  case  was  there  an  electric-driven  reversing  mill 
that  could  compete  with  the  steam-driven  mill  in  production. 
However,  the  low-cost-production  mills  are  electrically  driven, 
but  although  cost  of  production  is  an  important  factor,  it  is 
frequently  outweighed  by  high  production  in  the  minds  of 
steel-mill  men,  since  tonnage  is  the  thing  that  they  are  after. 
The  speaker  called  attention  to  the  steam-driven  mill  rolling 
sixty  or  more  ingots  per  hour,  and  said  that  in  no  case  was 
there  an  electrically  driven  mill  that  was  doing  this.  Mr. 
Pauly  then  told  of  some  of  the  work  that  was  being  done  at 
the  Trumbull  Steel  Co.'s  plant  with  an  electrically  driven  re- 
versing mill  and  said  that  they  eventually  expected  to  have 
this  drive  in  such  shape  that  it  would  be  capable  of  a  produc- 
tion equal  to  any  steam-driven  mill.  This  is  also  the  case  at 
the  Sparrows  Point  Mill  of  the  Bethlehem  Steel  Co.,  where 
they  are  rolling  as  high  as  56 'ingots  per  hour. 

E.  S.  Jeffreys,  electrical  engineer  for  the  Steel  Company 
of  Canada,  gave  the  record  of  a  34-in.  electrically  driven 
reversing  mill  that  had  rolled  692,012  net  tons  without  one 
minute's  delay  on  account  of  the  main-roll  motor.  In  this 
mill  the  power  requirement  to  drive  the  roll  is  about  three 
times  that  required  by  the  auxiliary  drive.  The  cost  of 
rolling  a  ton  of  steel  in  this  mill  averages  32.7  cents. 

A  great  amount  of  detailed  data  was  given  in  the  discussion 
on  production  and  cost  of  production  with  the  two  types  of 
drives.  Unfortunately,  this  material  is  not  available  for  pub- 
lication at  this  time,  but  no  doubt  will  be  in  the  near  future, 
and  a  digest  of  it  will  appear  in  these  columns. 

A  New  Type  of  Hydraulic 
Turbine  Runner* 

By  Forrest  Nagler 

The  progress  in  waterwheel  development  has  been  more 
nearly  connected  with  increase  in  speed  than  with  improve- 
ment in  efficiency.  The  development  of  high-speed  electric 
generating  machinery  has  continually  called  for  increase  in 
speed,  especially  for  low-head  sites. 

The  designers  of  waterwheejs  have  had  to  meet  a  very  wide 
variety  of  conditions  due  to  nature's  inconsiderate  failure  to 
standardize  waterfalls.  In  practice  waterwheel  runners  vary 
in  dimensions,  horsepower,  speed  and  the  head  under  which 
they  operate. 

To  compare  two  wheels  operating  under  different  conditions, 
the  first  step  would  be  to  compute  their  power  and  speed 
when  under  the  same  head.  This  still  leaves  variations  in 
power,  speed  and  dimensions,  so  a  second  step  is  necessary. 
This  second  step  may  be: 

A.  Recompute  and  compare  their  powers  on  the  basis  of 
being  so  changed  in  dimensions  as  to  have  the  same  speed ;  or, 

B.  Recompute  and  compare  their  speed  on  the  basis  of  the 
same  power. 


Basis  A  would  give  a  characteristic  power  and  is  the  method 
used  by  Professor  Jowski  in  the  Engineering  Record,  Dec.  26, 
1914.  Basis  B  gives  a  characteristic  speed  and  is  the  more 
general  practice.  This  characteristic  may  be  defined  as  fol- 
lows: 

The  characteristic  speed  of  a  runner  is  the  speed  in  r.p.m. 
which  a  model  of  that  runner  would  have  if  operated  under 
a  head  of  1  ft.,  this  model  to  be  reduced  proportionally  in  all 
dimensions  from  the  original  until  it  will  develop  1  hp.  under 
1-ft.  head. 

From  the  hydraulic  laws  governing  the  variation  of  power 
and  speed  of  runners,  it  is  shown  that 

N^~hf. 

N^  =  NtV  hp.  =  — — 

hp  —  The  horsepower  of  a  runner ; 

N  =  The  revolutions  per  minute; 

H  =  The  head  in  feet; 

hpi=:  The  horsepower  under  1  ft.  head ; 

Ni  =  The  r.p.m.  under  1-ft.  head  ; 

A''p=  The  characteristic  speed. 
As  an  illustration  of  the  universal  application  of  the  basis 
of  comparisons,  the  accompanying  table  is  given,  which  con- 
tains examples  from  actual  installations. 

Historically,  the  progress  in  hydraulic-turbine  building  may 
be  illustrated  by  noting  the  increases  in  characteristic  speed. 
The  earliest  types  of  waterwheels,  antedating  the  Christian 
Era,  were  the  current  wheels,  which  developed  into  overshot, 
undershot  and  breast  wheels.     Their  characteristic  speed  had 
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Horsepower  o+  One  Foot  Head 

POWER -EFFICIENCY  CURVES  FOR  WHEELS  HAVING  A 
NORMAL  SPEED  OF  50  R.P.M. 

a  maximum  of  possibly  three,  and  as  a  consequence  of  their 
low  heads  their  r.p.m.  averaged  probably  under  20. 

Between  1825  and  1840  Fourneyron  developed  the  radial- 
outward-flow  type  and  Jonval  developed  the  axial-flow  type, 
but  demands  for  speed  and  capacity  were  such  as  to  limit 
characteristic  speeds  to  between  20  and  40  and  capacities  to 
considerably  under  1000  hp.  About  1870  Francis  developed 
the  radial-inward-flow  type,  which  gradually  changed  until 
the  water  entered  radially  and  was  discharged  axially.  This 
type  is  especially  an  American  product,  and  its  characteristic 
speed  has  gradually  increased  from  about  40  in  1870  to  a 
little  over  100  in  1914.  The  last  increases,  made  by  Zowski, 
were  the  basis  of  great  advance  in  the  design  of  low-head 
units.  The  new  type  of  runner  described  by  the  author  will 
give  a  characteristic  speed  of  about  160. 

In  1907  the  author  was  engaged  in  field  work  on  large-sized 
axial-flow  pumps.  Impressions  gained  in  this  work  influenced 
his  trend  of  thought  in  his  later  hydraulic-turbine  work  so 
that  the  Francis-type  runner  seemed  unnecessarily  compli- 
cated. From  these  ideas  a  definite  application  of  the  axial- 
flow  principle  was  developed  in  1913.  The  new  design  is 
based  on  a  straight  radial  blade  somewhat  similar  to  a  marine- 
propeller  blade,  which  offers  a  minimum  of  wetted  surface, 
and  of  bending  moment  at  the  root  of  the  blade.  Models 
were  made,  tests  run,  and  such  refinements  added  as  seemed 
advisable.  Tests  on  models  were  verified  by  tests  on  real 
runners  at  Holyoke  in  1917. 

Some  characteristic  curves  are  shown  in  the  accompanying 
plot,  where  characteristic  horsepowers  are  plotted  against 
eflficiencies.  Curves  Nos.  1,  2  and  3  are  from  the  new-type 
runner,  while  No.  5  is  from  the  runners  of  Professor  Zowski. 
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From  these  curves  the  following  may  be  deduced :  For  any 
given  conditions  of  head  and  speed  the  runner  No.  1  will 
give  140  per  cent,  and  No.  2  will  give  65  per  cent,  more  power 
than  types  previously  available  as  typified  by  No.  4. 

Comparison  on  a  speed  basis,  using  equal  power,  shows  that 
runner  No.  1  will  give  over  50  per  cent,  and  No.  2,  30  per 
cent,  higher  speed  than  No.  4. 

The  primary  advantages  shown  by  the  new  type-runner  are 
as  follows: 

(a)  Lower  generator  cost  due  to  increased  speed.  This 
may  be  from  15  to  35  per  cent. 

(b)  Lower  turbine  cost  due  to  simpler  runner.  This  aver- 
ages around  10  per  cent. 

(c)  Smaller  generator  diameter  and  therefore  smaller  power 
house. 

(d)  Higher  generator  efficiency  due  to  better  design  possible 
with  the  higher  speed. 

(e)  Greater  turbine  flexibility,  which  permits  more  power 
under  flood  conditions  when  the  head  is  reduced. 

This  new  type  of  runner  is  from  the  direction  of  flow  a 
pure  Jonval  type,  although  Jonval's  wheels  seldom  had  char- 
acteristic speeds  in  excess  of  20  or  30  and  his  blades  were 
different.  The  primary  essential  of  high  characteristic  speed 
is  a  reduction  of  hydraulic  friction  and  centrifugal  forces. 
Theoretically,  high  characteristic  speed  may  be  obtained  by 
flattening  the  blade  angles.  Practically,  this  results  in  increas- 
ing the  wetted  surface  and  so  reducing  the  efficiency  due  to 
friction.  In  the  author's  design  these  effects  are  counteracted 
by  cutting  out  blades,  which  does  not  result  in  decrease  of 
power,  as  might  be  expected. 

In  conclusion  the  development  of  this  runner  would  offer 
such  possibilities  as  the  use  of  a  30,000-lb.  casting,  very  simply 
made  and  easily  transported  instead  of  one  weighing  130,000 
lb.  and  ranking  among  the  most  complicated  castings  ever 
made,  which  was  used  at  the  Keokuk  plant.  With  any  given 
minimum  generator  speed  the  new  runner  will  permit  opera- 
tion under  heads  one-half  as  high  as  those  required  in  prior 
practice  and  for  large  powers  units  may  be  developed  at  lower 
costs. 

COMPARISON  OF  OLD-  AND  MODERN-TYPE  HYDRAULIC  TUR- 
BINES 

— Old  Types —      Modern  Types 

Fourneyron  Nagler      Usual  Mixed-Flow 

(Tre-         High  or  Francis  Imoulse 

Overshot  mont)       Speed      Medium    Low  Speed  (Pelton) 
Item  Wheel  Turbine  Low  Head    Speed        Dbl.  Run       Twin 

Head  in  feet,  H.     14  14  14  200  400  2,000 

Horsepower,   total     SO  180  500  40,000  20,000  20,000 

Runner    horse- 

power.    HP....     50  180  500  40,000  10,000  10,000 

Speed,    r.p.m.,A^..      10  S3  200  ISO  360  375 

Runner      d  i  a  m., 

in.,     d 144  40  72  130  72  96 

Unit    horsepower, 

HPi 0.95         3.44         9.55  14.14  1.25  0.11 

Unit  speed,  r.p.m. 

A^i    2.67       14.16       53.50  10.61  18.00  8.39 

C  h  a  r  a  c  teristic 

speed,   r.p.m., 

Mc    2.66       26.30     165.00  40.00  20.00  2.78 

The  Steam  Turbine* 

By  E.  H.  Sniffen 

Manager,   Power  Section,   VVestinghouse  Electric  and  Manufacturing 
Company,  East  Pittsburgh,  Penn. 

Why  was  it  that  the  steam  turbine,  being  the  earliest  form 
of  heat  engine,  remained  in  an  undeveloped  stage,  while  for  a 
period  of  more  than  a  hundred  years  the  reciprocating  engine 
became  the  only  type  of  prime  mover?  The  answer  is  that 
the  development  of  the  steam  turbine  as  we  know  it  today 
was  delayed  until  the  mechanical  arts  and  the  knowledge  of 
materials  had  progressed  sufficiently  to  make  its  construction 
possible.  Comparatively  speaking,  the  reciprocating  engine 
was  an  easy  thing  to  build.  The  steam  turbine  is  in  reality 
a  metallurgical  achievement.  It  could  not  well  have  come 
earlier. 

We  find  in  the  British  patent  records  many  steam-turbine 
inventions  occurring  between  the  years  1800  and  1850.  Pro- 
phetic inventions  most  of  them,  the  kind  which  characterize 
most  great  developments.    There  is  a  class  of  men  who  dream 


•From  a  talk  before  the  Duquesne  Light  and  Power  Company's  section 
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dreams  and  another  class  who  put  their  dreams  to  some  use. 
I  think  perhaps  our  American  inventors  have  excelled  in  the 
latter  respect,  for  theirs  has  been  a  wonderful  record,  with 
the  telegraph,  telephone,  airplane,  submarine,  talking  machine, 
steam  navigation,  machine  gun,  cotton  gin,  harvesting  ma- 
chinery, etc.  But  we  must  not  forget  that  Europe,  too,  has 
had  her  victories  of  invention.  Here  was  the  steam  engine, 
the  gas  engine,  the  dynamo,  both  direct  and  alternating-cur- 
rent, the  steam  turbine,  the  locomotive,  spinning  machinery, 
the  X-ray,  radium  and  many  others. 

The  steam  turbine  began  its  practical  use  on  the  other  side. 
Parsons  blazed  the  way,  and  at  about  the  same  time  Delaval. 
Parsons  built  his  first  turbine  in  1884  and  for  many  years 
thereafter  built  a  goodly  number  of  what  we  would  now  call 
very  small  machines.  In  the  year  18%  Mr.  Westinghouse 
acquired  the  American  rights  for  the  Parsons  turbine.  After 
some  years  of  development  work  we  installed  in  1889  three 
400-kw.  ma'^hines  in  the  air-brake  company's  plant  at  Wilmer- 
ding.     They  are  running  yet. 

In  1900  we  put  our  first  turbine  out  into  the  customer's 
hands.  This  was  a  2000-kw.  machine  which  we  furnished  to 
the  Hartford  Electric  Light  Co.  It  was  double  the  capacity 
of  any  other  turbine  then  in  use,  and  European  engineers 
looked  upon  it  as  a  daring  piece  of  work  to  put  so  large  a 
capacity  in  one  cylinder  construction.  Well,  the  business 
grew,  and  in  truth  the  steam  turbine  made  possible  the  tre- 
mendous strides  that  our  electrical  industry  has  made.  This 
I  shall  try  to  make  clearer  in  a  moment.  By  1905  our  largest 
unit  had  grown  to  7500-kw. ;  in  1909,  10,000;  in  1913,  20,000; 
1917,  35,000,  and  in  1918,  60,000  kw.     Where  will  it  end? 

We  cannot  properly  consider  the  steam  turbine  and  the 
place  it  occupies  without  thinking  about  the  electrical  industry 
as  a  whole,  for  the  turbo-generator  is  an  electrical  device;  it 
generates  electric  current.  I  am  going  to  show  you  in  a  few 
moments  pictures  of  the  largest  power  plants  in  the  country 
some  fifteen  years  ago.  Beautiful  plants  they  were,  operating 
with  reciprocating  engines.  One  of  them  had  eleven  3500-kw. 
units,  the  other  eight  7500-kw.  units.  These  plants  were  in 
New  York  City.  The  piston  engine  had  reached  its  maximum 
size  at  7500  kw.  It  was  a  ponderous  thing.  The  engine  and 
generator  combined  weighed  nearly  2,000,000  lb.  The  diam- 
eter of  the  genijrator  was  40  ft.  We  had  to  build  a  special 
shop  in  which  to  make  it.  And  think  of  it !  Only  7500  kw. ! 
The  engine  had  four  cylinders,  two  horizontal  and  two  vertical. 
Even  then,  divided  that  way,  the  low-pressure  cylinders  were 
88  in.  in  diameter,  which  was  felt  to  be  about  as  large  as  a 
steam  cylinder  could  be  safely  built.  This  plant  of  60,000-kw. 
capacity  was  the  last  word  in  power-plant  design.  It  had  a 
fuel  record  of  2H  lb.  of  coal  per  kilowatt-hour.  Those  en- 
gine units  cost  originally  about  $175,000  each.  After  running 
about  15  years  they  were  broken  up  and  scrapped  at  a  salvage 
of  about  $10,000  apiece  and  replaced  with  turbines  of  30,000 
kw.  each,  the  plan  being  to  install  240,000  kw.,  an  increase  in 
power  of  4  to  1.  Their  original  boiler  equipment  was  not 
increased,  though  the  furnaces  were  rearranged.  The  en- 
gines had  required  about  1 7.5  lb.  of  steam  per  kw-hr.  The 
turbines  took  about  11  lb.  The  engine  units  weighed  280  lb. 
per  kilowatt,  the  turbines  about  45  lb.  The  comparative  floor 
space  was  in  favor  of  the  turbine  in  the  ratio  of  1  to  10. 
The  original  station  cost  $128  per  kilowatt  installed  capacity. 
On  the  basis  of  writing  off  the  engine  units  entirely,  the  cost 
of  the  plant  with  the  full  complement  of  turbines  was  $42 
per  kilowatt. 

The  electrical  industry  has  grown  beyond  our  dreams  until 
we  have  in  this  country  today  some  ten  million  kilowatts  of 
central-station  capacity — about  two-thirds  of  it  steam  power 
and  one-third  water  power.  It  ministers  to  the  necessities 
and  the  comfort  of  perhaps  65  per  cent,  of  our  population, 
which  is  about  the  proportion  of  those  who  live  under  electric 
wires.  These  people  average  to  consume  about  400  kw.-hr.  per 
annum  per  capita.  Here  in  Pittsburgh  the  consumption  is 
around  600.  The  population  of  our  country  doubles  about 
every  twenty  years.  During  the  past  two  decades  the  per 
capita  consumption  of  electricity  has  doubled  about  every  five 
years.  It  takes  now  about  1/7  kw.  installed  capacity  to  serve 
the  needs  of  each  man,  woman  and  child  in  American  com- 
munities. This  result  would  have  been  economically  impossible 
with  any  other  form  of  prime  mover. 
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Canadian  Commission  of  Conservation  on 
Pulverized  Fuel 

The  Commission  of  Conservation  of  the  Dominion  of 
Canada  has  just  issued  a  57-page  pamphlet  dealing  with  the 
subject  of  powdered  fuel  and  compiled  by  William  J.  Dick. 
The  first  12  pages  are  devoted  to  data  setting  forth  the  short- 
age of  coal  in  Canada  and  the  increasmg  difficulties  of  obtain- 
ing fuel  oil.  It  is  to  be  noted  that  little  is  said  by  the  com- 
mission itself  about  powdered  fuel,  the  following  being  the 
most  pertinent  statement  in  the  pamphlet  and  expressive  of  ihe 
commission's  opinion : 

"The  economy  secured  by  the  use  of  pulverized  fuel  in  sta- 
tionary boilers  instead  of  hand-fired  coal  is  not  so  great  in 
comparison  as  that  derived  from  its  use  in  locomotives.  This 
is  due  largely  to  the  fact  that  it  is  possible  to  equip  stationary 
plants  with  the  best  mechanical  stokers.  There  is_  an  ad- 
vantage of  2  or  3  per  cent,  in  combustion  efficiency  in  favor 
of  pulverized  coal,  but  this  is  offset  by  the  additional  cost  of 
fuel  preparation.  While  the  above  comparison  is  made  from 
the  standpoint  of  efficiency,  and  where  almost  similar  coal  is 
used,  there  are  many  localities,  especially  in  northern  Ontario, 
and  portions  of  Manitoba,  Saskatchewan  and  Alberta,  where 
pulverized  peat  or  pulverized  coal  could  be  used  to  decided 
economic  advantage   instead  of   higher-priced   imported   coal." 

The  remaining  44  pages  of  the  pamphlet  are  devoted  chiefly 
to  reprints  of  descriptions  of  pulverized  coal-burning  equip- 
ment. 

Industrial  Safety  Conference 

In  the  absence  from  Washington  of  the  Director  of  the 
Bureau  of  Standards,  Dr.  S.  W.  Stratton,  the  meeting  of  the 
Industrial  Safety  Conference  on  Dec.  8,  1919,  was  called  to 
order  by  Dr.  E.  B.  Rosa,  who  summarized  at  some  length  the 
events  leading  up  to  this  conference  and  referred  especially  to 
the  proceedings  of  the  similar  conference  held  on  Jan.  15,  1919, 
of  which  this  in  a  sense  was  an  adjourned  meeting. 

The  principal  subjects  which  came  up  at  the  January  con- 
ference were  the  reorganization  of  the  American  Engineering 
Standards  Committee  and  the  question  of  whether  the  safety 
work  of  the  Bureau  of  Standards  should  be  conducted  under 
the  scheme  of  procedure  laid  down  by  that  committee.  The 
result  of  a  letter  ballot  was  a  decided  majority  in  favor  of 
procedure  under  the  plan  of  the  American  Engineering  Stand- 
ards Committee.  This  committee  has  adopted,  since  the  Jan- 
uary conference,  a  revised  constitution  which  opens  its  mem- 
bership to  other  organizations  in  addition  to  the  original  five 
founder  societies  and  three  Government  departments. 

Prof.  Comfort  A.  Adams,  chairman  of  the  American  Engi- 
neering Standards  Committee,  spoke  on  the  work  of  that  com- 
mittee and  its  recent  reorganization.  Membership  in  the  com- 
mittee is  now  open  to  such  organizations  or  groups  of  organ- 
izations of  national  scope  as  may  be  approved;  there  shall  be 
no  more  than  three  members  from  each  such  organization,  and 
the  annual  dues  are  $500  for  each  representative.  The  speaker 
stated  that  he  would  be  superseded  as  chairman  of  the  com- 
mittee by  A.  A.  Stevenson,  and  that  the  permanent  secretary 
will  be  Dr.  P.  G.  Agnew,  at  present  in  the  Bureau  of  Stand- 
ards.    Headquarters  will  be  in  New  York  City. 

Chester  C.  Rausch,  of  the  Safety  Institute  of  America,  intro- 
duced the  following  resolution  which  was  adopted  by  the 
Conference :  i 

Resolved:  (1)  That  the  American  Engineering  Standards 
Committee  be  asked  to  request  the  International  Association 
of  Industrial  Accident  Boards  and  Commissions,  the  Bureau 
of  Standards  and  the  National  Safety  Council  to  organize  a 
joint  committee  on  safety  codes,  this  committee  to  include 
representatives  of  these  bodies  and  such  others  as  they  may 
consider  advisable;  (2)  that  this  joint  committee  report  upon 
the  safety  codes  required,  priority  of  consideration  of  the 
codes,  and  sponsor  bodies  for  their  preparation;  (3)  that  this 
report  be  put  in  writing  and  placed  not  later  than  Feb.  1,  1920, 
in  the  hands  of  the  American  Engineering  Standards  Com- 
mittee. 

Before  taking  the  vote  on  this,  however,  another  motion  was 
passed  confirming  the  result  of  the  letter  ballot  taken  last 
spring    and    expressing    the    decision    of    the    conference   that 


safety  codes  should  be  established  under  the  procedure  of  the 
American  Engineering  Standards  Committee. 

In  the  discussion  on  this  subject  it  was  pointed  out  that  the 
American  Engineering  Standards  Committee  was  not  primarily 
interested  in  safety  matters  and  that  the  committee  contem- 
plated in  the  resolution  of  Mr.  Rausch  would  be  directly  con- 
cerned in  such  matters  and  might  well  serve  as  a  steering  com- 
mittee on  safety-code  work.  The  opinion  was  freely  expressed 
that  such  a  committee  should  be  a  permanent  one,  that  it 
should  contain  representatives  of  all  interests  involved  in 
safety  codes  and  that  it  might  well  be  called  a  National  Safety 
Code  Conference  and  hold  annual  meetings.  Such  a  committee 
would  be  in  a  position  to  coordinate  work  on  safety  codes,  to 
arrange  for  necessary  interpretations,  to  initiate  new  codes  as 
they  become  necessary,  and  to  form  a  central  agency  to  insure 
cooperation. 

Hydro-Electric    Development  in    Czech o 
Slovakia 

A  scheme  for  the  utilization  of  the  water  powers  in  Czecho- 
slovakia, which  are  estimated  at  800,000  hp.,  has  been  approved 
by  a  bill  adopted  by  the  National  Assembly.  The  installations 
necessary  for  laying  out  all  the  territory  for  the  use  of  elec- 
tricity will  require  an  expenditure  of  2,000,000,000  crowns 
($400,000,000)  for  the  hydraulic  work,  500,000,000  crowns 
($100,000,000)  for  the  central  stations,  and  1,000,000,000 
crowns  ($200,000,000)  for  the  distribution  of  electricity.  It  is 
calculated  that  the  total  revenue  from  the  consumption  of 
energy  will  reach  1,000,000,000  crowns  ($200,000,000)  per 
annum. 

According  to  the  law  in  question  an  annual  credit  of 
75,000,000  crowns  ($15,000,000)  is  to  be  entered  in  the  budget 
estimates  for  the  years  1919  to  1923,  and  two-thirds  of  this 
amount  will  be  devoted  to  the  construction  of  hydro-electric 
works,  and  the  balance  will  represent  the  financial  participation 
of  the  State  in  the  working  of  undertakings  for  the  production 
and  distribution  of  energy.  The  State,  departments,  and  the 
communes  will  alone  or  in  cooperation  with  existing  electricity 
companies  take  up  60  per  cent,  of  tfie  capital  so  as  to  secure 
influence  in  the  undertakings,  while  private  capital  will  be 
admitted  only  up  to  40  per  cent.  Part  of  the  capital  to  be 
raised  will  be  covered  by  the  issue  of  bonds  and  debentures. 
The  sum  of  8,000,000  crowns  ($1,600,000)  out  of  the  total 
amount  voted  by  the  National  Assembly  will  be  placed  at  the 
disposal  of  the  undertakings  for  the  current  financial  year. 
The  scheme  aims  at  the  establishment  of  nine  large  electrical 
undertakings,  of  which  four  would  be  in  Bohemia,  three  in 
Moravia,  one  in  Silesia,  and  one  in  Slovakia. — The  Electrical 
Review,  London. 

Gadsden-Huntsville  Extension 

Capt.  W.  P.  Laj',  of  the  Alabama  Power  Co.,  states  that  the 
company's  high-tension  line  from  Gadsden  to  Huntsville,  con- 
struction of  which  has  just  begun,  is  part  of  a  plan  to  build 
a  power  loop,  which  will  be  oae  of  the  longest  and  most  im- 
portant in  the  world. 

The  company  has  a  line  from  Lock  12  on  the  Coosa  River 
to  Birmingham,  and  from  that  point  to  Sheffield  and  Florence. 
From  the  same  generating  station  another  line  branches  out 
to  the  eastern  side  of  the  state,  passing  through  Sylacauga, 
Talladega  and  Annison  to  Gadsden.  With  the  completion 
of  the  extension  to  Huntsville  it  will  be  necessary  to  build 
between  that  city  and  Florence,  a  matter  of  only  a  few  miles, 
to  complete  the  loop  which  will  belt  the  entire  mineral  and 
industrial  section  of  Alabama. 

This  loop  will  be  completed  as  early  as  possible,  Captain 
Lay  states,  in  order  to  connect  a  complete  systerr  of  electric- 
power  transmission,  a  system  that  will  tap  all  towns  and  cities 
from  the  Tennessee  River  to  Central  Alabama  and  as  far 
down  as  Selma. 

Two  emergency  steam  plants,  together  capable  of  taking 
care  of  any  emergency  from  breaks  or  accidents,  are  stationed 
on  this  loop.  They  are  located  at  strategic  points,  one  being  on 
the  Warrior  River  below  Birmingham  and  the  other  on  the 
Coosa  River  at  Gadsden. 
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Ten  Hints  for  the  Storage  of 
Bituminous  Coal 

Tests  conducted  by  the  Bureau  of  Mines  lead  to  the  follow- 
ing conclusions  regarding  the  storage  of  any  bituminous  coal : 

1.  Piles  not  to  be  over  12  ft.  deep  and  no  part  of  the 
interior  to  be  over  10  ft.  from  the  surface. 

2.  Store  only  screened  lump  coal — if  possible. 

3.  Keep  out  dust  as  much  as  possible,  and  to  do  this  avoid 
handling. 

4.  Have  lump  and  fine  evenly  distributed.  Do  not  let  lumps 
roll  to  the  bottom  and  form  air  passages. 

5.  Rehandle  the  screenings  after  two  months,  if  possible. 

6.  Store  away  from  any  sources  of  even  moderate  heat  and 
well  away  from  the  main  buildings  of  the  plant;  never  against 
a  frame  building. 

7.  Allow  six  weeks'  seasoning  after  mining  before  putting 
into  storage  piles. 

8.  Avoid  alternate  wetting  and  drying. 

9.  Avoid  admission  of  air  to  the  interior  of  the  pile  through 
interstices  around  timbers,  irregular  brickwork  or  a  porous 
bottom,  such  as  coarse  cinders. 

10.  If  wet  coal  is  received,  dump  in  small  piles  around  the 
edges,  where  air  can  get  to  it  freely  to  carry  away  moisture, 
and  where  other  coal  will  not  be  packed  on  top  of  it. 


Oil  Fire  Efficiency  Boosted  by  Orsat 

Guy  L.  Bailey,  manager.  Municipal  Light  and  Power  Co., 
San  Francisco,  Calif.,  states  that  to  get  information  as  to  the 
efficiency  of  the  furnaces  in  the  Municipal  Light  and  Power 
Co.'s  plant  on  Stevenson  St.,  Orsat  apparatuses  were  installed 
in  the  firero-om.  The  four  boilers  were  of  Stirling  make,  and 
the  flue-gas  samples  were  taken  about  a  foot  below  the 
damper.  The  determinations  were  of  great  value  at  this 
time  in  educating  the  firemen  as  to  the  amount  of  air  re- 
quired. 

"All  of  our  men,"  says  Mr.  Bailey,  "were  experienced  in 
the  burning  of  fuel  oil,  but  they  were  firing  with  from  80  to 
over  150  per  cent,  excess  air.  By  shutting  down  on  the  draft 
and  making  frequent  determinations  with  the  Orsat  until  a 
high  percentage  of  COa  was  obtained,  the  firemen  were  taught 
how  the  fi.e  should  appear  with  the  minimum  amount  of  air 
for  complete  combustion.  The  men  were  unable  to  get  much 
better  than  12  per  cent.  CO2  as  above  this  point  the  fire  was 
likely  to  smoke.  The  second  month  showed  an  increase  of 
19.3  per  cent,  in  kilowatt-hours  per  barrel  of  oil  obtained  the 
month  before  installing  the  Orsat.  This  improvement  was 
responsible,  in  small  part,  to  the  fact  that  the  load  factor  on 
the  turbine  increased  from  43  to  53j^  per  cent." — From 
Transactions  A.S.M.E. 
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i        New  Publications         i 


A   STUDY   OP   THE   FORMS   IN    WHICH 
SULPHUR  OCCURS  IN  COAL.    By  A.  R. 
Powell  with  S.  W.  Parr,  Bulletin  No.  111. 
Engineering  Equipment  Station,  Univer- 
sity of  Illinois,  Urbana,  III.     62  pages. 
This  bulletin  is  a  report  of  investigations 
made  to  study  the  nature  of  the  sulphur- 
containing  compounds   in   coal,    the   quan- 
tity of  each  form  present  and  the  change 
which  the  form  undergoes  when   the  coal 
is  allowed  to  stand  or  when  it  is  coked.    A 
knowledge   of   these   points   would    have  a 
practical  bearing  on  the  spontaneous  com- 
bustion of  coal  and  on  the  control  of  the 
sulphur    content    of    coke.      The    bulletin 
gives    a    detailed    account    of    the    experi- 
mental   chemical    work    performed    in    the 
development  of  a  method  for  analyzing  the 
different   forms   of   sulphur  in   coal  and  a 
description  of  the  changes  in  the  forms  of 
sulphur.      The   appendices   contain   histor- 
ical matter  on  the  constitution  of  coal  and 
on    the   work   of   other   investigators   along 
the  same  lines. 

ROBISON'S  MANUAL  OP  RADIO  TELEG- 
RAPHY  AND   TELEPHONY.      By    Cap- 
tain  S.    S.    Robison,    U.    S.    Navy.     Pub- 
lished by  the  Lord  Baltimore  Press,  Bal- 
timore,   Md.,    1919.      Cloth,    9x6    in.;    307 
pages;  144  illustrations. 
This   radio  manual   was  written   for  the 
use   of   naval    electricians,    student   opera- 
tors and  others,  and  presents  the  elemen- 
tary principles   of  the   art  of  radio   teleg- 
raphy   and    telephony,    together    with    de- 
scriptions   of    apparatus    commonly    used. 
This  is  the  fifth  edition  of  this  work,  which 
was     originally     written     by     Lieut,     (now 
Rear  Admiral)  S.  S.  Robison,  U.  S.  Navy, 
in    1907.      A    comprehensive    treatment    is 
given  on  the  construction  and  operation  of 
radio  equipment.    The  subject  is  presented 
from  the   practical  viewpoint.     Particular- 
ly   noticeable    is    the    absence    of    mathe- 
matical  treatment.     The   major  portion   of 
the   mathematics   is   given   In   one  chapter 
of  formulas  and   tables,   so  that  the  book 
may    be    read    with    interest    by    even    the 
nontechnical    reader.     Those    that   are   in- 
terested    in     radio     subjects    will     find     a 
wealth    of    practical    information    In    this 
manual. 

PULVERIZED  FUEL,  ITS  USES  AND 
POSSIBILITIES.  By  William  J.  Dick, 
M.  Sc.  Published  by  the  Commission  of 
Conservation,  Ottawa,  Canada.  Paper, 
67  pages. 

This  pamphlet  begins  with  a  review  of 
the  general  fuel  situation  in  Canada.  In 
this  connection  the  fact  that  although 
Canada  has  over  17  per  cent,  of  the 
world's  coal  reserve,  55  per  cent,  of  Its 
consumption  in  1916  was  imported.  A  his- 
tory of  the  pulverized-fuel  industry,  be- 
ginning with  experiments  in  connection 
with  cement  burning,  notes  its  gradual  ex- 
tension for  railroad  work.  In  the  metallur- 
gical industries,  and  in  stationary  boilers. 


The  difficulties  encountered  in  burning  this 
fuel  in  steam  boilers  are  summarized  as 
follows:  (1)  The  difficulty  of  maintaining 
continuous  and  steady  ignition;  (2)  of 
finding  a  material  to  stand  the  furnace 
temperatures;  (3)  of  producing  a  homoge- 
neous mixture  with  varying  grades  of 
coal;  (4>  of  maintaining  a  homogenous 
mixture  of  fuel  and  air  during  the  period 
required  for  complete  combustion;  and  (5) 
of  handling  the  molten  ash.  A  description 
of  the  Bettington  boiler,  a  combined  boiler 
and  pulverizing  plant,  outlines  some  of 
the  successfull  methods  of  overcoming 
these  difficulties.  Reports  on  experience 
with  pulverized  c  al  from  a  large  number 
of  cement,  metallurgical  and  power  plants 
are  included.  These  reports  give  consid- 
erable detail,  and  a  number  of  them  are 
accompanied  by  data  and  results  from 
tests. 
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Personals 


A.  H.  C.  Dalley,  formerly  district  sales 
manager  of  the  Pulverized  Fuel  Equip- 
ment Corporation,  has  been  promoted  to 
the  position  of  assistant  vice-president  of 
the  same  company.  As  before,  Mr.  Dal- 
ley's  headquarters  Is  in  the  Peoples  Gas 
building,   Chicago. 


Engineering  Affairs 


The  American  Society  of  Mechanical  En- 
gineers will  hold  its  next  meeting  at  St. 
Louis,    Mo.,    May   24-27,   inclusive. 

The  Marine  Engineers'  Beneficial  Asso- 
ciation will  hold  its  45th  annual  conven- 
tion at  Washington,  D.  C,  Jan.  19-24,  with 
headquarters  at  the  Hotel  Raleigh. 
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I       Miscellaneous  News 
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Consideration    of   the   Water    Power   Bill 

in  the  open  Senate  began  Jan.  5.  The  time 
was  consumed  principally  by  Senator  Len- 
root  of  Wisconsin,  who  is  opposing  the 
measure. 

Edison  Medal  Awarded  to  W.  L.  R.  Em- 
met.— At  the  meeting  of  the  Board  of 
Directors  of  the  American  Institute  of 
Electrical  Engineers  held  December  12,  the 
Edison  Medal  Committee  reported  that  the 
Edison  Medal  for  the  year  1919  had  been 
awarded  to  Mr.  W.  L.  R.  Emmet,  "for 
Inventions  and  developments  of  electrical 
apparatus  and  prime  movers."  Arrange- 
ments will  be  made  for  the  presentation 
of  the  Medal  to  Mr.  Emmet  at  a  convenient 
later  date. 
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Union  Renewable  Fuses,  manufactured 
by  the  Chicago  Fuse  Manufacturing  Co., 
Chicago  and  New  York,  have  been  ap- 
proved by  the  Underwriters  Laboratories 
of  the  National  Board  of  Fire  Underwriters, 
in  capacity  from  1  to  600  amperes.  This 
action  by  the  Underwriters  will  doubtless 
meet  the  approval  of  users  of  fuses. 

The  Reading  Iron  Co.,  Reading,  Penn., 
has  recently  opened  new  district  sales 
offices  In  Pittsburgh  and  Chicago.  F.  M. 
English  has  been  appointed  district  sales 
manager  in  charge  of  the  Pittsburgh  office 
and  R.  A.  Griffin,  district  sales  manager  in 
charge  of  the  Chicago  office.  Craig  Geddla 
has  been  appointed  advertising  manager 
and  W.  E.  Dunham,  production  manager. 


Trade  Catalogs 


The  Schutte  &  Koerting  Co.  has  lately 
issued  a  pamphlet  entitled  "Our  Part  in 
the  War,"  and  will  take  pleasure  In  mail- 
ing a  copy  to  those  applying  for  same. 

Schutte  &  Koerting  Co.  desires  to  an- 
nounce that  It  has  issued  a  revised  8-B 
catalog  on  "Stop,  Stop  Check  and  Emerg- 
ency Valves,"  and  will  be  pleased  to  for- 
ward a  copy  to  those  interested  in  sanae. 

The  McAlear  Manufacturing  Co.,  Chi- 
cago, 111.,  announces  that  its  new  catalog 
No.  25,  entitled  "25  Years  of  Know  How," 
covering  vacuum,  vapor  and  air  line  heat- 
ing specialties,  is  now  ready  and  will  be 
sent  to  anybody  free  upon  request. 

The  Bailey  Meter  Co.,  Cleveland,  Ohio, 
has  recently  issued  its  Bulletin  No.  30,  on 
"Fluid  Meters  for  Low  Pressure  Gas  and 
Air."  A  very  complete  description,  with 
illustrations,  of  this  type  of  meter.  A 
copy  of  the  bulletin  may  be  had  free  upon 
request. 

The  second  edition  of  "12  Reasons  Why" 

Is  a  bulletin  describing  the  Hagan  Steam 
Jet  Ash  Conveyor,  made  by  the  Hagao 
Corporation,  Pittsburgh,  Penn.  Each  of  the 
"12  Reasons  Why"  is  Illustrated  with  Ilpe 
drawings  and  detailed  description.  A  copy 
of  this  bulletin  may  be  secured  on  request. 

The  Hagan  System  of  Boiler  Regulation 
is  the  title  of  a  new  32-page  pamphlet  is- 
sued by  the  Hagan  Corporation,  Pitts- 
burgh, Penn.  The  pamphlet  goes  minutely 
into  the  question  of  good  and  bad  iMjiler 
regulations,  showing  how  regulators  im- 
properly designed  so  often  defeat  the  pur- 
pose for  which  they  were  installed.  The 
Hagran  Idea  of  Regulating  Collers  by  Con- 
trol from  Steam  Flow  rather  than  from 
Steam  Pressure  Is  described  in  detail, 
using  some  Interesting  charts  and  curves 
to  Illustrate  Its  advantages.  Copies  of  this 
pamphlet  are  available  on  request. 
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Equipment  Versus  Men 


By  J.  T.  BEARD,  Jr. 


OT  long  ago  I  was  authorized  by  the 
president  of  a  well-known  manufactur- 
ing concern  in  New  York  City  to  obtain 
for  him  the  services  of  the  right  kind 
of  a  man  to  superintend  the  operation 
of  his  boiler  room.  I  do  not  mean  to 
say  that  his  boiler  room  was  any  worse 
than  the  average,  but  I  do  mean  that 
it  was  average  and  only  average.  In 
other  words,  he  was  using  and  paying 
for  sixty  tons  of  coal  every  day,  when 
his  mill  could  have  been  run  with  forty  tons. 

It  had  taken  a  long  time  to  get  this  idea  across 
to  him.  He  had  spent  money  like  water  on  new 
equipment  and  was  at  a  loss  to  understand  why  he 
was  no  better  off  than  before.  He  actually  be- 
lieved that  when  a  stoker  man  guaranteed  74.5  per 
cent,  efficiency  at  150  per  cent,  rating,  all  he  had  to 
do  was  to  put  in  that  stoker  and  his  troubles  were 
over.  Or  when  some  prosperous  salesman  guaran- 
teed him  a  20  per  cent,  saving  if  he  would  install 
the  Blank  System  of  returning  condensate  to  the 
boiler,  he  really  believed  he  would  automatically 
get  that  saving,  once  the  equipment  was  installed. 
In  this  respect  he  was  not  unique  among  his  busi- 
ness contemporaries.  In  fact,  the  big  complaint  I 
have  to  make  against  business  men  in  general  is 
their  failure  to  realize  that  equipment  is  no  better 
and  can  be  no  better  than  the  men  who  handle  it. 
A  common  belief  among  them  is  that  automatic 
stokers  do  away  with  intelligent  firemen  in  the 
boiler  room.  No  rristake  can  be  more  criminal 
than  this.  Automatic  stokers  mean  a  reduction  in 
the  quantity,  but  an  increase  in  the  quality  of  the 
men  who  handle  the  fires.' 

Recently,  I  had  occasion  to  inquire  of  a  plant 
superintendent  how  often  he  blew  the  soot  from 
his  boiler  tubes.  He  promptly  replied,  "Twice  a 
day."  I  asked  him  to  come  out  to  the  boiler  room 
with  me.  His  boilers  had  been  equipped  for  the 
last  six  months  with  one  of  the  best  types  of  soot 
blowers  on  the  market.  I  pointed  to  the  steam 
valve  supplying  the  blowers  on  one  of  the  units  and 
asked  him  to  open  it.  He  couldn't  budge  it.  The 
chief  tried  a  12-in.  stillson  on  it,  but  still  it  wouldn't 
budge.  It  was  frozen  tight.  And  yet  the  superin- 
tendent really  believed  that  the  men  had  been  blow- 


ing the  tubes  twice  every  day.  A  week  later  I  had 
the  opportunity  to  see  this  boiler  when  it  was  down 
for  cleaning.  The  tube  surfaces  were  well  insulated 
from  the  furnace  gases  by  an  excellent  coat  of  soot 
nearly  an  inch  thick.  And  yet  these  tubes  were 
blown  "twice  every  day." 

Not  so  very  far  from  New  York  there  is  another 
plant  where  they  have  a  poor  quality  of  feed  water. 
They  had  always  had  no  end  of  tube  trouble  from 
scale.  They  installed  an  elaborate  water-softening 
outfit,  one  of  the  best  of  its  kind.  Analysis  of  the 
water  after  it  had  passed  through  the  softener 
showed  that  the  scale-forming  ingredients  had  been 
removed,  and  yet  every  two  months  a  one-eighth- 
inch  scale  had  to  be  removed  from  the  tubes.  This 
sounds  like  a  mystery,  but  the  solution  was  per- 
fectly simple.  Raw  water  was  certainly  entering 
the  boilers.  How?  When  I  suggested  to  the  man- 
ager that  the  softener  was  being  bypassed,  he 
laughed  at  me  and  said  there  was  no  bypass.  His 
chief  engineer  and  superintendent  backed  him  up. 
And  yet  that  was  the  only  way  that  untreated  water 
could  have  gotten  into  these  boilers  in  such  quan- 
tities. But  murder  will  out,  and  it  was  finally  dis- 
covered not  only  that  there  was  a  bypass,  but  that 
it  was  being  used  more  than  the  softener.  The  by- 
pass valve  is  now  sealed  so  that  it  cannot  be  opened 
without  the  knowledge  of  the  chief  engineer. 

These  are  not  unusual  cases.  They  are  happen- 
ing every  day  and  in  every  plant  in  some  form  or 
other.  If  you  do  not  believe  they  are  happening  in 
your  plant,  do  a  little  "gumshoe"  work  next  week. 
You  may  learn  some  real  interesting  things. 

Equipment  is  inanimate;  it  is  purely  mechanical. 
It  will  do  anything  you  make  it  do  within  its  own 
physical  limitations.  It  has  no  say  in  the  matter; 
you  are  the  boss.  But  with  men  it  is  different. 
They  are  often  inclined  to  be  human.  If  it  is  un- 
handy to  blow  the  tubes  in  the  last  pass  of  No.  1 
boiler,  they  very  often  remain  unblown.  If  the  air 
duct  damper  is  in  the  rear  of  the  boilers,  it  is  not 
likely  that  it  will  be  adjusted  to  suit  the  varying 
conditions  of  fuel  bed  and  load.  The  feed-water 
heater  is  likely  to  stay  dirty  until  someone  remem- 
bers that  it  has  not  been  cleaned  for  a  couple  of 
years.  Your  equipment  is  no  better  or  more  effi- 
cient than  the  men  who  handle  it;    i 
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MECHANICAL   STOKERS 
ABOARD    SHIP 


^_y  Charles  H.  Brom/ey 


Tells  what  is  being  done  here  and  abroad  to 
apply  mechanical  stokers  aboard  ship.  OH  a 
factor  in  holding  back  their  wide  adoption  at 
present. 


POWER  for  several  years  has  contended  that  me- 
chanical stokers  could  with  advantage  be  applied 
aboard  ship.  First,  this  means  that  the  Scotch 
boiler  is  not  anywhere  nearly  as  well  suited  to  stoker 
installation  as  the  usual  form  of  water-tube  boiler.  So, 
naturally,  with  the  marine  man's  worship  of  tradition,  he 
is  not  enthusiastic  about  severing  connection  with  a  type 
of  boiler  which  all  his  forefathers  in  sliipyards,  in  sea, 
at  home  and  abroad  have  taught  him  to  respect  and 
admire. 

Now  this  is  not  without  reason.  A  ship  plowing  the 
sea  is  not  a  power  plant  on  firm  earth  within  walking 
distance  of  the  equipment  builders  and  the  supply  house. 


The  Scotch  boiler  will  stand  more  abuse  than  a  water- 
lube  boiler.  The  Scotch  boiler  made  its  reputation  be- 
fore the  days  of  wireless  telegraphy  and  telephony 
and  before  the  days  of  high  pressures  and  superheat. 
The  mechanical  equipment  in  a  ship's  power  plant  must 
be  reliable.  And  who  has  the  daring  to  question  the 
safety  and  reliability  of  the  venerable  Scotch  boiler? 

Though  the  sea  is  always  the  same  throughout  the 
centuries,  the  ships  that  ride  it  are  the  product  of  the 
genius  of  the  age  in  which  they  were  built.  And  this  is 
an  age  when  things  are  successfully  done  by  machine. 
Even  the  Atlantic  has  been  crossed  by  machines  of  the 
air.  But  every  news  article  published  prior  to  the 
flights  of  the  NC's  and  the  Vickers-Vimy  bomber  re- 
lated how  Old  Salt  shook  his  head  while  gravely  an- 
nouncing that  Read,  Towers,  Alcock,  Brown  and  other 
brave  fellows  were  going  to  their  certain  death.  He 
would  not  have  it.  It  had  not  been  done  before  and 
again  and  again,  therefore  it  could  not  be  done  now. 

The  water-tube  boiler  may  have  its  faults,  compared 
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with  the  Scotch.  It  is  "tenderer."  But  ther-e  have  not 
been  in  the  vessels  of  the  Emergency  Fleet  Corporation 
the  "awful"  number  of  tube  renewals  whispered  about 
here  and  there.  We  in  this  country  do  not  use  as  heavy 
a  tube  as  foreign  countries  do.  Even  if  we  did  it  would 
not  matter,  as  the  thickness  common  in  American  prac- 
tice is  heavy  enough  for  the  service  imposed,  provided 
always  that  the  crew  knows  its  business,  which  holds 
true  for  tubes  whatever  the  thickness.  The  2-in.  tubes 
are  of  No.  8  gage  and  the  4-in.  are  of  No.  6.  A  thin 
tube  is  wanted  anyway. 

For  its  war  vessels  the  American  Navy  has  used  the 
water-tube  boiler  for  about  a  quarter  of  a  century  and 
is  still  using  it.  Why,  steam  whalers  in  the  Pacific,  a 
service  rough  and  tough  enough  to  suit  any  Wolf  Lar- 
son, uses  the  water-tube  boiler. 

It  seems  necessary  to  say  something  about  the  water- 
tube  boiler  here  because  it  is  essential  to  the  adaptation 
of  the  stoker  aboard  ship.  In  no  case  that  the  writer 
has  been  able  to  learn  about  has  failure  of  tubes  or 
boiler  or  service  been  caused  by  the  boiler  alone.  Of 
course,  if  a  green  crew  gets  the  bilge  full  of  oil  and 
through  a  connection  to  the  feed  tank  gets  a  boiler  full 
of  oil  and  the  tubes  melt  down,  something  has  hap- 
pened. But  the  cause  is  the  crew;  not  the  boiler.  If 
leaks  in  the  oil-heating  system  cause  oil  to  get  into  the 


&a/J>eCK_ 


Shelter  Deck ' 


—J^UJpperPeck  ^ 


V  -j  Boiler  Koom  fhor 


Basebne 


But  here  is  a  record  which,  so  far  as  the  w'riter  can 
learn,  has  never  been  equaled  by  a  Scotch  boiler  ship: 
The  "Great  Northern"  is  an  oil-fired  water-tube  boiler 
ship.  Prior  to  our  entry  into  the  war  she  plied  the  Pa- 
cific; later  she  came  to  the  Atlantic  and  was  made  a 
transport.  For  speed  and  number  of  trips  she  excelled 
all  others  in  the  service.     On  one  of  her  runs  she  left 
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FIG.    2.      GENERAL    LAYOUT    FOR    WATER-TUBE    BOILER 

AND  RILEY   MULTIPLE-RETORT   STOKER  FOR   SHIPS 

OF   EMERGENCY   F^^EET   CORPORATION 

boiler,  why  blame  the  boiler?  If  a  green  crew  loses 
the  water  in  the  boilers  and  does  not  know  there  is  such 
a  thing  as  a  reserve  feed-water  tank,  to  say  nothing  of 
what  valves  to  manipulate  to  get  the  water  to  the  boilers, 
why  condemn  the  boiler?  If  members  of  a  crew  are 
so  all-fired  green  and  lacking  in  common  sense  as  to 
connect  the  soot  blower  to  the  salinometer  cock  and 
blow  water  over  the  heating  surface,  the  boiler  suffers, 
but  is  blameless.    These  things  have  happened. 

Of  course  the  exigency  imposed  by  the  war  was 
great,  and  it  was  not  expected  that  all  the  crews  put 
aboard  the  numerous  ships  under  the  Shipping  Board 
would  run  things  as  well  as  seasoned  crews. 
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FIG.   3.     THE  TYPE  OF  OIL-BURNING  BOILER   ON  THE 
"GREAT    NORTHERN" 

This  ship,  which  came  from  the  Pacific,  beat  all  records 
for  speed  and  number  of  trips  in  a  given  time  in  the  trans- 
port service.  On  one  trip  from  the  United  States  she  left 
Brest  for  America  within  an  hour-and-a-half  after  arrival, 
earning  her  the  name  of  "The  Ferryboat." 

America,  reached  Brest,  where  she  unloaded  and  was 
again  on  her  way  to  America  within  an  hour-and-a-half 
after  she  docked  at  Brest!  No  wonder  she's  called 
"the  ferryboat."  Her  sister  ship,  the  "Northern  Pa- 
cific," steamed  250,000  miles  without  having  a  cent  spent 
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ANOTHT-.R   PROPOSED   LAYOUT   WITH   MULTIPLE 
RETORT   STOKERS 


on  her  for  boiler  repairs.  The  "West  Amargosa"  is  a 
water-tube  boiler  ship  using  oil  fuel.  She  went  from 
Los  Angeles  to  the  Hawaiian  Islands,  thence  to  Chile, 
to  Italy,  to  Newport  News,  to  New  York,  and  lately 
started  for  the  Dutch  East  Indies.     She  has  not  been 
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down  a  minute  for  repairs  to  her  boilers  or  other  ma- 
chinery. Her  sister  ship,  the  "West  Arvada,"  has  an 
equally  noteworthy  record. 

During  the  great  troop  movement  from  Europe  to 
America  the  water-tube  boiler,  oil-burning  transports 
were  run  as  veritable  ferryboats,  many  leaving  French 


The  stoker,  of  course,  cleans  itself  of  ash;  the  coal  is 
mechanically  handled,  making  for  shipboard  an  in- 
stallation closely  similar  to  a  modern  stationary  steam 
plant.  As  installed,  the  equipment  does  not  occupy  so 
much  space  as  equivalent  steaming  capacity  with  Scotch 
boilers  as  usually  installed.  The  weight  is  much  less. 
For  the  present,  at  least,  Erith  will  not  make  installa- 


FIG.  7. 


SECTION  OF  TYPE  E  STOKER  UNDER  EMERGENCY 
FLEET  BOILER 


FIG.    5.      FRONT   SECTION   SINGLE-RETORT   STOKER   IN 
SCOTCH  BOILER 


ports,  loaded,  within  three  hours  after  arriving  from 
the  United  States. 

Yes,  the  "1919  model  office-building-basement  boiler," 
as  the  old  marine  man  calls  the  water-tube  boiler,  has 
an   enviable  record.     The   water-tube  boiler   will   not 
take  as  large  a  dose  of 
salt  as  the  Scotch  boiler. 
But   if    those   in    charge 
will  keep  the  condensers 
tight    and    not   push    the 
evaporators      too     hard, 
salt  will  not  give  trouble; 
this  is  particularly  true  if 
the  crew  will  run  a  cleaner 
through  the  three  bottom 
rows  of  tubes  whenever 
opportunity  presents. 

The  status  of  the  stoker 
aboard  ship  has  pro- 
gressed far.  Take  the 
practice  of  one  English 
et^ineering  company,  the 
Erith  Engineering  Co., 
London.  Erith  handles 
the  Riley  multiple-retort 
underfeed  stoker  abroad. 
Without  modification  he 
has  adapted  it  to  the  Bab- 
cock  &  Wilcox  type  cross- 
drum    water-tube    boiler, 

usually  built  there  with  tubes  14  ft.  long.  As  seen  in 
Fig.  1,  the  boilers  are,  in  this  case,  installed  athwartship. 
Owing  to  the  moderate,  continuous  load  very  high  com- 
bustion chambers  are  not  required,  the  long-pattern 
stoker  operating  at  comparatively  low  combustion  rates. 


tions  in  other  than  new  ships;  several  installations  are 
now  being  made. 

American  practice  has  gone  about  as  far  as  that  just 
described.  The  types  of  boilers  are  shown  in  Figs.  2  and  3. 
The  Emergency  Fleet  Corporation,  with  the  assistance 
of  the  Bureau  of  Mines,  has  found  by  experiment  the 
way  to  baffle  this  boiler  to  get  the  most  heat  out  of  the 
flue  gases  and  into  the  boiler.  These  experiments  are 
most  interesting,  but  space  here  does  not  permit  of  tell- 


FIG.  6.     SECTIONAL  VIEW^  OF  SINGLE- RETORT  UNDERFEED  STOKER  IN  SCOTCH  BOILER 


ing  more  about  them.    The  boiler  is  now  ready  for  the 
stoker. 

Early  experiments  were  confined  to  the  single-retort 
stoker;  but  the  installations  now  proposed  use  the  mul- 
tiple-retort machine  of  the  Riley  type.    In  the  9000-ton 
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ships,  which  is  the  tonnage  now  being  turned  out  at  the 
rate  of  four  ships  a  day — six  later,  perhaps — there  are 
five  retorts  in  the  stoker  for  each  boiler.  Notice  from 
Figs.  2  and  3  that  plenty  of  room  is  provided  for  ash 
deposit  and  removal  at  the  refuse  end  of  the  stoker. 
There  is  plenty  of  room  for  the  whole  installation  in- 
cluding the  coal-handling  machinery,  not  shown  in  the 
drawings.  Both  forced  and  induced  draft  is  used.  No- 
tice that  the  baffling  in  the   Heine  boiler  is   different 
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FIQ.   8.     PERFORMANCE  RESULTS  WITH  TYPE  E   STOKER 
(TWO  RETORTS)  AND  STANDARD  MARINE  WATER- 
TUBE   BOILER   OF   THE   EMERGENCY 
FLEET   CORPORATION 
The  furnace  was  not  suited  to  the  stoker  In  that  it  was  too 
wide  and  too  low.    Yet  encouraging  results  were  had. 

from  standard  practice.  Admiralty  coal — that  is,  New 
River  or  Pocahontas,  low  in  ash — is  exclusively  used. 
There  is  an  open  deck  above  the  boilers,  thus  providing 
adequate  combustion  volume  in  the  boiler  furnaces. 

These  boilers  are  very  much  lighter  for  a  given  steam- 
ing capacity  than  the  Scotch.  The  Heine  boiler  of 
3100  sq.ft.  heating  surface,  225-lb.  pressure,  hand-fired, 
without  grates  but  inclusive  of  water,  weighs  60  tons. 
The  Scotch  of  3032  sq.ft.,  220  lb.  pressure,  weighs  dry 
68.48  tons  and  requires  29.62  tons  of  water,  making  a 
total  of  98  tons,  as  against  60  tons  for  the  water-tube. 
The  8,000-  to  10,000-ton  ships  of  11  knots  speed  need 
three  such  boilers.  The  saving  in  weight  alone  per  ship 
is,  therefore,  appreciable. 

At  Erie,  Penn.,  the  Emergency  Fleet  Corporation 
tried  out  the  Type  E  stoker  under  the  Fleet  Standard 
marine  water-tube  boiler.  The  furnace  was  not  suited 
to  the  stoker,  and  no  effort  was  made  to  make  it  so, 
yet  encouraging  results  were  had,  as  may  be  seen  from 
the  performance  curves,  Fig.  8. 

The  single-retort  stoker  has  for  some  time  been  ap- 
plied to  Scotch  boilers  aboard  ship.  Some  installa- 
tions, where  the  right  kind  of  care  has  been  given  to 
the  selection  of  coal,  operation  and  maintenance,  have 
been  successful.  It  is  obvious  with  present  knowledge 
of  combustion  volume  or  other  means  of  bringing  about 
intimate  mixture  of  gas  and  air,  that  the  Scotch  boiler 
lacks  the  necessary  space  above  the  fuel  bed  to  get  thor- 
ough combustion.  The  higher  the  combustion  rate  the 
more  marked  becomes  this  disadvantage.  The  draw- 
ings in  Figs.  5,  6  and  7  show  the  single-retort  underfeed 
stoker  as  applied  to  ships  by  the  Underfeed  Stoker  Co., 
Ltd.,  London.  This  company  developed  the  original 
Type  E  stoker,  well  known  in  this  country. 

The  stoker  is  a  necessary  development  to  meet  the 
labor  conditions,  which  continue  to  grow  worse  with 
time.    These  8,000-  and  10,000-ton  ships,  hand-fired,  re- 


quire 9  firemen,  6  coal  passers  and  3  water  tenders. 
With  stokers  3  firemen,  3  coal  passers  and  3  water  tend- 
ers— half  as  many  men — will  easily  handle  the  boilers. 

For  the  present  the  stoker  will  not  be  applied  to 
ships  of  the  Emergency  Fleet  Corporation,  owing  to 
the  low  price  of  fuel  oil  to  the  corporation.  During  the 
war  the  Government  had  to  pay  7c.  to  9c.  per  gal.  for 
fuel  oil.  At  this  figure  coal  could  out-compete  it.  But 
the  current  price  of  oil  to  the  corporation  is  2^c,  and 
coal  cannot  compete,  so  oil  is  used.  However,  opin- 
ion is  that  oil  will  not  for  long  be  had  at  this  figure,  and 
that  we  must,  in  a  few  years,  use  coal,  stoker-fired. 

The  na-'nes  of  the  world  will  use  oil  regardless  of 
price.  So,  too,  will  fast  passenger  ships.  It  is  believed 
by  many  that  there  is  not  enough  oil  to  warrant  its  wide 
use  in  the  merchant  marine  for  many  years,  although 
within  recent  weeks  rich  oil  finds  are  reported  from 
Colombia.  Just  now  American  coa^  is  selling  in  Italy 
for  $36  a  ton.  The  freight  rate  is  $22.  So  it  is  not  bad 
business  now  to  use  oil-burning  ships  in  the  coal  trade  to 
Europe.  Yes,  the  mechanical  stoker  for  ships  is  here, 
and  when  oil  again  becomes  high-priced  or  its  supply 
alarmingly  diminished,  it  will  come  into  its  own. 

Removing  Heads  from  Small  Condensers 

By  M.  A.  Saller 

We  had  in  service  at  one  plant  several  small  surface 
condensers  that  had  to  be  cleaned  out  frequently,  owing 
to  the  dirty  circulating  water  used.  When  we  came  to 
take  off  the  condenser  heads,  we  frequently  found  that 
the  packing  had  cemented  the  two  surfaces  together  so 
that  it  was  necessary  to  drive  in  a  cold  chisel  to  pry 


USING  BOLTS   FOR   REMOVING  CONDENSER   HEAD 

the  two  sections  apart.     This  operation  usually  meant 
that  a  new  gasket  had  to  be  cut. 

In  order  to  avoid  this  expense  and  inconvenience,  we 
worked  out  thr.  following  plan:  On  opposite  sides  of 
the  condenser-head  plate  we  drilled  holes,  which  v/ere 
threaded  for  ^-in.  bolts.  Into  these  holes  we  then 
screwed  round-ended  ^-in.  bolts,  as  shown  in  the 
sketch.  Then-  when  the  head  was  to  be  drawn  off  we 
merely  pulled  up  on  the  bolts,  which  pressed  against 
the  flange  of  the  condenser  and  pushed  the  head  plate 
away  from  the  condenser  body  without  difficulty. 
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Synchronous  Motors  for  Driving  Centrifugal  Pumps 

Vital  Points  of  Synchronous-Motor  Construction  and  Operation.     Difference  Between    Self- 
Starting  and  Plain  Synchronous  Motor.     Where  It  Should  Be  Used  in  Preference 
to    Induction    Motor.     Direct-Current    Ammeter    Method    of 
Determining  When  Motor  Reaches  Synchronism 

By  SOREN  H.  MORTENSEN* 


SOREN  H.  MORTENSEN 


THE  develop  ment 
through  which  the 
self-starting  s  y  n- 
chronous  motor  has  passed 
during  recent  years  has 
made  this  type  of  ma- 
chine suitable  for  constant- 
speed  industrial  drives, 
where  frequent  starts  and 
stops  are  not  required  and 
where  the  starting  torque 
does  not  exceed  a  certain 
percentage  of  the  full-load 
motor  torque. 

To  this  class  of  drive  be- 
longs the  centrifugal  pump 
whose  "shutoff  horse- 
power,"  as  explained  in  a  preceding  article,^  can  be  re- 
duced to  the  value  of  from  30  to  50  per  cent,  of  the 
rated  horsepower  by  starting  it  with  a  closed  valve  in 
the  pump  discharge. 

If  the  characteristics  of  the  centrifugal  pumps  are 
such  that,  during  the  starting  period,  they  require  70  to 
80  per  cent,  of  full-load  torque,  it  will  be  necessary  to 
makethe  synchronous  motor  larger  than  would  be  the 
case  if  its  capacity  was  limited  through  heating  alone. 
For  such  cases  overexcited  synchronous  motors  for 
power-factor  correction  are  particularly  suitable. 

The  operation  of  the  self-starting  synchronous  motor 
resolves  itself  into  three  periods:  First,  the  starting; 
second,  the  pulling  into  step  or  synchronism ;  and  third, 
the  operation  as  a  synchronous  motor.  In  the  following 
each  of  these  periods  will  be  treated  separately. 

The  feature  in  which  the  self-starting  synchronous 
motor  differs  from  the  synchronous  motor  that  has  to 
be  brought  up  to  speed  by  an  external  source  of  power 
and  synchronized  before  it  can  carry  a  mechanical  load, 
consists  of  an  auxiliary  winding  embedded  in  its  field 
poles.  Such  windings  are  shown  in  Figs.  1  and  2.  Con- 
ductors or  bars  are  located  in  the  pole  faces  and  inter- 
connected by  means  of  rings  or  links,  thus  forming  a 
short-circuited  winding  similar  to  the  squirrel-cage  on 
an  induction  motor.  The  revolving  field,  created  by  the 
current  in  the  stator  of  a  polyphase  motor,  induces  cur- 
rents in  the  squirrel-cage  winding  in  the  rotor  poles  as 
well  as  in  the  pole  iron  itself  and  the  field  coils  if  the 
latter  are  short-circuited  during  the  starting  period,  and 
the  inter-action  between  the  resulting  fields  produces  the 
starting  torque  of  the  motor. 

During  the  first  part  of  the  starting  period  the  action 
cf  the  self-starting  synchronous  motor  is  similar  to 
that  of  a  squirrel-cage  induction  motor.  It  is  started 
in  a  similar  manner  by  applying  a  reduced  voltage  to  its 
armature  terminals,  which  is  sufficient  to  start  "it  from 
rest  and  accelerate  the  motor  to  synchronous  speed  or 
v.dthin  a  certain  perceniage  of  synchronous  speed,  de- 
pending upon  its  load.     If  the  load  is  light,  the  motor 

*FJectrical    Engineer,    Allis-Chalmers    Manufacturing    rompany 
»  By  T.   M.   Heermans  in  Power,  May  20,   1919,  p.   763. 


may  lock  into  step  on  the  application  of  the  starting 
voltage,  and  after  it  has  been  excited  full  load  may  be 
applied.  Such  cases,  however,  are  exceptional.  For 
loads  in  which  the  torque  increases  with  the  speed  of 
the  motoi,  as  is  the  case  with  centrifugal  pumps,  the 
motor  will  not  reach  synchronism,  but  will  rotate  at  a 
lower  speed.  The  difference  between  this  running  speed 
and  synchronous  speed  is  called  the  "motor's  slip." 
After  this  point  of  the  starting  process  is  reached,  the 
similarity  between  the  operation  of  the  synchronous 
motor  and  the  squirrel-cage  induction  motor  ceases,  and 


FIG.   1.     SECTION  OF  SYNCHRONOUS-MOTOR  ROTOR 

the  next  operation — that  of  pulling  the  motor  into  step 
— is  distinctly  characteristic  for  the  synchronous  motor. 
To  pull  the  motor  into  step  means  to  accelerate  it 
from  its  running  speed  to  the  synchronous  speed  of  the 
supply  circuit.  This  may  be  compared  to  the  shifting 
into  mesh  of  a  driving  gear  rotating  at  a  constant  oi 
synchronous  speed  with  a  loaded  gear  rotating  at  the 
motor  speed.  This  can  be  accomplished  only  within 
certain  limits  of  speed  differences.  The  greater  this 
difference  is,  the  greater  will  be  the  shock  on  the  gears 
when  they  mesh,  and  the  loaded  gear  suddenly  is  ac- 
celerated to  synchronous  speed.  If  the  speed  difference 
(slip)  exceeds  certain  values,  the  gears  cannot  be 
brought  into  mesh,  or  the  motor  does  not  pull  into  step. 
In  that  case,  the  motor  torque  must  be  increased  until 
it  is  sufficient  to  accelerate  it  to  the  point  where  it  can 
lock  into  step.  Within  certain  limits  this  can  be  accom- 
plished by  applying  direct-current  excitation  to  the 
motor's  fields.     However,  if  the  motor  does  not  lock 


FIG.    2. 


SYNCHRONOUS-MOTOR    ROTOR    AND    ARMATURE 
OF  DIRECT-CONNECTED  EXCITER 
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into  step  after  excitation  is  applied,  it  will  be  necessary 
to  increase  the  applied  alternating-current  voltage  until 
synchronism  is  obtained. 

In  this  connection  it  might  be  of  interest  to  point  out 
the  relation  existing  between  the  starting  and  pull-in 
torques  and  the  resistance  of  the  squirrel-cage  winding 
of  the  motor.     The  high-resistance  squirrel-cage  wind- 


5hunf  Field 


VIG.   3.     WIRING  DIAGRAM  FOR  SYNCHRONOUS  MOTOR 
WITH    SEPARATE    EXCITER 

ing  gives  a  high  starting  torque,  but  also  a  large  "slip." 
When  motors  are  driving 'loads,  such  as  centrifugal 
pumps  requiring  low  starting  torque  and  high  pull-in 
torque,  they  are  designed  with  low-resistance  squirrel- 
cage  windings.  The  resistance  of  a  squirrel-cage  wind- 
ing on  a  synchronous  motor  is,  of  course,  without  influ- 
ence on  the  efficiency  of  the  motor  after  it  is  in  syn- 
chronism. For  that  reason  this  type  of  motor  can  be 
designed  to  meet  efficiently  more  severe  starting  duty 
than  a  squirrel-cage  induction  motor,  whose  full-load 
efficiency  decreases  with  the  increase  in  resistance  of 
its  squirrel-cage  winding. 

During  the  starting  period  the  motor's  fields  can  either 
be    left    open    or    short-circuited    upon    themselves    or 


through  an  external  resistance.  If  the  field  circuit  is 
left  open,  the  motor  will  develop  a  higher  starting 
torque  than  with  the  fields  short-circuited,  but  this  ar- 
langement  has  the  disadvantage  that  high  potentials 
cire  induced  in  the  field  coils,  due  to  the  transformer 
nction  between  the  stator  and  rotor  windings.  This,  in 
field  coils  with  a  large  number  of  turns,  may  lead  *:> 
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FIG.    4.      STARTING   INSTRUCTIONS    FOR    MOTOR   WITH 
FIELD  SHORT-CIRCUITED  THROUGH  RHEOSTAT 

potentials  of  sufficient  magnitude  to  puncture  either 
the  field  or  the  collector-ring  insulation.  For  that  rea- 
son the  field  coils  are  generally  short-circuited  through 
an  external  resistance,  which  may  be  the  field  rheostat 
and  the  field-discharge  resistance  or  the  field  rheostats 
and  the  exciter  armature,  etc. 

Fig.  3  is  the  connection  diagram  for  a  synchronous 
motor  with  a  separate  exciter.  The  motor  is  started  on 
reduced  voltage  obtained  from  taps  on  an  auto-trans- 
former. In  Fig.  4  is  given  the  field  connections  and 
starting  instructions  for  a  motor  with  the  field  short- 
circuited  through  its  field  rheostat  and  field-discharge 
resistance. 

It  is   important  that  the  throwing  from   starting  to 


FIG.  5.     TESTING  SYNCHRONOUS  MOTOR   DRIVING  TWO  SINGLE-STAGE  PUMPS 
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running  voltage  be  accomplished  in  a  short  space  of 
time  (in  three  to  five  cycles),  as  during  this  period  the 
motor  is  disconnected  from  the  line  and  is  consequently 
losing  speed.  If  sufficient  time  elapses  to  permit  it  to 
slip  a  pole,  line  disturbance  will  result  that  may  be 
sufficient  to  cause  the  tripping  of  overload  relays  and 
necessitate  a  repetition  of  the  whole  starting  process. 


FIG.   6.     RECORD  OF  CURRENT  IN  FIELD  CIRCUIT  DURING 
STARTING  AND  PULL-IN  PERIOD 

During  the  synchronizing  period  it  is  of  importance 
to  know  when  the  motor  approaches  and  attains  syn- 
chronous speed.  This  will  be  indicated  by  the  needle 
of  an  ammeter  of  the  permanent-magnet  type  connected 
in  the  field  circuit.  While  the  motor  speed  is  consid- 
erably below  synchronism,  the  needle,  unable  to  follow 


maximum  currents  during  the  starting  and  pull-in  pe- 
riods are  approximately  the  same. 

Fig.  7  is  a  graphic-ammeter  record  of  the  starting 
and  pull-in-  currents  taken  by  the  synchronous  motor 
driving  the  centrifugal  pumps  in  Fig.  5.  These  pumps 
require  approximately  50  per  cent,  of  the  full-load 
torque,  when  running  at  synchronous  speed  with  the 
discharge  valves  closed. 

Referring  to  Fig.  7,  the  motor  is  started  at  A  but 
does  not  lock  into  step  after  its  fields  are  excited  at  B. 
Full  voltage  is  applied  at  C,  and  at  D  the  motor  locks 
into  step.  After  the  discharge  valve  on  the  pump  is 
opened  and  the  motor  excitation  is  adjusted  to  its  proper 
value,  the  motor  current  drops  to  normal.  For  this 
particular  set  the  starting  current  reaches  for  a  short 
time  the  value  of  1.8  times  the  rated  current,  and  during 
the  pull  in  period  peaks  as  high  as  1.78  times  rated 
current  are  recorded.  These  values  would  probably 
have  been  still  higher  if  the  recording  instrument  had 
been  an  oscillograph  instead  of  a  recording  ammeter. 

From  these  records  it  is  apparent  that  the  power 
system  behind  the  self -starting  synchronous  motor  must 
have  sufficient  capacity  to  maintain  operating  voltage, 
when  the  motor  during  starting  draws  a  large,  low- 
power-factor  current.  The  power  factor  of  the  start- 
ing current  with  this  type  of  machine  will  vary  between 
35  and  50  per  cent. 

After  the  synchronous  motor  is  excited  and  in  syn- 
chronism, its  characteristics  are  well  understood — it  is 


FIG.   7. 


RECORD  OP  CURRENT  TAKEN  BY  SYNCHRONOUS  MOTOR   DRIVING   CENTRIFUGAL   PUMP   DURING   STARTING 

AND   PULL-IN   PERIODS 


the  rapid  current  pulsation  in  the  field,  will  only  vibrate, 
but  as  the  slip  decreases,  the  rapidity  of  the  pulsation 
also  decreases  and  the  needle  will  swing  slower  and 
slower  but  with  increasing  deflections  until  a  maximum 
is  reached  when  the  motor  locks  into  step.  After  that 
the  needle  will  become  stationary  and  indicate  the  ex- 
citation current  taken  by  the  motor.  This  may  be  seen 
from  the  curve  in  Fig.  5,  which  was  obtained  with  a 
recording  direct-current  ammeter  connected  in  the  field 
circuits  of  a  synchronous  motor  during  the  starting 
period. 

The  maximum  value  of  the  current  taken  by  a  syn- 
chronous motor  in  starting  depends  upon  the  starting 
voltage.  For  motors  driving  centrifugal  pumps  the 
starting  voltage  might  be  kept  low,  as  the  starting  torque 
lequired  is  small.  The  starting  voltage  must  be  suffi- 
cient to  bring  the  unit  into  synchronism,  or  reasonably 
near  synchronism,  as  otherwise  the  current  taken  when 
the  motor  locks  into  step  by  the  application  of  full 
voltage  will  be  excessive.  For  that  reason  the  starting 
voltage  is  frequently  chosen  of  such  a  value  that  the 


a  constant-speed  motor  rotating  at  synchronous  speed 
independent  of  the  supply  voltage  within  the  limits  of  its 
pull-out  torque. 

As  most  synchronous  motors,  with  the  proper  excita- 
tion, will  carry  from  200  to  300  per  cent,  overload,  they 
will  maintain  the  rated  speed  and  output  of  the  centrifu- 
gal pump  even  after  the  voltage  of  the  supply  circuit 
drops  to  values  that  would  cause  considerable  speed  re- 
duction if  the  pump  were  induction-motor  driven. 

In  general,  it  can  be  said  that  the  synchronous  motor 
has  a  beneficial  effect  on  the  supply  system.  It  generates 
a  definite  counter-electromotive  force  and  tends  to  main- 
tain constant  voltage  on  the  system  during  voltage  fluc- 
tuations, and  within  its  capacity  it  can  likewise  be  ad- 
justed to  compensate  lagging  current  and  thereby  im- 
prove the  power  factor  of  the  system.  This  is  done  by 
adjusting  the  field  excitation  so  as  to  make  the  motor 
draw  either  a  lagging,  in  phase,  or  a  leading  armature 
current.  By  underexciting  the  fields,  the  balance  of 
the  motor  excitation  required  is  supplied  by  a  lagging 
or  magnetizing   component   of   the   armature   current. 
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With  the  strengthening  of  the  field  of  excitation,  this 
magnetizing  component  decreases  until  it  disappears 
when  the  motor  current  is  in  phase  with  the  motor 
voltage,  or  its  power  factor  is  100  per  cent.  If  the  field 
excitation  is  further  increased,  its  excess  ampere  turns 
are  compensated  by  a  demagnetizing  or  leading  com- 
ponent of  the  armature  current.  In  short  the  motor- 
armature  current  is  a  minimum  for  100  per  cent,  power 
factor  and  increases  when  the  motor  is  either  under- 
excited  or  overexcited.  The  field  excitation  is  a  mini- 
mum when  the  motor  is  underexcited.  It  has  to  be  in- 
creased to  obtain  100  per  cent,  power-factor  operation 
and  requires  a  further  increase  if  the  motor  is  to  draw 
r.  leading  current.  The  leading  corrective  efifect  of  syn- 
chronous motors  is  thus  limited  not  alone  by  the  kilo- 
volt-ampere  capacity  of  the  armature  winding,  but 
also  by  the  heating  and  voltage  margins  of  the  field 
coils.  Specifications  for  motors  that  are  to  be  used  for 
part  mechanical  loads  and  part  overexcitation,  should 
for  that  reason  both  specify  the  horsepower  rating  of 
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that  do  not  require  phase-wound  induction  motors. 
In  comparing  the  first  cost  of  the  synchronous  motor 
with  that  of  an  induction  motor  of  the  same  speed 
and  horsepower,  it  will  be  found  that  with  the  slow- 
speed  machines  the  synchronous  motor  is  cheaper,  but 
for  medium-  and  high-speed  machines  the  margin  is  in 
favor  of  the  induction  motor.  This,  combined  with 
the  simplicity  of  excitation,  starting  and  the  high  effi- 
ciency obtainable  on  small  high-speed  induction  motors 
of  125  hp.  or  less,  gives  this  motor  the  advantage  over 
the  self-starting  synchronous  motor,  but  where  larger 
sizes  of  motors  are  involved  the  efificiency  of  the  syn- 
chronous motor  is  generally  sufficiently  better  than  that 
of  the  corresponding  induction  motor  to  warrant  its 
installation   even  at   the  higher  first   cost. 

Losses  Due  to  Removing  Hot  Air 
from  Factories 

By  John  L.  Alden 
There  are  few  manufacturing  industries  today  which 
do  not  employ  dust-collecting  systems  in  some  part  of 
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CHART  TO  DETERMINE  COAL  REQUIRED  PEP  SEASON  TO  HEAT  1000  CU.  FT.  OF  AIR  PER  MINUTE 


the  motor  as  well  as  the  ,  power  factor  at  which  this 
horsepower  is  developed. 

Mechanically,  the  synchronous  motor  is  of  sturdy 
construction;  it  has  a  long  air  gap,  thereby  eliminating 
the  danger  of  the  rotor  pulling  over,  if  it  is  eccentric  in 
the  stator  due  either  to  wear  of  the  bearings  or  to  de- 
fective machine  work. 

Excitation  of  the  synchronous  motor  may  be  obtained 
either  from  some  outside  source  or  from  an  exciter 
driven  by  the  motor  itself.  This  can  be  done  either  by 
mounting  the  exciter  armature  on  the  end  of  the  motor 
shaft  in  the  manner  shown  in  Figs.  2  and  5  or  by  driv- 
ing it  from  the  motor  shaft  by  means  of  a  belt  or  chain 
drive.  In  conclusion  it  can  be  said  that  the  self-starting 
synchronous  motor  is  suitable  for  constant-speed  drives 


the  manufacturing  process.  The  literature  of  exhaust 
fans  and  blowers,  togetlier  with  their  accompanying 
systems,  is  altogether  inadequate. 

One  of  the  economic  features  which  has  been  prac- 
tically neglected  is  that  of  the  heat  loss  for  which  such 
systems  are  responsible.  This  is  the  loss  that  takes 
place  when  warm  air  is  driven  out  by  the  fans  and  is 
replaced  by  cold  air  from  outside,  which  must  be  heated 
to  room  temperature.  It  is  seldom  that  any  attention 
is  paid  to  the  waste  of  this  heated  air  except  when  it 
becomes  so  great  as  to  make  it  difficult  or  impossible  to 
heat  the  building.  Situations  of  this  sort  are  not  un- 
common. One  of  the  most  striking  examples  that  has 
come  under  the  writer's  observation  is  that  of  the  polish- 
ing room  of  a  large  arms  factory ;  180,000  cu.ft.  of  warm 
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air  per  minute  was  thrown  out  of  the  building — enough 
to  provide  ample  ventilation  for  6000  men.  The  enor- 
mous volume  completely  upset  the  heating  arrangements, 
not  only  of  this  department,  but  of  all  the  rooms  con- 
nected with  it  by  doors  and  elevator  wells.  An  extreme 
case  of  this  kind  takes  care  of  itself.  When  it  becomes 
impossible  to  heat  a  building  the  management  will  cer- 
tainly inquire  into  the  cause,  and  it  is  unnecessary  in  this 
article  to  point  out  the  need  for  action.  However,  the 
loss  of  heat  is  not  always  so  apparent,  especially  when 
the  heating  system  is  adequate  to  replace  the  heat  ab- 
stracted from  the  building.  If  it  is  recognized  that  such 
vv'astes  are  present,  and  if  their  magnitude  can  be  esti- 
mated, simple  changes  may  often  be  made  which  will 
show  a  substantial  profit,  both  in  the  first  cost  of  the 
system  and  in  the  operation. 

The  accompanying  chart  has  been  prepared  to  show 
the  effect  on  the  coal  pile  of  the  loss  of  1000  cu.ft.  of 
warm  air  per  minute.  On  the  chart  the  "Temperature 
Rise"  is  the  difference  between  the  temperature  of  the 

TABLE  I.     AVERAGE  TEMPERATURE  FROM  OCT.    1    TO   MAY   1. 

Av.  Temp.,  Av.  Temp., 

State                                      Deg.  F.  State                                      Deg.  F. 

Connecticut     36  New   Hampshire    3.^ 

Delaware     42  New  Jersey    41 

Illinois    37  New   York    37 

Indiana    40  Ohio    38 

Maine     32  Pennsylvania    41 

Maryland     43  Rhode  Island    38 

Massachusetts     37  Vermont     28 

Michigan     32  West   Virginia    40 

Minnesota     26  W^'sconsin     32 

Missouri     41 

inside  and  the  outside  air,  in  degrees  Fahrenheit,  and 
the  "Coal  Burned"  is  in  short  tons  per  heating  season  of 
seven  months  of  24  eight-hour  days.  The  "Boiler  Effi- 
ciency" is  given  in  percentage  and  includes  the  efficiency 
of  the  entire  transmission  system,  and  the  "Heating 
Value  of  Coal"  is  in  B.t.u.  per  pound  "as  fired."  The 
"Vertical  Support"  is  simply  a  reference  line  for  use  in 
working  the  chart.  To  use  the  chart,  it  is  necessary  to 
know  the  difference  in  temperature  between  the  outgoing 
air  and  that  replacing  it,  the  efficiency  of  the  boiler,  trans- 
mission system,  etc.,  and  the  heating  value  of  the  coal 
as  fired.  With  a  straight-edge  connect  the  temperature 
difference  with  the  boiler  efficiency.  From  the  intersec- 
tion of  this  line  and  the  vertical  support,  draw  a  line  to 

TABLE    II.      DIRECT  RADIATION    REQUIRED    PER  THOUSAND 

CUBIC  FEET  OF  AIR  PER  MINUTE. 

Radiation,   Sq.   Ft. 

Temp.  Diff.  Deg.  F.  Cast  Iron  Pipe  Coils 

20  86  72 

25  108  90 

30  130  108 

35  151  126 

40  173  144 

45  195  162 

50  216  180 

55  238  198 

60  260  216 

the  heating  value  of  the  coal.  The  intersection  of  this 
line  with  that  marked  "Coal  Burned"  gives  the  tons  of 
coal  burned  per  heating  season  to  heat  1000  cu.ft.  of 
air  per  minute.  Since  the  heat  loss  takes  place  only 
during  cold  weather,  the  heating  season  is  taken  as 
seven  months  of  24  eight-hour  days  each.  This  repre- 
sents very  fairly  the  conditions  in  most  manufacturing 
plants  in  the  northern  part  of  the  United  States.  A  close 
estimate  of  the  cost  of  wasted  heat  may  be  had  by  mul- 
liplying  the  chart  figure  of  "Coal  Burned"  by  the  num- 
ber of  thousands  of  cubic  feet  of  air  per  minute  and 
this  result  by  the  current  price  of  coal.  To  aid  in  deter- 
mining the  temperature  difference,  the  average  outdoor 
temperature  from  Oct.  1  to  May  1  for  the  colder  manu- 
factuiing  areas  is  given  in  Table  I.  These  data  are 
based  on  Weather  Bureau  reports. 

When  a  considerable  quantity  of  heat  is  exhausted 


from  a  heated  room,  additional  radiation  must  be  pro- 
vided. Table  II  shows  the  amount  of  direct  radiation 
necessary  to  supply  the  heat  carried  off  by  1000  cu.ft. 
of  air  per  minute  at  various  temperature  differences. 
This  table  is  based  on  a  steam  pressure  of  2  lb.  per  sq.in. 
gage  and  a  room  temperature  of  70  deg.  F.  For  pipe 
coils  the  hourly  heat  transmission  per  square  foot  is 
300  B.t.u.  and  for  cast-iron  radiation  250  B.t.u.  The 
first  cost  per  square  foot  of  radiation  is  about  25c.  for 
cast  iron  and  30c.  for  pipe  coils.  The  labor  and  inci- 
dental expenses  of  erecting  and  connecting  are  from 
40c.  to  75c.  per  square  foot  for  the  average  factory  job. 
A  fair  average  for  radiation  erected  and  in  place  is 
from  75c.  to  $1  per  square  foot.  It  is  plain,  then,  that 
the  necessary  extra  radiation  adds  materially  to  the  cost 
of  the  blower  system  and  should  be  included  when  mak- 
ing estimates.  As  an  example  of  such  extra  first  cost 
and  waste,  a  13,000  cu.ft.  per  min.  system  in  New  Jer- 
sey wastes  annually  about  $125  worth  of  coal  and  re- 
quires $1200  extra  investment  in  pipe  coils. 

Gasoline  Substitute  Makes  Good  Showing 

Following  apparently  satisfactory  test-block  studies 
of  a  synthetic  airplane  engine  fuel  known  commercially 
as  "Alcogas"  and  composed  of  38  parts  alcohol,  19  parts 
benzol,  4  parts  toluol,  30  parts  gasoline  and  7^  parts 
ether,  the  Post  Office  Department  arranged  for  a  test 
of  the  fuel  under  service  conditions  in  the  air  mail. 
Mail  plane  No.  35,  a  Curtiss  Model  R4  machine  equipped 
with  a  high-compression  Liberty  12  motor,  was  assigned 
for  the  work,  the  check  plane,  flying  the  opposite  trips 
during  the  same  period  with  high-test  aviation  gaso- 
line, being  mail  plane  No.  34,  also  a  Curtiss  Model  R4 
plane,  equipped  with  a  low-compression  Liberty  12 
motor. 

Thirty-one  trips  were  made  between  New  York  and 
Washington — 218-mile  nonstop  flights,  on  the  regular 
Air  Mail  schedule  between  Aug.  4  and  Sept.  19,  1919. 

The  tests  indicated  a  saving  of  3.3  gal.  of  fuel  an 
hour  in  favor  of  the  alcohol  fuel.  Noting  the  revolu- 
tions per  minute,  however,  the  saving  is  even  greater, 
as  alcohol  fuel  shows  1,514.3  r.p.m.  as  against  1,507.8 
with  gasoline.  This  means  not  only  that  there  is  a 
saving  of  3.3  gal.  of  fuel  per  hour,  but  that  6.5  r.p.m. 
are  gained  by  the  use  of  the  alcohol  fuel. 

Alcohol  fuel  also  shows  a  saving  in  lubricating  oil. 
The  average  for  this  fuel  was  4.4  quarts  per  hour  as 
sgainst  4.98  quarts  per  hour  for  gasoline,  a  net  saving 
of  0.58  quart  per  hour.  This  saving  is  thought  to  be 
due  to  greater  thermal  efficiency  displayed  by  alcohol 
fuel  as  against  gasoline,  due  to  the  fact  that  high-com- 
pression motors  usually  run  considerably  warmer  than 
do  low-compression  motors. 

The  following  is  the  report  of  the  field  manager  on 
the  condition  of  the  water  in  plane  35  after  the  Alcogas 
tests : 

Carbon  deposit  was  found  to  be  from  one-thirty-second  to 
one-sixteenth  inch  thick,  soft  and  flaky.  Carbon  was  thickest 
on  outside  of  piston  crown,  showing  it  to  be  caused  from  oil 
rather  than  incomplete  combustion  of  fuel.  Valves  were  all 
in  good  shape.  Valve  seats  showed  no  signs  of  pitting  or 
warping.  No.  6  connecting-rod  babbitt  bearing  cracked  in  both 
cap  and  rod.  Two  piston  rings  were  broken  and  six  stuck  in 
grooves.  Motor  in  very  good  shape  considering  number  of 
hours  run. 

The  high-compression  motor  used  in  plane  No  35 
during  all  its  flights  on  alcohol  fuel  was  torn  down  after 
approximately  125  hours  and  was  found  to  be  in  excel- 
lent condition.  The  carbon  deposited  was  less  than  that 
found  in  a  motor  using  gasoline  over  a  similar  period  of 
time. 
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A  visit  to  the  rolling  mills  discloses  additional 
facts  regarding  the  bessemer  and  openhearth 
furnaces.  Their  operation  is  briefly  explained 
and  also  that  of  the  blast  furnace  and  heating 
ovens. 


WHEN  I  arrived  at  Youngstown,  it  was  well 
along  in  the  afternoon  and  too  late  to  make 
arrangements  to  visit  any  of  the  mills  that  day, 
but  the  next  morning  I  readily  obtained  permission  to 
go  through  the  works  of  the  Youngstown  Sheet  and 


Tube  Co.  and  the  Republic  Iron  and  Steel  Co.'s  plant. 
With  the  information  that  I  had  gained  from  my 
friend  on  the  train,  I  determined  to  begin  at  the  blast 
furnaces  and  follow  the  process  as  best  I  could.  Fig.  1 
shows  a  semisectional  view  of  a  blast  furnace  and  the 
heating  stoves  which  are  used  for  heating  the  air  blasts. 
The  inclined  skip  hoist  is  shown  at  the  left  and  the 
heating  stoves  at  the  right.  If  a  furnace  has  a  capacity 
of,  say,  300  tons  of  iron  per  day,  it  will  require  several 
stoves,  each  about  20  ft.  in  diameter  and  around  100  ft. 
high.  The  temperature  of  the  blast  is  usually  kept 
around  1000  deg.  F.,  otherwise  there  is  danger  of  the 
contents  of  large  furnaces  hanging  up  and  then  slip- 


COLD  BLAST 
MAIN 


FIG.  1.     SEMI-SECTIONAL  VIEW  OF  BLAST   FURNACE  AND  HEATING  STOVES 
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ping,  owing  to 
the  intense  heat 
at  too  great  a 
distance  above 
the  tuyere  zone. 
The  temperature 
is  kept  down  by 
admitting  a 
proper  propor- 
tion of  cold  air 
with  the  blast. 
With  each  fur- 
nace there  are 
generally  four 
or  five  hot-blast 
stoves,  which 
contain  two  or 
more  firebrick 
chambers,  one  of 
which  is  open 
and  the  others 
are  filled  with  a 
number  of  small 
flues.  Gas  and 
air  are  admitted 
through  the  bot- 
tom of  the  open 
chamber,  in 
which  they  burn, 
and  afterward 
pass  from  the  top  of  the  chamber  and,  dividing,  go 
downward  through  the  flues  in  the  other  chambers 
which  surround  the  center  one  and  escape  at  the  bottom 
of  the  chimney  as  waste-heat  gases.  In  passing  through 
the  stove  the  burning  gases  give  out  the  greater  part  of 
their  heat  to  the  brickwork,  and  after  the  brickwork  has 
become  heated,  air  from  the  blowing  engine  enters  the 
bottom  of  the  stove  and  passes  through  them  in  a  reverse 
direction  to  that  taken  by  the  heating  gases.  The  rea- 
son four  or  five  stoves  are  required  for  one  blast  fur- 
nace is  because  one  stove  is  heating  the  blast  air  while 
the  others  are  being  heated  by  the  gas  and  air  simul- 
taneously to  get  the  brickwork  hot  for  their  turn  at 
heating  the  blast.  By  changing  the  blast  from  one  stove 
to  another  at  intervals  of  about  an  hour,  a  satisfactory 
blast  temperature  is  maintained. 

All  waste  gas  used  in  heating  the  brickwork  in  the 
stoves  is  obtained  from  the  blast  furnaces.  The  gas 
has  a  temperature  around  450  deg.  F.  and  a  heating 
value  around  95  B.t.u.  per  cu.ft.  About  one-third  of 
the  gas  coming  from  the  furnace  is  used  in  the  stoves, 


and  the  remain- 
der is  used  in 
steam  -boiler 
furnaces  and  in 
gas  engines. 

Gas  from  the 
blast  furnace 
escapes  at  the 
top  into  a 
"d  o  w  n  c  omer" 
where  consider- 
able of  the  dirt 
carried  with  it  is 
deposited  in  a 
dust  catcher  at 
the  bottom  of 
the  pipe.  The 
gas  then  passes 
into  the  gas- 
cleaning  appar- 
atus. Fig.  2, ' 
where  it  is 
cleaned  and 
scrubbed  and  is 
then  ready  for 
use  in  the  fur- 
nace stoves,  boil- 
er   furnaces,    or 


FTG.  2.     BLA.ST  Fl'RXACE  STOVE.S  AND  GAS  CLEANING  APrARATX'S 


m  gas  engines. 
Generally, 
enough  gas  is  available  to  operate  the  blowing  engines 
and  the  apparatus  operating  with  the  furnace. 

To  one  not  familiar  with  the  unloading  of  a  blast 
furnace,  the  operation  is  interesting  and  especially  so 
at  night.  The  slag  is  tapped  from  the  furnace  first. 
As  it  has  a  lower  specific  gravity  than  iron,  it  floats  on 
the  liquid  metal.  When  ready  it  is  drawn  into  huge 
iron  car  ladles  which  run  on  a  standard-gage  track,  and 
is  then  drawn  away  by  a  locomotive  and  dumped  on 
the  slag  pile.  Fig.  3  is  a  view  of  slag  being  tapped  from 
a  blast  furnace. 

After  the  last  of  the  cinder  has  been  removed  from 
the  iron,  the  furnace  is  tapped  and  its  contents  of  100, 
150  or  more  tons  of  liquid  pig  iron  made  to  flow  into 
brick-lined  ladles,  which  also  run  on  a  track.  It  is  then 
drawn  away  to  the  bessemer  blower  or  cast  into  pig  iron. 
Fig.  4  shows  the  end  of  a  cast  at  a  blast  furnace. 

In  the  bessemer  process  about  two  ordinary-sized  fur- 
naces are  required  to  supply  metal  for  one  converter. 
As  the  metal  from  any  one  furnace  is  a  little  different 
from  that  of  another,  the  melts  are  poured  into  what  is 


FIG.  3.  SLAG  FLOWING  FROM  A  BLAST  FURNACE 


FIG.  4.  END  OF  A  CAST  AT  A  BLAST  FURNACE 
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known  as  a  mixer,  which  is  capable  of  handling  up  to 
500  tons.  The  mixed  metal  is  then  charged  into  the 
converter.  Fig.  6  is  a  good  illustration  of  a  mixer, 
which  is  of  250  tons  capacity.  Pig  iron  from  the  blast 
furnace  is  being  poured  into  it  from  a  ladle  suspended 
by  a  crane.  One  would  suppose  that  the  metal  would 
become  cooled,  but  owing  to  the  capacity  of  the  mixer, 
in  a  case  of  delay  at  the  furnace  or  at  the  converter  the 
cooling  is  but  slight. 

From  the  mixer  the  metal  is  poured  into  the  con- 


T'  ^ 


FIG.  5.   OPEN  HEARTH  FURNACE  LAYOUT 


verter,  which  consists  of  a  steel  riveted  shell  and  is 
hung  on  two  trunnions  upon  which  it  rotates.  One 
trunnion  is  hollow,  and  the  air  from  the  blowing  engine 
enters  through  it  to  the  windbox  at  the  bottom  of  the 
converter.  The  other  trunnion  engages  with  a  rack  that 
is  operated  by  a  hydraulic  piston  by  which  means  the 
converter  can  be  made  to  rotate  through  an  angle  of 
270  deg.  or  more.  The  vessel  is  lined,  and  the  bottom 
lining  contains  about  270  half-inch  holes  through  which 
the  air  blast  from  the  windbox  passes  to  the  inside. 

With  the  converter  on  its  side  the  metal  does  not 
cover  any  of  these  holes,  but  when  it  is  turned  in  a 
vertical  position  and  the  air  blast  is  turned  on,  air  is 
forced  through  the  metal  in  a  spray  of  very  fine  bubbles 
until  the  impurities  are  oxidized,  after  which  the  metal 
is  run  into  a  ladle  from  which  it  is  poured  into  ingot 
molds. 

These  molds  are  about  7  ft.  high  and  2j^  in.  thick, 
about  16  in.  square  at  the  top  and  19  in.  square  at  the 
bottom.  A  mold  will  last  about  100  heats,  after  which 
it  becomes  cracked  on  the  inside,  which  makes  it  diffi- 
cult to  lift  it  from  the  metal  after  it  has  sufficiently 
cooled  to  solidify.  The  train  of  filled  ingot  molds  is 
run  to  the  stripping  house,  where  the  molds  are  re- 
moved, leaving  the  ingots  standing  on  the  car  ready  to 
run  to  the  rolling  mill. 

Leaving  the  process  at  the  point  where  the  ingot  left 
for  the  rolling  mill,  I  next  visited  the  openhearth  fur- 
naces. Fig.  5  shows  a  cross-section  and  Fig.  7  is  a 
general  view  of  such  a  plant.  As  my  friend  on  the 
train  told  me,  there  are  two  types  of  openhearth  fur- 
naces, the  stationary  and  the  tilting,  but  I  did  not  see 
any  of  the  tilting  type. 

The  melter's  job  is  to  keep  the  material  in  a  very 
liquid  state  and  at  the  same  time  to  have  an  excess  of 
air  so  that  the  atmosphere  of  the  furnace  will  be 
slightly  oxidizing  to  burn  the  impurities  of  the  metal. 
The  bath  of,  say,  a  50-ton  furnace  has  a  length  of 
about  30  to  35  ft.  and  a  width  of  12  to  15  ft.    Eighty- 


and  100-ton  furnaces  are  common.  The  metal  from 
the  openhearth  furnace  is  run  into  ladles  and  then 
poured  into  ingot  molds,  and  when  sufficiently  cooled 
is  carried  to  the  rolling  mill.  Bessemer  ingots  generally 
weigh  two  tons  or  more,  and  openhearth  ingots  weigh 
from  three  to  ten  tons. 

I  was  told  that  various  designs  of  openhearth  fur- 
naces were  used  at  different  mills.    They  are  arranged 
in  a  single  row  with  the  level  of  the  hearth  several  feet 
above  the  ground  level  of  the  plant.     Gas  producers 
are   placed   outside   of   the    furnace 
building  in  a  line  parallel  with  it.    By 
this    arrangement    the    distance    the 
gases  have  to  pass  between  the  pro- 
ducers and  the   regenerators   is   re- 
duced to  a  minimum,  the  regenera- 
tors being  placed  below  the  working 
platform  of  the  furnaces. 

The  four  regenerator  chambers 
are  filled  with  brick  checkerwork 
around  which  the  gases  and  air  pass. 
Before  a  furnace  is  started,  these 
bricks  are  heated  with  a  wood  fire 
and  then  the  gases  from  the  pro- 
ducers are  admitted.  They  enter  the 
furnace  through  an  inner  chamber  on 
one  side,  and  air  enters  through  the 
second  chamber  on  the  same  side. 
They  meet  and,  uniting,  pass  through 
the  furnace  and  thence  to  the  chim- 
ney through  the  two  regenerative 
chambers  on  the  opposite  end. 
the  brickwork  of  the  outgoing  chamber  is 
by  the  waste  heat  from  the  furnace.  About 
every  twenty  minutes  the  current  of  air,  gas  and  waste- 
heat  gases  changes,  and  in  this  way  the  four  chambers 
are  kept  hot.  The  direction  of  gas  and  air  flow  is  con- 
trolled by  means  of  suitable  valves.  With  each  re- 
versal of  gas  flow  the  temperature  of  the  furnace  be- 
comes higher.  The  generator  furnace  temperature  is 
maintained  at  around  1800  deg.  F.  The  temperature 
that  can  be  obtained  in  the  openhearth  furnace  by  fre- 
quent reversals  of  gas  and  air  is  extremely  high,  but 
will  average  around  3000  deg. 

I  was  fortunate  in  regard  to  seeing  the  drawing  of 


Thus, 
heated 


FIG.   6.     A  250-TON  HOT  METAL,  MIXER 
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an  openhearth  furnace  melt,  but  aside  from  being  a 
different  process  from  the  bessemer,  the  method  of 
handling  the  ladles  and  pouring  into  ingot  molds  seems 
to  be  similar. 

While  at  the  steel  mill  I  did  not  see  any  electrical 
furnaces,  but  in  talking  with  one  man  I  learned  'J:at 
electric  energy  is  used  to  bring  the  ore  and  redn-.  '.ng 
agents  to  the  temperature  at  which  reduction  t.ikc-  place 
and  then  melts  the  metal  together  with  the  i'jx.  He 
was  of  the  opinion  that  the  success  of  such  a  furnace 
depended  upon  the  price  of  electricity  as  compared  with 
that  of  fuel,  and  that  the  application  of  the  electric 
process  was  limited  to  districts  where  cheap  electric 
energy  could  be  obtained. 

An  electric  reduction  furnace  is  designed  similar  to 
the  blast  furnace.  The  stocking  charge  and_  hoisting 
apparatus  are  practically  the  same,  but  the  height  of  a 


Comparative  Value  of  Coal  and 
Oil  as  Fuel 

In  the  best  oil  there  are,  roughly,  1.3  as  many  B.t.u, 
as  in  an  equal  weight  of  the  best  coal.  A  gallon  of  oil 
weighs  about  7 .7  lb.,  so  there  are  about  7.7  X  1-3  =  10 
(approximately)  times  as  many  B.t.u.  in  a  gallon  of 
oil  as  in  a  pound  of  coal. 

From  the  point  of  view  of  heating  value,  then,  one 
can  afford  to  pay  ten  times  as  much  for  a  gallon  of  oil 

as  for  a  pound  of  coal;  or  2000  ~  ~200  ^^"^^^  ^^  much 

.     .,         r  .        1  100         1 

for  a  gallon  of  oil  as  for  a  ton  ot  coal;  or   om  ~  ~2 

as  many  cents  per  gallon  as  dollars  per  ton  of  coal; 
the   best    coal   that   can   be   procured   being   intended. 


FIG.  7.    OPEN  HEARTH  FURNACES  AT  AN  18  IN.  HAND  MILL.   MAIN  PLANT.  YOUNGSTOWN  SHEET  AND  TUBE  CO. 


furnace  is  less,  being  about  30  ft.  At  a  point  corre- 
sponding to  the  tuyere  zone  in  a  blast  furnace  the  shaft 
proper  of  the  electric  furnace  ends,  and  in  place  of  the 
narrow  blast-furnace  hearth  the  electric  furnace  is  pro- 
vided with  a  shallow  hearth  or  crucible  which  forms  a 
melting  chamber. 

Heat  is  generated  by  the  resistance  to  the  passage  of 
current  between  the  electrodes  that  project  through  the 
roof  of  the  crucible  and  are  embedded  in  the  charge. 
In  the  electric  furnace  the  volume  of  gas  generated  is 
about  one-eighth  of  the  blast  furnace  handling  the  same 
tonnage  and  using  fuel,  but  its  calorific  value  is  about 
three  times  as  high. 

After  leaving  the  furnaces,  attention  was  devoted  to 
the  various  types  of  boiler  installations,  which  will  be 
dealt  with  in  the  next  installment. 


For  the  computation  of  the  more  specific  case  this 
reduces  to 

Cents  per  gal.  _  5  X  sp.  gr.  oilX  B.t.u.  per  lb.  oil 
Dollars  per  ton  ~         12  X  B.t.u.  per  lb.  coal 

which,  with  the  values  assumed — that  is,  specific  grav- 
ity 0.93;  B.t.u.  per  lb.  oil,  20,000;  B.t.u.  per  lb.  coal, 
15,000 — works  out  as  follows: 

5  X  0.93  X  20.000 


12  X  15,000 


0.5  cent 


In  announcing  that  it  would  sell  its  sulphuric  acid 
plant  at  Mount  Union,  Penn.,  the  War  Department 
states  that  Mount  Union  has  the  cheapest  electric  power 
in  the  State  of  Pennsyh  ania.  The  town  of  Mount 
Union  draws  its  coal  supply  from  a  mine  that  is  within 
the  town  limits. 


William  T.  Donnelly,  of  New  York  City,  is  accredited 
with  having  developed  a  system  of  electric  propulsion  to 
do  away  with  tugboats  and  make  each  barge  or  lighter 
capable  of  being  propelled  by  power  taken  from  a  float- 
ing power  plant.  The  system,  as  developed,  consists  of 
a  boat  on  which  an  electric  power  plant  is  built,  then 
power  is  supplied  from  this  plant  through  cables  to  the 
boats  that  are  to  be  towed.  The  latter  are  propelled  by 
their  own  motors  supplied  with  power  from  the  floating 
power  plant. 
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|0P,  there  are  a  few  points  I  didn't  quite  get 
in  the  last  talk  on  governors,"  said  Jimmy, 
opening  the  conversation. 

"I  mighta  thought  as  much !  What's  the  tale  o'  woe 
now  ?"  asked  Pop. 

"You  better  deliver  your  speech  while  you're  feeling 
like  it  and  let  me  break  in  where  I  want  to,"  was  Jimmv's 
reply,  and  he  put  his  feet  up  on  a  chair  and  m.ade  him- 
self comfortable.  "You  may  answer  all  my  questions  as 
you  go  along,  Popsie,  but  first  have  a  cigar." 

Pop  took  the  cigar  gingerly,  smelled  it  and  then  bit 
into  it  before  he  had  the  courage  to  light  up. 

"Wall,  son,  I  has  told  you  that  they  is  sich  a  thing 
as  a  hydro-electric  plant  a-gittin'  outa  whack.  I  has 
told  yer  about  all  the  troubles  that  a  water  plant  is  heir 
to,  an'  when  yer  grows  up  into  a  chief's  job  see  that 
they  don't  sell  your  plant  out  fer  a  song!  Seein'  as 
how  I  got  that  much  off  my  chest,  we'll  now  proceed 
with  the  real  work.    Glue  your  lamps  to  Fig.  1." 

Jimmy  did  as  directed,  While  Pop  threw  away  Jimmy's 
gift  cigar  and  lit  up  one  of  his  own. 

"I  shows  yer  in  Fig.  1  a  modified  steam-turbine  gov- 
ernor. Now  them  flyball  weights  I  shows  is  about  the 
real  thing  if  they  is  made  drop-forged.  The  great 
trouble  with  castings,  be  they  cast  iron  or  cast  steel,  is 
that  they  is  liable  to  have  a  sight  o'  blowholes  in  'em 
that  maybe  could  be  prevented  if  yer  cast  them  with 
both  sides  down;  but  apart  from  that  bein'  a  impossi- 
bility, we  is  confronted  with  the  facts.  Sich  a  set  o' 
flyballs,  one  heavy  an'  one  light,  is  about  as  healthy  to  a 
good  runnin'  governor  as  a  unbalanced  flywheel  would 
be  to  a  engin'.  When  the  weights  is  hung  as  Fig.  1 
shows  them,  you  have  as  near  a  frictionless  flyball  head 
as  you  can  git.  The  principal  source  of  friction  is  in 
the  joints.  On  a  line  contact  like  a  knife-edge,  yer 
comes  pretty  near  ideal  conditions. 

"Some  Swiss  builders,  our  lecturer  told  me,  went  so 
far  as  to  use  knife-edge  bearing  struts  'tween  the  spring 
collar  an'  the  weights.  If  the  lower  edge  of  the  collar 
is  smooth-turned,  an'  the  rollers  I  shows  is  hardened 
steel  and  runs  in  vaseline,  they'll  be  little  friction  there. 
Other  builders  makes  the  weights  with  a  spring  to  each 
weight  and  a  groove  cast  on  the  weight  to  seat  the 
spring.  My  objiction  to  that  is  that  the  seat  is  not  al- 
ways at  right  angles  to  the  center  line  of  the  spring  on 
account  of  the  oscillations  of  the  weight,  an'  as  them 
springs  is  purty  heavy  wire,  it  takes  quite  a  bit  o'  force 
to  bend  the  spring  outa  line.  With  the  old-fashioned 
links — I  means  the  ones  which  connects  the  weights  to 
the  crossbar  collar — ^yer  can't  do  very  much  else.  One 
company,  I'm  told,  uses  small  ball  bearings  on  these 
joints,  but  to  me,  son,  it  looks  like  carryin*  a  chip  on  yer 
shoulder." 

"Like  the  feller  that  can  tell  a  joke  when  it's  labeled, 
Popsie,  I  can  tell  that  Fig.  2  is  an  oil  brake.    What's  that 


bunk  about  'constant  bypass  area?'  "  demanded  Jimmy. 

"S'posin'  yer  first  tell  me  what  the  objict  of  a  oil  brake 
is,"  said  Pop. 

"You  told  me,  or  rather  my  impression  is  that  it  is  to 
brake  the  tendency  of  the  governor  to  act  at  every  little 
speed  change,  in  that  way  preventing  constant  speed 
oscillations.  That's  the  same  as  making  the  governor 
more  stable." 

"Yep,  that's  it.  I  don't  see  why  yer  asked  me  then, 
yer  almost  got  the  idee  right  there.  Well  it's  this — 
a  small  speed  change  means  a  small  governor  move- 
ment. Now  if  the  flyballs  move  only  a  small  distance 
hardly  any  braking  effect  will  be  got  'cause  sich  a  small 
amount  of  oil  is  displaced.  So  it  follows  from  that, 
that  yer  must  screw  that  ad  Justin'  screw  way  down  be- 
fore you'll  git  any  brakin'  effect  at  small  speed  changes. 
On  the  other  hand,   when  the  governor   makes  a  big 
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FIG.  1.    GOVERNOR  FLYBALL 
HEAD 


FIG.    2.      OIL  BRAKE  WITH 
CONSTANT  BYPASS  AREA 


move,  it'll  be  dollars  to  doughnuts  that  the  brakin'  effect 
vvill  be  too  much.  So  yer  has  to  fiddle  around  until  yer 
gits  a  compromise.    Do  yer  git  it  now?" 

"Almost.     Keep  on  with  your  exphnation." 

"Now  then,  let's  see  what  happens.  We  wants  an  oil 
passage — we  wants  it  to  be  of  no  area  at  all  for  very 
small  load  changes — we  wants  it  a  wee  bit  for  small 
changes,  and  gradually  increasin'  until  at  big  changes 
in  load  they's  hardly  any  brakin'  a'tall.  In  other  words, 
the  amount  of  brakin'  should  vary  nearly  inversely  as 
the  load  change.'' 

"I'm  beginning  to  see  daylight,"  said  Jimmy. 

"So  I  shows  the  oil  passage  like  that  in  Fig.  3 ;  fer 
very  small  changes  the  pilot  valve  will  not  be  moved 
a'tall,  'cause  the  force  from  the  flyballs  is  not  enough 
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to  move  the  brake  piston  past  that  small  lap  I  shows. 
O'  course  they'll  be  some  leakage  around  the  piston  rod 
an'  on  the  outside  of  the  piston,  but  even  then  I  doubts 
whether  the  force  from  the  flyballs  would  move  the 
brake  piston.  You  sees  also  that  I  makes  the  oil-passage 
groove  taperin'  so  that  more  oil  can  be  passed  in  the 
same  time  with  larger  changes  in  load.  When  the  piston 
has  moved  a  certain  amount,  the  passage  is  suddenly 
enlarged  so  that  they  is  hardly  any  brakin'  or  stoppin' 
the  pilot  valve  from  movin'  a'tall." 

"But  what's  them  springs  for  on  the  piston  ?" 
"Them  springs  is  there  for  a  good  purpose.     If  you 
loosens  them  nuts  on  the  spring  collars,  the  governor 
head  will  not  be  held  back  as  much  as  if  they  is  tight- 
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FIG.  4.     RUDIMENTAL  IDEA 
OF  PILOT  VALVE 


ened.  Them  springs  plays  the  same  part  as  the  ad- 
justin'  screw  on  the  constant-area  oil  brake.  I  can  tell 
you  another  way  to  git  the  idee.  Supposin'  you  has  a 
weight  on  the  end  of  a  string  an'  you  swings  it  like  a 
pendulum ;  in  the  air  that  weight  will  swing  pretty  free, 
but  if  you  puts  the  weight  in  a  trough  o'  water  an'  then 
tries  to  swing  it,  you'll  know  what  the  oil  brake  does  to 
the  governor  head." 

"I  suppose  the  kind  of  oil  used  would  make  a  differ- 
ence too,  wouldn't  it  ?"  asked  Jimmy. 

"Sure.  If  I  was  to  use  somethin'  about  the  consist- 
ency of  asphaltum,  I  doubts  if  you  could  move  the 
piston  a'tall.  That's  about  the  same  as  screwin'  the 
springs  on  the  oil-brake  piston  down  as  far  as  they  will 
go ;  in  this  way  you  makes  the  governor  a  hull  lot  more 
stable.  In  sich  a  case  it  wouldn't  be  worth  while  havin' 
a  sensitive  flyball  head  at  all." 

"What  kind  of  oil  is  used,  then?  I  should  think  a 
heavy  oil  would  make  the  governor  act  more  sluggish, 
too,"  Jimmy  insisted. 

"The  manufacturers  don't  all  recommend  the  same 
thing.  They  finds  out  the  kind  o'  oil  that  works  best 
with  their  spring  adjustments,  an'  they  sticks  to  that. 
One  company  insists  on  a  very  light  grade  of  sperm 
oil,  which  tells  me  that  he  uses  purty  heavy  springs; 
another  uses  a  dynamo  oil,  still  another  uses  quite  a 
heavy  grade  of  engine  oil.  Like  you  says,  a  heavy  oil 
will  make  the  governor  work  slower,  'cause  it's  so  hard 
to  push  around  through  them  ports,  etc." 

With  that  much  finished,  Jimmy  turned  to  Fig.  4  with 
curiosity  and  spent  several  moments  with  it  until  Pop 
relighted  his  cigar  butt  and  sent  great  clouds  of  smoke 
into  the  room. 

"Well,  what  do  yer  make  of  it?"  inquired  Pop,  bend- 
insr  over  the  table. 


"Seems   simple — nothing  to  it  at  all!"   said  Jimmy. 

"Not  much  to  that  one,  no.  But  did  you  see  what  I 
called  it?  I  calls  it  a  'rudimentary  idee,'  like  all  those 
books  on  the  gentle  art  of  engineering  that  has  the  word 
'easy'  in  the  title. 

"Now  this  is  what  yer  might  call  a  balanced  pilot 
valve  an'  which  prob'bly  would  be  good  enough  fer  a 
small  governor.  The  reason  that  it  ain't  jes'  the  right 
thing  for  a  big  governor  is  that  by  the  time  you  got  it 
big  enough  so  it  could  distribute  oil  enough  for  a  big 
servomotor  cylinder,  it  would  be  so  heavy  that  it  would 
make  the  hull  governor  unsensitive.  As  I  said  before, 
and  from  the  looks  of  the  critter,  you'd  think  it  was 
balanced,  but  in  actual  work  they's  quite  some  drop  in 
pressure  on  the  side  of  the  piston  that's  feedin'  oil  to 
the  servomotor  cylinder,  so  they  is  a  tendency  for  the 
pressure  to  push  from  the  opposite  side. 

"The  next  time  we  dooly  considers  a  real  pilot  valve 
among  other  things  an'  then  winds  up  the  subjict  of 
governors." 

"But  before  we  quit  tonight,  tell  me  something  about 
the  patent  situation  on  these  things  we've  been  talking 
over,"  said  Jimmy. 

"Are  you  a-thinkin'  of  goin'  into  the  governor  busi- 
ness, or  is  it  jes'  curiosity?  Well,  anyhow,  the  gov- 
ernor head  has  two  or  three  badly  conflicting  patents 
on  it,  so  mebbe  it's  good  not  to  say  names.  As  for  the 
constant-area  oil  brake,  everybody  can  use  that,  but  the 
variable-area  oil  brake  is  patented.  They's  no  patents 
on  the  pilot  valve,  so  everybody  can  use  it. 

"The  lecturer  told  me  that  the  waterwheel  business 
has  kept  many  a  lawyer  goin'  an'  that  a  big  slice  of  the 
profits  has  been  spent  payin'  up  settlements  on  suits." 

Stopping  Leaks  in  Hydraulic  Gates 

By  L.  W.  Wyss 

Considerable  water  can  be  saved  by  stopping  the 
leaks  in  a  dam,  and  at  many  installations  where  all 
the  water  is  used  this  leakage  is  equivalent  to  wasting 
many  tons  of  coal  during  a  year.  Stopping  the  small 
leaks  at  the  sides  and  bottoms  of  gates  can  be  accom- 
plished best  with  cinders.  Sometimes  special  spouts 
must  be  made  to  guide  the  cinders  to  the  leaks  when 
obstructions  prevent  dropping  the  cinders  directly 
above  the  leaks.  Chips  from  water-logged  wood  will 
also  sink  slowly  and  stop  leaks.  When  using  cinders 
in  a  forebay  near  where  small  pipe  intakes,  such  as  for 
transformer-cooling  water,  etc.,  are  located,  it  is  well 
to  close  the  valves  temporarily  or  the  pipes  may  be 
clogged. 


It  is  frequently  said  that  executives  in  municipal  work 
find  their  hands  tied  by  civil-service  restrictions  when 
it  comes  to  the  promotion  of  subordinates — that  the  sen- 
iority rule  often  works  to  the  detriment  of  efficiency  in 
such  cases.  Be  that  as  it  may,  there  appears  to  be  ways 
to  circumvent  the  effects  without  evading  the  rule 
itself.  At  least  the  city  engineer  of  one  of  our  largest 
municipalities  seems  to  have  gone  a  long  way  toward 
solving  the  problem  by  periodically  transferring  his  en- 
gineers. Confronted  by  the  fact  that  some  of  his  oldest 
engineers,  in  point  of  services,  were  in  the  smaller  and 
more  obsolete  pumping  stations,  he  arranged  to  trans- 
fer them  for  a  time  to  the  most  modem  stations,  so  that 
should  a  vacancy  occur  in  one  of  the  latter  the  man 
designated  by  the  seniority  rule  would  be  thoroughly 
familiar  with  the  duties  to  be  taken  up.  The  plan  is  one 
that  might  well  be  emulated,  not  only  by  other  munici- 
palities, but  by  any  system  having  a  number  of  plants. 
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Care  and  Maintenance  of  Plun^fer 
Hydraulic  Elevators 


By  a.  B.  burgess 


I 


Every  operating  engineer  having  to  do  with 
plunger-type  elevators  has  certain  rules  which 
he  follows  in  their  inspection  and  care.  A 
fezv  general  suggestions  which,  if  followed, 
ivill  keep  the  maintenance  cost  of  this  type  of 
elevator  at  a  minimum,  are  given  here. 


THE  most  expensive  operation  in  the  construction 
of  a  plunger-type  elevator  is  drilling  of  the  cyl- 
inder hole  and  setting  the  cyHnder.  Hence  it 
is  of  vital  importance  to  see  that  this  part  of  the  ma- 
chine is  given  a  periodic  inspection  to  prevent  it  from 
wearing  out  and  thereby  necessitating  a  replacement. 

The  plunger,  passing  through  the  stuffing-box  at  the 
top  of  the  cylinder,  is  guided  by  several  types  of 
plunger  bottoms.  In  the  short-rise  cars  two  types  of 
bottoms  are  used,  either  the  button  plug,  Fig.  1,  or  the 
wing  plug.  Fig.  2.  These  cars,  traveling  at  a  slow  rate 
of  speed,  do  not  offer  much  chance  for  wearing  through 
the  bottom  of  the  plunger  or  of  grooving  the  cylinder. 

Quite  a  different  condition  exists  in  the  high-rise, 
high-speed  passenger  and  freight  elevators.  Two  gen- 
eral types  of  bottoms  are  here  used  to  guide  the  plunger 
and  to  hold  it  central  in  the  cylinder.  The  brush-type, 
Fig,  4,  consists  of  three  or  four  brushes  of  wire,  held 
in  a  special  form  of  casting.  The  other  type  of  bot- 
tom, Fig.  3,  has  composition  skates  substituted  for  the 
brush.  Springs  are  used  to  hold  these  parts  away  from 
the  bottom,  causing  them  to  bear  on  the  inside  of  the 
cylinder,  thus  holding  the  plunger  in  a  central  position 
in  the  cylinder,  throughout  the  travel.  The  continual 
motion  of  the  plunger  causes  the  brush  or  skate  to  wear 
away  gradually,  and  unless  these  parts  are  inspected  at 
least  once  a  year,  preferably  every  six  months,  the 
chances  are  that  the  brush  or  skate  will  be  found  en- 
tirely   worn    out   and    the    plunger-bottom    cutting   or 
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FIGS.  1  AND  2.  PLUNGER  BOTTOMS  FOR  SHORT-RISE 
PLUNGER  ELEVATORS 

grooving  the  cylinder,  eventually  making  it  necessary 
to  renew  the  cylinder. 

To  make  an  inspection  of  the  brushes  or  skates,  re- 
move the  counterweight  buffers  in  the  pit,  run  the  ele- 
vator to  the  top  landing,  close  the  supply  and  exhaust 
valves,  make  a  hitch  on  the  counterweight  frame  and 
the  bottom  of  the  pit  with  a  chain  hoist  or  heavy  tackle, 
and  hoist  the  car  in  this  manner  until  the  brushes  are 


exposed.     It  will  be  necessary  to  remove  the  top  auto- 
matic hitch. 

The  plunger  itself  should  be  lubricated  once  a  week 
with  graphite  grease  or  an  especially  prepared  com- 
pound. Oil  is  too  light  a  substance  to  use  when  greas- 
ing the  pi  mger.  To  lubricate  the  plunger,  run  the 
car  slowly  to  the  top,  wiping  off  all  the  water.  Then 
allow  the  car  to  descend  slowly,  applying  the  grease 
evenly  with  the  hands.    In  some  cases  a  lubricating  ring 
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FIG.    3.     SKATE-TYPE 
PLUNGER  BOTTOM 


FIG.    4.     BRUSH-TYPE 
PLUNGER  BOTTOM 


or  cup  has  been  attached  to  the  stuffing-box,  in  which 
grease  is  put  at  regular  intervals,  every  trip  of  the 
elevator  causing  it  to  be  lubricated  automatically. 

A  daily  inspection  of  the  stuffing-box.  Fig.  5,  through 
which  the  plunger  travels,  should  be  made,  and  in  case 
of  leakage  the  gland  nut  should  be  tightened  evenly, 
say  a  quarter  of  a  turn  at  a  time,  to  insure  the  same 
relative  bearing,  until  the  packing  needs  renewing. 

To  repack  the  plunger,  run  the  car  up  sufficiently 
high  to  work  under  it  and  block  it.  Shut  off  the  valve 
in  the  supply  line,  then  raise  the  stuffing-box  gland 
to  get  at  the  packing  space.  Remove  the  old  packing 
and  cut  the  new  in  proper  lengths  to  fit  the  plunger 
snugly.  When  the  space  is  filled  and  the  packing  firmly 
in  place,  put  the  gland  back  and  take  uo  the  nuts  hand 
tight.  Square  flax  or  brake  tubing  is  commonly  used, 
although  there  are  a  number  of  special  packings  on  the 
market. 

Car  and  counterweight  rails  should  be  wiped  down 
and  greased  with  cylinder  oil,  or  a  very  light  grease, 
once  a  week.  Fiber  runners  are  furnished  in  both  car 
and  counterweight  guide  shoes,  and  should  be  subjected 
to  weekly  inspection.  They  should  be  renewed  when 
they  begin  to  wear,  for  they  very  decidedly  improve 
the  running  of  the  car,  and  eliminate  noise. 

All  sheaves,  over  which  the  automatic  ropes,  operat- 
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ing  ropes  and  counterweight  ropes  pass,  should  be  care- 
fully examined  daily  and  the  grease  candles  replaced 
before  being  worn  out.  Any  sheaves  that  are  not  pro- 
vided with  grease  candles  or  oil  cups  should  be  oiled 
each  day.  Counterweight-sheave  shaft  boxes  are  heavily 
loaded,  and  the  surface  must  be  kept  thoroughly 
smooth.    A  daily  inspection  here  is  well  worth  while. 

The  boxes  which  carry  the  operating  shafts  under 
the  car  platform  should  have  their  oil  cups  kept  full.  A 
daily  inspection  here  is  necessary.  All  bolts  and  bear- 
ings must  be  kept  tight. 

New  ropes,  when  installed,  are  subject  to  consider- 
able stretch  and  should  be  carefully  watched.  Screw 
connections  for  adjusting  these  ropes  are  provided,  and 
when  they  have  been  taken  up  to  the  limit  they  are 
let  out  as  far  as  possible  and  a  fresh  bite  taken  in  the 
ropes  by  means  of  clamps.  Care  should  be  taken  to 
have  the  automatic  ropes  adjusted  so  that  the  cars  come 
to  rest  flush  with  the  landings  at  both  bottom  andtop 
terminals.  Inspect  the  ropes  weekly  for  broken  wires, 
and  rub  them  down  with  oil  or  some  lubricant. 

Daily  inspect  the  valve.  Fig.  6,  by  which  the  car  is 
operated.  All  working  parts  must  be  thoroughly  lu- 
bricated, keeping  oil  cups  and  grease  cups  full  at  all 
times.  Repack  the  valve  as  soon  as  the  elevator  begins 
to  creep.  This  may  be  accomplished  in  the  following 
manner : 

The  car  should  be  run  to  the  lowest  landing  or,  when 
there  is  no  working  space  underneath  the  car,  to  the 
floor  above  the  lowest  landing  and  blocked,  the  supply 
and  exhaust  and  to-and-from  valves  being  shut.  If  the 
valve  is  of  the  pilot-controlled  type,  the  handhole  plates 
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FIG.    5.     SECTION   THROUGH  ELEVATOR- SHAFT   PIT 
AND  STUFFING-BOX 

on  the  hood  supporting  the  pilot  valve  and  the  end 
flange  at  the  main  valve  should  be  removed.  A  stem 
puller  is  provided  with  all  valves.  Push  the  main  valve 
toward  the  pilot  valve  as  far  as  it  will  go,  removing 
the  pin  connecting  the  main  stem  and  rack,  and  pull 
the  stem  out  of  the  valve  steadily  without  wrenching 
or  jarring,  keeping  the  stem  concentric  with  the  main 
valve  throughout  the  operation. 

To  renew  the  leathers,  take  ofif  the  nuts  on  the  stems 
and  remove  disks  and  quills.  See  that  they  are  laid 
aside  in  consecutive  order.  Be  sure  to  note  the  rela- 
tive positions  of  the  leathers  and  see  that  the  lips  always 
point  toward  the  water  pressure.  Inspect  the  valve 
linings  and  the  ports.  See  that  they  are  free  from 
scratches  and  no  foreign  matter  is  hidden  in  them. 
See  that  the  brass  surfaces  are  not  damaged  after  the 


packings  are  renewed.  Insert  the  valve  stem,  push  it 
far  enough  into  the  valve  to  get  the  pin  which  connects 
it  with  the  rack  into  place,  then  pull  the  stem  back- 
ward until  the  end  piston  comes  flush  with  the  end  of 
the  valve. 

In  replacing  the  main  valve  stem,  see  that  the  rack 
and  pinion  mesh  according  to  the  marks  which  indi- 
cate their  location.     There  is  a  possibility  of  the  valve 
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FIG.    6.      CAR-OPERATING   VALVE 

becoming  full  of  air  during  repacking.  The  air  cocks 
on  the  stuffing-box  should  be  opened,  as  well  as  those 
on  the  valve  iself,  to  get  the  car  running  smoothly. 

To  pull  the  automatic  stops,  remove  the  large  flange 
on  the  valve  body  and  disconnect  from  the  crank,  tak- 
ing them  out  from  the  ends  of  the  valve  after  first  re- 
moving the  flanges.  The  lips  of  the  leathers  on  the 
"down"  automatic  look  from  each  other.  The  reverse 
is  true  on  the  "up"  automatic.  Before  replacing  the 
stem,  be  sure  that  the  valve  chambers  are  clean  and 
free  from  all  foreign  substance.  Replace  all  worn-out 
gaskets. 

The  pilot-valve  stem  is  removed  by  taking  off  the 
bottom  nuts  and  swinging  the  arm  on  the  bottom  of 
the  pinion  shaft  clear.  Then  pull  the  stem,  noting  the 
position  of  the  leathers,  and  renew  same  if  necessary. 

The  automatic  lever  shafts  are  packed  by  loosening 
up  the  cap  bolts  on  the  lever  head  so  that  the  driving 
and  driven  gears  can  be  detached  from  the  shafts  easily. 
Before  removing  the  levers  and  gears,  block  up  the 
weight  arm  at  the  extreme  outside  end  and  sling 
weights  and  arms  so  that  they  can  easily  be  slung  into 
position  after  the  shafts  are  packed.  The  inside  col- 
lars and  glands  can  then  be  removed  and  new  hat 
packings  put  in,  first  seeing  that  the  shafts  are  thor- 
oughly cleansed  and  greased. 

It  is  important  that  the  valve  leathers  be  inspected 
and  renewed  when  necessary.  If  leathers  are  allowed 
to  become  worn  out  or  if  new  leathers  are  faulty, 
these  facts  will  be  made  apparent  to  the  engineer  by  an 
unusual  leakage  of  water  through  the  drips,  possibly 
by  creeping  of  cars  after  the  operating  valve  is  closed 
or  by  unusual  noise  or  knockings  in  the  valve  cham- 
bers. 


According  to  the  latest  Labor  Market  Bulletin,  issued 
by  the  New  York  State  Industrial  Commission,  there 
are  10  per  cent,  more  employees  in  the  water,  light  and 
power  industries  than  there  were  in  June,  1914.  The 
total  wages  paid  these  employees  is  210  per  cent,  of  the 
total  wages  in  June,  1914.  This  represents  an  average 
increase  of  wages  during  that  period  of  over  90  per  cent. 
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CO2  in  Flue  Gas  When  Burning  Oil 

An  error  in  interpreting  the  COg  content  in  flue  gas 
when  burning  oil  is  likely  to  arise  among  engineers  who 
have  been  familiar  with  coal  burning.  This  comes  from 
the  fact  that  perfect  combustion  of  coal  would  give  a 
higher  CO._,  reading  than  perfect  combustion  of  oil. 

An  example  will  help  to  show  the  reasons  for  this. 
Assume  first  a  sample  of  coal  having  73, per  cent,  car- 
bon, 4  per  cent,  hydrogen,  8  per  cent,  oxygen  and  the 


This  gives  (2.68-^10.02)  X  100  =  26.7  per  cent.  CO, 
and  (7.34-f- 10.02)  X  100=73.3  per  cent,  of  N  by 
weight.  Since  the  ratio  of  the  weights  of  N  to  CO2 
is  14  to  22,  the  relative  volumes  will  be  26.7-^22,  or 
1.21,  for  CO,  and  73.3  -^  14,  or  5.24,  for  N.  The  per- 
centages by  volume  will  then  be  1.21-^6.45,  or  18.8 
per  cent.  CO2  and  5.24-^6.45,  or  81.2  per  cent.  N. 

Assume,  now,  a  typical  sample  of  oil  containing  85 
per  cent,  carbon,  12  per  cent,  hydrogen  and  3  per  cent, 
oxygen.    The  carbon  will  require  2.27  lb.  of  oxygen  and 
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FIG.  1.   DIAGRAM  SHOWING  FLUE  GAS  PRODUCED  BY  PERFECT  COMBUSTION  OF  COAL. 
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remainder  ash,  etc.  The  carbon  in  each  pound  of  coal 
will  require  for  complete  combustion  0.73  X  2%  =  1.95 
lb.  of  oxygen.  The  hydrogen  will  require  0.04  X  ^  = 
0.32  lb.  of  oxygen.  The  total  oxygen  required  will  be 
1.95-1-0.32  =  2.27,  less  the  0.08  lb.  already  in  the  coal, 
which  leaves  2.19  lb.  to  be  furnished  by  the  air.  This 
amount  of  oxygen  is  contained  in  2.19-^-0.23  =  9.53 


will  produce  3.12  lb.  of  CO2,  while  the  hydrogen  will 
require  0.96  lb.  of  oxygen  and  produce  1.08  lb.  of  water 
vapor,  per  pound  of  oil  burned.  The  net  oxygen  re- 
quired will  then  be  2.27  -j-  0.96  —  0.03  =  3.20  lb.  This 
means  the  introduction  of  13.91  lb.  of  air  containing 
10.71  lb.  of  nitrogen.  Remembering  that  the  water 
vapor  will  be  condensed,  the  flue  gas  per  pound  of  oil 
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FIG.    2.      DIAGRAM    SHOWING    FLUE    GAS    PRODUCED   BY   PERFECT   COMBUSTION   OF   OIL 


lb,  of  air,  which  will  bring  with  it  7.34  lb.  of  nitrogen. 
The  diagram,  Fig.  1,  shows  these  values  graphically. 
The  0.73  lb.  of  carbon  in  1  lb.  of  coal  will  produce 
0.73x32/3  =  2.68  lb.  of  CO2  in  the  flue  gas.  The 
hydrogen  will  form  0.36  lb.  of  water  vapor,  which  will 
condense  before  reaching  the  flue-gas  apparatus  and  so 
will  not  appear  in  the  analysis.  Therefore,  for  each 
pound  of  coal  the  flue  gas  will  contain  2.68  lb.  of  COg 
and  7.34  lb.  of  nitrogen,  or  a  total  of  10.02  lb.  of  gas. 


will  be  3.12 -|- 10.71  =  13.83  lb.  having  a  composition 
by  weight  of  22.5  per  cent.  CO2  and  77.5  per  cent.  N. 
Reducing  this  to  percentage  by  volume  gives  15.6  per 
cent.  CO2  and  84.4  per  cent.  N.  The  diagram  in  Fig.  2 
illustrates  these  computations  for  oil. 

In  comparing  the  two  cases  figured  it  must  be  re- 
membered that  they  refer  to  the  ideal  condition  where 
all  the  combustible  is  completely  burned  and  no  excess 
air  is  supplied.    In  other  words,  they  represent  the  best 
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theoretical  conditions.  Comparing  the  particular  sam- 
ples taken,  oil  could  not  possibly  give  a  higher  COj  read- 
ing than  15.6  per  cent.,  while  the  coal  theoretically  might 
give  18.8  per  cent. 

The  explanation  of  this  lies  in  the  greater  amount  of 
hydrogen  in  the  oil.  The  hydrogen  requires  oxygen  for 
its  combustion,  and  this  in  turn  brings  in  nitrogen,  which 
appears  in  the  flue  gas.  The  hydrogen  does  not  pro- 
duce CO2,  and  the  water  vapor  that  it  does  produce 
does  not  appear  in  the  flue-gas  analysis.  The  result  is 
that  the  higher  the  hydrogen  content  in  the  fuel  the 
lower  the  theoretical  CO2  percentage  in  the  flue  gas. 

Allowable  Pressure  in^Thick 
Hollow  Cylinders 

A  formula  for  computing  the  allowable  pressure  in 
thick  hollow  cylinders  was  given  in  London  Engineering 
for  Dec.  15,  1911.  This  formula  expresses  the  experi- 
mental results  of  Gilbert  Cook  and  Andrew  Robertson 
snd  may  be  written, 

where  P  =  the  allowable  pressure  in  pounds  per  square 
inch,  St  =  the  allowable  working  stress  of  the  mate- 
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CHART  FOR  COMPUTING  ALLOWABLE  PRESSURES  IN  THICK  HOLLOW  CYLINDERS 

rial  in  pounds  per  square  inch,  and  K  =  the  ratio  of  the 
external  diameter  to  the  internal  diameter. 

The  accompanying  chart  has  been  prepared  by  Her- 
man Steiger  from  this  formula  and  may  be  used  to 
determine  the  allowable  pressure  for  a  given  cylinder 
or  to  determine  the  dimensions  of  a  cylinder  for  a  given 
internal  pressure. 

Its  use  may  be  best  explained  by  an  example.  Sup- 
pose a  steel  cylinder  is  16  in.  outside  diameter  and  12  in. 
inside  diameter  and  the  metal  is  good  for  12,000  lb.  per 
sq.in.  working  stress.  It  is  desired  to  find  the  allowable 
internal  pressure.  From  the  given  external  diameter, 
16  in.,  on  the  vertical  scale  move  horizontally,  as  shown 
by  the  dotted  line,  to  the  line  marked  12  in.  internal 
diameter.  From  this  point  move  vertically  to  the  heavy 
curved  line  and  then  horizontally  to  the  line  marked 
12,000  lb.  working  stress.  Directly  below  this  point 
read  off  the  allowable  pressure  on  the  horizontal  scale, 
3000  lb.  per  square  inch. 

Suppose  it  is  desired  to  know  the  thickness  of  a 
cylinder   to   stand   3000   lb.   per   sq.in.    pressure   when 


the  internal  diameter  is  12  in.  and  the  allowable  stress 
is  12,000  lb.  per  sq.in.  From  the  3000-lb.  point  on  the 
horizontal  scale  move  upward  to  the  12,000-lb.  stress 
line  and  then  horizontally  to  the  curved  line.  From  here 
move  vertically  to  the  12-in.  internal  diameter  line  and 
read  off  the  external  diameter,  16  in.,  on  the  left-side 
scale. 

Steam  Electric  Power-Plant  Layouts 

By  B.  W.  Dennis 
A  few  of  the  practical  problems  that  are  not  always 
satisfactorily  solved  in  existing  power  plants  may  be 
of  interest  and  benefit  to  those  who  are  engineering  the 
location  of  new  equipment  or  the  alteration  of  present 
plants.  The  best  results  are  obtained  by  making  scale 
drawings  of  the  building  to  be  occupied  by  the  equip- 
ment in  question,  and  then  fitting  to  this  space  in  both 
plan  and  elevation  the  machines  that  are  to  be  installed. 
The  lower  limit  in  excavation  is  determined  by  drain- 
age problems  to  sewers  or  sump  pumps,  and  one  of  the 
usual  mistakes  is  to  limit  the  basement  headroom  for 
piping  and  allow  too  little  head  on  drain  traps  and 
pumps.  Many  basements  are  designed  without  a 
thought  for  light,  air  or  accessibility.  If  the  operator 
must  be  lowered   into  a  basement   dugout,   he  surely 

ought  to  have  room  to  work 
without  landing  on  top  of 
the  pump  or  equipment  to 
be    repaired    or    inspected. 
Another    fault    with    some 
modern  plants  is  the  care- 
less placing  and  pointing  of 
valves      which      must      be 
quickly  operated.    Another 
fault     is     to     unnecessar- 
ily crowd  the  side  clearance 
around    the    power    equip- 
ment.    This  is  not  only  a 
fault    from    the   operator's 
point  of  view,  but  from  the 
manager's   viewpoint    it   is 
costly     as     well.      Boilers 
should  not  only  have  clear- 
ance for  firing    and    with- 
drawing tubes,  but  room  to 
inspect  and  repair  the  set- 
ting,   piping   and    accesso- 
ries, and  room  and  ventila- 
tion for  the  ashman. 
Engines  and  pumps  should  have  not  only  room  for 
withdrawing  pistons  and  plungers,  but  the  necessary 
headroom  for  hoists  over  the  heavy  parts  and  should 
be  placed  in  conjunction  with  other  equipment  to  al- 
low easy  access  by  the  operator.     Turbines  must  have 
headroom  for  removing  their  spindle,  and  generators 
must  have  room   for  withdrawing  the  rotors.     These 
operations  should  be  by  crane  whenever  possible. 

Some  of  these  points  might  be  considered  as  never 
being  overlooked  by  designers,  but  operators  will  recol- 
lect them,  and  it  is  for  the  operation  that  plants  should 
be  laid  out.  I  remember  a  large  turbo-generator  in  the 
Middle  V/est  which  was  erected  to  allow  access  only 
for  lifting  its  spindle  by  the  electric  crane  overhead, 
but  its  generator  was  stuck  back  in  a  leanto  building, 
evidently  intending  that  it  would  never  need  repairs  or 
handling  of  its  rotor  by  the  crane.  The  only  object 
which  could  have  caused  placing  it  in  this  manner  must 
have  been  the  ventilation  of  the  generator. 

Designers  cannot  bury  their  mistakes  as  do  physi- 
cians, and  a  little  extra  thought  will  be  amply  repaid. 
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Industrial  Unrest 

MUCH  was  said  at  the  recent  meeting  of  the  Amer- 
ican Society  of  Mechanical  Engineers  about  the 
part  which  the  engineer,  with  his  analytical  habit  of 
thought,  his  judicial  methods  and  his  intermediate  point 
of  view,  should  play  in  allaying  the  prevailing  social 
unrest  and  reconstructing  industry  upon  the  basis  of  a 
just  and  lasting  peace. 

If  the  engineer  is  to  do  this,  if  the  engineering  press 
is  to  help  him,  there  should  be  some  understanding  as 
to  the  terms  upon  which  most  of  the  warring  factions 
can  agree,  and,  so  agreeing,  take  up  unitedly  the  com- 
mon struggle  of  man  against  his  environment,  and  of 
orderly  procedure  and  security  against  lawlessness,  con- 
fusion, self-interest  and  license. 

Whatever  the  future  may  develop,  we  believe  that  at 
present  the  majority  will  agree: 

That  the  capitalist  is  entitled  to  a  fair  amount  of  in- 
terest upon  money  actually  invested. 

That  the  promoter  and  conductor,  the  man  with 
initiative  and  enterprise,  the  man  with  an  idea  and  the 
ability  to  turn  it  into  a  service,  is  entitled  to  a  fair 
profit  upon  the  actual  cost  of  the  product  sold  or  of  the 
service  rendered. 

That  the  toiler  with  hand  or  brain  is  entitled  to  emolu- 
ment commensurate  with  the  service  rendered ;  and  that 
such  emolument  for  such  service  as  is  within  the  capa- 
city of  any  able-bodied,  mentally  sound  person  to  ren- 
der, should  be  sufficient  to  maintain  him  and  those 
dependent  upon  him  in  healthful,  comfortable  and  en- 
joyable circumstances  and  enable  him  to  accumulate  a 
competence  for  his  nonproductive  and  declining  years. 

That  the  consumer  is  entitled  to  the  necessities  of 
such  an  existence  at  the  cost  of  their  production  and 
distribution  plus  a  fair  profit  to  producer  and  dis- 
tributor. 

That  anybody  who  is  able  and  willing  to  work  is  en- 
titled to  a  place  in  the  industrial  organization,  with  a 
secure  tenure  upon  such  opportunity;  that  hours  of 
labor  should  be  so  adjusted  that  the  offered  man-power 
may  be  entirely  utilized  and  that  each  may  profit,  in 
reduced  hours  or  years  of  necessary  service,  by  the 
full  utilization  of  the  available  force  and  the  improve- 
ment of  its  efficiency  through  greater  diligence  or  bet- 
ter machinery,  tools  and  methods. 

It  is  urged  that  one  cure  for  the  high  cost  of  living 
that  is  at  the  bottom  of  most  of  the  present  discontent  is 
greater  productiveness.  If  each  is  to  have  more,  each 
should  produce  more.  But  when  the  individual  work- 
man is  urged  to  greater  diligence,  he  says :  "What  is 
the  use?  If  I  make  twice  as  many  pieces  a  day  I  wil' 
put  some  other  fellow  out  of  a  job,  restrict  the  demand 
for  my  own  labor  and  get  no  more  for  working  harder." 
If  those  who  toil  could  be  assured  that  the  results  of 
their  greater  activity  and  efficiency  would  come  back 
to  them  in  a  diminished  cost  of  the  necessities  of  life, 
in  an  increase  in  the  purchasing  power  of  a  day's  work, 
in  a  diminution  of  their  period  of  toil  either  in  a  short- 
ened day  or  in  their  years  of  necessary  service,  and 
not  go  to  swell  the  profits  of  the  manufacturer  and 
middleman,  there  would  be  a  natural  end  to  sabotage 
and  slacking  and  strikes. 


The  man  who  buys  a  suit  of  clothes  is  paying,  not 
for  so  many  pounds  of  material,  but  for  the  labor  of 
the  men  who  reared  and  tended  and  fed  the  sheep  while 
it  was  growing  the  wool ;  the  men  who  sheared  and 
collected  and  transported  and  sorted  the  wool;  the 
men  who  .vove  it  into  cloth,  the  men  who  built  the  fac- 
tory in  which  it  was  spun  and  woven  and  dyed  and 
those  who  conducted  those  processes,  even  the  men 
who  mined  the  coal  that  operated  the  power  plant  of  the 
factory ;  the  men  who  marketed  the  cloth,  and  those  who 
converted  it  into  garments,  and  the  men  who  operated 
the  railroads  by  which  it  was  transported  and  the  build- 
ings in  which  it  was  handled  through  all  these  processes. 
What  the  man  who  buys  the  suit  is  paying  for  is,  labor 
plus  profit;  and  assuming  a  given  percentage  of  profit, 
the  cost  to  him  is  fixed  by  the  price  paid  to  labor.  If 
everybody  along  the  line  slacked  and  loafed  and  wasted 
and  struck  and  demanded  an  exorbitant  wage  and  short 
hours,  his  suit  would  cost  him  much  more  than  as  though 
everybody  worked  at  his  best  efficiency  for  a  reasonable 
number  of  hours  at  a  fair  price  and  made  the  most 
economical  use  of  the  material  he  handled. 

The  war  has  made  us  rich  as  a  nation,  but  no  nation 
can  stay  rich  or  get  richer  by  laying  off  and  spending 
its  substance.  There  never  was  a  better  chance.  The 
storehouses  of  the  world  are  empty.  The  war-stricken 
nations  are  settling  down  to  retrieve  their  broken^  for- 
tunes. They  need  capital  and  raw  materials  and  finished 
products.  There  is  work  enough  for  everybody  ^  in 
repairing  the  ravages  of  the  years  of  war  and  getting 
the  world  upon  its  feet  again.  If  labor  will  settle  down 
to  this  task  and  work  at  its  best  efficiency,  and  if  pro- 
ducers will  be  satisfied  with  the  return  which  a  fair 
rate  of  profit  upon  such  a  volume  of  business  v/ould 
yield,  the  workingman  will  be  able  to  live  respectably 
upon  a  wage  which  will  allow  those  who  neither  profiteer 
nor  bargain  collectively  to  live  also. 

A  High-Grade  Man 

ONE  of  our  contemporaries  recently  published  an 
editorial  under  the  title  "What  Is  a  High-Grade 
Machine?"  which  brought  forth  considerable  comment. 
In  a  discussion  of  this  question  another  was  brought 
up:  "What  Is  a  High-Gride  Man?"  We  hear  both 
these  expressions,  "a  high-grade  machine"  and  "a  high- 
grade  man,"  used  rather  generally,  but  just  what  do 
they  mean  ?  More  especially,  what  do  you  mean  when 
you  speak  of  i  high-grade  man? 

When  considering  machines,  such  qualities  as  design, 
materials,  workmanship,  etc.,  are  used  in  an  endeavor 
to  classify  or  grade  them  as  high  or  Inw.  In  all  these 
ideas,  however,  suitability  for  the  intended  use  is  em- 
phasized. 

When  considering  men,  we  will  find  considerable  dif- 
ference of  opinion  as  to  what  qualities  should  be  used  to 
measure  a  man's  grade.  The  banker  is  likely  to  look 
■  on  the  ability  to  be  a  successful  busines  man  as  the  cor- 
rect measure  of  grade.  The  college  president  may  con- 
!=ider  the  number  of  degrees  he  has  as  the  important 
thing.  The  engineer  may  look  into  his  ability  to  clean 
a  fire  or  pack  a  pump.  So  we  might  go  on  indefinitely. 
One  point  seems  to  be  common  to  all — the  man  must  be 
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able  to  do  his  job.  The  real  reason  for  most  of  the 
differences  is  that  unless  you  take  a  certain  definite  in- 
dividual, each  observer  pictures  a  man  of  his  own  class 
or  profession. 

Another  measure  of  a  man's  grade  is  the  standing  he 
has  when  compared  with  his  immediate  superiors.  In 
the  method  of  rating  army  officers  during  the  war,  each 
individual  was  compared,  at  intervals,  with  five  officers 
of  the  next  higher  rank.  This  gave  a  measure  of  his 
fitness  for  promotion.  In  a  power  plant  a  man  may  be 
a  high-grade  watch  engineer,  but  only  comparison  with 
a  high-grade  chief  will  show  whether  he  can  rise. 

To  grade  the  man  in  terms  of  machine  qualities,  he 
should  have  proper  design,  materials  and  workmanship. 
He  should  be  designed  or  fitted  for  his  work.  A  man 
with  the  necessary  mental  qualities  to  be  a  high-grade 
doctor  would  probably  make  a  very  low-grade  engineer. 
He  should  be  made  of  the  proper  stuff.  He  must  have 
a  clear  mind  and  physical  strength  enough  to  do  his 
work.  And  he  should  be  the  product  of  good  workman- 
ship. That  is,  he  should  have  had  the  proper  training 
and  experience.  A  most  carefully  designed  cylinder, 
cast  from  the  best  of  iron,  is  not  a  high-grade  piece  of 
apparatus  until  it  has  been  machined  with  correspond- 
ingly good  workmanship.  So  the  man  may  be  suited 
for  his  work,  may  have  the  right  stuff  in  him,  but  can- 
not be  called  a  high-grade  man  until  he  has  been  fitted 
into  his  job  by  training  and  experience. 

"Finish"  is  another  quality  that  is  often  used  as  a 
measure  of  grade,  both  for  machines  and  men.  A  high- 
grade  machine  and  a  high-grade  man  are  likely  to  show 
a  high-grade  finish  as  a  direct  result  of  the  presence  of 
other  high-grade  qualities.  On  the  other  hand,  many  a 
machine  or  man  shows  a  high-grade  finish  when  that  is 
the  only  high-grade  quality  it  or  he  possesses.  Appear- 
ance or  personality  in  a  man  may  cover  up  many  a 
fault,  but  it  wears'  off  after  a  while  just  as  the  pamt 
or  polish  wears  off  the  machine.  We  don't  criticize 
these  qualities — they  are  good  things  to  have,  but  alone 
they  do  not  put  a  man  in  the  high-grade  class. 

Our  definition,  then,  of  a  high-grade  man  would  be 
one  who  is  designed  for  his  job,  has  the  mental  and 
physical  stuff  in  him  to  handle  the  job  and  who  has 
had  the  proper  experience  and  training  for  the  job — in 
short,  the  man  who  can  do  his  job  well  no  matter  what 
that  job  may  be.  If  he  has  a  high-grade  appearance  or 
personality,  so  much  the  better. 

October  Electrical  Exports 
and  Canadian  Trade 

ACCORDING  to  the  report  issued  by  the  Depart- 
ment of  Commerce,  Bureau  of  Foreign  and  Do- 
mestic Commerce,  Washington,  D.  C,  the  total  value 
of  exports  of  electrical  machinery  and  appliances  (ex- 
cluding locomotives)  from  the  United  States  during 
the  month  of  October,  1919,  to  foreign  countries 
amounted  to  approximately  $7,280,000;  of  this,  $1,205,- 
000  was  sent  to  Canada.  These  figures  are  significant 
for  several  reasons.  First,  here  is  a  country  in  which  a 
number  of  the  largest  United  States  electrical  com- 
panies have  established  manufacturing  plants,  and  yet 
it  imported  from  this  country  electrical  equipment  that 
amounted  to  approximately  one-sixth  of  our  total  elec- 
trical exports.  If  such  an  export  trade  can  be  developed 
with  a  country  of  approximately  eight  million  popula- 
tion, how  great  must  be  the  possibilities  with  the  rest 
of  the  world  if  proper  methods  are  adopted!  Compar- 
ing our  export  figures  to  Canada  with  those  to  Mexico, 
both  countries  on  our  borders,  the  latter  having  about 
double  the  population  of  the  former,  we  find  the  elec- 


trical exports  to  Mexico  amount  to  only  $215,358,  or 
approximately  one-sixth  the  value  of  our  Canadian  trade. 
This  is  all  the  more  significant  since  Mexico  is  a  re- 
public and  is  responsible  to  no  other  country,  whereas 
Canada  is  a  British  colony.  Although  both  have  vast 
natural  resources,  one  has  a  stable  and  responsible  gov- 
ernment, and  the  other  has  only  a  semblance.  In  this 
we  need  not  go  to  Europe  to  find  what  a  chaotic  gov- 
ernment means  to  a  nation;  we  have  it  at  our  southern 
border. 

Canada,  owing  to  her  limited  fuel  supply  and  its  loca- 
tion, must  depend  more  and  more  upon  her  waterfalls 
for  power  to  make  possible  her  industrial  development. 
The  development  of  water  power  in  most  cases  creates 
a  demand  for  large  quantities  of  auxiliary  electric  equip- 
ment. Another  significant  feature  of  the  October  elec- 
tric export  figures  to  Canada  is  that  $236,467  of  this 
was  for  electrical  motors.  A  large  proportion  of  these 
motors  are  used  for  industrial  purposes.  Do  these  fig- 
ures not  indicate  that  Canada  is  preparing  for  a  big 
industrial  boom,  especially  when  so  many  other  reports 
liave  come  from  over  our  northern  borders  of  the 
approaching  birth  of  a  period  of  industrial  development 
in  that  country?  American  manufacturers  should  read 
ilie  handwriting  on  the  wall  and  help  to  develop  this 
next-door  market. 

When  the  Coal  Is  Gone 

FARSIGHTED  managers  and  engineers  often  spec- 
ulate upon  what  will  become  of  us  when  the  fuel 
supply  is  exhausted.  According  to  The  Engineer,  this 
condition  has  come  to  France  already.  "Supplies,"  it 
says,  "may  become  more  plentiful  with  a  better  organ- 
ization of  transport  arrangement,  but  it  will  be  a  long 
time  before  they  are  sufficient  for  all  purposes,  and  the 
price  of  coal  will  never  again  make  it  economical  as  a 
source  of  motive  power."    The  italics  are  ours. 

This  condition  has  compelled  the  government  to  open 
up  various  undertakings  for  utilizing  the  Rhine,  the 
Rhone  and  the  Pyrenees,  the  electrical  energy  so  gen- 
erated being  distributed  throughout  the  country  by  a  net- 
work of  high-tension  mains.  At  the  same  time  the 
government  is  empowered  to  oblige  every  owner  of  a 
waterfall  to  install  an  electrical  generating  apparatus, 
either  for  himself  or  for  the  use  of  his  neighbors.  Sub- 
sidies will  be  granted  to  groups  of  agriculturists  and 
others  for  the  laying  out  of  hydro-electric  generating 
plants. 

And  we  are  letting  millions  of  horsepower  go  to  waste 
while  we  merrily  burn  up  the  remains  of  our  coal  supply. 

During  the  recent  coal  shortage.  Power  received  sev- 
eral inquiries  concerning  the  use  of  gasoline  electric- 
generating  sets  for  emergency  service.  As  is  usually 
the  case,  the  demand  in  such  cases  comes  very  unex- 
pectedly, and  before  it  can  be  met  the  acute  stage  of  the 
conditions  creating  it  have  usually  passed.  But  this 
leads  to  the  question  whether  there  are  not  a  great  maiiy 
plants  operating  under  conditions  where  it  would  be 
economy  to  install  such  sets  for  the  night  load  and  occa- 
sionally to  help  over  a  peak.  The  stand-by  losses  are 
nil,  and  it  is  merely  a  question  of  fixed  charges  on  the 
first  cost  balanced  against  stand-by  fuel  and  labor  costs 
of  the  steam  plant  during  the  period  of  very  little  load. 

F.  F.  Uehling,  writing  to  the  editor  of  the  New 
York  Evening  Sun,  says  that  the  burning  of  cinders  by 
the  aid  of  rock  salt  and  oxalic  acid  is  like  going  to  the 
garbage  pail  for  food.  But — the  garbage  has  some 
food  value. 
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Neglected  Parts  of  Water-Tube  Boilers 

In  the  Sept.  9  issue  of  Pozver  I  read  an  article  en- 
titled "Neglected  Parts  of  Water-Tube  Boilers."  After 
over  nine  years'  experience  with  twelve  500-hp.  water- 
tube  boilers,  I  cannot  agree  with  some  of  the  conclu- 
sions arrived  at  by  Mr.  Lewis.  It  is  true  that  the 
cleaning  of  caps  and  headers  is  a  hot,  dirty  job,  but 
why  the  job  should  be  prolonged  by  having  to  scrape 
off  sticky  gaskets  from  both  caps  and  headers,  I  canno; 
understand. 

Boilers  equipped  with  outside  caps,  when  new,  have 
metal-to-metal  joints  and  with  ordinary  care  can  be  kept 
tight  without  the  use  of  gaskets.  In  this  plant  with 
2592  tubes,  or  5184  caps,  we  have  three  caps  with  gas- 
kets, the  necessity  for  these  being  faulty  metal  in  the 
headers. 

Mr.  Lewis'  advice  regarding  tightening  of  the  caps  I 
consider  dangerous  to  life,  especially  when  dealing  with 
outside  caps.  It  is  a  wise  procedure  to  watch  the  caps 
when  the  boiler  is  being  filled  with  water  and  to  rectify 
any  leaky  caps  then,  but  when  any  man  goes  into  the 
back  chamber  of  a  boiler  that  has  full  steam  pressure  on 
and  attempts  to  tighten  up  a  leaky  cap  he  is  surely  court- 
ing trouble  for  himself. 

While  making  any  sort  of  a  joint  an  engineer  endeav- 
ors to  make  it  tight,  consequently  he  is  likely  to  stress 
the  bolts  as  much  as  is  good  for  them.  The  outside 
cap  of  certain  water-tube  boilers  is  4  in.  inside  diameter, 
and  deducting  lyi  in.  for  the  hole,  it  means  that  at  175 
lb.  pressure  the  bolt  has  to  take  an  added  stress  of  2025 
lb.,  and  to  attempt  to  tighten  up  a  leaky  cap  against 
that  pressure  is  not  good  practice.  Besides,  if  a  cap 
leaks  after  having  been  tightened  up,  it  clearly  shows 
that  some  foreign  substance  has  been  left  between  the 
two  faces,  and  the  only  remedy  is  to  clean  the  joint. 

My  object  in  writing  is  to  call  attention  to  what  I,  at 
least,  consider  to  be  a  very  dangerous  practice,  and  the 
slogan  "Safety  First"  might  well  be  emphasized  here. 

Vancouver,  B.  C.  ^  John  Melville. 

Faulty  Soldering  Caused  Trouble  on 

Direct-Current  Armature 

When  soldering  the  armature  connection  of  direct- 
current  machines  to  the  commutator  risers,  it  is  advis- 
able to  tilt  the  armature  slightly  as  shown  in  the  illus- 
tration, so  that  the  solder  will  have  a  tendency  to  run 
toward  the  front  of  the  risers.  If  this  precaution  is 
not  taken,  trouble  is  likely  to  occur  due  to  loose  pieces 
of  solder  lodging  behind  the  commutator  lugs.  The 
armature  may  test  all  right  and  be  put  into  service  with- 
out the  trouble  showing  up  for  a  considerable  time,  but 


eventually  it  will  do  so,  as  the  following  example  will 
illustrate : 

This  particular  machine  had  given  no  trouble  for  two 
years  or  more.  Then  the  commutator  began  to  get  ex- 
cessively hot  in  places,  due  apparently  to  carbonized 
mica,  as  the  bars  were  badly  discolored  by  the  heat.  It 
was  decided  to  re-mica  the  bad  sections  of  the  commuta- 
tor. In  carrying  out  this  operation  it  was  unnecessary 
to  disturb  the  connections,  as  with  the  commutator  loos- 
ened up  it  was  a  simple  matter  to  slip  the  new  mica  be- 
tween the  segments.  After  tightening  up,  a  bar-to-bar 
test  was  made  with  a  millivoltmeter  and  everything  ap- 
peared to  be  all  right.  The  commutator  was  then  trued 
up  in  the  lathe,  the  surface  shorts  picked  out  and  tested 
once  more.  The  result  this  time  was  far  from  satisfac- 
tory.   Four  low  readings  were  found  between  segments. 


ARMATURE     ON     PEDESTALS     WITH     COMMUTATOR     END 
LOW^ER    THAN    PULLEY    END 

indicating  shorts,  but  not  in  the  same  position  as  the 
faults  had  been  previously.  This  was  rather  unusual, 
and  the  only  thing  to  do  was  to  open  up  the  commutator 
again  and  put  in  more  mica.  After  this  was  done  a  test 
v/as  made  which  showed  that  one  short  had  gone,  but 
two  more  showed  up.  When  the  operation  of  loosening 
and  tightening  the  commutator  had  been  completed  about 
six  times  with  the  trouble  coming  and  going,  it  was  de- 
cided to  lift  the  leads  out  where  the  bad  spots  were. 
When  this  was  done,  the  source  of  all  the  trouble  was 
uncovered.  Pieces  of  solder  were  found  packed  in  be- 
tween the  risers  and  the  tape  used  as  a  space  filler  at 
the  back  of  the  'commutator.  All  the  leads  were  then 
lifted,  the  tape  taken  off  and  the  excess  solder  removed. 
After  soldering  up  again,  the  armature  tested  ail 
right,  no  further  trouble  occurring.  It  was  apparent  that 
in  loosening  the  commutator  to  insert  the  new  mica,  the 
solder  had  been  disturbed,  allowing  it  to  come  in  contact 
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with  the  segments.  The  fact  that  the  armature  had  been 
well  varnished  and  baked  probably  prevented  the  trouble 
from  taking  place  during  the  time  the  machine  was  in 
use.  H.  Wilson. 

Toronto,  Ont.,  Canada. 

Boiler  Bagged  Due  to  Muddy  Water 

A  small  return  horizontal-tubular  boiler,  48  in.  in 
diameter  and  10  ft.  long,  made  with  y\-in.  thick  plate 
and  working  with  a  pressure  of  90  lb.,  was  recently 
bagged  due  to  muddy  water  that  was  obtained  from  a 
mine,  although  good  water  could  have  been  obtained 
from  the  river,  only  150  ft.  distant  from  the  plant. 


SHOV^^ING   WHERE   BOILER   BAGGED 

The  boiler  has  a  bag  3  ft.  in  length  and  sagging  at 
the  lowest  point  8  in.  from  its  original  position.  The 
stretch  of  the  plate  was  from  -f^  in.  to  yk  in,  in  thick- 
ness. 

The  question  arises  as  to  who  is  to  blame  for  the 
trouble,  the  engineer  in  charge  of  the  boiler  or  the  man- 
ager in  charge  of  the  mine?  There  does  not  seem  to 
be  much  sense  in  using  muddy  water  from  the  mine 
when  clean  water  could  have  been  obtained  without 
much  trouble  from  the  river  which  was  so  close  by. 

Wayne,  Alberta,  Canada.  Edward  Jesse. 

Repairing  a  Commutator  Under 
Difficulties 

In  many  cases  the  motors  in  printing  establishments 
are  situated  under  the  presses,  where  they  collect  oil  and 
dirt,  little  attention  being  paid  to  them  except  to  oil  the 
hearings;  and  since  the  oil  can  is  much  in  evidence 
around  a  press,  the  motors  generally  come  in  for  an 
ever  supply.  Often  the  oil-well  overflow  is  choked  with 
dirt  and  the  excess  oil  is  thrown  out  on  the  commutator, 
where  it  collects  dust  and  dirt.  This  is  a  fruitful  cause 
of  grounds  and  short-circuits,  since  it  produces  sparking 
at  the  brushes,  heats  the  commutator  and  carbonizes  the 
mica  in  spots.  The  charred  mica,  if  not  picked  out  in 
time,  will  eventually  work  through  to  ground,  if  it  does 
not  cause  one  or  more  coils  in  the  winding  to  burn  out 
before  this  occurs. 

On  one  occasion  an  armature  was  grounded  and  upon 
inspection  the  trouble  was  found  to  be  at  the  back  of 
the  insulating  ring  on  the  front  end  of  the  commutator. 
It  was  very  important  that  the  machine  be  kept  in  serv- 
ice, therefore  a  hurry-up  job  in  making  the  repairs 
was  necessary.  However,  three  things  made  it  rather 
difficult,  namely:  The  commutator  tightening  ring  was 
on  the  inside,  which  meant  lifting  all  the  leads  in  order 
to  loosen  it  up;  the  insulation  on  the  winding  was  in 
very  bad  shape,  consequently  the  coils  would  not  bear 


removing;  third,  the  commutator  bars  were  worn  so 
thin  that  it  was  out  of  the  question  to  attempt  opening 
the  commutator  and  truing  it  up  again  in  the  lathe.  The 
whole  armature  was  in  bad  condition  and  needed  to  be 
rebuilt.  Another  motor  to  replace  the  machine  in  trou- 
ble could  not  be  obtained  on  short  notice,  therefore  it 
was  decided  to  patch  up  the  commutator  somehow. 

At  first  I  endeavored  to  pick  out  the  charred  mica  at 
the  top  of  the  commutator  with  a  steel  picker,  but  the 
trouble  extended  back  to  the  corner  of  the  insulating 
ring,  which  made  it  impossible  to  remedy  the  trouble 
by  this  method.  As  a  last  resort  it  was  decided  to  cut 
the  end  of  two  bars  off  over  the  bad  spot.  This  method 
worked  all  right  and  was  carried  out  as  follows : 

A  thin  piece  of  steel  was  pushed  under  the  bars  back 
to  the  corner  of  the  V-ring  to  get  the  depth,  and  a 
mark  was  made  on  the  top  of  the  commutator,  as  at  D. 
Then  with  a  drill  slightly  smaller  than  the  width  of  a 
bar  I  drilled  through  at  a  point  in  front  of  the  mark  so 
as  to  leave  a  slight  overlap  to  support  the  bar.  The 
end  was  then  broken  off,  exposing  the  bad  spot,  which 
was  comparatively  easy  to  clean  out  and  reinsulate 
with  new  mica.  With  a  small,  sharp  chisel  the  ends  of 
the  bars  were  shaped  as  at  E,  and  two  pieces  of  copper 
cut  to  replace  the  parts  broken  off.  These  had  an  ex- 
tension A  at  the  end,  so  that  the  cord  band  would  help  in 
holding  them  down.  The  parts  are  tinned  and  sweated 
together,  care  being  taken  to  prevent  solder  working  in- 
side the  commutator.  Mica  with  a  little  shellac  was  then 
pushed  in  between  the  new  pieces  of  bar,  and  calked  in 
slightly  to  keep  it  in  place.    After  smoothing  down,  the 


DETAILS  OP  COMMUTATOR  REPAIR 

points  were  hardly  perceptible.  The  machine  ran  all 
light  for  some  time  until  the  armature  was  taken  out 
and  rewound,  and  at  the  same  time  a  new  commutator 
was  installed.  H.  Wilson. 

Toronto,  Ont.,  Canada. 

Wants  a  Continuous  Indicator 

A  neglected  feature  in  the  power  plant  is  what  should 
be  known  as  the  self-recording  cylinder  indicator.  Engi- 
neers indicate  their  engines  once  in  24  hours,  three  times 
a  week,  once  a  month,  and  in  other  cases  not  until  an 
engine  begins  to  pound  or  a  bearing  begins  to  heat.  An 
indicator  diagram  shows  the  working  condition  of  steam 
in  the  cylinder  for  that  one  revolution  but  nothing  more. 

Why  does  not  someone  invent  an  instrument  that  will 
record  not  only  the  exact  condition  of  the  valves  at  every 
revolution,  but  at  the  same  time  show  the  irregularities 
of  the  amount  of  horsepower  being  used  at  all  times? 
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]f  the  instrument  has  a  clock  dial,  the  engineer,  upon 
noting  a  varied  load  when  it  should  be  normal,  could 
go  over  the  plant  and  thereby  ascertain  what  machine 
was  off  and  the  cause  for  the  delay  of  time  or  loss  in 
output.  As  matters  are  now,  nothing  is  known  about  it 
unless  the  fireman  cuts  his  fires  or  the  operating  engi- 
neer notices  the  position  of  the  governors  of  his  engines 
or  the  reading  of  the  switchboard  instruments. 

Brenham,  Tex.  H.  W.  Rose. 

Repairing  Cracked  Pump  Casing 

V  The   discharge  casing  of  a   large   centrifugal   pump 

developed  a  crack  while  the  pump  and  its  30-in.  suction 
line  were  being  tested  for  leaks  with  a  water  pressure 
of  30  lb.    This  pump  supplies  the  circulating  water  for 


HOW   THE  CRACKED  CASING  WAS   REPAIRED 

a  surface  condenser  and  operates  against  an  8-ft.  head, 
the  suction  lift  being  about  10  ft.,  so  it  is  not  plain  why 
the  30-lb.  test  pressure  was  thought  necessary. 

The  crack  was  on  the  top  of  the  upper  half  of  the 
casing,  running  lengthwise  and  practically  in  a  straight 
line  for  18  in.  To  repair  this  fracture,  the  casing  was 
chipped  at  two  equidistant  points  from  the  ends  of  the 
crack  to  receive  the  links  as  shown  in  the  figure.  These 
links  were  made  of  ^-in.  boiler  plate  and  constructed 
to  give  a  snug  fit  when  cold.  The  crack  was  then 
treated  to  an  iron-cement  preparation  while  a  low 
vacuum  was  kept  on  the  pump ;  the  links,  after  being 
given  a  good  red  heat,  were  dropped  into  place  and  a 
piece  of  a  hacksaw  blade  slipped  between  the  lips  of 
links  and  casing,  giving  a  good  fit. 

The  crack  was  drawn  together  firmly  as  the  links 
cooled  and  has  given  no  trouble,  the  pump  having 
been  in  almost  daily  operation  for  the  last  five  years. 

Chicago,  111.  Arnold  Erickson. 

Why  Not  Express  Vacuum  Values 
in  Per  Cent.? 

The  method  proposed  by  Mr.  Weaver  {Power,  Sept. 
2,  1919,  p.  396)  has  been  used  in  Germany  for  many 
years  and  seems  to  have  been  acceptable  to  the  Ger- 
man engineers.  It  has  not  been  adopted  by  American 
engineers,  however,  on  account  of  certain  objections. 

In  the  first  place  "93  per  cent,  vacuum"  does  not 
mean  anything  to  an  engineer  unless  he  also  knows  the 
barometer,  for  it  is  perfectly  obvious  that  a  "93  per  cent, 
vacuum"  and  30-in.  barometer  means  a  greater  absolute 
pressure  and  temperature  in  a  condenser  than  a  "93  per 


cent,  vacuum,''  say  in  Colorado,  with  only  a  2.S-in. 
barometer.  In  the  first  case,  the  absolute  pressure  would 
be  2.1  in.  of  mercury  with  a  corresponding  steam  tem- 
perature of  103  deg.  F.  and  in  the  second  case  of  1.75 
in.  of  mercury  with  a  corresponding  temperature  of  97 
dtg.  F.  It  is  therefore  obvious  that  vacuum  can  be  ex- 
pressed in  "per  cent."  only  in  a  section  of  country  like 
Holland,  where  there  is  practically  no  change  in  altitude. 
Even  in  that  case  the  daily  variation  of  barometer  would 
have  to  be  taken  into  account,  for  a  27.8-in.  vacuum  with 
2  29.8-in.  barometer  is  just  as  good  a  vacuum  as  a 
28.3-in.  vacuum  with  a  30.3-in,  barometer,  although  the 
per  cent,  vacuum  is  different. 

Furthermore,  all  our  steam  quantities,  as  given  in  the 
steam  tables  and  on  graphical  diagrams,  are  based  on 
absolute  steam-pressure  measurements.  Therefore  con- 
denser pressures  must  finally  be  reduced  to  these  abso- 
lute pressures  if  any  computations  are  to  be  made. 

Mr.  Weaver  is  correct  in  stating  that  "vacuum  in 
inches  means  nothing  to  me  unless  I  know  the  actual 
barometer."  If  this  information  is  at  hand,  it  is  un- 
necessary to  calculate  "per  cent,  vacuum,"  for  refer- 
ence can  be  made  directly  to  the  steam  tables.  It  is 
therefore  apparent  that  no  appreciable  gain  would  be 
made  by  the  adoption  of  the  proposed  "per  cent, 
vacuum"  in  this  country.  A.  G.  Christie. 

Baltimore,  Md. 

Fractured  Oil-Engine  Piston  Head 
Repaired 

On  Diesel  engines  it  is  customary  to  "sew"  cracks  or 
fractures  in  the  piston  heads.  This  is  a  somewhat  dif- 
ficult proceeding  and  too  expensive  for  hot-ball  engine 
pistons.  The  illustration  shows  a  method  that  has  been 
followed  with  success  in  several  instances.  The  frac- 
ture is  covered  with  a  drilled  /4in.  boiler-steel  plate 
and  the  piston  head  has  tapped  holes  for  ^-in.  cap- 
screws  to  match  the  holes  in  the  plate.    A  thin  layer  of 


PATCHED  OIL  ENGINE  PISTON 

iron  cement  is  placed  between  the  piston  head  and  the 
plate,  after  which  the  capscrews  are  tightened. 

To  eliminate  danger  of  preignition,  due  to  the  cap- 
screw  heads  becoming  incandescent  while  the  engine 
is  running,  the  heads  can  be  cut  off  and  the  shanks  of 
the  screws  riveted  over  the  plate.  If  this  is  done,  the 
holes  in  the  plate  should  be  counterbored  to  permit  a 
better  riveting.  ^  L.  H.  Morrison. 

San  Pedro,  San  Domingo. 
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Boiler  Blo\>  off*  Lines  and  Valves 

Having  read  with  interest  the  various  articles  pub- 
lished in  Pmver,  relating  to  boiler  blowoff  valves  and 
lines  and  having  had  experience  with  similar  equipment, 
a  few  cases  and  their  defects  and  the  remedy  as  applied 
may  be  of  interest. 

In  one  plant  containing  ten  vertical  water-tube  boil- 
ers set  in  batteries  of  two  boilers  each  and  nine  hori- 
zontal return-tubular  boilers  set  a  solid  battery,  the 
blowoff  system  consisted  of  a  4-in.  header  run  in  an 
open  trench  back  of  the  vertical  boilers  and  about  three 
feet  below  the  mud-drum  outlet,  screw-end  reducing 
tees  being  used  in  the  header  to  take  care  of  the  blowoff 
from  each  boiler.  Jhe  tees  were  2^  x  4  x  4  in.  with 
2i-in.  outlet  looking  up.  Into  the  tee  was  screwed  a 
short  nipple  with  flange,  on  top  of  which  was  bolted 
the  blowoff  valve,  of  angle  tyipe ;  next  to  the  inlet  of  the 
valve  was  placed  an  asbestos-packed  plug-cock  with 
screw  ends,  fitted  with  a  nip- 
ple and  flange  connections  be- 
tween valve  and  boiler  piping. 
From  this  cock  piping  was 
run  direct  to  the  mud-drum. 

The  blowoff  line  from  the 
return-tubular  boiler  was  run 
in  the  same  manner  with  the 
exception  that  the  4-in.  head- 
er was  placed  5  ft.  above  the 
header  for  the  vertical  boilers. 
The  two  headers  were  con- 
nected by  the  use  of  two  ells 
and  a  drop  leg. 

In  blowing  down  the  return- 
tubular  boilers  it  was  neces- 
sary for  the  men  to  walk  along 
on  top  of  the  4-in.  header  and 
stand  over  each  valve  and  cock 
when  opening  them,  as  there 
was  not  space  enough  bet^veen 
the  wall  of  the  building  and 
the  boiler  setting  for  a  pas- 
sageway. In  blowing  down 
the  vertical  boilers  it  was  nec- 
essary to  stand  over  the  valves 
and  on  the  -vipe  line  or  on  the 
edges  of  le  open  trench, 
which,  needless  to  say,  was  al- 
ways filled  with  water  and  dirt. 

*  Not  only  was  this  layout  dangerous,  but  it  was  with 
difficulty  that  the  boilers  could  be  blown  or  repairs  made 
to  the  line,  consequently  a  tight  blowoff  line  under  such 
conditions  was  not  often  found.  A  blocked  blowoff 
was  to  be  dreaded  as  it  meant  dangerous  work  for  the 
mechanic  and  the  boiler-room  operator,  whose  duty  it 
was  to  remedy  the  trouble;  besides  delays,  there  was 
the  keeping  the  boiler  out  of  service. 

The  blowoff  header  was  run  into  a  closed  sewer 
which  did  not  permit  ready  examination  of  the  line, 
and  it  often  necessitated  unnecessary  work  in  locating 
trouble  in  the  line. 

In  this  particular  case  a  remedy  could  be  effected  by 
putting  in  a  deeper  concrete  trench  for  the  length  of  the 
boiler  room  and  laying  a  new  header  supported  on  cast- 
iron  chairs,  high  enough  in  the  trench  to  remain  dry; 
and  by  using  flanged  fittings  instead  of  screw  fittings, 
and  placing  a  suitable  gate  valve  between  the  end  of 
the  vertical  boiler  header  and  the  header  serving  the 


return-tubular  boiler;  also  providing  at  the  outlet  a 
suitable  blowoff  dump  or  tank,  where  an  examination 
of  the  outlet  line  could  be  made  at  any  time  and  a 
leakj-  valve  or  cock  detected  at  once.  A  more  compact 
and  up-to-date  type  of  valve  and  cock  should  also  be 
used  instead  of  one  requiring  a  long-handled  wrench  for 
opening. 

In  another  plant,  having  two  batteries  of  horizontal 
water-tube  boilers,  the  blowoff  system  consisted  of  a 
4-in.  header  that  ran  from  one  end  of  the  boilers  to  a 
surface-blowoflT  tank  set  on  the  outside  of  the  building. 
This  tank  was  pi-ovided  with  a  vent  pipe,  through  which 
any  leakage  was  readily  detected  and  with  a  manhole 
and  surface  drain  for  cleaning. 

The  blowoff  lines  consisted  of  two  2i-in.  lines  run 
from  the  back  leg  of  each  boiler  downv%-ard  and  then 
connected  horizontally  by  means  of  flanged  ells.  In  the 
horizontal   pipe   a    one-quarter-tum   flanged-connection 


A  POORLY  DESIGNED   BLOWOFF   PIPE   LINE   AXD   CONNECTIONS 


plug-cock  was  placed  and  to  this  was  connected  an  angle' 
blowoff  valve,  with  flanged  fittings,  from  the  vertical 
outlet  of  the  blowoff  valve.  A  suitable  line  was  con- 
nected to  the  header. 

This  line  was  so  situated  that  a  man  could  operate 
all  cocks  and  valves  while  standing  erect  and  at  one 
side  of  the  levers  and  valve  handles.  The  header  and 
trench  were  neatly  covered  bj'  a  perforated  floor  plate 
cut  out  around  the  vertical  outlets.  The  space  between 
the  boilers  and  the  wall  was  in  this  case  6  ft.  and  was 
well  lighted  by  day  and  night.  This  line  is  always 
kept  in  perfect  condition.  P.  R.  DuFFEY. 

Hagers,  Iowa. 


The  City  of  Tacoma  has  under  consideration  at  the 
present  time  a  scheme  to  develop  75,000  hp.  from  the 
Lake  Cushman  power  site  on  the  Snohomish  River.  This 
hydro-electric  development  will  utilize  a  head  of  580 
feet. 


January  20,  1920 
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^.^ .  INQUIRIES 
f  "  OF  GENERAL 
INTEREST 


Riveting  of  Boiler  Dome  for  125  lb.  Working  Pressure. — 
The  30-in.  diameter  dome  of  a  boiler  that  is  intended  to  carry 
125-lb.  pressure  has  a  double-riveted  lap  joint  and  single 
riveting  of  the  flange  to  the  shell.  Is  this  construction  per- 
missible under  rules  that  follow  the  A.  S.  M.  E.  Boiler 
Code?  J.  S.F. 

The  construction  would  not  be  permissible  for,  according 
to  paragraph  194  of  the  A.  S.  M.  E.  Boiler  Code,  the  longitudi- 
nal joint  of  a  dome  24  in.  or  over  in  diameter  should  be  of  butt 
and  double-strap  construction  and  its  flange  should  be  double- 
riveted  to  the  shell  when  the  maximum  allowable  working 
pressure  exceeds  100  lb.  per  square  inch. 


Conversion  of  B.t.u.  Into  Horsepower — How  many  horse- 
power will  be  developed  by  an  expenditure  of  210  B.t.u.  per 
minute?  S.  C. 

The  mean  value  of  most  trustworthy  investigations  for  de- 
termination of  the  mechanical  equivalent  of  heat,  founded  on 
experiments  in  which  mechanical  work  was  transformed  di- 
rectly into  heat  and  electric  energy  was  changed  into  heat, 
when  reduced  to  mean  B.t.u.,  gives  the  result, 

1  mean  B.t.u.  =,777.54  standard  ft. -lb. 

For  ordinary  calculations  the  value  777.5   ft.-lb.  is  taken. 

As  a  horsepower  is  development  of  energy  at  the  rate  of 
33,000  ft.-lb.  per  min.,  an  expenditure  of  210  B.t.u.  per  min. 
would  develop 

(777.5  X  210)  -^  33,000  =  4.95  hp. 


Advantages  of  Modern  Over  Old-Style  Fljrwheel  Pumps 
— In  modern  designs  of  direct  steam  pumps,  why  is  it  possible 
to  dispense  with  a  flywheel,  and  what  is  the  disadvantage  of 
a  single  pump  with  flywheel?  R.  B. 

In  the  earlier  designs  of  steam  pumps  a  flywheel  was  neces- 
sary for  obtaining  momentum  to  reverse  the  direction  of  the 
stroke,  and  a  single  pump  could  not  be  started  up  with  the 
crank  on  a  dead-center  or  be  run  very  slowly.  In  modern  di- 
rect single  steam  pumps,  the  steam  admission  valve  is  steam- 
thrown.  It  is  reversed  at  the  end  of" the  stroke  by  pressure 
of  live  steam  under  the  control  of  an  auxiliary  valve  that  is 
mechanically  operated  by  the  main  piston  upon  the  completion 
of  the  stroke.  In  some  forms  of  pumps  the  main  piston  and 
auxiliary  valves  are  combined.  In  duplex  pumps  one  engine 
operates  the  valve  gear  of  the  other;  that  is,  reversal  of  one 
side  is  effected  by  the  other  side  before  reaching  the  end  of 
its  stroke.  In  modern  pumps,  besides  dispensing  with  a  fly- 
wheel for  reversing,  single  as  well  as  duplex  pumps  can  be 
started  at  any  point  of  the  stroke  and  can  be  operated  as  slowly 
as  desired. 


Reduction  of  Plate  Thickness  at  Circumferential  Joints — 

Why  is  it  necessary  to  plane  down  that  part  of  boiler  plates 
forming  the  laps  of  the  circumferential  joints  of  horizontal 
return-tubular  boilers  when  the  thickness  of  plates  exceeds 
A  in.?  Does  this  not  reduce  the  strength  of  the  joint?      P.  F. 

The  portion  of  the  plates  forming  the  laps  of  the  circum- 
ferential joints  where  exposed  to  the  fire  or  products  of  com- 
bustion, should  be  planed  or  milled  down  to  ^  in.  in  thickness 
to  render  the  plate  thin  enough  for  the  plates  and  rivets  at 
the  joints  to  be  kept  sufficiently  cooled  by  the  water  of  the 
boiler  to  prevent  their  becoming  burned.  While  this  reduction 
of  thickness  lowers  the  strength  of  the  joint,  it  may  be  reduced 
to  only  35  per  cent,  of  the  strength  of  the  longitudinal  joints. 


provided  50  per  cent,  or  more  of  the  load  that  would  act  on 
an  unstayed  solid  head  of  the  same  diameter  is  relieved  by 
the  effect  of  tubes  or  through  stays,  and  in  that  way  plates  of 
unusual  thickness  and  longitudinal  joints  of  highest  efficiency 
may  be  employed  with  circumferential  joints  planed  down  to 
y2  in.  in  thickness  without  reduction  of  working  pressures 
below  those  appropriate  to  the  strength  of  the  longitudinal 
joints. 


Removing  Oil  from  New  Boilers — How  can  new  boilers 
be  boiled  out  to  get  rid  of  considerable  oil  and  grease  in  them? 
Will  oil  and  grease  left  inside  of  the  boilers  by  the  boilermakers 
have  any  injurious  effect  in  operation?  L.  E.  G. 

A  simple  method  of  removing  grease  and  oil  is  to  boil  off 
the  grease  with  about  one-tenth  pound  of  soda  ash  to  a  horse- 
power of  boiler  capacity.  Pulverized  soda  ash  can  be  intro- 
duced through  any  opening  above  the  water  level  in  the  boiler 
vvhcn  the  gage  pressure  is  zero.  After  the  soda  ash  is  added, 
fill  the  boiler  nearly  full  of  water  and,  with  the  safety  valve 
raised  so  there  cannot  be  accumulation  of  pressure  above  that 
of  the  atmosphere,  hold  the  water  to  the  boiling  point  w-ith  a 
slow  fire  for  about  24  hours,  and  then  draw  off  the  boiler  and 
thoroughly  wash  the  interior  with  clean  water  and  wash  out 
the  safety  valve  and  other  valves  and  connections,  to  remove 
all  gumming  or  other  traces  of  the  soda  ash.  More  than  one 
such  boiling  off  and  washing  may  be  necessary  for  removal  of 
unusual  quantities  of  oil  and  grease.  Generally,  the  amount  left 
by  the  makers  is  not  enough  to  cause  boilers  to  become  burnt, 
but  if  not  boiled  off,  the  oil  is  likely  to  cause  priming  and  trou- 
ble from  leaks  that  may  be  started  by  the  oil  or  prevented  by  its 
presence    from    becoming    rusted   tight. 


Raising  Water  by  Movable  Bent  Tube — What  method  is 
used  in  calculating  the  height  to  which  water  can  be  raised  by 
an  object  passing  through  the  water,  such  as  a  locomotive  trav- 
eling at  the  rate  of  fifteen  miles  per  hour,  taking  water  from  a 
track  tank?  D.  J.  J. 

The  theoretical  height,  or  height  to  which  standing  water 
would  rise  in  a  bent  tube  wifh  the  open  end  presented  in  the 
direction  of  its  motion,  without  frictional  resistance,  is  given 
by  the  formula : 

where  h  =  height  in  feet,  v  =  velocity  in  feet  per  second,  g  = 
acceleration  of  gravity  =  32.174  (ordinarily  taken  =  32.2). 

For  a  velocity  of  fifteen  miles  per  hour  we  would  have  v  ^ 
(15  X  5280)  -^  60  X  60  =  22  ft.  per  sec,  and  by  substituting  the 
values  of  v  and  g  in  the  formula,  the  theoretical  height  is  found 
to  be 

/j=  (22)= -^  2X322  =  7.5  ft. 

But  when  a  flow  takes  place,  part  of  the  pressure  at  the  sub- 
merged end  of  the  tube  is  lost  in  overcoming  friction  at  the 
entrance  of  the  tube  and  along  its  length,  the  amount  depend- 
ing on  the  form  of  the  entrance  and  the  form,  length  and 
roughness  of  the  tube,  the  number  and  character  of  bends  and 
rate  of  discharge,  all  tending  to  reduce  the  actual  below  the 
theoretical  height.  These  sources  of  loss  usually  are  so  com- 
plex that  the  height  to  which  water  can  thus  be  raised  with  a 
given  rate  of  discharge  can  be  determined  only  by  trial  under 
the  actual  conditions. 
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Condenser,  New  Compartment 

Wheeler  Condenser  ,ind  Engineering  Co.,   Carteret,  N.  J. 
"Power,"  Nov.  22,   1919. 

This  condenser  is  divided  into  four  com- 
partments, each  being  equipped  with  a  set 
of  valves  to  control  the  circulating  water. 
This  permits  any  tube  or  tubes  to  be 
temporarily  plugged  and  other  repairs 
made  without  taking  the  condenser  out  of 
service.  To  clean  while  the  turbine  is  de- 
livering full  power,  the  operator  shuts  the 
water  off  from  one  compartment,  removes 
the  cover,  cleans  the  tube  and  replaces 
the  cover,  turns  on  the  water  again  and 
•  then  passes  to  the  next  compartment.  The 
operation  is  repeated  until  all  are  clean. 
While  one  compartment  is  being  cleaned 
the  other  compartments  temporarily  take 
over   the  turbine  load. 


I  Stoker,   Illinois  Forced-Draft  Chain-Grate 

I      Illinois  Stoker  Co.,  Alton,  111. 

I  "Power,"    Nov.    4,    1919. 

'       This  stoker,   of   the  chain- 

I  grate  type,  is  fitted  with  U- 

j  shaped  tuyere  boxes  that  ex- 

j  tend  across  the  furnace.    Air 

I  is     admitted    to    the    tuyere 

j  boxes       from       a       windbox 

I  through    .a    cast-iron    sleeve, 

J  the   air   being   controlled    by 

I  hinged    dampers    or   by   cast- 

[  iron        dampers        operating 

,  through    the    side    wall    and 

j  located    in    the    top    of    the 

I  tuyere  boxes.  They  are  oper- 

I  ated  from  the  outside  of  the 

I  boiler  setting.  _  Longitudin  -1 

I  girders    on    skids    carry    the 

I  grates  and  maintain  the  sur- 
face  of   the    grate    level    and 

reduce  the  amount  of  drippage  and  eliminate  the  use  of  rollers.  Stokers 
10  ft.  wide  and  over  are  provided  with  double  drivei.  Sifting*  are 
removed  from   the  tuyeres   by   means  of  a  steam-   or   air-jet   blower. 


Setting,  Unlflow  Boiler 

Uniflow   Boiler   Co.,  Inc.,   Philadelphia,  Penn. 
"Power,"   Nov.   4,    1919. 

This  furnace  and  setting  is 
designed  for  each  individual 
boiler,  and  drawings  are  fur- 
nished with  each  installation. 
Air  enters  through  the  bridge- 
wall  in  such  a  way  that  it  is  not 
preheated  and  smokeless  com- 
bustion and  secondary  ignition 
from  the  fuel  result.  An  in- 
verted arch  extends  from  the 
bridge-vyall  to  the  rear  of  the 
boiler,  and  the  gases  are  made 
to  impinge  against  the  shell  with 
a  scouring  action  which  keeps 
that  portion  of  the  shell  clean. 
The  construction  of  the  setting 
prevents  internal  expansion  from 
disturbing  the  entire  brickwork. 
Red  brick  is  retained  as  a  struc- 
tural element,  and  the  firebrick 
,  ,  functions    as   the    heat-ins-ulating 

element   alone.      With   this  setting  the   boiler  is  suspended  from   I-beams 

supported  by  the  red  brickwork. 


i  Regulator,   Hagan  Combustion  Control 

'       Hagan   Corporation,    Peoples   Bank   Building,    Pittsburgh.    Penn. 

I  "Power,"  Oct.  21,   1919. 

I       This    system    consists    of    a    regulator    and    a 

j  rotor  reciprocating  valve.     The   regulator  con- 

I  trols   the   damper,    the   rotor   valve,    the   steam 

[  to   ihe   stoker   and   fan   engine.      Both   work   in 

I  unison.     The  regulator  is  fitted  with  an  auxil- 

j  iary    air    cushion    and    a    secondary    diaphragm 

r  by  means  of  which  the  mech.inism  is  made  to 

j  take    an    incremental    movement    for    variations 

I  in  rate  of  flow  of  steam  pressure  between  two 

'  extremes.     The  sensitiveness  of  the  apparatus 

I  is  secured  by  varying  the  pressure   in   the  air 

I  chamber  and  by  changing  the  angularity  of  an 

]  adjustable     compensator.       These     adjustments 

I  make  it  possible  to  secure  a  full  stroke  of  the 

I  regulator  with  a  differential  pressure  as  small 

I  as  1   oz.  or  as  great  as   15  lb.     By  means  of  a 

]  bypass    valve,     the    regulator    can    be    thrown 

I  into   its  wide-open   position   and   kept  there   in- 

I  dependent  of  the  flow  of  steam,  or  the  bypass 

I  valve  can  be  thrown  in  a  reverse  position  and 

I  the   regulator  moved  to   a  closed   position   and 

I  held  there.     The  rotor  valve  has  a  combined  reciprocating  and  rotating 

I  motion,    the    reciprocating   motion    being    imparted    to    the    valve    by    the 

I  regulator  and  the  rotating  motion  adjusted  from  the  outside  of  the  valve. 


I 


Oeolelzer,  Oily  Condensate 

Oleite  Corporation,  95  William  St.,  New  York  City 
"Power,"  Oct.   21,   1919. 

This  apparatus  depends  upon  ab- 
sorption by  a  property  called  "Oleite." 
It  consists  essentially  of  four  parts, 
the  base,  the  shell,  the  head,  and  the 
cover.  It  is  divided  into  four  spaces 
by  perforated  diaphragm.  The  oily 
returns  of  condensate  enter-  at  the 
top  and  the  deoleized  water  leaves 
near  the  bottom  through  a  similar 
nozzle.  The  oleite,  with  an  inter- 
mediate cross-screen,  rests  on  a  dia- 
phragm of  noncorrosible  metal.  Any 
oleite  that  passes  the  perforated  di- 
aphragm sinks  through  the  dead-water 
space  at  the  base  to  the  pocket  be- 
low. Oleite  has  an  affinity  for  oil, 
and  as  the  water  passes  through  the 
bed  the  oil  is  absorbed  by  it  and  the 
water  passes  to  the  boiler  in  a  re- 
fined state.  The  oleite  can  be  used 
over  and  over  by  burning  the  oil  out 
of  it,   which  makes  it  as  good  as  new. 


I  Cleaners,  Atlas  Boiler  Tube 

I      Atlas   Manufacturing   Co.,    San   Francisco,   Calif 

;  "Power,"   Nov.   22,    1919. 

I      Cleaners  are  made  for  return-tubu- 

I  lar  and   for  water-tube  boilers.     The 

j  first    type    of    cleaner    operates    with 

I  either   air   or   steam;    the    other   uses 

[  either     water,     air     or     steam.      The 

[  plunger  type   of  cleaner  is  made  for 

[  2-in.   up   to   6-in.    tubes   and   has   two 

j  plungers    operating    at    right    angles, 

]  delivering  approximately  10,000  direct 

I  taps     per    minute.       The      vibrations 

I  loosen    the    scale.      The    cleaner    for 

I  water-tube  boilers  consists  of  a  rotor 

I  having     no     dead-centers.       Pressure 

I  causes   the   rotor   to   revolve   and   the 

I  air,    water    or    steam    escapes    through 

I  suitable    ports    to    the    front    of    the 

I  cleaner    and    around   the    cutter   head. 


Cement,  "Hot  Patch"  Furnace 
F.   Obermayer  Co.,   Pittsburgh,   Penn. 

"Power,"  Sept.  30,  1919. 

"Hot  Patch"  furnace  ce- 
ment is  a  new  idea  in 
high-temperature  cement 
that  will  remain  perma- 
nently adhesive  at  high 
temperatures.  It  expands 
and  contracts  closely  with 
the  brickwork,  it  applied 
thinly,  and  upon  drying 
becomes  hard  and  forms 
a  highly  refractory  wall. 
The  cement  is  made  up 
with  a  new  basis  of 
green-sand  binder;  that  is, 
a  vegetable  bond  is  used. 
This  vegetable  or  inor- 
ganic material  does  double 
.        .  work    in    that,    on   burning 

out.  It  carbonizes  in  the  center,  taking  care  of  expansion  and  contraction 
and  leaving  the  outside  of  the  cement  a  fused  body  capable  of  with- 
standing a  temperature  of  3100  deg.  F.  This  vegetable  compound  is  of 
plastic  nature.  When  applied,  the  bricks  arc  laid  with  a  close  joint  and 
the  work  is  then  covered  with  a  coat  of  cement  applied  with  a  stiff 
brush  to  the  face  of  the  brickwork. 
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I  Pump,  The  Rollway 

1       Michigan  Machine   Co.,   Detroit,   Mich. 

[  "Power,"    Oct.    7, 

I      This  pump  consists  of 

I  two    rollers    that    rotate 

I  eccentrically  in  the  pump 

"  chamber.  The  pump  shaft 

I  is  square.     The  openings 

I  in    the   roller    fitting   the 

j  shaft    are  rectangular  and 

I  so    placed    in    the    shaft 

j  that     it     is     slightly     off 

I  center,  bringing  one  side 

[  of    the    roller    almost    in 

I  contact   with   the   side   of 

j  the    pump    chamber.      As 

I  the    rollers    revolve    this 

'  contact   continues,  but  at 

I  a     different     point.      Af- 

I  ter    the    contacting    point 

]  passes   the   intake    of   the 

I  pump,    it    creates    a    suc- 

]  tion    gradually    filling   up 

I  the    chamber   in    back   of 

the     roller.       When     this 

point    again    reaches    the 

top     of    the    chamber     the     liquid    passes    out     through     the     discharge. 


Patented  Aug.  20,  ipi8 
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Worcester  Section  A.  S.  M.  E.  Discusses 

Industrial  Power 


o 


N   TUESDAY   evening,   Dec.    16,    1919,   Reginald   J.    S. 
Pigott  talked  to  the  Worcester  Section  of  the  American 
Society  of  Mechanical  Engineers  on  Industrial  Power. 
There  is  a  great  and  going  movement,  he  said,  in   favor  of 


16 
S  u  r  -foi  c 


hour  (or,  as  it  is  taken  in  some  stations,  for  fifteen  minutes). 
The  plant  or  use  factor  is  the  ratio  of  the  average  load  to  the 
installed  capacity.  In  the  isolated  plant  the  average  load  fac- 
tor is  not  over  25  per  cent.  Three-quarters  of  the  time  the 
full  capacity  is  not  working.  The  fixed 
charges  per  kilowatt-hour  are  therefore 
high,  because  the  denominator,  or  the 
amount  of  output  by  which  the  total 
fixed  charges  are  divided,  is  so  small. 
When  a  number  of  these  plants  procure 
their  power  from  a  central  station,  they 
are  rarely,  if  ever,  all  working  at  their 
maximum  capacity  at  the  same  time,  so 
that  there  is  a  large  diversity  factor, 
and  the  central  station  is  able  to  get 
along  with  an  installed  capacity  much 
less  than  the  sum  of  the  maximum  de- 
mands   of    its    customers. 

The  third  item  is  the  cost  of  fuel, 
which  constitutes  from  50  to  SO  per 
cent,  of  the  cost  of  operating  the  power 
plant.  Central  stations  buying  in  large 
quantities  and  being  able  to  enforce 
penalties  for  departure  from  specifica- 
tions can  buy  to  much  better  advantage 
than  the  small  plants. 

Another  consideration  is  reliability. 
The  majority  of  small  plants  have  sim- 
ply one  engine,  and  if  this  gives  out 
they  are  obliged  to  shut  down  at  an  ex- 
pense, in  loss  of  profits  and  disorgan- 
ization, which  would  bear  a  large  pro- 
portion to  the  entire  cost  of  operation 
for  the  year. 

Another  consideration  is  the  space  oc- 
cupied. Many  a  factory  is  using  valu- 
able room  for  its  power  plant  which  is 


FIG.    1.      COMPARATIVE    EFFICIENCY 
OF  UNDERFEED,  OVERFEED  AND 
HAND  STOKING  WITH  DIFFER- 
ENT   RATES    OF   FIRING 

The  lower  curves  show  the  amount  of 
coal  burned  per  square  foot  of  grate  sur- 
face at  the  corresponding  capacities  and 
efficiencies.  The  upper  curves  show  the 
efficiencies  when  the  number  of  pounds  of 
coal  indicated  by  the  ordinates  produce 
the   capacity  indicated  by  the  abscissas. 

centralization  in  power  production,  not 
only  in  the  supply  of  numerous  small 
plants  from  the  local  central  stations, 
but  in  the  tying  in  of  the  large  central 
stations  themselves. 

In  considering  whether  it  is  worth 
while  to  install  or  continue  to  run  an 
isolated  plant,  one  of  the  first  factors 
to  be  considered  is  its  size.i  This  af- 
fects the  thermal  efficiency,  the  Ran- 
kine  cycle  efficiency,  and  the  number  of 
British  thermal  units  per  kilowatt-hour, 
which  is  becoming  more  and  more  the 
unit  by  which  such  stations  are  rated. 
A  500-kw,  turbine  is  able  to  run  with 
a  Rankine  efficiency  of  50  or  51  per 
cent.,  a  5000-kw.  turbine  from  60  to  62 
per  cent,  and  a  30,000-kw.  turbine  as 
high  as  75  per  cent. 

The  second  factor  affecting  the  econ- 
omy of  such  a  plant  is  the  load  factor, 
or  the  average  load  of  the  plant  di- 
vided  by   the   maximum    load    for   one 


FIG.  2.     HEAT  FLOW  DIAGRAM 

Starting  with  100  per  cent  of  the  heat  from  the  coal  on  the  left-hand  side.  18  per 
cent  goes  to  the  stack  in  the  heat  of  the  gases;  5  per  cent  is  lost  by  radiation;  5  per 
cent  in  the  ash  pit;  13  per  cent  goes  to  the  auxiliaries,  of  which  12  per  cent  is  returned 
by  the  feed-water  heater,  leaving  1  per  cent  to  go  into  the  work  of  the  auxiliaries; 
2  per  cent  is  lost  in  the  piping;  2  per  cent  in  the  generator  and  turbine;  56  per  cent  is 
lejected  to  the  condenser  (of  which  14.6  per  cent  may  be  recovered  for  useful  pur- 
poses); 11  per  cent  goes  to  the  busbars  and  9.5  per  cent  comes  off  as  useful  power: 
this  is  for  the  Industrial  plant  using  low  pressure  steam  for  heat  and  processing. 
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making  power  for  perhaps  10  per  cent,  less  than  it  could  be 
purchased  for  from  the  central  station,  which  space  might  be 
employed  in  manufacturing  the  goods  for  which  the  factory 
is  operated,  and  which  would  probably  pay  a  profit  of  two  or 
three  times  that  made  by  the  power  plant. 
Heat  is  the  main  reason  why  the  isolated  plant  can  justify 
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FIG.    3.      COMPARISON    OF   OVER-ALL 

COSTS  OF  A  500-KW.  AND  A 

30,000-KW.    PLANT 

The  solid-line  curves  refer  to  the 
smaller,  the  dotted-line  curves  to  the 
larger  Installation.  The  curves  above  the 
line  represent  the  fixed  charges  per  kilo- 
watt-hour based  upon  installation  costs 
of  $110  per  kw.  for  the  larger  and  $160 
for  the  smaller  plant.  The  curves  below 
the  line  represent  the  operative  charges 
based  upon  $5.50  coal  for  the  larger  and 
•6.50  for  the  smaller  unit.  The  over- 
all cost  per  kilowatt-hour  at  any  load  is 
represented  by  the  distance  between  the 
curve  for  the  unit  in  question  above  the 
Une  and  the  corresponding  curve  below 
the  line.  The  influence  of  the  power  fac- 
tor Is   brought   out   very   strikingly. 


itself  on  a  basis  of  cost.  If  a  large 
proportion  of  the  exhaust  steam  can  be 
used  for  heating  or  manufacturing  pro- 
cesses, the  cost  of  the  power  will  be 
greatly  reduced. 

The  cost  of  installation  of  a  small 
plant,  per  kilowatt  installed,  is  much 
greater  than  that  of  the  large  plant.  It 
costs,  roughly,  $160  per  kilowatt  to  in- 
stall a  500-kw.  plant.  (It  could  be  done 
for  $80  or  $85  a  few  years  ago.)  A 
30,000-kw.  plant  can  be  put  in  for  about 
$110.  The  larger  the  plant  the  less  in- 
stallation cost  and  consequently  less 
fixed  charges.  In  fixing  depreciation, 
obsolescence,  which  is  simply  accelerated 
depreciation,  must  be  taken  into  account, 
so  that  the  life  of  a  plant  cannot  be  es- 


timated upon  the  number  of  years  which  the  machinery 
may  be  physically  expected  to  last.  The  fixed  charges  for 
gas  and  oil  plants  are  taken  at  about  14  per  cent.,  6  per 
cent,  interest,  V/z  per  cent,  taxes  and  insurance,  6H  per  cent, 
depreciation  and  obsolescence;  those  for  turbine  plants  at  12 
per  cent,  6  per  cent,  interest,  lyi  per  cent,  taxes,  4K  per  cent, 
depreciation  and  obsolescence.  Whether  the  values  given  for 
the  last  items  are  high  enough  is  still  an  open  question.  Take 
as  an  example  the  Seventy-fourth  Street  Interborough  Man- 
hattan type  engines  installed  in  1900.  They  were  taken  out 
and  scrapped  in  1913,  to  be  replaced  by  30,000-kw.  turbines. 
They  have  been  maintained  for  thirteen  years  in  100  per  cent, 
condition,  but  went  on  the  scrap  heap  because  the  superior 
economy  and  low  labor  cost  of  the  new  turbine  rendered  the 
operation  of  the  engines  an  economic  loss,  and  nobody  would 
buy  them  as  engines;  so  their  value  depreciated  in  thirteen 
years  from  $24  per  kilowatt  to  $1.35.  In  the  small  plant  the 
labor,  as  well  as  the  fuel  item,  is  greater. 

Reference  to  Fig.  3  will  show  the  large  effect  of  use 
factor  on  the  fixed  charges  entering  into  the  total  cost  per 
kilowatt-hour. 

Of  the  heat  units  in  coal  18  per  cent,  went  to  the  stack,  5  per 
cent,  to  radiation  and  leakage,  5  per  cent,  in  the  ash  and  un- 
burned  combustible,  and  72  per  cent,  on  an  average  into  the 
steam. 

Another  consideration  which  entered  into  the  decision  as  to 
whether  one  should  put  in  an  isolated  plant  is  the  local  cost 
of    power.      The    boiler    room    is    the    place    to"  make    money. 

Mr.  Pigott  showed  the  diagram  illustrated  in  Fig.  1,  in  which 
the  boiler  horsepower  per  square  foot  of  grate  surface  is 
plotted  against  the  efficiency  and  the  coal  burned  per  square 
foot  of  grate  surface.  The  Interborough  Station  increased 
its  efficiency  12  per  cent,  by  changing  from  over-  to  underfeed 
stokers.  The  stoker  pays  even  in  small  plants.  If  it  does  not 
save  labor,  it  saves  coal,  and  coal  is  more  costly  than  labor. 
Eleven  to  twelve  boilers  per  stoker  operator  and  helper  is  the 
practice  of  the  Interborough.  The  maintenance  cost  on  the  old 
Roney  overfeeds  was  from  11  to  12c.  per  ton  of  coal  fired, 
and  2  to  3c.  for  underfeed  stokers.  By  this  is  meant  furnace 
cost,  the  keeping  up  of  the  brickwork,  etc. 

Four-dollar  coal  costs  $0.1265  per  million  B.t.u.,  and  4c.  per 
gal.  oil  29c.  pc"  million  B.t.u.  Oil  has  little  advantage  in 
efficiency;  that  is,  a  furnace  fired  by  oil  is  not  likely  to  be 
much,  if  an5%  more  efficient  than  that  fired  by  a  well-run  stoker. 
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FIG.   4.     RELATIVE  COST  OF  HAND  AND  STOKER  FIRING 

The  upper  solid  curve  shows  the  cost  of  operating  hand-fired  boilers,  and  the 
corresponding  dotted  curve  that  of  operating  stoker-fired  boilers,  both  in  mills  per 
boiler  horsepower-hour.  The  lower  curves  show  the  labor  costs.  The  input,  or 
Wlllans  lines,  running  upward  diagonally  from  the  lower  left-hand  corner,  show  the 
total  cost  In  dollars  per  hour  for  each  load.  The  cost  of  stoker  firing  includes  the 
difference  in  fixed  charges  between  stoker  equipment  and  hand  fires,  and  both  curves 
include  maintenance  cost  of  grates  or  stokers,   and  brickwork. 
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For  an  equivalent  heat  value,  oil  ought  to  be  bought  at  one- 
half  as  many  cents  per  gallon  (roughly)  as  coal  costs  dollars 
per  ton;  for  example,  if  coal  is  $5  per  ton,  oil  ought  not  to 
be  more  than  2^c.  per  gallon,  to  break  even  on  cost  per  million 
B.t.u.  The  reasons  for  the  adoption  of  oil  in  New  England 
will  be  other  than  economy  of  fuel  in  general. 

One  of  the  principal  troubles  in  the  use  of  powdered  coal 
is  getting  rid  of  the  slag  or  melted  ash.  Another  is  the  enor- 
mous size  of  furnace  required.  The  old  practice  was  6  or  7 
cu.ft.  per  sq.ft.  of  grate.  With  the  modern  stoker  11  or  12 
cu.ft.  are  used,  while  25  to  30  cu.ft.  are  at  present  required  for 
powdered  coal.  Mr.  Pigott  then  spoke  of  the  colloidal  fuel 
made  by  suspending  powdered  coal  in  fuel  oil  by  means  of  a 
fixator,  as  was  done  on  the  steamer  "Gem"  of  the  Submarine 
Defense  ^Association.  He  said  that  there  might  be  good 
possibilities  in  this  fuel,  but  as  yet  nobody  has  been  educated 
to  use  it,  and  it  is  still  in  the  experimental  state.  It  will 
probably  be  somewhat  cheaper  than  straight  oil  fuel. 

The  fuel  situation  today  calls  for  the  saving  of  every  pound 
of  steam,  every  pound  of  fuel,  and  every  foot-pound  of  power 
possible. 

Mr.  Pigott  then  discussed  some  of  the  possibilities  of  com- 
pressed air  as  a  subsidiary  service  from  the  industrial  power 
stations. 

One  way  of  saving  power  is  by  the  more  intelligent  installa- 
tion of  motor  drives.  The  usual  procedure  is  to  take  the 
builder's  catalog  as  an  authority  for  the  power  consumption  of 
the  various  machines,  add  the  maximum  power  required  by  all 
of  the  machines  in  a  group,  and  then  put  in  a  motor  large 
enough  to  drive  them  all  at  their  maximum  demand,  taking 
no  account  of  the  diversity  factor.  It  is  seldom  that  all  of  the 
machines  will  be  calling  upon  the  motor  for  their  maximum 
power  at  one  time,  and  induction  motors  can  be  run  at  25 
per  cent,  over  rating  for  a  while.  A  little  attention  to  this 
matter  would  result  in  a  smaller  investment  for  motors  and 
an  improvement  in  the  power  factor. 

Of  the  other  sources  of  power  available  the  hydraulic  plant 
is  a  special  case.  Few  isolated  plants  have  their  own  water 
power. 

The  higher  local  cost  of  oil  fuel  generally  militates  against 
the  Diesel  engine,  and  the  fixed  charges  are  very  much  higher 
than  for  a  steam  plant.  Pre-war  figures  were  $65  to  $75  per 
kw.  for  turbine  plants,  as  against  $110  to  $125  per  kw.  for  the 
Diesel  plants.  The  reliability  of  the  Diesel  engine  is  not  ideal, 
and  there  is  a  dearth  of  trained  attendants;  higher  skill  is 
unquestionably   required   to   operate  it. 

The  Ford  gas-steam  plant  was  referred  to  as  a  freak.  It 
occupies  six  or  seven  times  as  much  space  as  would  be  re- 
quired for  an  equivalent  turbine  plant,  and  while  such  a  plant 
might  be  designed  to  be  very  economical  in  heat  units,  it 
could  not  be  made  to  balance  under  varying  loads,  and  the 
high  fixed  charges  will  more  than  overbalance  operating  sav- 
ings. 

The  talk  was  illustrated  with  diagrams,  some  of  which  are 
here  produced  with  explanatory  notes. 

Electrical  Drives  for  Steel  Mills 

At  the  Engineers'  Club  in  Philadelphia,  Penn.,  the  Philadel- 
phia Section  of  the  Iron  and  Steel  Electrical  Engineers  held 
its  regular  monthly  meeting  on  Jan.  3.  The  meeting  was  pre- 
ceded by  a  dinner  served  at  the  club.  At  8  p.  m.  F.  H.  Wood- 
hull,  chairman  of  the  Philadelphia  Section,  called  the  meeting 
to  order,  and  after  announcing  that  R.  B.  Gerhardt,  electrical 
superintendent  of  the  Sparrows  Point  Plant,  Bethlehem  Steel 
Co.,  would  present  a  paper  at  the  next  meeting,  introduced 
J.  D.  Wright,  who  presented  his  paper  on  "Electrical  Drives 
for  Steel  Mills."  Mr.  Wright,  by  tne  use  of  a  large  number 
of  lantern  slides,  discussed  the  characteristics  of  the  load 
produced  by,  and  the  capacity  of  motor  required  to  drive  con- 
tinuous bar  mills,  merchant  mills,  sheet  and  tin  mills,  plate 
mills,  and  rail  and  structural-shape  mills. 

The  question  of  60-cycle  versus  25-cycle  motors  was  given 
considerable  attention  during  the  discussion.  Mr.  Wright 
said  that  an  estimate  made  of  the  cost  of  50  slow-speed  60-cycle 
motors  and  the  same  number  of  25-cycle  motors  of  the  same 
speed  and  capacity  for  direct  connection  to  main-roll  drives, 
showed  an  average  of  60  per  cent,  higher  cost  for  the  60-cycle 


motors.  For  geared  motors  the  cost  averaged  4  per  cent, 
higher  for  the  60-cycle  equipment  of  the  same  size  and  speed. 
In  the  case  of  two  identical  equipments  one  60-cycle  and  the 
other  25-cycle,  the  25-cycle  motor  had  a  power  factor  of  82 
per  cent,  against  65  per  cent,  for  the  60-cycle  equipment.  To 
imp^rove  the  low  power  factor  that  is  inherently  a  characteristic 
of  very  slow-speed  60-cycle  motors,  it  is  necessary  to  gear  the 
motor  to  the  rolls.  With  motors  of  1000-hp.  and  above,  op- 
crating  at  250  r.p.m.  and  less,  th^  25-cycle  machine  was  to  be 
preferred. 

The  use  of  synchronous  motors  was  suggested  as  a  possible 
drive  for  certain  classes  of  mills  as  a  means  of  eliminating  the 
low  power  factor,  the  motor  to  be  connected  to  the  mill  through 
a  magnetic  clutch  so  designed  that  the  clutch  would  slip  before 
the  load  reached  the  pull-out  torque  of  the  motor.  The  chief 
objections  raised  to  this  was  the  use  of  a  magnetic  clutch.  It 
was  the  consensus  of  opinion  that  where  clutches  had  been 
used  in  steel  mills,  they  had  given  considerable  trouble  even  , 
on  auxiliary  drives.  Furthermore,  when  a  billet  cobbles  in  a 
mill,  it  is  frequent  practice  to  reverse  the  motor  and  back  it 
out  of  the  mill,  and  the  synchronous  motor  would  not  be  ap- 
plicable to  this  practice.  There  is  one  brass  rolling  mill  in  this 
country  driven  by  a  synchronous  motor,  but  no  steel  rolling 
mill.  It  was  brought  out  that  in  one  case  a  synchronous  motor 
was  considered  as  a  drive  for  a  tin  mill  on  account  of  the 
bad  power  factor  of  this  type  of  load,  but  after  careful  con- 
sideration it  was  recommended  against  at  that  time,  although  a 
'arge  rolling  mill  in  England  is  driven  by  a  synchronous  motor. 

For  mills  rolling  rails  and  structural  shapes,  such  as  I-beams 
from  24  in.  down  to  10  in.,  variable  speed  is  necessary.  In 
this  case  the  power  required  to  drive  the  rail  mill  will  determine 
the  size  of  the  motor. 

Although  the  question  of  placing  the  flywheel  on  the  pinion 
or  gear  shaft,  in  geared  motor  drives,  came  up  for  discussion, 
no  definite  opinion  was  expressed  on  the  subject.  It  was 
thought  by  some  that  in  certain  cases  of  motor  shafts  breaking, 
it  was  traceable  to  the  flywheel  being  placed  on  the  motor 
shaft. 

In  answer  to  a  question  on  the  power  consumption  per  ton 
of  steel  rolled,  Mr.  Wright  said  that  this  varied  from  as  low 
as  6  kw.-hr.  per  ton  for  bar  mill  to  as  high  as  200  kw.-hr.  per 
ton  for  sheet  mills.  However,  sheet  mills  are  in  operation,  the 
power  consumption  of  which  is  as  low  as  100  kw.-hr.  per  ton. 
The  speaker  pointed  out  that  the  friction  load  on  a  sheet  mill 
was  very  high,  amounting  in  some  cases  to  50  per  cent,  of  the 
total  power  consumption;  therefore  for  efficient  operation  with 
this  type  of  mill  it  was  necessary  to  watch  the  friction  load  and 
keep  it  as  low  as  possible. 

Shortage  of  Engineering  Specialists 

A  veritable  stampede  of  buying  engineering  services  char- 
acterized the  year  1919  as  viewed  by  the  service  department  of 
the  American  Association  of  Engineers.  Employers  are  start- 
ing this  year  under  pressure  of  unprecedented  demand  for 
technical  men  to  increase  production.  The  acute  shortage  of 
specialists  in  engineering  looms  larger  in  American  industries 
just  now  than  does  the  fate  of  the  Peace  Treat}'.  Information 
is  received  from  many  sources  of  professional  engineers  at- 
taining the  distinction  of  leadership,  which  they  won  under 
difficulties  of  production,  transportation  and  labor,  some  of 
which  at  the  time  of  their  development  seemed  insurmountable. 

Manufacturing  has  not  attained  the  volume  that  would  have 
been  possible  but  for  labor  and  fuel  handicaps,  but  the  total 
of  production  has  been  large  and  the  demand  for  engineers 
is  increasing  steadily.  The  technical  man  has  never  been  upon 
a  higher  plane  of  esteem  or  on  a  more  satisfactory  basis  than 
at  the  present,  and  this  is  resulting  in  higher  professional 
remuneration. 

The  anxiety  over  the  question  of  employment  for  the  large 
number  of  engineers  returning  from  military  and  naval  service 
has  disappeared.  Conditions  have  taken  care  of  that  promptly 
and  comfortably  an"!  without  overcrowding  the  market  except 
for  field  engineers  and  superintendents  of  construction.  The 
present  demand  is  for  engineering  draftsmen,  especially  de- 
signers with  experience  in  mechanical,  structural  or  concrete 
work.  Location  is  mostly  in  the  Central  States,  particularly 
Ohio,    Minnesota   and    Michigan. 
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High-Speed  Turbine  Gears 

A  paper  on  "High-Speed  Turbine  Gears"  was  read  before 
the  Manchester  Association  of  Engineers  on  November  22,  1919, 
by  Prof.  Gerald  Stoney,  M.A.I. ,  F.R.S.  After  a  few  remarks 
on  the  evolution  of  the  steam  turbine  and  its  adaptations,  the 
author  remarked  that  in  order  to  obtain  silence  and  smooth 
running  in  a  high-speed  gear  the  utmost  accuracy  in  the  cutting 
of  the  teeth  was  requisite.  He  said  there  were  three  principal 
methods  of  generating  such  teeth:  Cutting  the  teeth  with  an 
end  miller,  as  in  the  Citroen  gears ;  planing  or  shaping  out  the 
teeth,  as  in  the  Fellows  and  Sunderland  methods;  and  cutting 
the  teeth  from  a  hob,  which  was  really  a  cutter  in  the  shape 
of  a  worm.  The  two  latter  processes  had  the  advantage  that 
the  teeth  were  automatically  generated  from  a  straight-sided 
cutter.  The  last-named  process  was  almost  universally  adopted, 
and  it  was  used  in  the  gear-cutting  machines  made  by  Muir  & 
Co.,  of  Manchester,  who  had  supplied  large  numbers  of  such 
machines. 

At  first  considerable  trouble  was  caused  by  the  fact  that  the 
master  wormwheel,  which  rotated  the  gear  wheel,  was  not 
quite  accurate.  This  difficulty  caused  Sir  Charles  Parsons  to 
devise  what  was  known  as  the  "creep,"  under  which  the  gear- 
wheel to  be  cut  was  caused  to  rotate  at  a  slightly  lower  speed — 
about  10  per  cent. — than  that  of  the  master  wormwheel.  By 
means  of  that  device  the  errors  were  not  only  reduced  to  about 
one-eighth,  but  were  distributed  in  spirals  on  the  gearwheel 
instead  of  being  parallel  with  the  axis — a  most  important  point. 
Even  if  the  master  wormwheel  were  true  to  begin  with,  it 
tended  to  wear  out  of  truth,  and  the  effect  of  such  wear  was 
minimized  by  the  creep.  As  a  result  this  addition  to  the  ordi- 
nary gear-cutting  machine  had  been  very  largely  adopted,  and 
of  the  gears  at  present  in  use  in  this  country  about  85  per  cent. 
had  been  cut  on  machines  fitted  with  the  creep. 

Helical  gears  for  geared  turbines,  the  author  said,  were  in- 
variably made  with  involute  teeth,  which  had  this  advantage 
among  others,  that  the  centers  could  be  slightly  varied  so  as  to 
give  the  desired  clearance  between  the  teeth,  for  it  was  found 
that  this  clearance  had  to  be  suitably  adjusted  so  as  to  be 
neither  too  little  nor  too  much.  Another  point  was  that  such 
gears  could  be  generated  from  a  hob  with  straight  sides;  thus 
it  was  simple  to  manufacture  them  accurately.  The  angle  of 
the  hob  varied  somewhat  in  practice,  but  a  very  common  tooth 
had  the  same  angle  for  the  hob  as  the  Brown  &  Sharp  tooth; 
namely,  14J/2  degrees.  It  was  requisite  that  the  bottom  of  the 
tooth  be  well  rounded  and  have  no  sharp  angles,  and  it  was 
surprising  that  this  precaution  was  so  often  neglected  in  gears 
of  all  classes.  The  angle  of  the  first  gears  was  about  23  de- 
grees, but  45  degrees  had  been  extensively  used,  for  the  larger 
angle  had  been  found  to  conduce  to  silent  running.  There 
seemed  now  to  be  a  general  opinion,  however,  that  45  degrees 
was  rather  too  large,  and  the  angle  now  generally  adopted  was 
about  30  degrees. 

With  reference  to  pitch  the  author  said  that  fine  pitches  in 
most  cases  gave  more  silent  running  at  high  speeds,  and  a 
normal  pitch — that  was  to  say,  the  pitch  measured  at  right 
angles  to  the  teeth  of  0.583  in.  (or  7/12  in.) — ^had  been  largely 
used  in  this  country,  with  about  0.4  in.  for  small  pinions  or 
where  extreme  silence  was  of  importance.  In  the  United  States 
larger  pitches  of  0.9  in.  or  even  more  were  often  used. 

The  minimum  number  of  teeth  in  a  pinion  was  19,  with  nor- 
mal addendum  and  dedendum,  but  22  to  25  were  preferable.  A 
peculiarity  of  involute  gear  was,  he  said,  that  by  varying  the 
addendum  and  dedendum  interference  could  be  avoided,  and 
thus  smaller  numbers  of  teeth  than  these  could  be  used  in 
certain  cases. 

The  whole  gear  had  to  be  supplied  with  an  ample  amount  of 
oil,  which  was  generally  squirted  from  nozzles  under  pressure 
against  the  teeth  where  they  came  into  contact  with  one  an- 
other. This  large  supply  of  oil  was  necessary  not  only  to  lubri- 
cate the  teeth,  but  also  to  carry  off  the  heat  that  was  generated. 
It  was  usual  to  have  j4-in.  to  A-in.  nozzles  of  about  5-in.  pitch, 
squirting  oil  under  a  pressure  of  10  lb.  to  20  lb.  per  square  inch 
on  to  the  line  of  contact  between  the  gear  wheels.  The  quan- 
tity of  oil  used  was  about  one  gallon  per  minute  for  each  100 
to  150  hp.  transmitted.  The  gear  case  had  to  be  well  drained, 
for  if  the  wheels  were  allowed  to  dip  into  oil  at  the  bottom. 


much  heat  would  be  generated  by  the  churning  of  the  oil. 
The  power  that  could  be  transmitted  by  a  pinion  depended 
upon  the  allowable  tooth  speed,  the  allowable  pressure  per  inch 
run,  and  the  allowable  distortion  caused  by  the  deflection  and 
twist  of  the  pinion,  which  had  to  be  so  small  that  the  distribu- 
tion of  pressure  on  the  teeth  remained  practically  constant. 
Further,  the  stresses  on  the  material  had  to  be  within  safe  lim- 
its. All  these  limits  could  be  determined  only  by  actual  prac- 
tice; and  in  this  country  a  conservative  policy  was  wisely  de- 
cided on,  and  as  experience  was  gained  the  allowable  power 
transmitted  by  any  given  pinion  was  increased.  One  result  of 
this  policy  had  been  that  failures  of  gears  were  few  and  far 
between;  in  fact,  the  gear  was  quite  as  reliable  as  other  parts 
of  an  installation,  if  not  more  so. 

Tooth  speeds  up  to  120  ft.  per  sec.  were  common  and  had  in 
many  cases  been  exceeded.  What  was  exactly  the  limit  of 
speed  was  uncertain,  but  so  long  as  lubrication  could  be  main- 
tained there  did  not  seem  to  be  any  reason  why  the  figure  given 
should  not  be  considerably  exceeded. 

The  pressure  on  the  teeth  was  generally  reckoned  in  pounds 
per  inch  run,  and  was  of  course  the  same  whether  per  axial 
inch  or  per  inch  of  tooth  along  the  helix.  It  was  determined 
by  the  safe  limit  of  bending  stress  on  the  tooth  and  of  the 
pressures  at  the  points  of  contact,  as  well  as  by  danger  of  the 
oil  film  failing.  The  bending  stresses  were  in  practice  very  low, 
and  could  in  general  be  ignored.  For  similar  crushing  stress  on 
the  material  of  the  tooth  the  pressure  per  inch  run  varied  di- 
rectly as  the  diameter ;  or  />  =  ad,  where  p  was  the  pressure  per 
inch  run  in  pounds,  d  the  pitch  diameter  of  the  pinion  in  inches, 
and  a  a  constant.  Similarly,  the  stress  on  the  oil  film  would 
obey  some  such  law  as  />  ^  bd"^.  The  whole  theory  of  the  lubri- 
cation of  gear  teeth  was  a  most  difficult  one,  and  one  that  had 
been  only  partly  worked  out.  Reference  was  made  to  a  paper 
by  H.  M.  Martin  in  which  reason  was  given  for  the  assumption 
often  made  that  />  =  &  V  c?.  These  two  conditions  meant  that 
up  to  a  certain  diameter  p  =  ad,  and  that  above  it  p  =  b  V  d. 

In  this  country  Messrs.  Parsons,  who  were  the  pioneers  in 
these  gears,  very  wisely  resolved  not  to  exceed  a  =  80  and 
6  =  175;  but  as  experience  was  gained  b  had  been  increased, 
first  to  220  and  now  to  250,  and  other  makers  of  gears  seemed 
to  have  followed  the  same  line  closely.  In  America  Mr.  Mc- 
Alpine  had  adopted  a  value  for  a  of  105,  and  had  ignored  b. 
He  claimed  to  be  able  to  use  these  high  pressures  by  the  use 
of  his  floating  frame  gear. 

The  distortion  of  the  pinion,  the  author  said,  was  made  up  of 
two  items — the  twist  of  the  pinion  caused  by  the  torque  it 
transmitted  and  the  bending  caused  by  the  pressure  on  the 
teeth.  In  estimating  these  factors,  it  might  be  assumed  that 
the  pressure  on  the  teeth  was  uniform  along  the  pinion — or,  in 
other  words,  that  the  torque  diminished  uniformly  from  the 
driven  end  to  the  free  end  of  the  pinion.  It  might  be  further 
assumed  that  the  effective  diameter  of  the  pinion  was  the  pitch 
diameter. 

There  were  two  cases  to  consider — that  in  which  there  was 
no  center  bearing,  and  the  pinion  was  supported  from  the  ends, 
and  the  case  in  which  there  was  a  center  bearing.  The  deflec- 
tion of  the  pinion  could  be  calculated  in  the  usual  way.  It  was 
found  that  in  the  case  of  a  pinion  without  a  center  bearing  the 
bending  or  deflection  was  the  chief  thing  to  be  considered, 
while  in  the  case  of  a  pinion  with  a  center  bearing  the  twist 
was  the  chief  thing.  The  allo'wable  amount  of  distortion  was 
very  small,  and  in  good  design  did  not  exceed  one-thousandth 
of  an  inch.  Of  course  the  stresses  on  the  material  arising  from 
bending  and  shearing  had  to  be  kept  within  safe  limits,  but 
these  were  generally  quite  low. 

The  alignment  of  the  gears  in  the  gear  case  was  of  the  great- 
est importance,  as  also  was  the  construction  of  the  gear  case. 
There  \,ere  two  principal  types — the  rigid  gear  case  originally 
introduced  by  Sir  Charles  Parsons,  which  was  the  type  gen- 
erally adopted  in  this  country;  and  the  floating  frame  type  in- 
troduced by  John  H.  McAlpine  in  America.  In  actual  practice 
the  principal  thing  to  be  taken  into  consideration  was  the  twist 
in  the  case  of  a  pinion  with  a  center  bearing  and  the  bending 
in  one  without  such  a  center  bearing.  The  exact  angle  that  a 
floating  frame  of  the  McAlpine  type  would  take  up  was  depend- 
ent upon  the  distribution  of  pressure  along  the  teeth.  The  gen- 
eral practice  in  this  country  was  to  have  a  rigid  gear  case,  and 
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it  was  found  that  the  distribution  of  wear  along  the  teeth  was 
quite  uniform,  without  the  use  of  such  an  arrangement  as  the 
floating  frame.  In  this  respect  it  had  to  be  remembered  that 
the  distortions  in  question  were  very  small,  never  exceeding 
one-thousandth  of  an  inch,  and  that  the  inevitable  elasticity  of 
a  rigid  gear  box  helped  to  diminish  their  eflFect.  Besides,  the 
oil  film  in  the  bearings  was  of  considerable  thickness,  probably 
of  the  order  of  several  mils.  Little  was  known  about  the  thick- 
ness of  the  oil  film  in  a  high-speed  bearing;  but  there  was  evi- 
dence to  show  that  it  was  very  considerable,  an,d  that  it  must 
be  fairly  thick  was  further  shown  by  the  clearance  that  had  to 
be  given  in  a  high-speed  bearing.  This  clearance  was  from  2 
to  3  mils  per  inch  diameter,  and  thus  was  very  large  in  com- 
parison with  the  distortions  to  be  dealt  with.  A  very  small 
v?riation  in  the  thickness  of  the  oil  film  would  therefore  com- 
pensate for  the  distortion  of  the  pinion. 

The  rigid  gear  was  the  usual  design  adopted  in  this  country, 
and  the  experience  with  some  sixteen  millions  of  horsepower 
of  gears  that  had  been  constructed  or  were  on  order  was  that 
it  worked  excellently  and  was  most  reliable  and  efficient.  On 
the  other  hand,  the  floating  frame  type  of  gear  was  used  large- 
ly in  America,  and  was  said  to  give  excellent  results. — The 
Engineer. 

Social  Function  of  the  Engineer 

The  New  School  for  Social  Research  of  New  York  has  ar- 
ranged for  a  series  of  weekly  lectures  on  "The  Social  Function 
of  the  Engineer,"  to  begin  Feb.  2  and  be  given  each  Tuesday 
evening  thereafter  for  twelve  weeks  at  the  school,  465  West 
23d  street,  New  York.  The  course  will  be  conducted  by 
Guido  H.  Marx,  professor  of  mechanical  engineering  at  Le- 
land  Stanford  University.  The  theory  upon  which  the  course 
is  based  is  that  the  production  and  distribution  of  goods  is  now 
fundamentally  an  engineering  as  well  as  a  social  problem.  The 
engineer's  function  is  to  insure  the  full  use  and  unimpeded 
operation  of  the  material  resources  and  industrial  equipment 
of  the  nation,  with  a  view  to  securing  a  larger  volume  of  pro- 
duction and  a  more  adequate. distribution  of  the  output.  The 
course  will  be  directed  primarily  to  technical  men,  and  its  pur- 
pose will  be  to  reach  a  common  understanding  of  the  existing 
industrial  and  social  problems. 

The  New  School  of  Social  Research  at  which  this  course 
will  be  given  was  founded  last  year  by  a  group  of  men  who  be- 
lieved that  there  was  educational  need  for  an  institution  of  the 
kind.  Its  purpose  is  to  supply  instruction  of  a  post-graduate 
character,  although  an  academic  degree  is  not  required  for  ad- 
mission. Each  student  is  assumed  to  be  pursuing  his  particular 
studies  for  their  own  sake  for  his  own  aims,  so  there  is  no 
prescribed  courses  of  study  or  fixed  curriculum.  There  is  also 
no  grant  of  degrees. 

Ontario  A.  S.  M.  E.  Meeting 

The  American  Society  of  Mechanical  Engineers,  Ontario, 
Canada,  Section,  held  a  meeting  on  Dec.  18,  1919,  at  the 
Engineers'  Club.  Before  the  paper  of  the  evening  was  read, 
Prof.  R.  W.  Angus,  the  chairman,  gave  a  report  of  the  con- 
vention in  New  York  of  the  parent  society.  He  was  Ontario 
representative  at  the  Sections  conference  held  coincidently  with 
the  engineering  convention  and  gave  an  interesting  account  of 
the  progress  made  in  section  organization,  showing  that  since 
the  A.  S.  M.  E.  had  begun  to  systematically  develop  in  this 
way  and  capitalize  the  local  interest  of  engineers  in  their 
home  problems,  it  has  stepped  ahead  till  it  now  leads  in  mem- 
bership all  other  national  professional  engineering  societies. 
The  keynote  of  the  New  York  convention  it«;elf  was  organ- 
ization for  cooperation  with  labor,  so  as  to  cut  the  ground 
from  under  the  feet  of  the  agitating  troublemaker  by  giving 
him  no  excuse  for  existence. 

Mr.  Quesnal  read  a  paper  prepared  by  himself  and  Mr. 
Lewis,  both  of  the  John  Inglis  Co.,  on  "Thirty  Years'  Progress 
in  Boiler  Construction  in  Canada."  Mr.  Quesnal  spoke  of  the 
shop  practice  of  earlier  days  and  traced  the  progress  of  im- 
provements in  methods  and  quality  to  the  present  day.  He 
gave  illustrations  of  the  great  speed  of  modern  construction 
due  not  only  to  the  large  and  powerful  machine  equipment 
but  to  the  excellent  small  tools,  mostly  air-driven.    These  had 


revolutionized  the  practice  of  the  old-time  shops,  even  before 
the  giant  rolls  and  drilling  machines  became  common.  He 
spoke  feelingly  of  the  troubles  that  centered  about  the  old- 
time  flanging  fire  and  of  the  various  expedients  that  were  used 
to  get  the  head  flat  and  the  right  size  and  contrasted  this  with 
modern  hydraulic  sectional  and  four-post  machines.  Another 
feature  that  amused  the  younger  members  was  a  description 
of  old-time  methods  of  dishing  a  tank  head,  by  digging  a  con- 
cave hole  in  the  dirt  floor  to  act  as  a  die  under  the  plate,  and 
the  dropping  on  to  the  red  hot  plate,  a  large  cast-iron  ball 
which  was  manipulated  by  means  of  a  rope  wrapped  about  an 
overhead  shaft.  A  variation  of  this,  which  involved  the  use 
of  great  wooden  mallets  swung  by  men  standing  around  the 
circle  of  the  plate,  seemed  even  more  antique. 

No  Shortage  of  Mexican  Oil 

From  the  Mexican  Embassy  comes  the  following  official  re- 
port, issued  by  the  Department  of  Industry;  Commerce  and 
Labor : 

The  production  of  Mexican  petroleum,  far  from  having  de- 
creased, is  progressively  increasing.  At  the  beginning  of  1919 
the  potential  daily  capacity  of  all  wells  was  1,400,000  bbl.  In 
the  middle  part  of  that  year  it  was  1,800,000  and  today  it  is 
over  2,000,000  bbl.  Notwithstanding  the  fact  that  four  pe- 
troleum wells  have  gone  dry,  the  owners  are  using  only  12 
per  cent,  of  the  potential  capacity,  owing  to  the  lack  of  vessels 
for  transportation,  a  cause  entirely  apart  from  the  Mexican 
petroleum  policy,  and  the  regulations  of  the  government,  which 
seeks  only  the  compliance  of  its  laws.  The  petroleum  supply 
could  be  increased  eight  times  if  there  were  vessels,  even  with- 
out drilling  new  wells.  The  production  of  petroleum  during 
1918  was  64,000,000  bbl.,  and  last  year  it  was  over  80,000,000  bbl. 

In  view  of  the  foregoing  information,  the  Mexican  Embassy 
is  in  a  position  to  deny  emphaticall>  the  rumors  which  are 
being  spread  with  the  idea  of  making  the  American  people 
believe  that  the  Mexican  petroleum  industry  is  decreasing, 
whereas  statistics  prove  the  contrary. 

The  Mexican  government  is  not  preventing  the  production 
or  the  exportation  of  oil  by  any  owners  thereof,  and  while  on 
four  or  six  cases  it  has  been  deemed  expedient  to  exact  com- 
pliance from  those  who  have  disregarded  the  laws  and  regula- 
tions bearing  on  the  boring  of  new  wells,  there  is  no  cause  to 
fear  a  shortage  of  Mexican  oil  supply  attributable  to  any 
action  of  the  Mexican  government 
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Light-Load   Running  Device  for 
Semi-Diesel  Engines 

When  a  semi-Diesel  crude-oil  engine  is  run  on  light  load, 
it  consumes  an  extremely  small  quantity  of  fuel,  and  the  heat 
produced  is  inadequate  to  vaporize  the  fuel  oil  for  the  suc- 
ceeding injections  and  to  give  complete  combustion.  Messrs. 
Vickers-Petters,  Ltd.,  have  achieved  a  satisfactory  solution, 
which,  in  addition,  enables  the  engine  to  run  at  slow  speed 
with  perfect  combustion  and  regularity  of  ignition.  With  the 
Petter  patent  light  running  device  means  are  provided  for 
giving  a  supplemental  injection  which  is  forced  into  the  com- 
bustion chamber  earlier  than  the  normal  injection.  This  is 
effected  by  giving  an  extra  stroke  to  the  fuel  pump  on  single- 
cylinder  engines,  and  on  multi-cylinder  engines  a  device  is 
fitted  whereby  any  fuel  pump  may  be  made  to  deliver  fuel  to 
two  cylinders  at  each  stroke,  one  portion  of  the  charge  being 
injected  into  the  cylinder  normally  supplied  and  at  the  correct 
timing,  and  the  other  portion  is  injected  in  advance  of  the 
normal  timing.  In  this  way  each  cylinder  is  supplied  with  an 
advanced  injection. 

The  earlier  injection  of  the  light  charges  gives  more  time 
for  the  vaporization  of  the  fuel  oil  and  maintains  sufficient 
heat  in  the  combustion  chamber  to  produce  perfect  combus- 
tion, and  the  engine  will  continue  to  run  at  no  load  firing 
regularly  without  the  aid  of  the  starting  lamp.  The  device 
also  enables  the  engine  to  be  run  at  low  speed  with  the  same 
result. — Thr  Electrical  Rci-iezi',  London. 

Abatement    of    Corrosion    in    Central 
Heating  Systems* 

The  main  source  of  corrosion  in  hot-water  or  steam  pipes 
lias  been  traced  to  dissolved  oxygen  brought  into  the  system 
either  with  the  feed  water  or  through  leaks  in  return  lines 
under  a  vacuum.  Both  wrought-iron  and  steel  pipe  are  in- 
herently subject  to  corrosion,  and  records  seem  to  show  prac- 
tically no  difference  between  reputable  makes  of  either  kind. 

Referring  to  a  paper  by  Speller  and  Knowland  in  the  Pro- 
ceedings American  Society  of  Heating  and  Ventilating  En- 
gineers, Vol.  24,  p.  217,  it  is  pointed  out  that  water  in  a  liquid 
state  may  be  considered  as  made  up  of  positive  hydrogen  ions 
and  negative  ions.  When  this  water  comes  in  contact  with 
iron,  a  number  of  minute  electrolytic  cells  are  established  and 
a  weak  current  flows  from  point  to  point.  This  action  results 
in  the  removal  of  metallic  iron  from  the  positive  points  of  the 
surface,  or  the  "anodes,"  and  the  positively  charged  hydrogen 
ions  are  deposited  on  the  negative  points  of  the  surface,  or 
"cathodes."  .\s  soon  as  the  positive  hydrogen  ions  reach  the 
cathode,  they  lose  their  charges  and  form  a  protecting  coating 
which,  when  dense  enough,  stops  further  electrolytic  action. 
If  no  oxygen  is  present  this,  so-called  polarizing,  coating  re- 
mains on  the  cathode  and  no  further  rusting  can  take  place. 
If  free  oxygen  is  present,  however,  the  discharged  hydrogen 
ions  at  once  unite  with  it,  leaving  the  cathode  points  clear  for 
continued  action.  The  presence  of  various  salts  in  the  water 
may  help  or  hinder  the  action  by  their  properties  of  increasing 
or  decreasing  the  electric  potential  or  voltage.  The  important 
point  to  remember  is  thai  corrosion  is  an  electrolytic  action 
and  that  it  can  be  stopped  by  polarizing  the  cathode  by  any 
means  whatever.  The  easiest  general  method  seems  to  be 
by  keeping  oxygen  out  of  the  water. 

Recirculation  of  the  same  water  in  the  piping  systems  has 
been  found  to  help  unless  a  considerable  proportion  of  makeup 
water,  bringing  with  it  a  constant  fresh  supply  of  air,  is  in- 
troduced. Experiments  in  reducing  the  activity  of  the  water 
by  allowing  it  to  come  to  rest  several  minutes  at  a  temperature 
of  180  deg.  F.  in  a  vented  tank  result  in  the  liberation  of  the 
bulk  of  the  gases  and  in  a  material  reduction  in  corrosion. 
The  introduction  of  expanded  steel  lathing,  and  of  a  filter  to 
clarify  the  water,  eliminated  practically  all  the  oxygen  at 
that  point  and  after  three  years  practically  no  corrosion  was 
found  in  the  piping. 


Where  exhaust  steam  from  reciprocating  engines  is  used, 
the  coating  of  oil  that  usually  forms  on  the  inside  of  the  re- 
turn pipes  gives  considerable  protection.  In  such  a  case  a 
pure  mineral  oil  with  a  paraffin  base  should  be  used.  A  case 
is  cited  where  such  an  oil  was  introduced  into  a  turbine  to 
prevent  corrosion  of  the  blades.  This  resulted  in  considerable 
improvement,  although  it  is  admittedly  a  makeshift. 

Artificial  Daylight  Achieved 

The  American  Chamber  of  Commerce  in  London  reports  that 
a  light  has  been  perfected  in  Great  Britain  which  far  sur- 
passes any  existing  arrangement  of  artificial  light  and  is  the 
closest  approximation  to  actual  daylight  ever  accomplished. 

The  apparatus  consists  of  a  high-power  electric  light  bulb, 
fitted  with  a  cup-shaped  opaque  reflector,  the  silvered  inner 
side  of  which  reflects  the  light  against  a  parasol-shaped  screen 
placed  above  the  light.  The  screen  is  lined  with  small  patches 
of  different  colors  arranged  according  to  a  formula  worked 
out  empirically  by  Mr.  Sheringham,  the  inventor,  and  care- 
fully tested  and  perfected  in  the  Optical  Engineering  Depart- 
ment of  the  Imperial  College  of  Science  and  Technology-. 

The  light  thrown  down  from  the  screen  is  said  to  show  col- 
ors almost  as  well  as  in  full  daylight.  A  test  was  made  with 
such  prticles  as  colored  wools,  Chinese  enamels,  pastels  and 
color  prints,  each  being  subjected  successively  to  dayhght,  ordi- 
nary electric  light  and  the  new  Sheringham  light.  Under  the 
new  light  delicate  yellows  were  quite  distinct,  indigo  blues 
were  blue,  cobalts  had  their  full  value  and  violets  lost  the  red- 
dish shade  which  they  display  in  electric  light. 

Outlook  for  Engineering  Ser\4ce 

The  demand  for  men  of  special  experience  is  greater  today 
than  ever  before  since  the  service  department  has  been  in 
operation,  so  the  American  Association  of  Engineers  reports. 
The  greatest  demand  for  men  runs  along  mechanical  lines, 
especially  that  of  designers,  but  there  is  not  an  abundant  sup- 
ply of  structural  designers  men  familiar  with  reinforced  con- 
crete, power  plants  or  electrical  engineers.  The  salaries  paid 
to  new  men  are  good,  except  with  a  few  large  companies.  Most 
of  the  positions  open  at  this  time  are  east  of  Chicago,  particu- 
larly in  northern  Indiana,  Ohio  and  Pennsylvania. 

Positions  in  sales  engineering  are  to  be  obtained,  but  in 
most  cases  the  firms  desire  a  man  with  sales  experience  and 
engineering  training.  General  business  conditions  viewed  by 
the  Service  Department  are  improving.  There  is  very  little 
unemployment  among  technical  men,  the  demand  being  far 
greater  than  the  supply.  Out  of  the  600  registered  as  open  for 
positions  less  than  2  per  cent,  are  out  of  emplo\-ment. 

Proposed  $5,000,000  Central  Station 

It  has  been  reported  that  the  Hartford  Electric  Light  Co., 
of  Hartford,  Conn.,  is  planning  to  meet  the  power  require- 
ments for  the  greatly  increased  manufacturing  in  the  cit>-  of 
Hartford  within  the  next  few  years  and  has  decided  to  erect 
and  equip  what  is  known  as  Meadows  power  plant,  which, 
when   completed,    will   have    100,000   kw.   capacity. 

The  new  plant  will  be  erected  and  equipped  in  sections,  each 
for  the  generation  of  20,000  kw.,  the  first  section  to  be  com- 
pleted and  in  operation  on  or  before  the  close  of  1921,  the 
others  to  be  completed  as  rapidly  as  possible  or  as  the  new  need 
of  new  manufacturing  plants  may  warrant.  It  is  understood 
that  more  than  five  million  dollars  will  be  spent  by  the  company 
in  carrnng  out  its  project. 


•Abstract   of  Technical   Paper  236   of  the  Bureau   of  Mines,  by  F.   M. 
Speller. 


Of  the  total  3,000.000  hp.  of  water  power  in  Finland,  about 
1,050,000  hp.  is  available  for  industrial  development.  Of  this 
only  approximately  150,000  hp.  is  at  present  developed.  There 
are  79  of  these  waterfalls  with  capacities  ranging  from  5,000 
to  300,000  hp.,  42  of  which  range  from  5,000  to  20,000  hp. ;  25 
from  20,000  to  50,000  hp. ;  6  from  50.000  to  100,000  hp. :  and  6 
from  100,000  to  300,000  horsepower. 
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Experimental    Retort    Test    of 
Orient    (111.)   Coal 

Tlie  following  is  from  Technical  Paper  No.  134,  of  the 
Bureau  of  Standards.  The  Bureau,  in  connection  with  two 
special  coke-oven  tests,  found  it  desirable  to  investigate  the 
influence  of  the  temperature  of  coking  upon  the  quality  of 
the  coke  produced  and  upon  the  quantity  and  quality  of  gas 
made  from  the  coal.  Although  several  very  similar  coals 
were  used  in  the  oven  tests,  the  experimental  retort  work 
was  limited  to  coal  obtained  from  the  Orient  mine  of  the 
Chicago,   Wilmington  &  Franklin   Coal  Co.,   Franklin  County, 

TABLE  I.  ANALYSIS  OF  THE  COAL 

— Per  Cent- 
Volatile  matter    37.8  38.0 

Fixed  carbon   52.3  53.4 

Ash     9.9  8.6 

Sulphur    87  1.47 

Phosphorus    007  .002 

Total  carbon   73.0  76.3 

Hydrogen    5.1  5.3 

Oxygen    9.9  8.5 

Ratio:   hydrogen-oxygen    51.6  62.6 

B.t.u.  per  pound  (dry) 12,800  13,000 

B.t.u.  per  pound   (dry  and  ashfree) 14,200  14,200 

TABLE    n.     SIZES    OF   CRUSHED    COAL   AS   USED   IN    EXPERI- 
MENTAL RETORT  TEST 

Percentage  Percentage 

Through  Through 

Mesh                                        Sieve              Mesh  Sieve 

8                                             99.7                  40  30.3 

10                                             89.5                  60  19.3 

20                                             50.8                  80  13.3 

30                                             36.7                100  11.0 

IM.  The  coke  was  fairly  good,  and  the  charge  was  thoroughly 
coked,  showing  considerable  contraction  in  the  sample  box. 
The  pieces  were  of  medium  size  with  no  evidence  of  sponge 
and  only  a  small  ajnount  of  fine  pebbly   material   on   top   of 


the  coke.     The  coke  had  very  small  and  regular  cell  structure, 

but   was   soft,   shattering  rather   easily,  having  a   longitudinal 

fracture  and   showing  a  tendency   to   finger.  It   was  light   in 
weight  and  of  a  dark  silver  color. 

TABLE  III.     EXPERIMENTAL  RETORT  TESTS  OF  ORIENT  COAL 

Test  No. 

12  3  4            5 

Temperature  average  Ti  (deg.  C) 840  775  700        600        60S 

Weight  of  dry  coal   (pounds) 4.48  4.00  4.00       4.00       3.20 

Gas  generated   (cubic  feet  at   30  inches 

60  deg.  F.) 26.3  18.5  13.6         8.5         7.8 

Gas  per  pound  of  dry  coal  (cubic  feet).     5.87  4.62  3.40       2.12       2.44 

Gas  per  net  ton  of  dry  coal  (cubic  feet).  11, 750  9250  6800      4250      4850 

Candlepower  of  gas 5.4  10.0  12.2       15.7       15.9 

Candle-feet    of   gas   per   pound   of   dry 

coal    31.7  46.2  41.5       33.3       38.8 

Specific   gravity  of  gas 465  .510  .625       .660       .655 

Analysis  of  gas: 

CO2    4.7  5.1  8.2         7.2         8.2 

O2    1.0  1.3  1.0           .8         1.6 

Illuminants    2.2  3.1  3.8         5.0         5.2 

CO    17.3  13.6  11.3         8.1         8.3 

CRt    25.1  30.6  36.6       37.1       39.5 

Hj   46.3  44.7  33.6       30.3       26.0 

N2    3.4  1.6  5.5       11.5       11.2 

Heating  value,  calculated  from  analysis 

(B.t.u.)     510  570  bOO        610        625 

B.t.u.   in  gas  per  pound  of  dry  coal..     3000  2630  2040      1300      1520 

Coke  formed: 

Large   (pounds),   dry 2.99  2.66  2.79       2.72       2.19 

Loose  material  (pounds),  dry 0.04  0.06  0.17       0.21       0.19 

Total   (pounds),  dry 3.03  2.72  2.96       2.93       2.38 

Coke  yield: 

Large   (per  cent,   of  dry  coal) 67.0  66.5  70.0       68.0       68.5 

Loose  material  (per  cent,  of  dry  coal)       1.0  l.S  4.0         5.0         6.0 

Total  (per  cent,  of  dry  coal) 68.0  68.0  74.0       73.0       74.5 

Coke  analysis   (dry  basis) :  .          .  _ 

Volatile 5.3  7.1  7.1        11.5       14.0 

Fixed  carbon    80.2  79.1        74.2 

Ash    14.5  13.8       n-8 

Sulphur     78  .78       1-23 

Phosphorus    014  0.14       004 

Test  No.  2  was  made  at  as  nearly  as  possible  constant  vapor 
temperature,  7i,  of  775  deg.  C. 


Charles  Keith  Blackwood,  vice-president, 
assistant  treasurer  and  a  director  of  the 
Sullivan  Machinery  Co.,  of  Chicago,  died 
on  Dec.   14,   1919. 


Personals 


Arthur  M.  Crane,  formerly  general  sales 
manager,  has  recently  been  appointed  gen- 
eral manager  of  the  New  York  Continental 
Jewell  Filtration  Co.,  Nutley,  N.  J. 

Hugh  L.  Siege! ,  formerly  general  sales 
manager  for  the  Ford  Roofing  Products 
Co.,  is  now  with  Walter  A.  Zelnicker  Sup- 
ply Co.,  as  assistant  to  the  president. 

J.  W.  Ledoux  has  resigned  as  chief  en- 
gineer of  the  American  Pipe  and  Construc- 
tion Co.,  to  open  consulting  engineering  of- 
fices at  112  North  Broad  St.,  Philadelphia, 
Penn. 

Burt  A.  Waltz,  formerly  assistant  me- 
chanical engineer  for  the  Osborn  Engineer- 
ing Co.,  Cleveland,  resigned  to  become 
chief  engineer  of  the  Portage  Rubber  Co., 
Barberton,  Ohio. 

W.  P.  Starkey,  formerly  engineer  of  the 
Harrisburg  (Penn.)  Pipe  and  Pipe  Bending 
Co.,  and  general  superintendent  for  the 
last  six  years,  has  resigned  his  position, 
but  will  continue  his  interest  in  the  com- 
pany as  a  member  of  the  board  of  di- 
rectors. 

Rol  B.  Woolley,  who  has  been  director  of 
publicity  of  the  Society  for  Electrical  De- 
velopment, Inc.,  for  the  past  two  years,  is 
now  with  Thos.  F.  Logan.  Inc..  Advertising 
Agency,  New  York  City.  Mr.  Woolley. 
who  has  been  seventeen  years  in  sales  and 
advertising  capacities,  joined  the  society 
after  ser\'ice  overseas:  he  will  specialize 
on   electrical   and   merchandising   account.s. 

Francis  H.  M.  Riley,  formerly  associated 
with  Vaughn  &  Meyer,  consulting  engi- 
neers, of  Milwaukee,  announces  his  ap- 
pointment as  Wisconsin   representative  for 


the  Vulcan  Soot  Cleaner  Co.,  Du  Bois, 
Penn.;  Vulcan  Fuel  Economy  Co.,  Chi- 
cago; Green  Engineering  Co.,  East  Chi- 
cago, Ind.  His  offices  are  at  614-615  Se- 
curity Building,  Milwaukee,  Wis. 

1.  F.  Baker,  of  the  Wesinghouse  Electric 
International  Co.,  who  has  been  located  in 
the  New  York  office  of  the  company  for  the 
past  two  years,  is  now  on  his  way  to 
Tokio,  Japan,  where  he  will  act  as  a 
special  representative  of  the  Westinghouse 
International  Co.  Mr.  Baker  entered  the 
Graduate  Student  Course  about  1908,  later 
serving  in  various  capacities  in  the  resale 
and  contract  sections  of  the  sales  depart- 
ment. In  1913  he  was  transferred  to  the 
Foreign  Department,  which  later  became 
the  Westinghouse  Electric  International 
Co. 

George  M.  Brill  has  become  established 
as  a  consulting  engineer  in  New  York  City, 
with  offices  in  the  Singer  Building.  Mr. 
Brill's  engineering  experience  has  been 
wide  and  varied.  He  has  been  successively 
chief  engineer  of  the  Solvay  Process  Co., 
general  engineer  of  Swift  &  Co.,  consulting 
industrial  engineer  in  Chicago  for  a  num- 
ber of  years,  consulting  mechanical  engi- 
neer of  the  Guggenheim  Interests,  commis- 
sioned as  major  in  Ordnance  Reserve 
Corps,  and  in  the  service  was  in  charge  of 
plant  facilities;  resigned  commission  to 
take  charge  of  requirements  for  the  Emer- 
gency Fleet  Corp.,  of  which  he  was  later 
consulting  engineer.  He  has  also  designed 
and  supervised  the  construction  of  several 
high-tension  transmission  lines. 

Edward  D.  Kllburn,  who  since  March  15, 
1917,  has  been  New  York  district  manager 
of  the  Westinghouse  Electric  &  Manufac- 
turing Co.,  was  recently  elected  vice-presi- 
dent and  general  manager  of  the  Westing- 
house Electric  International  Co.  Mr.  Kil- 
burn  was  graduated  from  Cornell  Univer- 
sity, and  immediately  after  leaving  college 
entered  the  employ  of  the  Westinghouse 
Electric  and  Manufacturing  Co..  for  a 
number  of  years  being  located  at  the  Syr.i- 
cuse  office  of  the  company.  Subsequently 
he  was  transferred  to  the  Westinghouse 
Machine  Co.,  with  headquarters  at  New 
Haven.  Conn.  In  1915  he  returned  to  the 
Electric  Company  as  manager  of  the  power 
division  of  the  New  York  office.  A  year 
later  he  was  also  made  manager  of  the 
railway  and  lighting  divisions,  subsequent- 
ly becoming  manager  of  the  office. 


Engineering  Affairs  I 


The  American  Society  of  Mechanical 
Engineers,  St.  Louis  Section,  will  hold  a 
meeting  on  Feb.  20,  and  at  a  dinner  at  the 
Midland  Valley  Country  Club  C.  B.  Lord, 
mechanical  engineer  of  the  Wagner  Elec- 
tric Co.,  will  talk  on  "Industrial  Fatigue." 

The  Associallon  of  Iron  and  Steel  Elec- 
trical Engineers,  Philadelphia  Section,  will 
hold  a  meeting  on  Feb.  7.  R.  B.  Gerhardt, 
.superintendent  of  the  electrical  department 
of  the  Bethlehem  Steel  Co.,  Sparrows 
Point,  Md.,  will  present  a  paper  on  the 
"Electrical  Features  of  a  Modem  Mill." 

The  Manufacturers'  Aircraft  Association 
will  hold  its  second  annual  aeronautical  ex- 
position in  the  Seventy-first  Regiment  Arm- 
ory, 34th  St.  and  Park  Ave.,  New  York  City. 
Mar.  6-13,  at  which  will  be  exhibited  com- 
mercial airplaines,  planes  for  private  use. 
planes  for  transportation  of  freight  and 
mall,  etc. 

The  American  Society  of  Mechanical  En- 
gineers, Sf  Louis  Section,  will  hold  a  Joint 
meeting  with  the  Associated  Engineering 
Societies  of  St.  Louis  on  Jan  28,  at  which 
A.  J.  Brandt,  engineer  of  the  St.  Louis 
Manufacturing  Co.,  will  deliver  an  illus- 
trated paper  on  the  "Construction  of  the 
Old  Hickory  Smokeless  Powder  Plant  at 
Nashville.  Tenn." 

The  American  Society  of  Mechanical  En- 
gineers announces  the  following  Section 
meetings:  Jan.  21,  New  Haven,  Conn. 
.Toint  meeting  with  the  Winchester  Engi- 
neering Club  at  the  Mason  Laboratory, 
Yale  University:  Subject:  "Heat  Treat- 
ment of  Steel."  Jan.  22.  Boston,  Mass..  at 
the  Boston  Engineers'  Club.  Subject:  "Re- 
search." Speakers:  Dean  John  R.  Allen 
and  Prof.  A.  M.  Greene.  Jan  2S.  Schen- 
ectady. N.  Y.,  at  Edison  Hall.  C.  E.  Jo- 
hansson will  talk  on  "Gages."  Jan.  27, 
Atlanta,  Ga.,  in  Carnegie  Library  reading 
room.  Charles  M.  Rogers  will  talk  on  "Oil 
as  a  Fuel."  Jan.  27.  Philadelphia.  Penn., 
at  the  Philadelphia  Engineers'  Club.  Nor- 
man Rolnicker  will  talk  on  "Modern  Boiler 
Room  Practice."  Jan.  27.  Cleveland,  Ohio, 
in  the  rooms  of  the  Cleveland  Engineering 
Society.  Roof  Garden.  Hotel  Statler.  Sub- 
ject will  be  annoimced  later. 


I 


120 


POWER 


Vol.  51,  No.  3 


The  Engineers'  Club  of  Philadelphia  will 
hold  a  meeting  on  Jan.  22.  at  which  the 
Society  of  Automotive  Engineers,  Philadel- 
phia Section,  will  hold  a  joint  meeting  with 
the  New  York  Section.  The  afternoon  ses- 
sion will  be  devoted  to  making  a  special 
trip  to  the  Philadelphia  Navy  Yard  to  in- 
spect a  Diesel  engine  taken  from  a  Ger- 
man submarine  interned  at  the  navy  yard. 
The  evening  session  will  be  held  at  Kug- 
ler's.  Hubert  C.  Verhey,  head  of  the 
Diesel  Engine  Unit  of  the  Emergency  Fleet 
Corp.,  will  talk  on  "Modern  Practice  in 
Heavy  Oil  Marine  Engines  and  Possible 
Developments."  There  will  also  be  discus- 
sions by  well-known  builders  of  Diesel  en- 
gines. 
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Business  Items 
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The  Massachusetts  Blower  Co.  announces 
that  it  has  opened  an  office  in  the  Kimball 
Building,  18  Tremont  St.,  Boston,  Mass., 
with  A.  C.  Bartlett  in  charge. 

The  Nickle  Engineering  Works,  Saginaw, 
Mich.,  is  installing  additional  machine  shop 
equipment  to  increase  the  scope  of  its 
operations. 

Grinnell  Co.,  Inc.,  Providence,  R.  I.,  has 
taken  over  all  of  the  sales  and  contracting 
business  carripd  nr,  for  vears  by  the  Gen- 
eral Fire  Elstlng:ul«her  C«. 

H.  W.  Johns- Manville  Co.  announces  the 
removal  of  its  Des  Moines  office  to  more 
modern  quarters  at  213  Ninth  St.,  of  which 
W.  B.  Roberts  is  in  charge. 

The  American  Steam  Conveyor  Corp., 
Chicago,  announces  that  the  Atlas  Machin- 
ery and  Supply  Co.  is  now  handling  the 
sale  of  its  conveyors  in  the  St.  Louis  terri- 
tory, with  offices  at  1416  Syndicate  Trust 
Building.  Wm.  H.  Patton  is  in  charge,  and 
has  associated  with  him  his  brother,  W.  R. 
Patton. 

The  Westinghouse  Air  Brake  Co.,  Wil- 
merding,  Penn.,  in  order  to  provide  facili- 
ties adequate  to  handle  the  increasing  ex- 
port business  and  to  develop  its  foreign 
trade  to  a  greater  extent,  has  organized  an 
export  department  with  headquarters  In 
the  Westinghouse  Building,  Pittsburgh, 
Penn.,  with  E.  A.  Craig  as  export  man- 
ager. Mr.  Craig  has  been  associated  with 
the  "Westinghouse  Air  Brake  Co.  for  thir- 
ty-two years,  successively  as  auditor  and 
assistant  secretary  and  Southeastern  man- 
ager of  the  company.  This  department  will 
be  represented  in  the  New  York  office  by 
W.  G.  Kaylor  and  in  South  America  by  R. 
M.  Gates. 

Pratt  &  Cady  Co.,  Inc.,  Hartford,  Conn., 
announces  the  following  appointments:  E. 
Coit  Magens,  director  of  sales;  O.  Lamson 
Beach,  manager.  Metropolitan  Store,  259 
Canal  St.,  New  York  City;  Quay  T.  Stew- 
art, sales  representative,  Minneapolis, 
Minn.;  Henry  J.  Bride,  sales  representa- 
tive, Hartford,  Conn.;  also  the  opening  of 
branch  stores  at  529-531  Arch  St.,  Phila- 
delphia, with  H.  H.  Freund,  Jr.,  manager; 
505  Mission  St.,  San  Francisco,  Calif.,  C.  R. 
Mendelson,  manager.  In  addition  to  its 
other  lines,  the  company  now  also  manu- 
factures the  Davis  and  Berryman  line  of 
feed  water  heaters,  hot  water  generators 
and  power  pumps,  having  purchased  this 
business  from  I.  B.  Davis  &  Son,  the  orig- 
inal manufacturers.  The  company  has 
further  extended  its  line  by  the  more  re- 
cent purchase  of  a  welded  steel  tubing 
business  and  will  continue  manufacturing 
welded  steel  tubing  in  the  various  diame- 
ters and  gages. 


Trade  Catalogs 


The  Illinois  Stoker  Co.,  Alton,  111.,  has 
Issued  Catalog  K,  a  publication  of  sixteen 
pages  devoted  to  automatic  stokers  for  oil 
refineries.  As  the  shell  type  still  is  used 
in  the  majority  of  installations,  the  cata- 
log deals  principally  with  the  general  ar- 
rangement, construction,  operating  prin- 
ciples and  advantages  of  the  company's 
latest  type  of  forced-draft  stoker  as  ap- 
plied to  shell  stills  of  all  kinds.  It  Is  of 
interest  to  point  out  that  the  stoker  passes 
entirely  through  the  setting  arid  discharges 
the  ashes  at  the  rear,  so  that  no  ashpit  Is 
required.  The  concluding  pages  contain  a 
summary  of  the  advantages  of  stoker  vs. 
hand  firing. 
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THE  COAL  MARKET 

BOSTON — Current  prices  per  gross  ton  f.o.b.  New 
York    loading    ports : 

Anthracite 

Company 
Coal 

Egg     $8. 20(ra$8.65 

Stove     8.45@  9.05 

Chestnut     8.55®  9.05 

Pea     7.05@  7.40 

Buckwheat     3.C0@  3.80 

Rice      2.30@   2.50 

Barley     1.25 

Bltumlnou$ 

Cambrias  and 
Clearflelds      Somersets 

F.o.b.  mines,  net  tons $2.85@$3.35  $3.15(a)$3.60 

F.o.b.   Philadelpfaia,   gross  tons.  5.05@  5.60    5.35@  5.00 

F.o.b.   New  York,  gross  tons...  5.40@  5.95    5.75®  6.25 

Alongside  Boston    (water  coal), 

gross    tons    7.00®  7.75    7.60®  8.00 

Pocahontas    and    New   Elver    are    practically    off    the 

market    for    coastwise    shipment,    but    are    Quoted    at 

$6.25@$7.00. 
NEW    YORK — Current    quotations.     White    Ash.     per 

gross    tons,    f.o.b.    Tidewater,    at    the   lower    ports    are 

as   follows : 

Anthracite 

Company 
Coal 

Broken     $7.80@$S.  25 

Egg     8.20®  8.65 

Stove     8.45®  9.05 

Chestnut     8.55®  9.05 

Pea     7.05®  7.40 

Bucltwheat     6.15 

Rice     . ., 4.50 

Barley     4.85 

Boiler    4.85 

Bituminous 

Government    prices    at    mines:  Spot 

South   Fork    (best) $3.25@$3.50 

Cambria     (best)     3.00®  3.25 

Cambria    (ordinary)    2.60®  2.90 

Clearfield     (best)     3.00®  3.25 

Clearfield    (ordinary)     2.60®  2.90 

Reynoldsville     2.85®  2.90 

Quemahoning    3.25®  3.50 

Somerset    (medium)    3.00®  3.25 

Somerset    (poor)     2.50®  2.75 

Western   Maryland    2.50®  2.75 

Fairmont     2.25®   2.50 

Latrobe      2.60(31  2.90 

Greensburg     2.75®  3.00 

Westmoreland    %    in 3.40®  3..')0 

Westmoreland   run-of-mlno    2.75®  3.00 

PHILADELPHIA — Anthracite  prices  are  practically 
the  same  as  those  listed  above  for  New  York.  Bitumi- 
nous coal  prices  vary  according  to  district  from  which 
they  are  mined.  For  ordinary  slack  the  price  is 
$2.45@$2.55;  lump,   $3.00®$3.35.  at  the  mines. 

BUFFALO— 

Anthracite 

On  Cars,  At  CUrb, 

Gross  Ton  Net  Ton 

Grate     $8.55  $10.80 

Egg     8.80  10.65 

Stove    9.00  10.85 

Chestnut     9.10  10.85 

Pea     7.75  9.30 

Buckwheat     5.70  7.76 

Bituminous 

Allegheny   VaUey    $4.80 

Pittsburgh 4.65 

No.    8    Lump 4.65 

Mine    Run    4.80 

Slack     4.10 

Smokeless      4.60 

Pennsylvania    Smithing    5.70 

CI>BVET>AND— Prices  of  coal  per  net  ton  delivered 
in    Cleveland    are : 

Anthracite 

Egg     $11  75®$11.90 

Chestnut 12.00®  12.00 

Grate     n.75@  11.90 

Stove      1L90@  12.10 

Pocahontas 

Mine-run     $7.30 

Domestic   Bituminous 

West   Virginia   split $8.50 

No.   8   Pittsburgh    $6.60®  6.90 

Massillon    lump     8.25®  8.50 

Coshocton    lump    7.15 

Steam   Coal 

No.    6    slack $5.25®$5.50 

No.    8    slack 5.10®  5.30 

Youghlogheny  slack    5.25®  5.50 

No.    8   %   In 5.70®  6.00 

No.    6   mlte-run    5.25(9  5.50 

No.    8   mlne-rim    5.75 

Only  coal  available  Is  mine-run  Pocahontas. 

MIDDLE  WEST — (Chicago  quotations,   F.o.b.    cars   at 
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New  Construction 


PROPOSED  WORK 


Springfield, 

Carterville, 

Williamson, 

Grundy. 

Franklin, 

La  Salle. 

Saline, 

Fulton, 

Bureau, 

HarrisbUTg 

Peorl» 

Will 

...$2.55®$2.70 

$2.95@t3.10 

$3.25®$3.40 

Washed     . . . 

...   2.75®  2.90 

3.45®  3.60 

Mine    run     . 

...   2.35®   2.50 

2.75®   2.90 

3.00®  3.15 

Screenings     . 

...   2.05®   2.20 

2.35®  2.50 

2.75®  2.90 

IVIass.,  Holyoke — The  Century  Machine 
Co.  will  soon  receive  bids  for  the  construc- 
tion of  a  2  story,  50  x  90  ft.  and  a  1  story, 
90  x  200  ft.  factory  building  on  Main  St.  A 
steam  heating  system  will  be  installed  in 
same. 

Mass.,  Peabody — A.  B.  Bump,  Engr.,  60 
North  Market  St.,  Boston,  will  soon  award 
the  contract  for  the  construction  of  a  4 
story,  70  x  180  ft.  storehouse  on  Webster 
St.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$150,000. 

Mass.,  Worcester — The  Charles  H.  Ten- 
ney  &  Co.,  201  Devonshire  St.,  Boston,  will 
build  an  8  story  building  on  Hygeia  St.  for 
the  Worcester  Cold  Storage  Co.  Estimated 
cost,   $300,000. 

Conn.,  New  London — The  Sheffield  Den- 
tifrice Co.  is  having  preliminary  plans  pre- 
pared for  the  construction  of  a  power  sta- 
tion. Daly  Co.,  Waterbury,  and  Flagg  & 
Co.,  27  State  St.,   Meriden,  Engrs. 

N.  Y.,  Albany — The  White  Automobile 
Co.,  East  79th  St.  and  St.  Clair  Ave.,  Cleve- 
land, is  having  plans  prepared  for  the  con- 
struction of  a  2  story,  75  x  200  ft.  sales 
room  and  garage  on  North  Bway.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $100,000.  Watson 
Eng.  Co.,  Hippodrome  Bldg.,  Cleveland, 
Archt. 

N.  Y.,  Brooklyn  —  The  William  Fox 
Amusement  Co.,  126  West  46th  St.,  New 
York  City,  plans  to  build  a  100  x  200  ft. 
theatre  on  Flatbush  and  Tilden  Aves.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $500,000.  I. 
W.  Lamb,  644  8th  Ave.,  New  York  City, 
Archt. 

N.  Y.,  Farmingdale — The  Raymond  Eng. 
Corp.,  309  Lafayette  St.,  New  York  City, 
will  build  two  1  story,  60  x  120  ft.  factories 
for  the  manufacture  of  motors,  power  tire 
pumps,  etc.  A  steam  heating  system  will 
be  installed  in  same.  Estimated  cost  be- 
tween $85,000  and  $90,000.  Work  will  be 
done  by  day  labor. 

N.  Y.,  College  Point— J.  B.  Kleinert  Rub- 
ber Co.,  725  Broadway,  New  York  City,  is 
having  preliminary  plans  prepared  for  the 
construction  of  a  4  story  factory.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $150,000.  R.  G.  Cory, 
39  Cortland  St.,  New  York  City,  Arch,  and 
Engr. 

N,  Y.,  Gabriels — Gabriels  Hospital  Com- 
mission is  having  plans  prepared  for  the 
construction  of  a  group  of  hospital  build- 
ings. A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$3,000,000.  J.  R.  Pope,  527  5th  Ave.,  New 
York    City,    Arch,   and   Engr. 

N.  Y.,  Long  Island  City — J.  Clark,  c/o 
B.  R.  Swartburg.  Arch,  and  Engr.,  103 
Park  Ave.,  New  York  City,  is  having  plans 
prepared  for  the  .construction  of  an  8 
.story,  100  x  150  ft.  factory.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal  estimated  cost.   $380,000. 

N.  Y.,  Long  Island  City— L.  Gold,  44 
Court  St.,  Brooklyn,  will  build  a  3  story, 
150  X  190  ft.  garage  and  service  station  on 
Ely  Ave.  and  South  Jane  St.  A  steam 
heating  svstem  will  be  installed  in  same. 
Total  estimated  cost.  $300,000.  Work  will 
be  done  by  day  labor. 

N.  Y.,  New  York — The  Congregation 
B'nai  Israel  of  Washington  Heights,  535 
West  148th  St.,  is  having  plans  prepared 
for  the  construction  of  a  1  story,  75  x  100 
ft.  synagogiie  at  617-621  West  149th  St.  A 
steam  heating  system  will  be  installed  In 
same.  Total  estimated  cost,  $200,000.  B. 
Roth.  119  West  40th  St.,  Archt.  and  En^. 

N.  Y.,  New  York — The  Continental  Ath- 
letic Club,  c/o  R.  C.  Lafferty,  Archt.  and 
Engr..  347  5th  Ave.,  is  having  plans  pre- 
pared for  the  construction  of  a  14  story, 
100  X  200  ft.  club  house  on  Central  Park 
West  from  61st  to  62nd  Sts.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $1,500,000. 

N.  Y.,  New  York — The  Emerson  Bldg. 
Corp..  103  Park  Ave.,  will  build  a  12  story, 
75   X   100   ft.    office   building  at   35-37   West 
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45th  St.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$375,000.     Work  will  be  done  by  day  labor. 

N.  Y.,  New  York — The  International  Mer- 
cantile Marine,  1  Bway.,  will  rebuild  its  11 
story  office  building.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $1,000,000.  Work  will  be  done 
by  day  labor. 

N.  Y.,  New  York— The  145  West  55th  St., 
Inc.,  1  West  67th  St.,  is  having  plans  pre- 
pared for  the  construction  of  a  15  story, 
80  X  100  ft.  hotel  at  139-145  West  55th  St. 
A  steam  heating  system  will  be  installed  in 
same.      Total    estimated    cost,    $750,000.      J. 

E.  Eaton,  19  West  44th  St.,  Archt.  and 
Engr. 

N.  Y.,  New  York— The  William  Fox 
Amusement  Co.,  126  West  46th  St.,  is  hav- 
ing plans  prepared  for  the  construction  of 
a  theatre  on  14th  St.  and  Irving  PI.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $300,000.  T. 
W.   Lamb,  644  8th  Ave.,  Archt. 

N.  Y.,  New  York— The  Board  of  Educa- 
tion, 500  Park  Ave.,  received  bids  for  the 
installation  of  a  boiler  and  condenser 
tubes,  from  the  Wheeler  Condenser  & 
Engineering   Co.,    149   Broadway,    $5685;   E. 

F.  Keating  Co.,  446  Water  St.,  $7040; 
Parkesbury  Iron  Co.,  30  Church,  $9360. 
Noted   Apr.    15. 

N.  Y.,  New  York — The  Harriman  Na- 
tional Bank,  527  5th  Ave.,  is  having  plans 
prepared  for  altering  its  present  building. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $500,000. 
J.   R.   Pope,   527  5th  Ave.,  Arch,   and  Engr. 

N.  Y.,  New  York — Frank  Koester,  Engr., 
50  Church  St.,  is  in  the  market  for  two 
60  ton  destructors,  two  300  h.p.  boilers, 
condenser  pumps,  one  200  kw.  generator, 
one  300  kw.  generator,  one  50  kw.  gener- 
ator, transformers  and  switchboards  for 
the  new  municipal  lighting  plant  at  Scran- 
ton,   Pa. 

N.  Y.,  New  York — The  195  Broadway 
Corporation,  195  Broaflway,  is  having 
plans  prepared  for  altering  a  27  story 
office  building.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $5,000,000.  W.  W.  Boswerth,  527  5th 
Ave.,    Arch,    and   Engr. 

N.  Y.,  White  Plains— W.  S.  Bessell. 
Archt.,  56  West  45th  St..  New  York  City, 
is  preparing  plans  for  the  construction  of  a 
theatre  here.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$100,000.     Owner's  name  withheld. 

N.  J.,  Bloomfield — The  American  La 
France  Fire  Engine  Co.,  250  West  45th  St.. 
New  York  City,  is  having  plans  prepared 
for  the  construction  of  a  1  story.  150  x  500 
ft.  factory.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost. 
$350,000.  Starrett  &  Van  Vleck,  8  West 
40th  St.,  New  York  City,  Archts.  and 
Engrs. 

N.  J.,  Newark — The  Celuloid  Co.,  290 
Ferry  St.,  is  having  plans  prepared  for  al- 
tering and  building  additions  to  its  power 
house.  Estimated  cost,  $100,000.  Lock- 
wood,  Green  &  Co.,  101  Park  Ave.,  New 
York  City,  Archt.  and  Engr. 

N.  J.,  South  River — The  Town  Council 
has  authorized  E.  B.  Hedden,  Supt.  Pub. 
Wks.,  Town  Hall,  to  draw  plans  for  the 
installation  of  two  500  kw.  steam  turbine 
engines,  also  building  to  house  same. 
Total  estimated  cost,  $140,000. 

N.  J.,  Westwood — The  Bd.  Educ.  plans  to 
build  a  2  and  3  story  school  building.  A 
steam  heating  system  will  b^  installed  In 
same.  Total  estimated  cost,  $125,000.  Ras- 
mussen  &  Wayland,  1133  Bway.,  New  York 
City,   Archts.   and  Engrs. 

Penn.,  Elkins  Park — Herbert  C.  Wise, 
Archt.,  925  Chestnut  St.,  Philadelphia,  will 
soon  award  the  contract  for  the  construc- 
tion of  a  3  story,  75  x  255  ft.  high  school 
here  for  Cheltenham  Township.  A  steam 
heating  .system  will  be  installed  in  same. 

Penn.,  Kingston— The  Wales  Adder  Ma- 
chine Co.,  Walnut  and  Hoyt  Sts.,  plans  to 
construct  a  3  story,  100  x  100  ft.  factory  on 
Hoyt  St.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$100,000. 

Penn.,  Lewlsburg — The  United  Evangel- 
ical Churches  plan  to  build  a  2  story,  80  x 
150  ft.  orphanage.    A  steam  he-ating  system 


and     electric     power    will    be     installed     in 
same.     Total  estimated  cost,  $150,000. 

Penn.,  IVIiners  Mill  (Wiikes-Barre  P.  O.) 
— The  Blessed  Sacrament  Congiegation 
plans  to  construct  a  2  story,  40  x  100  ft. 
church  on  Main  St.  A  steam  heating  sys- 
tem will  be  installed  in  same. 

Penn.,  Philadelphia — Mcllvain  &  Roberts. 
Archts.,  112  South  16th  St.,  will  soon  award 
the  contract  for  the  construction  of  an  8 
story,  85  x  120  ft.  sales  room  and  office 
building  on  Broad  and  Vine  Sts.,  for  Bige- 
low  Willeys  Co.,  304  North  Broad  St.  A 
steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,  $100,000. 

Penn.,  Scranton — The  city  has  engaged 
Frank  Koester,  Electrical  Expert,  50 
Church  St.,  New  York  City,  to  prepare 
plans  and  submit  estimates  for  the  con- 
struction of  a  1  story,  76  x  76  ft.  lighting 
plant.  Alex  T.  Connell,  Court  House^ 
Mayor. 

O.,  Canton — W.  I.  Zink,  Pub.  Serv.  Dir., 
will  soon  award  the  contract  for  the  con- 
struction of  a  1  story,  30  x  96  ft.  pump 
house.  Estimated  cost,  $20,000.  R.  Win- 
throp  Pratt,  Hippodrome  Bldg.,  Cleveland, 
Engr. 

O.,  Cleveland — The  Acorn  Refining  Co., 
8001  Franklin  Ave.,  will  receive  bids  about 
Feb.  10  for  the  construction  of  a  1  story, 
30  X  50  ft.  boiler  house.  Two  200  hp.  boil- 
ers will  be  installed  in  same.  Total  esti- 
mated cost.  $25,000.     E.  M.  Katz,  Pres. 

C,  Cleveland— The  Anshe  Emeth  Beth 
Texilo  Congregation,  1  '615  Grantwood  Ave., 
plans  to  build  a  1  story  synagogue  on  East 
105th  St.  and  Drexel  Ave.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $750,000.  Louis  Cahn,  Treas. 

O.,  Cleveland — The  Bd.  Educ,  East  6th 
St.  and  Rockwell  Ave.,  will  receive  bids 
until  Jan.  26  for  the  construction  of  two  1 
story  school  additions,  each  55  x  150  ft.,  on 
St.  Clair  Ave.  and  Royal  Rd.  One  heating 
boiler  will  be  installed  in  same.  Total  es- 
timated cost,  $150,000.  F.  G.  Hogan,  Dir. 
W.  R.  McCormack,  Archt. 

O.,  Cleveland— The  Bd.  of  Educ.  will  re- 
ceive bids  in  the  spring  for  the  construc- 
tion of  a  2  story,  128  x  254  ft.  high  school 
on  E:ast  118th  St.  and  Hopkins  Ave.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estintated  cost,  $500,000. 
Frank  G.  Hohan,  East  6th  St.  and  Rock- 
well Ave.,  Dir.  W.  R.  McCormack,  East 
6th  St.  and  Rockwell  Ave.,  Archt. 

O.,  Cleveland— The  Cleveland  Twist  Drill 
Co.,  East  49th  St.  and  Lakeside  Ave.,  plans 
to  build  a  1  story  factory  on  Euclid  Ave. 
and  tracks  of  Nickel  Plate  R.  R.  A  boiler 
plant  will  be  installed  in  same.  Total  esti- 
mated cost,  $100,000.     J.  D.  Cox,  Mgr. 

O.,  Cleveland— The  Baton  Axle  Co.,  10017 
Euclid  Ave.,  is  having  plans  prepared  for 
the  construQtion  of  a  1  story  factory  at 
East  140th  St.  and  the  New  York  Central 
R.  R.  Two  300  hp.  boilers  will  be  Installed 
in  same.  Total  estimated  cost,  $100,000. 
J.  O.  Eaton,  Pres.  G.  S.  Rider  &  Co.,  Cen- 
tury Bldg.,  Archt.  and  Engr. 

O.,  Columbus — D.  Riebel  &  Sons,  Archts., 
New  First  National  Bank  Bldg.,  Is  pre- 
paring plans  for  the  construction  of  a  2 
story  school  building  for  the  Bd.  Educ.  in 
Linden,  a  suburb  of  Columbus.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $165,000. 

O.,  Lakewood — C.  A.  Cotabish,  c/o  The  Na- 
tional Carbon  Co.,  West  117th  St.  and  Mad- 
ison Ave.,  Cleveland,  is  having  plans  pre- 
pared for  the  construction  of  a  3  story, 
200  X  460  ft.  commercial  building  and  mov- 
ing picture  theatre  at  13606  Detroit  Ave.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $300,000.  S. 
H.  Weis,  Schofield  Bldg.,  Cleveland,  Archt. 

O.,  Youngstown — The  Ohio  Hotel  Operat- 
ing Co.,  Boardman  and  Hazel  Sts.,  is  hav- 
ing plans  prepared  for  the  construction  of 
a  hotel  addition.  A  steam  heating  system 
will  be  installed  in  same.  To'al  estimj.ted 
cost,  $350,000.  Clinton  &  Russell.  32  Nas- 
saw  St.,  New  York  City,  Archts.  anc" 
Engrs. 

IVIich.,  Detroit.  —  The  Detroit  Librarv 
Commission,  Public  Library  Bldg.,  plans  to 
build  a  2  story  library  on  Mack  and  Mont- 
clair  Aves.,  also  a  branch  library  of  similar 
construction  on  West  Fort  St.,  near  Water- 


man Ave.,  and  one  on  Davidson  Blvd.  and 
Lumpkin  Ave.  Steam  heating  plants  will 
be  installed  in  same.  Estimated  cost, 
$200,000  each. 

Mich.,  Detroit.- M.  J.  Schneider,  601  Dix 
Ave.,  will  soon  award  the  contract  for  the 
construction  of  a  1  story,  50  x  130  ft.  bat- 
tery service  station  on  Dix  Ave.  A  steam 
hfating  boiler,  forced  ventilation  unit,  fan 
and  blower  will  be  installed  in  same.  Totai 
e.stimated  cost,  $25,000.  J.  W.  Townsend, 
709  Empire  Bldg.,  Engr. 

iVIich.,  Escanaba. — Philip  L.  Utley  and 
.John  G.  Sutherland  have  asked  the  Bd. 
Supervs.  for  permission  to  construct  2  re- 
inforced concrete  dams  across  the  Esca- 
naba River  in  Cornell  and  Baldwin  Twps., 
one  to  be  50  ft.  high,  with  concave  face  to 
serve  as  apron  about  50  ft.  wide,  waste 
gate  12  ft.  wide  and  12  ft.  deep,  with  log 
chute  5'^  ft.  wide  and  4  ft.  deep  from  the 
top  of  the  dam.  Other  dam  to  be  similar 
iu  all  details  except  height,  which  is  to  be 

60  ft.  Project  includes  hydro- electric 
plants. 

Mich.,  Port  Huron — The  City  Comn.  plans 
to  install  an  additional  steam  driven  pump- 
ing unit  with  a  capacity  of  6,000,000  gal- 
lons per  day;  also  to  replace  2  present 
boilers  and  adding  1  in  reserve.  E.  R. 
Whitmore,  City  Hall,  Engr. 

Mich.,  Saginaw — The  Saginaw  Table  & 
Cabinet  Co.,  Wheeler  St.,  is  having  plans 
piepared  for  the  construction  of  a  2  story, 

61  X  475  ft.  furniture  factory  on  Wheeler 
St.  A  steam  heating  system  and  electric 
power  will  be  installed  in  same.  Totari  es- 
timated cost,  $100,000.  Cowles  &  Mut- 
scheller,  Saginaw,  Archts. 

Mich.,  St.  Clair— The  Bd.  Educ.  engaged 
Perkins,  Fellows  &  Hamilton,  Archts.,  814 
Tower  Court,  Chicago,  to  prepare  plans  for 
the  construction  of  a  2  story  high  school 
on  Main  St.  A  steam  heating  system  will 
be  installed  in  same.  Total  esfimated  cost, 
$250,000. 

III.,  Chicago — The  Bd.  Educ.  7  South 
Dearborn  St.,  Is  having  plans  prepared  for 
the  construction  of  a  3  story,  150  x  250  ft. 
addition  to  the  technical  high  school  on 
Van  Buren  St.  and  Oakley  Blvd.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $3,000,000.  John  Ho- 
watt,  Engr.,  and  A.  F.  Hussander,  Archt., 
both  of  7  South  Dearborn  St. 

III.,  Chicago — Clarence  Hatzfleld,  Archt., 
7  South  Dearborn  St.,  is  preparing  plans 
for  the  construction  of  a  5  story,  104  x  117 
ft.  Masonic  temple  on  64th  and  Green  Sts. 
A  steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $250,000.  Own- 
er's name  withheld. 

III.,   Chicago — Clarence  Hatzfleld,   Archt., 

7  South  Dearborn  St.,  will  soon  award  the 
contract  for  the  construction  of  a  4  story, 
75  X  125  ft.  auto  sales  building  on  Milwau- 
kee Ave.  near  Kedzie  Ave.  A  vacuum  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $150,000. 

III.,  Chicago — Z.  E.  Smith,  Archt.,  305 
East  55th  St.,  will  soon  award  the  contract 
for  the  construction  of  a  3  stor^^  95  x  180 
ft.  laundry  and  boiler  house  at  2135  West 
Madison  St.,  for  the  Great  Western  Laun- 
dry, 2319  West  Madison  St.  A  200  hp. 
steam  pr wer  and  heating  plant  will  be  in- 
stalled 1.,  same.  Total  estimated  cost, 
$225,000. 

III.,  Oak  Park— Holmes  &  Flinn,  Archts. 

8  South  Dearborn  St.,  Chicago,  will  soon 
award  the  contract  for  the  construction  of 
a  4  story.  144  x  157  ft.  addition  to  the  high 
school  on  Ontario  St.  and  East  Ave.,  for 
the  Bd.  Educ.  A  steam  heat'ng  system 
will  be  installed  in  same.  Total  estimated 
cost,   $200,000. 

Wis.,  Green  Bay— The  John  Hoberg  Pa- 
per Co..  Elm  St.,  has  selected  a  site  and 
plans  to  build  a  4  stoi-y,  60  x  250  ft.  paper 
mill  on  12th  and  Main  Sts.  A  steam  heat- 
ing system  and  power  equipment  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$250,000. 

Wis.,  Kiel — Stoetling  Bros.  Co.  will  soon 
award  the  contract  for  the  construction  of 
a  3  story,  60  x  120  ft.  power  plant  on  Main 
St.     Estimated  cost,  $50,000. 

Wis.,  Racine — Lambert  Bassindale,  Archt., 
Capitol  Bank  Bldg.,  St.  Paul,  Minn.,  will 
receive  bids  until  March  1  for  the  con- 
struction  of  a    2    story,    60   x   ?10    ft.    office 
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building  for  the  Journal  News  Publishing 
Co.,  328  Main  St.  Separate  bids  will  be  re- 
ceived for  installing  heating,  plumbing  and 
lighting  systems  in  same.  Total  estimated 
cost,   $100,000. 

Wis.,  Saukville — H.  J.  Gary  is  organizing 
a  company  which  plans  to  build  a  1  and  2 
stoiT.  36  X  376  ft.  pea  cannery.  A  steam 
power  plant  will  probably  be  installed  m 
same.     Total  estimated  cost,  $50,000. 

Wis.,  Tomah— The  Tomah  Electric  Light 
Co.,  c/o  Li.  Barney,  Supt.,  plans  to  con- 
struct a  1  story,  60  x  135  ft.  light  and 
power  plant  on  Main  St.  Power  machmery 
will  be  installed  in  same.  Total  estimated 
cost,   $70,000. 

Minn.,  Benson — The  city  is  having  plans 
prepared  for  the  installation  of  a  generator, 
switchboard  and  boilers  in  the  electric 
light  plant.  Estimated  cost,  $40,000.  L.  M. 
Peterson,  Clk.  W.  E.  Shinner,  15  South 
5th  St.,   Minneapolis,  Engr. 

Minn.,  Grey  Eagle— The  Bd.  Educ.  is  pre- 
paring plans  for  the  construction  of  a  2 
story,  68  x  120  ft.  high  school.  Separate 
bids  will  be  received  for  installing  heating 
and  plumbing  systems  in  same.  Rose  & 
Harris,  471  Auditorium  Bldg.,  Minneapolis, 
Engr.  Stebbins  &  Haxby,  445  Auditorium 
Bldg.,   Minneapolis,  Archt. 

Minn.,  Lake  Crystal — Independent  School 
District  No.  19  is  having  plans  prepared 
for  the  construction  of  a  2  story,  90  x  140 
ft.  high  school.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $275,000.  Guy  Lamoreau,  Clk.  Rose 
&  Harris,  471  Auditorium  Bldg.,  Minneap- 
olis, Engrs.  Stebbins  &  Haxby,  445  Audi- 
torium Bldg.,  Minneapolis,  Archts. 

Minn.,  Luverne — Independent  School  Dist. 
No.  2  is  having  plans  prepared  for  the  con- 
struction of  a  2  sotry,  68  x  120  ft.  high 
school.  Separate  bids  will  be  received  for 
installing  heating  and  plumbing  systems. 
Total  estimated  cost,  $300,000.  H.  W. 
Bertram,  Clk.  Tyrie  &  Chapman,  320 
Auditorium    Bldg.,    Minneapolis,    Archts. 

Minn.,  Northfield  —  M.  Edward  Wohn, 
Archt.,  596  Endicott  Bldg.,  St.  Paul,  will 
receive  bids  until  Jan.  15  for  the  construc- 
tion of  a  3  story,  73  x  186  ft.  science  hall 
for  St.  Olars  College.  Separate  bids  will 
be  received  for  installing  heating  and 
plumbing  systems  in  same.  Total  esti- 
mated cost,   $200,000. 

Minn.,  St.  Paul — Justina  Sanford,  486 
Otis  St.,  is  having  plans  prepared  for  the 
construction  of  a  12  story,  122  x  420  ft. 
hotel  on  Summit  Ave.  A  steam  heating 
system  will  be  installed  in  same.  Total  es- 
timated cost,  $2,000,000.  Mark  Fitzpatrick, 
17  West  9th  St.,  Archt. 

Minn.,  St.  Paul — The  Western  Chemical 
Co.,  Hutchinson,  is  having  plans  prepared 
for  the  construction  of  a  3  story,  90  x  120 
ft.  chemical  factory  on  Malcolm  Ave.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $125,000. 
Downs  &  Eads,  803  Phoenix  Bldg.,  Archts. 

Colo.,  Seibert — The  town  will  receive 
bids  in  the  latter  part  of  January  for  the 
construction  of  electric  light  and  water 
plants.  Estimated  cost.  $40,000.  R.  D. 
Salisbury,  1415  East  Colfax  Ave.,  Denver, 
Engr. 


Cal.,  Independence — The  Bd.  of  Supervs. 
of  Inyo  County  will  receive  bids  until  Feb. 
2  for  the  construction  of  a  2  story  court- 
house. A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$150,000.  W.  H.  Weeks.  75  Post  St.,  San 
Francisco,  Archt. 

Cal.,  Pittsburgh — A.  C.  Cardinalle  et  al  is 
having  plans  prepared  for  the  construction 
of  a  2  story,  70  x  150  ft.  cold  storage  plant 
and  ice  factory  on  4th  St.  I.  Zanolini,  604 
Montgomery  St.,   San  Francisco,  Archt. 

Cal.,  San  Pedro — The  Van  Camp  Sea 
Food  Co.,  14th  St.  and  waterfront,  will 
probably  be  granted  a  lease  by  the  City 
Harbor  Comn.,  Los  Angeles,  on  30  acres  of 
tideland  on  which  it  proposes  to  erect  an 
ice  and  cold  storage  plant,  also  a  wharf  250 
ft.  long.     Total  estimated  cost,   $300,000. 

CONTRACTS  AWARDED 

Conn.,  Danbury — The  Danbury  Felt  Mills 
have  awarded  the  contract  for  the  con- 
struction of  a  2  story,  60  x  60  ft.  manO- 
facturing  building  to  Wescott  <fe  Mapes, 
Inc.,  207  Orange  St.,  New  Haven.  Plans 
include  an  18  x  36  ft.  boiler  house.  Total 
tstimated  cost,  .$80,000. 

Conn.,  Manchester — The  town  has  award- 
ed the  contract  for  the  construction  of  a 
school  on  Spruce  St.  to  W.  A.  Knosla, 
South  Manchester.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,   $150,000. 

Conn.,  West  Haven — The  town  of  Orange, 
Northern  School  Dist.,  has  awarded  the 
contract  for  installing  a  steam  heating  sys- 
tem in  the  proposed  2  story,  90  x  100  ft. 
school  on  1st  Ave.  and  Lanison  St.  to  the 
Stone  &  Underbill  Heating  &  Ventilating 
Co.,  139  Pearl  St.,  Boston.  Total  estimated 
cost,  $100,000. 

N.  Y.,  Brooklyn — The  Knickerbocker  Ice 
Co.,  1480  Bway.,  New  York  City,  has 
awarded  the  contract  for  the  construction 
of  a  1  story,  70  x  100  ft.  ice  plant  In  Bay 
Ridge  to  F.  G.  Fearon,  280  Madison  Ave., 
New  York  City.     Estimated  cost,  $80,000. 

N.  Y.,  New  York— The  Chase  National 
Bank,  57  Broadway,  has  awarded  the  con- 
tiact  for  altering  the  present  4  story,  of- 
fice, store  and  bank  building  at  69-79 
Greenwich  St.  to  Marc  Eidlitz,  30  East 
42nd  St.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$300,000. 

Penn.,  Philadelphia  —  The  Philadelphia 
Paper  Mfg.  Co.,  River  Rd.,  has  awarded 
the  contract  for  the  construction  of  a  1 
story,  160  x  295  ft.  administration  building 
at  Manayunk  to  Hughes,  Foulkrod  &  Co.. 
Commonwealth  Trust  Bldg.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $145,000. 

Penn.,  Wilkes- Barre — The  Kitsee  Battery 
Co.,  262  North  Main  St.,  has  awarded  the 
contract  for  the  construction  of  a  3  story, 
70  X  90  ft.  storage  battery  manufacturing 
plant,  to  John  A.  Schmitt,  Bennett  Bldg. 
A  steam  heating  system  will  be  installed 
in  same.     Total  estimated  cost,  $106,000. 

O.,  Akron — The  Goodyear  Tire  &  Rubber 
Co.,  East  Market  St.,  has  awarded  the  con- 
tract   for    the    construction    of    a    3    story. 


100  X  130  ft.  dormitory  for  girls  on  East 
Market  St.,  to  the  Hunkin-Conkey  Con- 
struction Co.,  Century  Bldg.,  Cleveland.  A 
steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,   $200,000. 

C,  Cleveland— The  Cleveland  Motor  Sales 
Co.,  1628  Euclid  Ave.,  has  awarded  th© 
contract  for  the  construction  of  a  2  story, 
75  X  150  ft.  sales  building  and  show  roonj 
on  East  40th  St.  and  Prospect  Ave.,  to  Ed. 
Paulsen,  Erie  Bldg.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $100,000.     J.   C.  Simon,  Mgr. 

O.,  Cleveland — The  Euclid  Malta  Co.,  c/o 
Colcher  &  Smith,  Archts.,  Lennox  Bldg., 
has  awarded  the  contract  for  the  construc- 
tion of  a  3  story,  50  x  175  ft.  lodge  and  of- 
fice building  on  Euclid  Ave.,  near  East 
105th  St.,  to  the  Du  Peron  Const.  Co.,  East 
22nd  St.  and  Prospect  Ave.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $100,000. 

C,  Cleveland — The  Federal  Packing  Co., 
3207  West  65th  St.,  has  awarded  the  con- 
tract for  remodeling  a  4  story,  40  x  160  ft. 
cold  storage  plant  on  East  4th  St.  and 
Bolivar  Rd.,  to  J.  H.  Dease,  520  Erie  Bldg. 
Estimated  cost,   $50,000. 

0.,  Sliver  Lake — The  village  has  awarded 
the  contract  for  the  construction  of  two  1 
story,  17  x  17  ft.  pump  houses  to  the  Alger- 
Tilghman  Co.,  Guardian  Bldg.,  Cleveland. 
Deep  well  pumps  with  a  175  gal.  per  min. 
capacity  will  be  installed  in  same.  Total 
estimated   cost,   $15,000. 

Mich.,  Lansing — The  Detroit  Beef  Co., 
1214  Washington  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  2  story, 
30  X  92  ft.  cold  storage  plant  and  a  19  x  42 
ft.  garage,  on  Washington  St.  and  the 
Grand  Trunk  Ry.,  to  Pine  &  Municke,  103 
iMarquette  Bldg.,  Detroit.  A  small  steam 
heating  boiler  and  electric  motors  for  power 
will  be  installed  in  same.  Total  estimated 
cost,   $50,000. 

III.,  Chicago — The  Continental  Can  Co., 
Ill  West  Washington  St.,  has  awarded  the 
contract  for  the  construction  of  a  1  story, 
90  X  170  ft.  factbry  on  Ashland  Ave.  near 
38th  St.,  to  E.  W.  Sproul  Co.,  2001  West 
39th  St.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$175,000. 

III.,  Chicago — The  Packard  Auto  Open 
Body  Co.,  c/o  S.  Scott  Joy,  Archt.,  2001 
West  39th  St.,  has  awarded  the  contract 
for  the  construction  of  a  3  story,  120  x  400 
ft.  factory  on  East  104th  St.  and  Erickson 
Ave.,  to  E.  W.  Sproul  Co.,  2001  West  39th 
St.  A  steam  heating  system  will  be  in- 
.stalled  in  same.  Total  estimated  cost, 
$1,000,000. 

III.,  Rock  Island — Rock  Island  County  has 
awarded  the  contract  for  the  installation  of 
steam  heating  and  plumbing  systems  in 
the  proposed  3  story,  44  x  99  ft.  jail,  on 
15th  St.,  to  Channon  &  Dufra,  Rock  Is- 
land.    Total  estimated  cost,  $125,000. 

Minn.,  Hastings — The  State  Asylum  for 
the  Insane  has  awarded  the  general  con- 
tract for  the  construction  of  a  1  story, 
45  X  140  ft.  power  plant  to  C.  Ash  &  Son, 
202  Maria  Ave.,  St.  Paul,  $58,269;  mechan- 
ical equipment  to  M.  J.  O'Neil,  60  East  6th 
St.,  St.  Paul,  $40,000. 
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Every  Man  an  Efficiency  Engineer 

John  Leitch  in  his  excellent  book,  "Man-to-Man,  the  Story  of 
Industrial  Democracy,"  relates  that  in  one  plant  at  a  meeting  of  the 
employees  the  suggestion  was  made  by  one  that  an  efficiency  engineer 
be  called  in  to  instruct  the  men  in  better  methods  for  doing  their  work, 
and  to  increase  production.  Much  discussion  followed,  and  finally 
one  of  the  men  blurted  out,  "We  have  268  efficiency  engineers  right 
here  now!"  (There  were  268  employees  in  the  plant,  and  they  were 
all  present  at  the  meeting.) 

There  is  a  tremendous  amount  of  sound  reasoning  and  good  judg- 
ment expressed  in  that  short  statement,  and  it  should  be  true  of  every 
plant.  When  by  instruction  and  cooperation  each  man  is  induced  to 
take  the  interest  that  he  should  in  the  plant  in  which  he  is  employed, 
then  each  man  will  become  an  efficiency  engineer.  It  will  be  unneces- 
sary to  call  in  outside  aid  to  find  t',he  weak  spots,  and  to  devise  better 
methods  of  doing  things.  No  man  can  be  as  familiar  with  the  work- 
ings within  a  shop  as  he  who  spends  day  after  day  at  his  bench,  at 
his  latbe,  or  on  whatever  his  job  may  be. 

Every  workman  should  constantly  keep  before  his  mind  these 
three  questions: 

Am  I  doing  my  work  in  the  most  economical  way  for  the  interests 
of  my  employer?  (Which,  by  the  way,  generally  prove  to  be  the  em- 
ployee's interests  also.) 

Am  I  eliminating  all  possible  wastes  of  time,  energy  and  material? 

Am  I  doing  everything  possible  to  advance  myself  in  my  work, 
both  to  my  own  profit  and  for  the  interests  of  my  employer? 

If  a  man  can  answer  "yes"  to  all  these  questions,  then  however 
humble  may  be  his  position,  however  rough  and  unskilled  may  be  his 
labor,  that  man  is  an  "efficient  engineer,"  and  as  such  is  a  most  valu- 
able asset  to  his  employer.  On  the  other  hand,  the  reverse  is  true. 
Any  man,  no  matter  how  high  a  position  he  may  hold,  who  can  not 
answer  "yes"  to  the  foregoing  questions  not  only  is  depriving  his 
employer  of  services  that  are  his  due,  but  is  decreasing  production, 
increasing  costs  and — what  should  be  of  more  interest  to  him — re- 
tarding his  own  development  and  advancement.  And  it  is  such  men 
that  make  it  necessary  to  bring  in  efficiency  experts  from  the  outside. 

The  profession  of  efficiency  engineering  has  been  greatly  abused, 
until  in  many  plants  an  efficiency  engineer  is  looked  upon  with  suspi- 
cion by  employer  and  employee  alike.  The  mere  use  of  the  words 
arouses  a  feeling  of  hostility  at  once.  This  works  a  hardship  upon 
the  great  number  of  men  who  are  qualified  by  training  and  ability  to 
give  expert  advice  in  matters  of  cutting  costs,  increasing  production 
and  reducing  wastes,  and  who  have  made  this  work  their  profession. 

But  if  the  employees  of  every  plant,  large  or  small,  would  adopt 
for  their  motto  the  words,  "Every  Man  an  Efficiency  Engineer,"  there 
would  be  no  occasion  for  outside  experts  ■^o  be  called  in.  Labor  and 
Capital  would  alike  benefit  thereby,  fuel  administrators  would  be  un- 
necessary, and  power  plants  would  operate  at  efficiencies  heretofore 
unheard  of. 
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k  EXTENSION/oL  STREET  STATION, BOSTON 
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By  CHARLES  H.  BROMLEY 


The  station  represents  the  latest  practice  in 
large  power-plant  design.  The  boiler  room  is 
unequaled  in  provisions  for  convenient,  eco- 
nomical performance.  One  30,000-^w.  single- 
cylinder  impulse  turbine  is  installed.  A  second 
30,CXX)  will  he  ready  soon.  Barometric  con- 
denser is  used  as  heater.  Main  steam  valves 
are  remote-controlled  electrically. 


THE  latest  practice  in  power-station  design  is  the 
new  extension  to  the  L  Street  Station  of  the  Edi- 
son Electric  Illuminating  Co.  of  Boston,  Mass. 
When  more  power  was  demanded  of  this  station,  the 
engineers  had  the  advantage  of  making  an  extension 
along  the  most  modern  lines  in  building  and  equipment, 
instead  of  remodeling  an  old  station,  which  in  recent 
years  has  been  the  usual  way  of  increasing  a  station's 
capacity.  The  headpiece  is  from  the  most  recent  photo- 
graph of  the  exterior  of  this  station,  and  Fig.  13  shows 
a  sectional  view  of  the  buildings  and  equipment  of  the 
recent  extension.  The  station  is  exceptionally  roomy, 
well-lighted  and  ventilated,  and  excellently  equipped. 
In  the  extension  there  are  four  Babcock  &  Wilcox 
cross-drum  water-tube  boilers  (Fig.  2),  each  of  12,320 
sq.ft.  of  heating  surface.  The  turbine  room  now  has 
one  30,000-kw.  single-cylinder  impulse  turbine  embody- 
ing the  recent  improv^ements  made  on  this  design  by 
the  General  Electric  Co.  and  another  will  soon  be  ready. 
The  boiler  room  without  question  has  no  equal  in  point 
of  design  and  equipment.  Every  provision  that  obviates 
or  lightens  heavy  labor,  that  makes  for  convenience  of 
operation  and  repair,  that  conduces  to  efficiency  and 
checks  and  records  it,  is  made.  See  Figs.  1  to  5,  also 
Fig.  11.  Each  boiler  is  inclosed  in  a  steel  casing,  its 
walls  insulated;  each  has  a  Westinghouse  13-retort 
underfeed  stoker  with  a  clinker  grinder.  The  retorts 
are  sectionalized  in  three  units  of  three  retorts  each 
and  one  unit  of  four  retorts.  The  drive  is  by  dustproof 
motor.  Each  stoker  has  four  motors,  one  for  each  sec- 
tion of  retorts.    The  forced-draft  fans  are  on  the  boiler- 


room  floor,  and  so,  too,  are  the  motor-driven  centrifugal 
boiler-feed  pumps. 

With  the  type  of  settings  under  these  cross-drum 
boilers  the  front  of  the  boiler  becomes  the  back  as  far 
as  observation  and  control  of  fire  goes.  One  man  at- 
tends to  the  feeding  of  coal  to  all  stoker  hoppers  and 
retorts  by  the  use  of  10-ton  weighing  lorry.  Between 
the  stoker  side  of  the  boilers  and  the  back  or  control 
side  there  is  a  partition  that  keeps  out  the  dust.  The 
firemen  are  un  the  control  side.  The  rheostats  for 
the  various  motor  controls  are  in  the  basement,  chains 
connecting  them  with  the  control-room  floor  level  at 
the  boilers. 

Each  stoker  has  13  retorts,  the  drive  of  which  is  sec- 
tionalized by  four  gear  boxes  with  an  individual  motor 
for  each  section.  This,  of  course,  gives  the  crew  posi- 
tive mechanical  control  of  the  whole  or  any  part  of  the 
fuel  bed.  The  furnace  has  a  combustion  volume  of 
3000  cu.ft.  and  930  lb.  of  coal  per  hour  per  retort.  The 
ashpit  volume  is  1050  cubic  feet. 

The  clinker  grinder  is  of  considerable  interest,  but  as 
it  was  described  in  Power  for  Apr.  22,  1919,  details  here 
are  unnecessary.  Its  performance  is  remarkable.  New 
River  coal,  which  averages  6.5  per  cent,  ash  by  analysis, 
which  fuses  at  about  2500  to  2800  deg.  F..  is  burned 
in  this  station.  Analyses  of  the  refuse  passed  through 
the  grinder  show  it  to  contain  from  6  to  7  per  cent,  car- 
bon for  the  average  over  the  usual  operating  day.  The 
refuse  may  be  emptied  from  the  ash  hoppers  directly 
into  motor  trucks. 

Each  boiler  has  50,000  cu.ft.  per  min.  capacity  at  7-in. 
static  pressure  in  forced-draft  fans,  motor-driven,  and 
80,000  cu.ft.  per  min.  in  induced-draft  fans,  also  motor- 
driven.  The  forced-draft  fans  are  of  straight-blade 
double-inlet  type.  The  induced  fans  are  of  the  multi- 
vane  type. 

Each  boiler  has. an  economizer  of  7728  sq.ft.  heating 
surface,  built  for  300  lb.  pressure. 

One  of  the  features  which  impresses  the  visitor  to  the 
station  is  the  adequate  room,  excellent  ventilation  and 
lighting  everywhere  provided.  "It's  a  fine  place  to 
work  in,"  is  what  one  exclaims  on  seeing  it.     Unusual, 
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FIGS.  1  TO  5.     BOILER-ROOM  VIEWS  IN  THE  L  STREET  STATION  EXTENSION 
Fig.  1 — The  control  side  of  one  of  the  boilers.     Fig.  2 — Showing  the  stoker  drive  side.    Fig.  3 — Looking  down  the  new  boiler  room, 
control  side.    Fig.  4 — Combustion  chamber  of  one  of  the  boilers.    Fig.  5 — Looking  down  upon  the  clinker  grinder. 
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FIGS    G  TO  10.     DEAN  ELECTRICALLY  CONTROLLED  VALVES  IN  L  STREET  STATION 
Fig.   G-A  large  gate  valve.     Fig.  7-One  of  the  high-pressure  steam  valves.     Fig.  8-The  high-pressure  steam  header 


connection  to  the  header,  showing  three  controlled  valves.     Fig.  10- 


Fig.  9— A 
A  "close  up"  of  one  of  the  large  valves  in  the  steam  line. 
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indeed,  are  the  number  of  iron  grating  platforms  and  a  toggle   form  of  w^dge  mechanisrn    for   keeping   the 

runways  about  the  boiler  room.     There  are  few  flanges  disks  tight  against  the  seats.    The  thickness  of  metal  in 

or  fittings  that  a  man  cannot  work  upon  while  standing  the  valve  body  is  greater  than  the  manufacturer's  stand- 
on    these    gratings.      One 

1<- ■ !7'-5i"C.ivC.ofBoi7erCc>/s. ->i 


with  station  experience 
does  not  question  this  in- 
vestment. 

Automatic  feed-w  a  t  e  r 
regulators  are  used,  as  is 
now  general  practice  in  all 
modern  power  plants. 

The  boiler  room  of  the 
extension  is  tied  into  the 
steam  distribution  system 
of  the  older  boiler  room. 
The  pressure  Dn  the  lines  of 
the  new  extension  is  300  lb., 
that  in  the  older  plant  200 
lb.  Fig.  12  shows  the  tie- 
in  connections.  Note  that 
the  General  Electric  pres- 
sure-reducing valve  is  the 
connecting  point  between 
the  300-lb.  and  200-lb.  sys- 
tems. To  avoid  the  possi- 
bility of  300  lb.  on  the  200- 
Ib.  system,  a  bank  of  twelve 
4.5-in.  pop  safety  valves 
are  provided.  These  relieve 
into  a  20-in.  spiral-riveted 
pipe  which  connects  with 
the  main  atmospheric  relief 
pipe.  This  application  of 
this  pressure-reducing  valve 
is  unique.  The  valve  is 
made  for,  and  for  a  num'- 
ber  of  years  has  been  used 
on,  Curtis  mixed-pressure 
turbines,  but  its  use  as  at 
this  station  is  new.  The 
advantages  of  remote  con- 
trol of  valves,  steam  and 
water,  is  now  so  generally 
recognized  that  it  is  being 
applied  in  all  modern  power 
stations.  The  remote  con- 
trol of  valves  at  L  Street 
Station  is  a  feature.  See 
Figs.  6  to  10.  The  follow- 
ing description  and  explan- 
ation of  valve  control  at 
this  station  was  written  for 
this  article  by  P.  P.  Dean, 
the  engineer  who  has  devel- 
oped this  system  of  control  :* 

A  noteworthy  feature  of 
this  installation  is  the  pip- 
ing and  valve  equipment, 
which  is  especially  designed 
for  the  high  pressure  and 
superheat  used.  The  ma- 
jority of  the  valves  are  of 
Schiitte  &  Koerting  manu- 
facture and  are  built  with 
cast-steel  bodies  and  fitted 
with  m  o  n  e  1-m  e  t  a  1  seat 
rings.  The  stem  is  also  of 
monel,    and    this    metal    is 


FIG  11. 


SECTIONAL   VIEW   OF  CROSS-DRUjM    BOILER.    CLINKER    GRINDER   AND    ASH 

HOPPER 


used  on  account  of  its  ability  to  stand  excessive  heat  and 
also  on  account  of  its  low  coefficient  of  expansion. 
The    valves    are  of  the  double-disk  taper  type,  having 


ard,  and  the  flanges  also  are  of  extra  thickness.  A 
number  of  the  valves,  however,  on  the  same  line,  are 
built  by  the  Nelson  Valve  Co. 
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Eighteen  of  the  important  header  and  sectionalizing 
valves  are  equipped  with  electrical  control  containing  a 
number  of  noteworthy  features.  This  control  is  built 
by  the  Cutler-Hammer  Manufacturing  Co.  and  is  known 


300  lb. 


FIG.    12.     ELEVATION   OF   NEW  STEAM  HEADEii 


as  the  Dean  control  system.  It  is,  so  far  as  known,  the 
only  electrically  operated  valve-closing  device  that  is 
built  especially  for  valve  Operation.  The  operation  is 
by  electric  motor  geared  to  a  system  of  reduction  gear- 
ing to  reduce  the  speed  of  the  valve  stem  to  12  in.  per 
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worm  gearing  for  the  necessary  reduction.  The  gear  is 
continually  immersed  in  oil  and  is  fitted  into  an  oil- 
tight  cast-iron  case  forming  the  main  housing  of  the 
unit.  Contained  within  the  unit  is  a  limiting  device 
which  stops  the  valve  the  moment  the 
predetermined  limits  have  been 
reached  and  eliminates  drift  or  over- 
travel,  which  is  usually  the  cause  of 
so  much  jamming  and  consequent 
breaking  of  stems  in  valves  of  this 
description. 

A  mechanical  clutch  automatically 
releases  the  high-speed  motor  and 
gears  from  the  valve  stem,  and  at  the 
same  moment  an  electrical  limit 
opens  the  motor  circuit. 

The  whole  of  the  limit  mechan- 
ism, gearing,  etc.,  is  totally  inclosed, 
oil-tight  and  moisture-proof,  while 
the  cables  from  the  motor  to  the 
switch  housing  are  contained  in  cast- 
iron  housing,  making  the  unit  water- 
proof and  steamproof.  The  con- 
struction of  the  unit  is  such  that  the 
motor  is  a  considerable  distance  from 
the  valve  yoke  and  free  from  the  ex- 
cessive heat  consequent  to  the  pres- 
sure and  superheat  used. 

The  Dean  unit  is  fastened  to  a  spe- 
cially constructed  valve  yoke  by  four 
large  studs,  and  the  slow-speed  shaft 
is  geared  to  a  valve  stem  by  cast- 
steel  cut  gears  which  are  complete- 
ly inclosed  by  a  sheet-iron  casing. 
Handwheels  are  provided  and  keyed  to  an  extended 
shaft  so  that  manual  operation  may  be  performed  in 
the  event  of  failure  of  current.  Some  of  the  valves  are 
controlled  from  one  station  and  others  from  two  re- 
mote points  by  the  aid  of  standard  Dean  control  sta- 


SECTIONAL,  ELEVATION  OF  RECENT  EXTENSION  TO  L  STREET  STATION 


miri.  The  motor  is  of  the  series-wound  multi-polar, 
high-torque  type,  totally  inclosed  and  weatherproof,. and 
is  connected  to  a   system  of  combined  planetary  and 


tions  which  are  fitted  with  red  and  green  indicating  lights. 
The  electrical  limit  switch  on  the  Dean  unit  is  con- 
structed to  break  the  main  circuit,  which  system,  with 
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single-point  control,  obviates  the  necessity  of  any  re- 
lay panel  and  makes  the  complete  control  possible  by  the 
aid  of  five  wires  between  the  Dean  unit  and  the  control 
station. 

The  indicating  lights  on  the  control  station  show  the 
full-open  and  full-closed  position  of  the  valve,  and  the 
connections  are  such  that  should  a  fuse  blow  or  an  elec- 
trical connection  become  loose,  the  light  will  disappear 
and  immediately  indicate  trouble.  Either  the  red  or 
green  light  always  glows  according  to  the  position  of 
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FIG.   14.     DIAGRAM  OF  FEED-WATF.R  PIPING 

the  valve,  and  forms  a  pilot  showing  the  condition  of 
the  wiring,  driving  unit  and  all  electrical  connections. 

The  source  of  electric  supply  for  the  operation  of 
all  the  valves  is  from  a  motor-generator  set  used  iox-  this 
purpose  only,  which  is  kept  running  continuously  and 
has  sufficient  capacity  to  operate  a  majority  of  the 
valves  at  one  time. 

The  wiring  between  the  valves  and  source  of  supply  is 
through  steel  conduit  with  water-type  joints,  as  is  the 
whole  system  and  is,  therefore,  not  affected  by  escaping 
steam  or  moisture. 

An  unusual  feature  of  the  station  is  the  use  of  a 
barometer  condenser  as  a  heater  for  feed  water.  See 
the  diagram.  Fig.  14.  The  exhaust  from  the  auxiliar- 
ies comes  to  this  condenser,  the  condensing  or  injec- 
tion water  supply  coming  from  the  hotwell  pumps.  A 
6-in.  air  connection  from  the  top  of  the  condenser  con- 
nects with  a  hydraulic  vacuum  pump  similar  to  those  for 
the  surface  condensers  for  the  main  units ;  that  is,  the 
30,000-kw.  turbines.  The  tailpipe  drops  into  a  Bailey 
weir  meter  from  which  the  water  entering  it  through 
the  tailpipe  is  picked  up  by  the  economizer  pumps. 
Makeup  water  connections  from  a  storage  tank  and 
from  the  city  mains  are  of  course  provided. 

The  condenser-heater  is  located  close  to  the  36-in. 
free  exhaust  pipe  of  the  main  turbines,  a  24-in.  free  ex- 
haust valve  capable  of  being  opened  or  closed  from 
the  operating  floor  being  between  the  latter  and  the  30- 
in.  auxiliary  exhaust  pipe. 

The  turbine  room,  in  keeping  with  construction  of 
the  Edison  Electric  Illuminating  Co.,  is  roomy  and 
beautiful.  There  will  be  three  30,000-kw.  single-cylin- 
der impulse  machines.  The  generators  are  provided 
with  water  connections  and  nozzles  which  may  be  used 
to  put  out  a  fire  should  the  generator  get  afire. 

Boston  has  reason  to  be  proud  of  this  station.  The 
writer  is  appreciative  of  the  excellent  cooperation  given 
in  the  preparation  of  this  article  by  Charles  L.  Edgar, 
president ;  I.  E.  Moultrop,  superintendent  of  construc- 
tion, and  George  E.  Seabury,  superintendent,  station- 
•^ngineering  department,  Edison  Electric  Illuminating 
'~o..  Boston 


Calculations  from  a  Flue-Gas  Analysis  of 
Loss  Due  to  Incomplete  Combustion 

By  H.  M.  Brayton,  M.E. 

Loss  due  to  incomplete  combustion  which  results  in 
low  boiler  efficiency  is  a  problem  that  has  confronted 
combustion  engineers  for  many  years.  It  is  still  a  vital 
problem,  and  many  mechanical  and  chemical  means 
have  been  employed  in  the  effort  to  detect  and  remedy 
this  loss. 

The  average  engineer  in  the  up-to-date  power  plant 
is  accustomed  to  gage  the  efficiency  of  his  boilers  by 
the  percentage  of  COg  which  his  recording  apparatus 
shows.  This  record,  however,  is  really  not  complete, 
and  with  this  information  alone  it  would  be  impossible 
to  calculate  the  loss  due  to  incomplete  combustion  no 
matter  how  much  mathematics  might  be  used.  An  an- 
alysis from  an  Orsat  apparatus  which  shows  the  per- 
centage of  CO2  is  also  necessary. 

The  object  of  this  article  is  to  show  the  practical  man 
in  as  simple  a  way  as  possible  just  how  to  calculate  this 
loss  in  his  boilers  and  then  to  go  a  step  farther  and 
present  a  chart  from  which  he  can  instantly  read  off 
the  loss  when  once  he  knows  the  CO2  and  CO  content 
of  the  flue  gases.  The  analysis  of  flue  gas  is  always 
stated  in  percentage  of  'volume. 

In  order  to  fully  explain  each  step  as  we  proceed,  it 
will  be  necessary  to  give  some  theory,  but  we  shall  make 
this  theory  as  simple  as  possible.     If  the  practical  man 
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CHART  TO  DETERJIINE  PER  CENT.   OF  HEAT  LOSS  FROM 
FLUE -GAS  ANALYSIS 

meets  some  new  things,  he  must  nCt  think  he  cannot 
understand  any  of  it,  because  we  all  have  to  meet  and 
master  new  things  every  day.  The  vapor  density  of  a 
gaseous  compound  is  its  weight  referred  to  the  weight 
of  hydrogen  as  unity  and  is  equal  to  one-half  of  its 
molecular  weight.  We  all  know  that  carbon  dioxide 
(CO2),  as  the  formula  indicates,  is  made  up  of  one  part 
of  carbon  which  has  an  atomic  weight  of  12  and  two 
parts  of  oxygen  which  has  an  atomic  weight  of  16.  The 
molecular  weight  of  a  compound  such  as  our  CO2  really 
represents  is  found  by  adding  together  all  the  atomic 
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weights.  In  this  case  the  molecular  weight  of  CO, 
becomes  12  -|-  16  +  16  =  44.  It  was  stated  above 
That  the  vapor  density  was  just  one-half  the  molecular 
weight,  so  that  the  vapor  density  of  COj    would  be  22. 

Now  let  us  turn  our  attention  to  the  other  compound 
with  which  we  are  to  deal;  namely,  carbon  monoxide 
(CO).  The  molecular  weight  of  this  substance  is  12  -j- 
16  =  28,  and  from  this  we  determine  that  the  vapor 
density  is  14. 

Our  flue-gas  analysis  tells  us  just  what  part  of  the 
gas  is  composed  of  CO,  and  just  what  part  is  composed 
of  CO.  Let  us  assume  that  out  of  100  cu.ft.  of  the 
flue  gas  the  analysis  shows  P  per  cent,  of  it  to  be  CO, 
and  P'  per  cent,  of  it  to  be  CO.  The  remainder  con- 
sists, of  course,  of  air  and  other  ga'ses.  Nitrogen  com- 
prises the  major  portion  of  what  is  left,  bu-t  we  are  not 
now  interested  in  that  phase  of  the  problem.  The  ques- 
tion is,  How  much  do  the  CO,  and  the  CO  in  our  100 
cu.ft.  of  gas  weigh  when  compared  to  hydrogen  as 
unity?    We  may  write 

22XP  =W  Weight  ofCO^  ( 1 ) 

14  X  -P'  =  ^'  Weight  of  CO  (2) 

From  the  atomic  weights  as  stated  we  know  that  in 
each  pound  of  COj  gas  there  is  \\  or  h  of  a  pound 
of  carbon.  In  each  pound  of  CO  there  is  11  or  f  of 
a  pound  of  carbon.  So  that  in,the  W  parts  by  weight  of 
COj  as  shown,  we  have  t\  W  parts  of  carbon  and  of 
the  W'  parts  by  weight  of  CO  we  have  |  W'  parts  of 
carbon.     Then 


11    ^  ^  7  ^ 


W" 


(3) 


where  W  is  the  total  weight  of  carbon  in  the  100 
cu.ft.  of  flue  gas. 

The  foregoing  discussion  leads  up  to  the  actual  de- 
termination of  the  loss  due  to  incomplete  combustion  of 
the  carbon  in  the  coal.  If  the  practical  man  has  been 
thinking  that  the  percentage  of  CO,  in  his  flue  gases 
was  the  whole  story,  he  must  change  his  habits  of 
thought.  A  very  small  amount  of  the  CO  gas  will  cause 
a  very  serious  loss. 

If  VvC  will  substitute  the  values  of  W  and  W'  as 
found  in  equations  (1)  and  (2)  into  equation  (3),  we 
shall  have  an  expression  showing  the  total  weight  of 
carbon  in  100  cu.ft.  of  flue  gas  in  terms  of  the  per- 
centage of  CO2  and  CO.  This  expression  reads  as 
t'ollows  : 


6P-]-6P'  =  W"      (4) 


3  X  22  X  P    I   3  X  14  X  ^' 

11  "^  7  . 

Then  6  P  parts  of  carbon  were  burned  to  CO2  and  6  P' 
parts  of  carbon  were  burned  to  CO. 

Heat  of  combustion  is  that  amount  of  heat  which 
will  be  given  off  when  a  fuel  burns  or  unites  with  oxy- 
gen. When  carbon  burns  to  CO5,  in  the  furnace,  it 
gives  off  exactly  14,650  B.t.u.  per  lb.  When  carbon 
burns  to  CO  in  the  furnace,  it  gives  off  only  4,400  B.t.u. 
per  lb.    The  enormous  loss  in  the  latter  case  is  evident. 

Now  6  P  parts  of  carbon  burns  to  CO2,  hence  the 
amount  of  heat  generated  by  this  carbon  will  be  6  X 
14,650  X  -P-  i^-  t-  U-)  and  as  6P'  parts  of  carbon  burns 
to  CO,  the  amount  of  heat  generated  by  this  carbon 
will  be  6  X  4,400  X  /''(B.t.u.). 

If  all  the  carbon  had  burned  to  COg  the  amount  of 
heat  generated  would  be  6  (F  -f  P')  14,650  (B.t.u.). 
From  the  foregoing  equations  we  may  obtain  at  once 
rhe  amount  of  heat  generated  by  the  carbon  which  is 
burned  to  CO2  and  that  generated  by  the  carbon  which 
is  burned  to  CO.  All  we  need  to  know  is  the  values  of 
P  and  P',  which  are  given  by  the  Orsat  apparatus. 

The  percentage  of  loss  due  to  incomplete  combustion 
is  given,  of   course,  by  the  ratio  between   the  actual 


amount  of  heat  generated  and  the  heat  which  could 
have  been  generated  had  all  the  carbon  united  with  the 
oxygen  of  the  air  and  formed  CO,.  This  ratio  actually 
gives  the  efficiency,  and  to  get  the  loss  we  must  sub- 
tract from  100.  The  efficiency  of  the  furnace  may  be 
written  in  general  terms  as  follows : 
100X6  (14,650  P-f  4400  PO       ^  ^     „.  ,,, 

6(p+nH65o — =  ^''  '''''•  '^''''''y  (^^ 

or  per  cent,  efficiency  -\-  per  cent,  loss  =  100 
or  100  —  per  cent,  efficiency  =  per  cent,  loss        (6) 
If  now  we  expand  equation  (5)  and  boil  it  down,  we 
secure  the  following  workable  equation  which  gives  us 
the  percentage  of  loss. 

70  P'       Per  cent,  loss  due  to  incomplete 

(P  +  P')    ~  combustion  (7) 

Equation  (7)  is  of  great  value  to  the  power-plant  engi- 
neer. "With  it  he  can  quickly  determine  how  the  effi- 
ciency of  his  plant  is  running. 

For  the  engineer  who  may  have  occasion  to  solve 
equation  (7)  many  times  each  day,  it  may  be  interesting 
and  valuable  to  know  how  to  make  this  formula  into  a 
chart  from  which  the  value  of  the  percentage  of  loss 
may  be  instantly  determined  without  calculation.  Let 
R  equal  the  percentage  of  loss.  Equation  (7)  may  then 
be  written  thus: 

70XP'  —  P'X^  =  PX^ 
P'X(70  —  R)=PXR  (8) 

which  is  an  equation  of  the  first  degree  in  three  vari- 
ables. We  may  therefore  proceed  to  plot  P  against  P' 
for  different  values  of  R.  When  plotted,  we  shall  sim- 
ply have  a  series  of  straight  lines  each  marked  with  the 
respective  value  of  R  which  was  used  in  determining  it. 

The  accompanying  chart  illustrates  the  foregoing 
statements.  The  percentages  of  COj  (P)  are  plotted 
as  ordinates  on  the  vertical  scale  and  the  percentages 
of  CO  (P')  as  abscissas  on  the  horizontal  scale.  Each 
straight  line  is  marked  with  its  respective  value  of  the 
per  cent,  loss  R. 

To  locate  these  lines  substitute  some  value  of  R  in 
equation  (8).  For  example  when  R  =  2  equation  (8) 
becomes 

P'X  (70  — 2)=2X^ 

therefore  P' =^  P  =z  0.0294  P 

68 

Now  if  P  =  6,  P' =  0.0294X6  =  0.176;  and  if  P  = 
16,  P'  =  0.0294  X  16  =  0.470. 

This  will  locate  two  points  on  the  line  R  =  2  and  the 
line  may  now  be  drawn.  The  other  R  lines  are  located 
in  the  same  way. 

The  use  of  the  chart  is  simply  a  matter  of  finding  the 
percentage  of  CO2  on  the  vertical  scale,  the  percentage 
of  CO  on  the  horizontal  scale,  following  each  as  indi- 
cated by  the  dot-dash  line  on  the  chart  until  they  meet, 
and  the  R  line  nearest  this  point  of  intersection  is  the 
percentage  of  loss  due  to  incomplete  combustion  with 
this  analysis.  The  illustration  on  the  chart  was  taken 
with  the  CO2  =  13  per  cent,  and  the  percentage  of  CO 
at  0.8.  These  lines  extended  meet  almost  exactly  on 
the  i?  =  4  line.  This  is  merely  a  coincidence.  Note 
that  if  we  have  an  analysis  of  CO2  =  14  per  cent,  and 
CO  =  1  per  cent.,  the  lines  meet  between  R  =  A  and 
P  =  5  and  it  would  be  close  enough  to  call  it  a  loss  of 
4.5  per  cent. 

This  chart  will  be  found  useful  in  the  boiler  room  and 
also  in  the  laboratory  where  analysis  of  the  flue  gases 
i?  studied.  The  modem  demand  for  efficiency  makes 
it  imperative  that  every  man  in  the  organization  shall 
know  how  to  calculate  loss  due  to  incomplete  :om- 
bustion. 
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Overload  Relays — Principles  of  Operation 
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The  principles  of  operativn  of  different  types  of 
simple  overload  relays  are  discussed,  and  then 
consideration  is  given  to  such  characteristics  as 
inverse-time-limit,  definite-time-limit  to'  control 
the  time  of  operation  of  relays,  and  the  use  of 
relay  switches  to  relieve  the  relay  contacts  of 
handling  heavy  currents. 

THE  rapid  strides  taken  toward  the  perfection  of 
apparatus  for  the  generation,  transmission  and 
utilization  of  electric  energy  have  been  closely 
followed  by  improved  instruments  to  protect  the  appa- 
ratus and  preserve  continuity  of  service  under  all  con- 
ditions.    Like   a   silent   sentinel,    the    protective    relay 
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when  in  reality  what  is  meant  is  "excess  current"  or 
"excess-current  relay."  When  a  relay  operates  on  ac- 
tual load — that  is  watts — it  is  called  a  "watt  relay"  or 
"power  relay." 

A  relay  operating  on  the  effect  of  a  solenoid  to  raise 
an  iron  plunger,  thus  closing  or  opening  contacts,  is 
shown  in  Fig.  1.  Referring  to  the  diagram  of  parts 
shown  in  Fig.  2,  winding  A  is  wound  around  the  iron 
core  B.  Supported  at  the  two  poles  N  and  S  is  an  iron 
plunger  C  arranged  so  that  it  may  slide  up  and  down. 
When  the  current  in  A  reaches  a  certain  value,  the  iron 
core  C  is  lifted,  thus  closing  the  contacts  D  and  E  with 
bridge  F,  which  will  immediately  trip  the  breaker,  as 
previously  described. 

When  the  current  is  greater  than  1000  amperes,  a 
winding  is  not  necessary,  as  the  magnetism  from  the 
straight  bar  or  cable  produces  sufficient  flux  to  operate 
the  relay.  The  relay  may  then  take  the  form  shown 
in  Fig.  3,  the  cable  simply  passing  through  the  large 
hole  H,  which  is  surrounded  by  insulating  material.  In 
Fig.  4  is  another  modification  which  may  be  used  on  a 
busbar  that  runs  vertically  instead  of  horizontally.  In 
this  case  the  magnetic  circuit  is  simply  clamped  around 
the  busbar,  which  is  of  course  insulated. 

In  order  to  adjust  these  relays  to  operate  on  various 
loads,  the  plunger  C,  Fig.  2,  is  arranged  with  a  nut  G 
by  means  of  which  the  plunger  may  be  raised  or  low- 


FIGS.  1  TO  6.     TYPES  OF  INSTANTANEOUS  OVERLOAD  RELAYS 


stands  on  guard  on  the  lines,  day  and  night,  ready  to 
detect  trouble  instantly  and  disconnect  faulty  apparatus 
or  sectionalize  defective  lines  with  almost  human  intel- 
ligence and  with  more  than  human  accuracy. 

Protective  relays  are  very  sensitive  but  ruggedly  con- 
structed electrical  instruments  interposed  between  the 
lines  and  the  operating vmechanism  of  a  circuit-breaker 
in  such  a  way  that  any  disturbance  on  the  line  or  in 
the  apparatus  does  not  act  directly  on  the  breaker,  but 
operates  the  relay,  and  the  relay,  in  turn,  causes  the 
circuit-breaker  to  open. 

The  function  of  the  simple  overload  relay  is  to  trip 
the  circuit-breaker  when  the  current  exceeds  a  definite 
value.  Incidentally,  it  may  be  stated  that  the  term 
"overload"  is  used  synonymously  with  "excess  current." 
This  latter  term  is  the  correct  one,  but  general  practice 
has  Been  to  use  the  term  "overload"  or  "overload  relay," 


ered  on  the  stem  H.  Thus  if  the  plunger  is  at  the 
lowest  point,  it  will  take  a  maximum  of  current  to  raise 
it,  but  if  it  is  set  high,  then  it  will  rise  on  a  minimum 
of  current. 

Another  form  of  overload  (excess-current)  relay, 
utilizing  the  same  principle  of  operation  as  those  al- 
ready described,  is  shown  in  Fig.  5,  and  the  arrange- 
ment of  parts  in  Fig.  6.  Coll  A  is  woimd  on  the  cen- 
tral part  over  the  iron  plunger  C,  and  the  magnetic  cir- 
cuit is  completed  by  the  two  parts  B  and  i?,.  The  action 
is  identical  wuth  the  previously  described  relay;  namely, 
when  the  current  reaches  a  certain  value,  the  plunger 
C  is  lifted  upward,  thus  causing  the  contact  disk  F  to 
short-circuit  the  two  contacts  D  and  E,  which  complete 
ihe  circuit  that  trips  out  the  breaker.  In  another  type 
of  small  capacity,  adjustment  is  made  by  using  taps  on 
the  winding;  however,  this  cannot  be  done  in  capacities 
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of  several  hundred  amperes.-  The  great  advantage 
gained  by  the  simple  relay  described  further  on  in  this 
article  has  discouraged  the  use  of  plunger-type  relays 
on  direct-current  circuits.  If  a  plunger-type  relay  is  to 
be  used  with  a  shunt,  as  has  been  done4n  rare  cases,  the 
adjustment  for  load  is  made  by  varying  the  drop  of  the 
shunt. 

In  Fig.  7  is  shown  a  type  of  simple  overload  relay 
which  is  connected  by  circuit  to  a  shunt.  In  the  dia- 
grammatic scheme  of  parts,  Fig.  9,  the  iron  armature 
A,  carrying  the  contact  B  and  pivoted  at  C,  is  held  in  its 
normal  position  (contacts  B  and  D  open)  by  the  tension 


FIGS.  7  AND  8.     SHUNT-TYPE  OVERLOAD  RELAY  AND  CIR- 
CUIT-BREAKBR  WITH  OVERLOAD  SHUNT-TRIP  COIL 

of  the  spring  E.  This  spring  is  attached  to  an  adjustable 
arm  F  secured  to  the  frame  G  by  the  thumb-screw  H. 
Arm  F  carries  a  scale  calibrated  in  millivolts.  The  arm 
that  carries  contact  D  is  insulated  at  /  from  the  main 
frame  G.  The  terminals  K  and  K^  of  the  coil  /  are 
connected  to  a  shunt  which  is  in 
series  with  the  line,  and  therefore 
takes  a  current  proportional  to  the 
main  current.  If  the  relay  is  set  for 
50  millivolts,  then,  when  the  cur- 
rent in  the  shunt  produces  a  drop 
of  50  millivolts,  the  armature  A  is 
attracted,  closing  the  contacts  B 
and  D,  which  closes  a  circuit  from 
L  and  L^  to  the  circuit-breaker's 
trip  coil. 

In  the  circuit-breaker.  Fig.  8, 
contacts  A  and  B  carry  the  main 
current  and  are  arranged  to  open 
the  circuit  in  the  regular  manner. 
But  on  the  side  of  the  breaker  is  an 
electromagnet  C  wound  with  a  large 
number  of  turns  of  fine  copper 
wire.  When  this  coil  is  energized, 
it  pulls  up  the  plunger  P,  which 
strikes  the  trigger  F  and  releases  the  operating 
arm  at  D,  thus  releasing  the  moving  contact 
A  and  allowing  the  breaker  to  open.  Fig.  10 
gives  the  diagram  of  connections  of  the  relay  and 
circuit-breaker  under  normal  load,  the  path  of  the 
currents  being  shown  by  arrowheads.  An  overload  causes 


the  relay  contacts  to  close  the  trip-coil  circuit  to  the 
breaker  and  the  latter  opens  the  circuit,  thus  relieving 
ihe  overload  on  the  system.  In  installations  where  the 
potential  trip-coil  circuit  is  connected  to  the  circuit  to 
be  controlled,  the  overload  trip  attachment  on  the 
breaker  should  always  be  connected  in  the  circuit,  since 
dead  short-circuit  on  the  line  may  cause  the  voltage  to 
drop  so  low  that  it  will  not  operate  the  potential  trip 
coil  on  the  breaker.  This  allows  the  overload  attach- 
ment on  the  breaker  to  be  set  high,  for  protection 
against  short-circuits  or  other  violent  disturbances,  but 
the  relay  is  set  so  as  to  give  protection  against  moderate 
overloads. 

The  relay  has  a  more  important  duty,  however,  than 
simple  excess-current  protection.  Suppose,  for  exam- 
ple, a  motor  is  driving  a  machine  that  strikes  a  hard 
spot  in  the  work  and  then  is  released  after  a  very  short 
period,  o"  an  accidental  short-circuit  occurs  on  the  line 
and  is  burnt  ofif  in  a  flash.  Either  one  of  these  causes 
produces  an  excess  current  which  might  trip  the 
breaker,  ihus  stopping  all  work  until  it  could  be  reset 
and  the  machines  started  again.  But  the  excess  current 
came  on  and  off  in  so  short  a  period  that  no  damage 
was  done.  It  would  have  been  better  if  the  circuit- 
breaker  had  stayed  in  two  or  three  seconds,  and  then  if 
the  current  dropped  to  normal  in  this  time  there  would 
be  no  interruption.  On  the  other  hand,  if  the  overload 
continued  there  would  still  be  ample  time  to  open  the 
circuit  before  any  damage  could  be  done.  This  is  the 
function  of  the  time-limit  relay;  it  delays  the  opening 
cf  the  circuit-breaker  a  definite  period  after  the  instant 
of  excess  current,  thus  allowing  time  for  the  current  to 
drop  to  normal,  if  the  fault  is  cleared  within  the  time 
setting  of  the  relay. 

Fig.  11  shows  a  definite-time  relay  with  the  cover 
lemoved  and  Fig.  13  gives  a  schematic  diagram  of 
parts.  The  solenoid  A  has  an  iron  plunger  B  which 
under  normal  condition  rests  on  the  moving  arm  C, 
pivoted  at  F,  which  carries  a  contact  D  and  a  counter- 
weight E.  "When  the  solenoid  A  is  energized,  the  core 
B  is  raised  upward  instantly;  relieved  of  this  weight, 
the  counterweight  E  now  causes  the  contact  D  to  start 
upward  to  meet  the  upper  contact  G.  However,  at- 
tached to  the  arm  C  is  a  piston  H  working  within  a 
cylinder  /,  which  retards  the  movement  of  arm  C,  mak- 
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Fig.9 


FIGS.   9  AND  10. 


Fig.  10 

DIAGRAM  OP  SHUNT-  TYPE  OVERLOAD  RELAY,  FIG.  7,  AND 
RELAY  CONNECTED  IN  CIRCUIT 

ing  it  move  very  slowly  as  the  air  escapes  around  the 
plunger.  Then,  after  a  definite  time,  from  1  to  5  sec- 
onds, depending  in  the  initial  distance  between  contacts 
D  and  G,  the  contacts  D  and  G  close,  thus  closing  the 
circuit  to  the  shunt-trip  coil  of  the  circuit-breaker,  caus- 
ing the  latter  to  open. 
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If  the  current  drops  to  normal  before  contacts  G  and 
D,  Fig.  13,  close,  the  solenoid  allows  the  plunger  B  to 
drop,  thus  forcing  the  arm  C  downward  into  normal 
position.  In  order  that  the  relay  may  reset  quickly,  a 
valve  is  provided  in  the  dashpot  plunger.  This  valve 
consists  of  a  little  steel  ball  /,  which  closes  the  air  ports 
K  when  the  piston  moves  upward  and  attempts  to  force 
air  out  of  the  port,  but  raises  and  allows  the  air  to 
enter  readily  when  the  piston  moves  down  as  in  reset- 
ting. An  outside  view  is  given  in  Fig.  12  of  a  definite- 
time-limit  relay  similar  to  that  in  Fig.  11.  This  relay 
will  close  the  circuit  in  the  number  of  seconds  that  arm 
A  points  to  on  scale  S. 

The  types  of  relays  Figs.  1  to  5,  if  desired,  may  close 
the  circuit  to  a  definite-time-limit  relay  instead  of  trip- 
ping the  breaker  instantly,  but  then,  while  the  action  is 
selective  the  cost  renders  its  use  prohibitive.  Selective 
action,  except  in  very  heavy  short-circuits,  may  be  ob- 


A   definite-time-limit  relay  is  shown   diagramatically 
in  Fig.  15.    The  plunger  A  is  not  rigidly  attached  to  the 


FIG.    13. 


SCHEMATIC    DIAGRA.M    OF    THE    DEFINITE-TIME- 
LIMIT   OVERLOAD   RELAY,    FIG.    11 
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FIGS.    11   AND   12.      DEFINITE-TIME   OVERLOAD   RELAYS 


lained  by  lagging  the  time  of  the  tripping,  and  making 
the  relay  an  inverse-time-limit  device.  That  is,  the 
greater  the  overload  the  quicker  the  time.  In  fact,  in 
actual  practice,  the  instantaneous  relay  has  a  very  lim- 
ited use ;  an  inverse-timc-limit  relay  costs  only  slightly 
more,  gives  the  same  protection  and  will  not  interrupt 
service  on  transient  short-circuits.  The  latter  type  is 
shown  in  Figs.  14  and  16.  The  plunger,  in  rising,  com- 
presses the  air  in  the  leather  bellows  B,  which  resists 
its  upward  movement.  In  the  top  of  the  casting  to 
which  the  bellows  is  attached,  is  an  air  passage  C,  which 
may  be  partly  or  entirely  closed  by  turning  the  screw  S. 
If  the  air  passage  is  entirely  open,  the  action  is  almost 
instantaneous  on  moderate  overloads,  but  if  closed,  the 
time  may  be  anywhere  from  1  or  2  sec.  to  20  or  30  sec. 

The  greatest  objection  to  the  bellows-type  relay  is 
that  the  leather,  unless  carefully  attended  to,  will  dry 
out  and  crack,  making  the  permanence  of  time  setting 
very  unreliable.  To  secure  the  best  operation  the  bel- 
lows should  be  rubbed  with  neatsfoot  oil  every  few 
months,  and  load-time  curves  taken.  Otherwise  the 
relays  may  fail  at  a  critical  time.  Another  fault  is  that, 
while  the  time  is  inverse  up  to  certain  overloads,  on 
short-circuits  the  time  is  almost  instantaneous.  There- 
fore if  applied  to  a  radial-feeder  system,  the  action  will 
be  selective  up  to  certain  overload,  but  above  this  a 
breaker  near  the  generator  may  go  out  as  quickly  as  a 
breaker  near  the  source  of  disturbance.  To  overcome 
this  difficulty,  a  plunger  type,  overload,  definite-time- 
I'mit  relay  was  devised. 


stem  B,  as  in  the  type  previously  described,  but  slides 
freely  on  it.  If  an  overload  occurs  the  plunger  is 
raised  and  compresses  the  spring  C, 
which  in  turn  forces  the  stem  B  up- 
ward against  the  resistance  of  the 
bellows  D  and  finally  closes  the  con- 
tacts E  and  F  with  the  disk  G.  It 
will  be  readily  seen  that  no  matter 
how  severe  the  overload  may  be,  it 
can  only  compress  the  spring  C ;  con- 
sequently, the  upward  pressure  on 
*the  bellows  stem  is  constant  regard- 
less of  overload,  and  the  time  is 
therefore  constant.  The  duration  of 
time  is  varied  by  opening  or  closing 
the  air  valve  6"  as  described  for  in- 
verse-time-limit types.  At  the  first 
glance  this  might  appear  the  solution 
of  radial  protection,  but  it  is  impos- 
sible to  depend  on  the  relay  for  closer 
settings  than  1  sec. ;  therefore,  when 
there  are  four  or  five  relays  con- 
nected in  a  circuit  those  near  the  gen- 
erators must  be  set  to  operate  in 
about  five  or  six  seconds,  which  is 
too  long  a  time  to  sustain  a  dead  short-circuit,  especially 
near  the  generator.  Then,  too,  the  relays  would  trip 
just  as  quickly  on  a  moderate  overload  as  on  a  heavy 


FIG.    14.      INVERSE-TIME- 
LIMIT   OVERLOAD  RH- 
LAY  SERIES  TYPB 


FIG.   15.     DEFINITE-TIMB- 
LIMIT   OVERLOAD  RE- 
LAY PLUNGER  TYPE 
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overload,  which  is  not  at  all  desirable.  Were  the  fore- 
going of  great  importance,  it  would  be  necessary  to  per- 
fect a  relay  accurate  within  small  percentage  of  sus- 
tained accuracy  and  one  whose  curve  was  inverse  up 
to  certain  overloads,  after  which  it  would  become  a 

definite-time-limit  device. 
However,  owing  to  the  un- 
questioned superiority  of 
alternating  current  for 
high-tension  long-distance 
transmissions  and  the  com- 
paratively small  size  of 
most  direct-current  i-^dial 
systems  of  transmission,  re- 
lay engineers  have  devoted 
most  of  their  energies  to 
the  perfection  of  alternat- 
ing-current relays  which 
are  to  a  high  degree  perfect 
in  their  protection.  In  large 
power  plants  or  factories, 
however,  where  there  are 
numerous  machines  that 
must  be  kept  running  unless 
actually  damaged,  a  radial 
system  of  protection  may 
be  adopted  with  success. 

This  brings  up  an  impor- 
tant  use   for  definite-time- 
limit  relays.     Consider  the 
distribution   system    shown 
in  Fig.  17.     Each  time  the 
line  divides  to  supply  a  set 
of  feeders,  a  definite-time- 
limit  relay  is  supplied  to  op- 
erate a  double-pole  circuit- 
breaker.     For  instance,  the 
feeder  from  the  busbar  is 
A,     the     next     subdivisions 
B     and     C,     and     the 
E,    F    and    G.      Sup- 


FIG.    16.      INVERSB-TIME- 

LIMIT  OVERLOAD 

RELAY 


protected     by     breaker 

are     protected     by     breakers 

next    by    circuit-breakers    D, 

pose  a  heavy  overload  occurs  on  the  feeder  protected 

by  breaker  D.    The  excess  current  extends  all  the  way 
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FIG.  17.     DIAGRAM  OF  DISTRIBUTION  SYSTEM 

back  to  the  main  bus,  and  were  definite-time  relays  not 
used,  breaker  A  would  go  out  as  soon  as  breaker  D, 
thus  interrupting  every  circuit  connected  to  the  feeder 
protected  by  breaker  A.  But  this  is  where  the  definite- 
time-limit  relay  enters  in.  The  relay  at  E  is  set,  say, 
for  1  sec,  B  and  C  f6r  2  sec,  and  A  for  3  sec.  Thus 
wher  the  disturbance  occurs,  all  the  relays  of  breakers 
A,  B,  C  and  E  start  to  operate,  but  at  the  end  of  1  sec, 
breaker  E  opens,  reheving  the  excess  current,  and  all 
the  other  relays  reset  quickly,  confining  the  disturbance 
to  the  one  line  on  which  it  occurred.    Had  the  disturb- 


FIG.    18.      RELAY    SWITCH 
WITH   CARBON   CON- 
TACTS 


ance  occurred  on  feeder  C,  then  the  breaker  at  C  would 
have  gone  out  in  2  sec. ;  breaker  A  would  not  have  had 
time  to  open  and  feeder  B  would  not  have  been  inter- 
rupted. In  all  the  relays  so  far,  we  have  assumed  that  the 
contacts  themselves  closed 
the  circuit  to  the  trip  coil 
of  the  breaker,  but  when 
the  breakers  are  large  and 
require  considerable  cur- 
rent to  trip  them,  the  con- 
tacts of  the  delicately  con- 
structed relays  are  not 
heavy  enough  to  safely 
close  the  heavy  current  re- 
quired. To  overcome  this 
difficulty,  a  relay  switch  as 
shown  in  Fig.  8  is  used. 
This  switch  consists  of  a 
solenoid  S  with  an  iron 
plunger  P,  to  the  bottom  of 
which  is  attached  a  loosely 
held  carbon  disk  C,  insul- 
ated    from     the     metallic 

plunger.  When  the  overload  or  the  definite-time-limit 
relay  closes  its  contacts,  it  closes  the  circuit  to  the  relay 
switch,  and  the  energized  solenoid  instantly  pulls  its 
plunger  upward,  thereby  pressing  the  carbon  disk  C 
against  the  two  stationary  carbon  contacts  D  and  D. 
Short-circuiting  these  contacts  closes  the  circuit  to  the 
shunt-trip  coil  on  the  circuit-breaker.  The  contacts  be- 
ing of  carbon,  will  carry  a  heavy  current  and  will  not 
stick.  In  another  form  of  relay  switch,  Fig.  19,  the 
plunger  simply  pushes  up 
a  pivoted  arm,  thus  clos- 
ing the  two  contacts  D 
and  D. 

Sometimes  it  is  desir- 
able to  trip  two  or  more 
breakers  at  once  with  the 
same  relay  switch.  In 
this  case  the  disk  is  gen- 
erally made  of  copper, 
and  two  or  three  sets  of 
stationary  contacts  are 
used,  thus  closing  two  or 
three  circuits  simultane- 
ously. It  must  be  re- 
membered that  the  arcing 
at  the  relay  contacts  will 
always  be  a  great  deal 
more  severe  when  open- 
ing a  circuit  than  when 
closing  one.  For  this 
reason  a  relay  should 
never  open  the  trip  cir- 
cuit once  established.  If 
the  trip  circuit  is  fed 
from  the  load  side  of  the 
breaker,  it  will  be  opened 
automatically     when     the 

breaker  opens  and  the  circuit  will  be  dead  when  the  re- 
lays reset.  Should  it  be  necessary  to  connect  the  shunt- 
trip  circuit  to  the  line  side  of  the  breaker,  or  if  a  sep- 
arate circuit  is  used,  then  a  switch  must  be  arranged  to 
open  the  trip  circuit  as  soon  as  the  breaker  opens,  thus 
relieving  the  relay  contacts  of  this  duty. 


FIG.    in.      RELAY    SWITCH 
CONTACTS  AT  TOP 


The  Compressed  Air  Magazine  has  attained  its  25th 
birthday  and  the  position  of  the  leading,  if  not  the  only, 
exponent  of  that  important  industry.  May  it  live  to  see 
many  happy  and  abundant  returns.    . 
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Steam-Turbine  Governors — Governors  of  Small 

Westinghouse  Turbines 


This  article  deals  with  direct-shaft  governors 
and  vertical-shaft  governors  for  small  Westing- 
house  steam  turbines  such  as  are  used  for 
pumps  and  electric  generators. 

THE  Westinghouse  shaft  governor  proper  differs 
Httle  from  the  usual  shaft  governor,  several  of 
which  have  been  described  in  the  first  article 
of  this  series.  Fig.  1  shows  a  small  Westinghouse  tur- 
bine, its  governor  and  generator.  The  governor  spindle 
is  moved  out  with  an  increase  in  speed  of  the  turbine 
and  in  doing  so  pushes  forward  the  lever  A,  Fig.  2. 
The  lever  is  pivoted  at  B  and  connects  with  the  stem  of 
the  governor  throttle  valve  C.  On  these  small  machines 
check  nuts  are  provided  on  the  valve  stem  to  adjust  the 
"play"  of  the  lever  and  allow  a  greater  or  less  move- 
ment of  the  governor  lever  for  a  given  movement  of 
the  governor  valve.  A  spring  holds  the  lever  against 
the  governor  spindle,  and  the  tension  of  this  spring 
may  be  adjusted  by  means  of  the  handwheel. 

As  with  all  governors,  the  operator  should  see  that 
the  governor  lever  is  always  free  to  move  easily  and 
that  the  governor  valve  stem  moves  freely  in  its  stuffing- 
box.  Of  course  the  governor  throttle  should  be  closed 
before  the  governor  weights  have  reached  their  full 
travel. 

Most  small  Westinghouse  turbines  use  a  vertical 
shaft,  flyball  type  governor,  driven  from  the  turbine 
shaft  through  spur  bevel  gearing  or  worm  and  wheel. 
An  exterior  view  of  this  governor  is  shown  in  Fig.  1, 
and  another  view  is  shown  in  Fig.  3.  The  spindle  for 
the  oil  pump  is  continued  from  the  governor  spindle; 
the  lower  casing  shows  the  handhole  with  cover. 

Fig.  4  shows  a  section  of  this  governor;  this  view 
shows   only  one  governor   weight    (there   are   two,   of 


course)  so  that  the  governor  spring  bolt  may  be  shown. 
The  weight  A  together  with  the  weight  arm  B  is 
mounted  on  knife-edges  C  and  D.  The  action  of  cen- 
trifugal force  is  opposed  by  the  helical  spring,  the  ten- 
sion on  which  is  adjusted  by  the  nut  E.  The  governor 
weights  are  steel  cylinders  riveted  between  the  weight 
arms.  Notice  that  the  governor  arm  block  F  is  riveted 
to  the  lower  part  of  the  governor  arm,  that  it  has  two 
knife-edges — C,  resting  on  a  steel  block  on  the  governor 
weight  disk,  and  D,  held  between  two  blocks,  the  lower 
one  in  F  and  the  upper  one  in  the  under  side  of  the 
governor-spring  sleeve  G,  which  is  loose  on  the  gover- 
nor spindle  and  revolves  with  the  spindle.  The  purpose 
of  the  sleeve  is  to  transmit  the  pressure  from  the 
knife-edges  to  the  spring. 

The  sleeve  G,  in  moving  up  and  down  under  the 
action  of  the  weights  and  spring,  transmits  motion  to 
'he  governor  clutch  H,  which  carries  the  trunnion  to 
which  the  governor  levers  which  operate  the  governor 
throttle  valve  are  attached. 

A  large  nut  /  is  screwed  on  the  lower  end  of  the 
sleeve  and  takes  the  upward  thrust  of  the  sleeve  upon 
the  clutch  H ;  this  nut  has  a  pin  and  cotter  nut  to  retain 
it  in  position. 

There  are  quite  a  number  of  different  arrangements 
of  levers  for  .transmitting  motion  from  the  governor 
sleeve  to  the  governor  throttle.  Fig.  3  is  a  good  view 
of  a  typical  arrangement.  Here  the  governor  case  is 
removed,  showing  the  weights,  the  top  part  of  the  gov- 
ernor sleeve,  the  spindle,  spring,  adjusting  nut  and  the 
governor  weight  disk. 

Adjusting  the  Governor — The  important  thing  to  bt 
sure  of  always  is  that  the  governor  valve  closes  before 
the  governor  weights  have  reached  their  extreme  throw 
or  outer  position.    This  will  avoid  a  runaway. 

Changes  in  speed  are  had  by  means  of  the  nut  E  and 
the  governor-spring  adjusting-nut  seat.     The  flange  of 
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the  governor-spindle  adjusting  nut  and  the  adjusting- 
nut  seat  have  a  number  of  holes  into  which  a  pin  may 
be  screwed  and  held  in  place  by  a  cotter  pin.  This  fixes 
the  adjustment  made  to  the  governor.  The  adjusting- 
nut  seat  is  held  from  turning  on  the  spindle  by  a  pin 
and  keyway. 

Usually,   the  first   indication   of   trouble   is   that   the 
governor  hunts.     Before  disturbing  the  adjustment  of 


FIG.    2.      SHAFT   GOVERNOR,    WESTINGHOUSE   TURBINE 

the  nut  E  or  the  adjusting-nut  seat,  make  certain  that 
no  parts  of  the  governor,  clutch,  levers  and  governor 
valve  stick  because  of  gummed  oil,  dirt,  lack  of  lubri- 
cation, or  dry  packing  or  too  tight  a  gland  nut  on  the 
valve  spindle.  This  means  a  close  examination  of  the 
governor. 

If  hunting  is  not  because  of  any  of  the  foregoing  rea- 
sons, try  to  get  the  proper  regulation  by  compressing 
the  governor  spring  by  means  of  the  nut  E.  If  this  can- 
not be  had  by  this  means,  cut  out  some  of  the  spring 
coils  by  screwing  the  spring  farther  on  to  the  governor- 
spring  adjusting  seat.  This  may  be  overdone,  and  if 
so,  the  governor  will  not  be  sufficiently  sensitive. 

More  coils  of  the  spring  are  then  required,  and  the 
spring  must  be  unscrewed  from  the  adjusting-nut  seat, 
a  little  at  a  time. 

Close  regulation  may  now  be  had  by  means  of  the 
nut  E  provided  there  is  not  excessive  lost  motion  in  the 
levers  between  the  governor  valve  stem  and  the  gover- 
nor clutch  sleeve. 

The  Governor  Valve- — Fig.  5  shows  the  governor 
valve  and  the  automatic  throttle  valve.  The  former  is 
of  the  double-disk  poppet,  balanced  type.  Notice  that 
the  valve  is  held  to  its  seats  by  a  spring. 

The  throttle  valve  is  of  the  automatic  type.  The 
valve  has  a  bypass  which,  when  the  throttle-valve  wheel 
is  turned  to  open  the  valve,  lifts  the  bypass  valve  from 
its  seat,  thus  putting  steam  line  pressure  on  top  of  the 
throttle-valve  seat,  putting  the  valve  in  balance.     Fur- 


ther turning  of  the  handwheel  will  bring  the  throttle - 
valve  stem  collar  A  against  the  lower  valve-stem  nut 
B.    This  nut  is  loose  and  will  move  up  and  down. 

In  Fig.  5  the  throttle  is  closed.  When  the  valve  is 
open  it  is  held  in  that  position  by  the  latch  C,  which 
may  be  released  by  the  automatic  stop  or  emergency 
governor  flying  out,  striking  the  trigger  D.  When  the 
latch  has  been  released,  the  spring  on  the  throttle-valve 
nut  forces  the  valve  to  its  seat,  closing  it. 

If  the  emergency  governor  has  tripped  the  throttle 
or  if  it  has  been  tripped  by  hand,  the  throttle  cannot  be 
opened  until  after  the  handwheel  has  been  turned  in  the 
closed  direction  until  the  valve-stem  nut  is  in  its  upper 
position  and  the  valve-latch  guide  rod  engaged  the 
latch. 

The  Automatic  Stop  Governor — In  the  lower  left- 
hand  corner  of  Fig.  5  is  shown  the  automatic  or  emer- 
gency governor,  vvhich  is  located  in  an  extension  of 
the  governor  driveshaft.  It  consists  chiefly  of  a  spring 
A  and  plunger  B.  Centrifugal  force  tends  to  make  the 
plunger  fly  out;  but  the  spring  resists  this  tendency. 
When  the  speed  increases  the  centrifugal  force  suf- 
ficiently to  overcome  the  spring,  the  plunger  flies  out, 
striking  the  trigger  D,  which  will  release  the  automatic 
throttle  valve. 

To  change  the  speed  at  which  the  emergency  gover- 
nor operates,  insert  or  remove  liners  from  the  top  of 
Ihe  spring  at  C  in  the  lower  left-hand  corner  of  Fig.  5. 
There  is  a  cotter  pin  that  prevents  the  nut,  which  in- 


FIG.     3.       GO^rERNOR    WEIGHT    CASE    REMOVED;     SHOWS 

SPRING.  WEIGHTS  AND  LEVERS  CONNECTING 

WITH  GOVERNOR  VALVE 

closes  the  spring  and  plunger,  from  turning.     Be  sure      M 
this  pin  is  in  place  after  adjusting  or  taking  the  gov-      ■ 
ernor  apart.     Pulling  .up  on  the  flyball-governor  valve 
stem  will  overspeed  the  turbine,  and  if  working  prop- 
erly   the    emergency    governor    will    trip    the    throttle 
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within  2  or  3  per  cent,  of  the  same  speed  every  time  it 
trips.  Note  the  speed  at  which  the  emergency  trips ;  it 
should  be  at  10  per  cent,  above  the  normal  speed  of  the 
turbine.  If  it  does  not  do  this,  make  sure  that  the 
throttle  does  not  stick.  If  it  does  not  stick,  then  adjust 
the  emergency  to  trip  at  10  per  cent,  overspeed  by  the 
use  of  the  liners  already  mentioned. 

If  during  usual  runs  the  emergency  trips,  it  is  reason- 
able to  conclude  that  the  turbine  was  overspeeding  when 


spindle  and  the  bushings  to  a  point  M  and  then  out  iV 
between  the  spindle  and  the  sleeve.  From  here  it  finds 
its  way  through  other  parts  to  the  trunnions.  .Some  oil 
also  reaches  the  thrust  rings  of  brass  and  steel,  imme- 
diately under  the  governor  weight  di.sk.  The  oil  collects 
at  O  and  from  here  is  led  to  the  gears  through  a  small 
pipe. 

The  importance  of  having  a  clean  and  adequate  sup- 
ply of  oil  and  of  keeping  all  oil  parts  and  channels  free 
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FIG.    4.     SECTION   OF   GOVERNOR   USED   ON   SMALL 
WESTINGHOUSE    TURBINES 

it  tripped.  Take  time  to  find  out  the  cause  before  re- 
setting the  throttle  and  starting  the  turbine.  This  is 
important,  for  it  may  be  that  the  turbine  may  soon 
overspeed  again  and  the  emergency  fail  to  trip.  This 
will  likely  cause  a  serious  accident. 

Lubrication  of  the  Governor — Oil  under  pressure  is 
supplied  between  the  spindle,  Fig.  3,  and  bushings 
through  openings  at  L.    The  oil  works  up  between  the 


FIG.    5. 


GOVERNOR   VALVE    AND    AUTOMATIC    THROTTIJi 
VALVT) 


of  dirt  and  gummy  oil  is  obvious.  The  success  of  the 
whole  turbine  depends  upon  this,  as  with  any  similar 
mechanism. 

Change  in  the  Design  of  Rotary 
Converters  and  Generators 

During  the  year  1919,  the  Westinghouse  Electric  and 
Manufacturing  Co.  completed  service  tests  to  deter- 
mine the  value  of  oscillators  on  rotary  converters.  The 
tests  indicated  that  the  oscillators  should  not  be  used. 
This  feature  is,  therefore,  being  omitted  from  this  com- 
pany's standard  synchronous  converters,  and  improved 
results  are  being  obtained. 

The  compensating  winding  has  been  incorporated  in 
the  design  of  all  of  the  generators  of  the  larger  motor- 
generator  sets  built  by  this  company.  The  use  of  this 
winding  has  considerably  improved  commutation  over 
that  of  the  machines  having  only  commutating  poles. 
The  fompensating  winding,  in  addition  to  the  commu- 
tating poles  as  incorporated  in  the  recent  designs,  is  par- 
ticularly valuable  from  an  operating  standpoint  on  very 
heavy  peak  loads. 

Flywheel  Governor  Bursts 

Shortly  before  five  o'clock  on  Jan.  5,  the  flywheel  gov- 
ernor on  a  Harrisburg  Standard  engine  at  the  Lock 
Haven  Silk  Mill,  Lock  Haven,  Penn.,  burst.  Fortu- 
nately, no  one  was  injured  and  little  damage  was  done 
except  to  the  engine. 

The  governor  was  of  the  centrally  balanced  centrifu- 
gal inertia  type  and  had  been  pounding  slightly  since 
a  new  piston  v?lve  with  expansion  rings  was  installed 
on  Dec.  21.  The  engine  was  direct  connected  to  a 
40-kv.-a.  generatoi'  which  had  been  carrying  about  15 
per  cent,  over  its  rated  capacity.  The  engine  was  in 
charge  of  C.  M.  Glossner,  the  operating  engineer,  at  the 
time  of  the  accident. 
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Refrigeration  Study  Course — II.  The 
Ammonia -Compression  System 

By  H.  J.  MACINTIRE 

Professor   of   Mechanical   Engineering,    University   of   Idaho 


IN  THE  first  article  of  this  study  course  an  attempt 
was  made  to  show  what  refrigeration  really  is  and 
what  means  are  resorted  to  to  achieve  this  end.  It 
was  shown  that  refrigeration  in  nature  is  common,  but  in 
its  practical  application  in  appreciable  capacity  it  was 
necessary  to  find  a  new  method,  one  utilizing  a  vapor 
like  ammonia,  which,  in  changing  from  a  liquid  to  a 
gaseous  state  (at  the  proper  pressure),  would  boil  at  a 
relatively  low  temperature.  Also  that  it  was  necessary 
to  use  the  same  refrigerant  over  and  over  again,  which 
meant  that  a  pump  or  compressor  would  have  to  be 
provided  to  increase  the  pressure  sufficiently  high  that 
the  gas  might  be  condensed  at  atmospheric  temperature. 
This  process  was  shown  to  be  similar  to  the  steam- 
engine  cycle,  only  with  the  events  in  the  reverse  order. 
The  object  of  the  gas  pump,  or  compressor,  is  simply 


is  allowed  to  leave  the  compressor  and  pass  into  a  kind 
of  aftercooler,  which  is  a  coil  of  pipe  suitably  water- 
cooled  so  that  finally  the  temperature  of  the  gas  is  re- 
duced down  to  within  15  to  20  deg.  of  the  initial  tem- 
perature of  the  water.  From  what  has  already  been 
said  it  is  clear  that  long  before  this  has  occurred  con- 
densation of  ammonia  has  been  completed  and  we  have 
a  liquid  ammonia  under  a  pressure  approximately  that 
of  the  discharge  from  the  compressor.  This  liquid  is 
collected  into  a  drum,  or  header  (called  a  liquid  re- 
ceiver), and  is  now  ready  for  a  second  round  through 
the  refrigerating  coils.  The  compressor,  condenser  and 
receiver  are  often  called  the  high  side. 

The  liquid  ammonia  stored  in  the  receiver  is  under 
pressure  and  will  flow  through  the  pipe  line  to  the  cold-  • 
storage  room  similar  in  action  to  the  manner  of  water 
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MACHINE  ROOM       '  REfRIGERATOR  HARKET 

FIG.   1.     SECTIONAL  ELEVATION  OF  A  TYPICAL  REFRIGERATING  PLANT 


and  solely  to  increase  the  pressure,  thereby  making  it 
possible  to  condense  the  compressed  ammonia  by  cool- 
ing with  water  at  60,  70  or  80  deg.  F.  temperature. 
Fig.  1  shows  a  typical  refrigerating  plant. 

The  High-Pressure  Side 

The  reader  should  understand  the  reason  for  thd  use 
of  the  compressor — what  it  accomplishes  and  what  is 
expected  of  it.  There  is  really  no  unusual  feature  about 
it.  The  dry-air  vacuum  pump  draws  in  the  rarefied 
air  at  the  pressure  maintained  in  the  surface  condenser 
and  pumps  it  up  to  an  amount  a  little  in  excess  of 
atmospheric  pressure,  when  it  is  exhausted  out  of  the 
condenser.  The  deep-well  pump  takes  water  at  the 
level  in  the  well  and  lifts  it  up  to  the  cistern  or  over- 
flow. In  each  case  work  is  done  on  the  substance,  it 
is  lifted  in  level  (pressure  level  in  one  case  and  datum 
level  in  the  other).  In  the  case  of  ammonia  we  are  able 
to  lift  it  in  still  another  sense — in  the  temperature  level, 
because  by  increasing  the  pressure  we  can  condense  the 
vapor  at  a  relatively  high  temperature. 

As  in  compressing  air,  the  ammonia  gas  becomes  hot 
during  compression  and  the  discharge  gas  has  a  pres- 
sure of  125  to  185  lb.  per  sq.in.  and  a  temperature  of 
between  150  and  250  deg.  F.    This  compressed  hot  gas 


in  a  pipe.  At  the  cold-storage  room,  or  brine  tank, 
there  is  a  valve  called  an  expansion  valve.  It  is  not 
an  expansion  valve  at  all ;  it  is  only  a  pressure-reducing 
valve.  It  has  been  shown  that  to  get  a  boiling  tempera- 
ture of  zero  degrees  F.,  the  ammonia  must  be  kept  con- 
stant at  15.23  lb.  gage.  So  then,  the  expansion  valve 
allows  the  pressure  to  drop  from  150  lb.  to  15  lb.  and 
the  liquid  squirts  into  the  coils  like  water  under  pres- 
sure through  a  sand  hole  in  a  pipe  fitting.  If  the  piping 
is  properly  arranged  and  proportioned,  it  will  imme- 
diately begin  to  boil  because  of  absorbing  heat  through 
the  pipe  coils  from  the  air  in  the  room,  in  consequence 
of  which  it  becomes  vaporized.  As  a  vapor  the  ammonia 
has  little  refrigerating  value,  and  it  is  allowed,  to  pass 
out  of  the  coils  promptly  and  return  to  the  compressor, 
which  compresses  it  again. 

The  Refrigeration  Cycle 

And  so  it  will  be  seen  that  the  refrigeration  cycle 
has  three  parts — the  refrigerating  coils,  the  compressor 
and  the  condenser.  The  refrigerating  coils  in  action 
are  much  like  the  boiler  in  a  steam-engine  plant.  The 
coils  of  pipe  are  so  arranged  as  to  be  in  contact  with 
relatively  hot  air.  This  heats  the  pipes  and  boils  the 
ammonia,  vigorously  or  not,  depending  upon  the  tem- 
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perature  difference  between  the  air  temperature  in  the 
cold-storage  room  and  the  boiling  temperature  of  the 
ammonia.  Now,  in  a  steam  boiler,  if  boiling  took  place 
the  steam  would  accumulate,  and  unless  the  engine  or 
some  other  apparatus  took  the  steam  away  as  fast  as 
it  was  generated,  the  pressure  would  rise  until  finally 
the  safety  valve  would  blow.  On  the  other  hand,  if  the 
steam  were  used  too  fast  the  steam  pressure  would  drop 
and  the  temperature  would  be  lowered  in  consequence. 
That  the  pressure  may  stay  constant  in  a  steam  boiler 
we  have  to  have  means  of  generating  just  the  same 
amount  of  steam  as  is  used  each  minute. 

Likewise  the  refrigerating  plant  must  be  so  ordered 
that  the  vapor  boiled  from  the  refrigerating  coils  will 
be  just  enough  for  the  compressor.  If  the  boiling  action 
is  too  rapid  and  more  vapor  is  formed  than  can  be 
pumped  by  the  compressor,  the  boiling  pressure  will  in- 
crease and  the  boiling  temperature  will  likewise  increase, 
perhaps  to  a  point  where  satisfactory  results  will  not 
be  obtained.  On  the  other  hand,  too  high  a  speed  of 
the  compressor  will  lower  the  boiling  pressure  and  tem- 
perature and  poor  results  again  will  be  encountered. 
The  cubic  feet  of  piston  displacement  of  the  compressor 
must  be  inter-related. 

For  example,  suppose  we  have  a  room  to  be  held  at 
36  deg.  F.  and  500  sq.ft.  of  cooling  coils  is  supplied. 
The  design  allows  a  suction  pressure  of  37^  lb.,  which 
corresponds  to  24  deg.  F.  boiling  temperature  of  the 
ammonia.  The  temperature  diflFerence  on  the  two  sides 
of  the  pipe  is  12  deg.  F.,  and  in  consequence  a  certain 
amount  of  heat  will  flow  through  the  pipe  from  the  air 
to  the  ammonia.  The  amount  will  vary  directly  in  pro- 
portion to  the  product  of  the  area  of  the  pipe  and  the 
temperature  difference.  The  result  is  that  ammonia 
is  evaporated  and  it  will  be  given  off  at  the  rate  of 
1.8  cu.ft.  per  minute. 

It  may  not  be  clear  to  everyone  that  a  gas  or  vapor 
has  weight.  Yet  in  a  steam  engine  the  steam  condensed 
may  be  weighed,  and  we  know  that  it  requires  15,  20  or 
30  lb.  of  steam  to  produce  a  horsepower  for  one  hour. 
Likewise,  air  has  weight,  as  we  know  from  the  success- 
ful accounts  of  the  lighter-than-air  or  "Blimp"  airship. 
So  each  pound  of  ammonia  evaporated  will  occupy 
a  certain  particular  volume,  depending  on  the  pressure. 
For  instance,  a  pound  of  ammonia  at — 


200-Ib.  gage 

1  SO-lb.  gage 

100-lb.  gage 

30-lb.  gage 

20-lb.  gage 

10-lb.  gage 

0-lb.  gage 


will  occupy 

will  occupy 

will  occupy 

will  occupy 

will  occupy 

will  occupy 

will  occupy 


1.40  cu.ft. 

1.82  cu.ft. 

2.57  cu.ft. 

6.3  cu.ft. 

8.0  cu.ft. 

11.0  cu.ft. 

17.8  cu.ft. 


Refrigeration  a  Matter  of  Heat  Transfer 

In  the  steam  boiler  it  is  usual  to  specify  10  sq.ft.  of 
heating  surface  per  boiler  horsepower,  and  a  boiler 
horsepower  as  the  evaporation  of  34^  lb.  of  water 
from  212  deg.  to  dry  steam  at  212  deg.  F.  In  refrigera- 
tion we  cannot  proceed  just  like  that.  The  refrigerating 
coils  are  really  a  boiler,  but  conditions  are  not  always 
the  same.  For  instance,  we  may  design  the  coils  to  have 
10  deg.,  15  deg.,  or  20  or  more  degrees  difference  in 
temperature  between  the  inside  and  the  outside  of  the 
pipes.  The  greater  the  difference  in  temprature  the 
more  capacity  may  be  obtained  from  the  pipe  refriger- 
ating surface.  Again,  the  pipe  surface  may  be  wet  or 
frosted  slightly,  or  heavily  coated  with  ice.  It  is  not 
reasonable  to  expect  that  the  same  amount  of  boiling 
action  will  occur  in  each  of  these  cases,  nor  in  the  case 
where  the  inside  of  the  pipe  is  filled  with  oil.  In  other 
words,  there  is  a  so-called  coefiBcient  of  heat  transmis- 
sion for  refrigerating  piping  as  there  is  in  all  heat  trans- 
mission piping. 


As  refrigeration  is  almost  entirely  a  matter  of  heat 
transfer,  it  is  desirable  to  be  able  to  calculate  how  this 
takes  place.    The  equation  which  we  use  is 

B.t.u.=  area  of  surface  in  square  feet  X  co- 
efficient of  heat  transfer  X  the  tempera- 
ture difference  in  degrees  F.  on  the  two 
sides  of  the  surface. 
The  coefficient  of  heat  transfer  has  to  be  found  experi- 
mentally or  by  experience  on  similar  kinds  of  work. 
The  following  problem  will  show  the  method  of  calcu- 
lation.    Suppose  we  have  a  direct  expansion  pipe  com- 
posed of  1200  lin.  ft.  of  1^-in.  pipe.     The  ammonia 
boils  at  25  lb.  gage  (11.7  deg.  F.),  and  the  room  tem- 
perature is  to  be  maintained  at  34  deg.  F.    It  is  required 
to  find  the  refrigeration  to  be  supplied.    The  usual  value 
of  the  coefficient  of  heat  transfer  under  these  conditions 
is  2.0  B.t.u.  per  hour,  then 

Total  B.t.u=-Y^X2X  (34—11.7)  =23,200  per  hr. 

Steam  boiler   capacity   is    defined   as    the   rate   of 

heating,  or  at  33,479  B.t.u.  per  hr.    In  like  manner  we 

define  the  standard  of  refrigeration   (the  ton)   as  the 

rate  of  cooling,  but  in  this  case  at  the  rate  of  12,000 

B.t.u.  per  hour  (or  200  B.t.u.  per  minute).     So,  in  the 

23  200 
foregoing  pfoblem    the  tonnage  will  be 


1.94 


12,000 

tons  of  refrigeration,  and  a  machine  would  have  to  be 
selected  which  would  compress  enough  vapor  to  supply 
this  amount  of  refrigeration.  How  this  may  be  deter- 
mined for  various  conditions  will  be  shown  later. 

Soldering  a  Handhole  Seat 

By  Melford  Kurtz 

On  one  of  the  boilers  at  my  plant,  having  a  beveled 
ground  joint  seat  at  the  handholes,  the  covers  can  be 
changed  only  when  a  tube  is  taken  out,  and  it  is  some 
job  to  keep  this  boiler  tight.  I  have  used  a  number  of 
lead  gaskets  which  work  very  well  where  the  pitting  is 
not  too  bad  in  the  seat,  but  a  few  days  ago,  after  clean- 
ing the  boiler,  one  of  the  seats  was  found  so  badly  pit- 
ted that  the  lead  gasket  could  not  be  compressed  in  the 


beef  ion  soldereol 
in  io  replace  old 


seal- 


WHERE   THE   SEAT   WAS   SOLDERED 


bottom  of  the  hole.  I  tried  putting  in  an  extra  piece  of 
lead,  but  it  leaked  and  I  was  forced  to  drain  that  ele- 
metit. 

After  scraping  the  bottom  part  of  the  seat,  it  was 
tinned  and  a  shoulder  of  solder  built  up.  It  was  then 
peened  and  scraped  down  to  the  proper  shape.  The 
necessary  lead  gasket  was  then  put  in  place,  the  boiler 
closed  up  and,  after  getting  up  steam,  cut  in  on  the  line. 
My  troubles  are  over  with  th?t  boiler,  at  least  for  some 
time  to  come. 
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Steam-Cylinder  Lubrication 


By  W.  F.  OSBORNE 


How  to  determine  whether  a  steam-engine  cyl- 
inder has  either  too  m,uch  or  too  little  oil.  A 
discussion  of  the  factors  which  affect  the  lubri- 
cation of  the  cylinder  and  of  the  best  kinds  of 
oil  for  the  various  conditions.  The  article  con- 
cludes with  a  summary  of  the  points  brought 
out,  arranged  in  numbered  statements,  and 
shows  by  examples  how  to  use  this  summary 
to  select  the  proper  oil  for  any  given  condition. 


IT  IS  not  as  easy  to  know  when  a  steam  cylinder  is 
efficiently  and  economically  lubricated  as  it  is  to 
check  up  bearings,  because  the  inside  surface  of 
the  cylinder  cannot  be  seen  or  felt  if  the  engine  is  run- 
ning. Lack  of  lubrication  in  a  bearing  very  quickly 
shows  up  by  increased  temperature.  Wear  in  a  cylinder 
is  usually  not  detected  except  on  an  exammation  when 
the  cylinder  head  is  removed.  Cylinder  heads  cannot  be 
taken  off  every  day,  so  the  tendency  is  to  use  plenty  of 
cylinder  oil  in  order  to  be  sure  of  getting  enough. 

A  perfectly  lubricated  cylinder  will  be  highly  polished 
and  have  a  glaze  over  its  surface.  It  will  have  no  rough 
or  dull  spots,  nor  should  there  be  any  sign  of  rust  on 
examination  immediately  after  stopping  the  engine. 
The  color  will  vary  from  a  bright  iron-white  to  a  light 
brown  or  steel  blue.  When  the  cylinder  head  is  re- 
moved immediately  after  stopping  the  engine,  there 
should  be  a  film  of  oil  over  all  the  surfaces  thick  enough 
to  saturate  three  or  four  thicknesses  of  cigarette  papers 
of  uniform  thickness  of  0.001  in.  Even  when  the  en- 
gine has  stood  for  several  hours,  the  oil  should  not  be 
completely  evaporated,  although  of  course  the  film  will 
not  be  so  thick.  The  stain  on  the  paper  should  be  a 
clear  brown;  if  it  is  black  or  has  black  particles  or 
streaks,  the  cylinder  or  rings  may  be  wearing  or  the 
oil  is  carbonizing.  If  there  are  pools  of  oil  lying  in 
the  bottom  of  the  cylinder  or  in  the  counterbore,  too 
much  oil  is  being  fed  and  the  quantity  may  be  reduced. 
If  the  cylinder  walls  are  dry  in  spots  or  show  signs  of 
wear,  either  too  little  oil  is  being  fed  or  the  wrong  kind 
of  oil  is  being  used. 

Examine  Cylinder  After  Engine  Stops 

It  is  always  important  to  examine  the  cylinder  as  soon 
as  possible  after  the  engine  has  been  stopped,  because 
the  heat  of  the  metal  may  evaporate  the  oil  and  the 
cylinder  will  appear  dry,  even  though  it  may  have  been 
perfectly  lubricated  when  the  engine  was  running. 

Lack  of  lubrication  will  sometimes  be  shown  when 
the  engine  is  running,  by  sticking  valves  or  groaning 
sounds  from  the  cylinder.  The  remedy  is  to  use  more 
oil  until  an  opportunity  comes  for  an  examination  of 
the  inside  of  the  cylinder  to  find  out  the  real  cause. 
Economy  of  lubrication  can  also  be  checked  up  by  ex- 
amining the  exhaust  steam  or  the  piston-rod  leakage. 
If  the  condensed  steam  shows  considerable  quantities 
of  liquid  oil,  either  too  much  is  being  used  or  the  oil  is 
not  being  properly  atomized ;  if  it  shows  minute  drops 
of  oil  and  is  milky  in  color,  we  may  feel  confident  that 
atomization  is  complete  and  that  we  are  not  feeding 
too  much.  When  no  oil  is  fed  to  the  piston  rod  exter- 
nally and  it  has  a  good  film  of  oil  on  it,  which  can  come 
only  from  within  the  cylinder,  we  are  safe  in  assum- 


ing that  we  are  getting  satisfactory  atomization  of  the 
cylinder  oil. 

Steam-cylinder  oil  is  used  to  lubricate  the  admission 
and  exhaust  valves,  the  cylinder  walls,  the  piston  and 
piston  rings,  the  throttle  valve  and  on  some  engines  the 
piston-  or  valve-rod  packing.  Two  methods  are  in  com- 
mon use,  the  direct  system  and  the  atomization  system. 
With  the  direct  feed  the  cylinder  oil  is  introduced  di- 
rectly into  the  steam  chest,  on  top  of  the  valves,  or 
directly  into  the  top  of  the  cylinder.  The  oil  fed  to 
the  top  of  a  Corliss  valve,  for  instance,  is  supposed  to 
spread  along  the  valve  surface  and  lubricate  it  and  the 
seat.  Oil  fed  into  the  top  of  a  cylinder  is  expected 
to  flow  slowly  down  the  sides  of  the  cylinder  until  it  is 
caught  by  the  sweep  of  the  piston  and  is  wiped  over  the 
entire  surface. 

The  second  method  is  based  on  the  fact  that  the  steam 
reaches  every  part  requiring  lubrication.  The  steam  is 
therefore  made  the  carrier  for  the  oil  to  all  the  parts. 
For  efficient  and  economical  lubrication  by  this  method 
the  oil  must  be  introduced  into  the  steam  at  such  a  point 
that  it  will  be  thoroughly  and  completely  atomized  be- 
fore it  reaches  the  parts  requiring  lubrication.  If  any 
of  the  oil  is  carried  into  the  cylinder  in  a  liquid  state, 
it  is  promptly  carried  out  again  by  the  exhaust  steam 
and  is  wasted,  but  if  it  reaches  the  cylinder  in  a  finely 
divided  condition,  part  of  it  is  deposited  on  every  sur- 
face touched  by  steam.  The  remainder  is,  of  course, 
carried  out  through  the  exhaust  with  the  steam.  Prac- 
tical experience  and  many  comparative  tests  have  dem- 
onstrated beyond  doubt  that  the  atomization  method 
will  save  from  25  to  50  per  cent,  in  quantity  of  oil  over 
the  direct-feed  method.  With  this  fact  firmly  fixed  in 
our  minds  let  us  consider  the  various  operating  condi- 
tions that  affect  the  atomization  of  the  oil  and  the  char- 
acteristics of  cylinder  oils  that  can  be  used  most  eco- 
nomically under  the  different  operating  conditions. 

Point  of  Introduction  of  Oil 

The  first  point  to  investigate  is  always  the  point  of 
introduction  of  the  cylinder  oil.  The  ideal  place  is  in 
the  steam  line  to  the  cylinder  six  or  eight  feet  above  the 
throttle  valve.  If  the  point  of  introduction  is  too  close 
to  the  cylinder,  complete  atomization  may  not  be  se- 
cured ;  if  it  is  too  far  away,  there  is  a  possibility  thai 
the  oil  v/ill  be  deposited  on  the  sides  of  the  steam  pipe 
and  flow  down  to  the  cylinder  in  a  liquid  form.  On 
some  engines  the  oil-feed  line  is  extended  to  the  center 
of  the  pipe  and  flattened  out  in  the  shape  o-f  a  spoon,  so 
that  the  steam  will  strike  it  and  blow  the  oil  off,  thor- 
oughly mixing  it  with  the  steam.  Another  method  is 
to  extend  the  feed  pipe  across  the  steam  line  and  per- 
forate it  with  several  small  holes.  Such  an  arrange- 
ment will  provide  ideal  opportunities  for  proper  atomi- 
zation of  the  kind  of  oil  that  will  best  lubricate  the 
valves  and  cylinders. 

Sometimes  the  location  of  steam  separators  or  sharp 
bends  m  the  pipe  close  to  the  cylinder  is  such  that  the 
feed  line  must  be  introduced  much  closer  to  the  engine 
than  is  desirable,  and  in  many  cases  it  is  necessary  to 
place  it  just  above  the  throttle.  This  arrangement  give;^ 
much  less  time  for  the  oil  to  atomize  before  it  reaches- 
the  cylinder,  and  larger  quantities  are  required  for  good 
lubrication.  The  efficiency  of  atomization  for  such  an 
installation  can  be  improved  by  using  oils  that  atomize 
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more  quickly,  but  as  such  oils  also  possess  the  charac- 
teristic of  evaporating  more  quickly  from  the  cylinder 
walls,  they  are  not  always  the  most  economical. 

The  characteristics  of  the  steam  are  next  in  impor- 
tance, and  the  pressure,  temperature,  percentage  of 
moisture,  degree  of  superheat,  priming  or  foaming  of 
boilers,  amount  of  boiler  compound  carried  over  with 
the  steam,  etc.,  all  have  an  effect  on  the  kind  of  oil  to 
be  used  and  the  efficiency  of  the  lubrication. 

Steam  pressure  in  itself  has  no  effect  on  the  oil,  but 
the  temperatures  corresponding  to  the  various  steam 
pressures  do  have  a  very  marked  effect.  High  steam 
temperatures  will  evaporate  the  oil  film  off  the  valve 
and  cylinder  surfaces  faster  than  low  temperatures, 
,  thus  requiring  the  use  of  heavy-bodied  oils  or  larger 
quantities  of  the  light-bodied  oils.  The  high  tempera- 
ture also  thins  the  oil  down  and  atomizes  i?  more 
quickly;  consequently,  the  heavy-bodied  oils  can  be 
atomized  satisfactorily  and,  as  they  stay  on  the  cylinder 
walls  longer  than  the  light-bodied  oils,  are  more  eco- 
nomical. Low  temperatures  accompanying  low  pres- 
sures will  not  atomize  the  heavy  oils  properly,  and  low 
viscosity  cylinder  oils  are  necessary.  The  low  tempera- 
tures do  not  evaporate  them  excessively. 

Steam  unless  highly  superheated  always  contains 
moisture  by  the  time  it  reaches  the  cylinder.  Conden- 
sation also  occurs  when  the  steam  is  cooled  on  enter- 
ing the  cylinder  and  during  the  expansion  stroke. 
Moisture  in  steam  will  wash  a  pure  mineral  oil  off  the 
cylinder  walls  so  that  very  large  quantities  Avould  be 
necessary  to  get  any  kind  of  lubrication  under  bad  water 
conditions.  It  is  customary,  therefore,  to  compound 
the  oil  with  acidless  tallow  oil  or  degras  when  it  is  to  be 
used  for  wet  steam.  The  tallow  oil  or  prepared  degras 
saponifies  with  the  moisture  in  the  steam,  forming  a 
soap  which  lubricates  the  cylinder  walls  and  assists  the 
mineral  oil  in  adhering.  'If  a  large  quantity  of  water 
's  drawn  suddenly  into  the  cylinder,  practically  all  of 
the  oil  will  be  washed  away  temporarily  and  the  cylin- 
der will  give  off  the  peculiar  groaning  sound.  When 
the  sudden  rush  of  water  is  over,  the  saponified  oil  will 
form  a  new  film  over  the  cylinder  walls  much  more 
quickly  than  a  pure  mineral  oil. 

Amount  of  Compounding  Required 

The  amount  of  compounding  required  in  the  cylinder 
oil  depends  upon  the  percentage  of  water  or  moisture  in 
the  steam.  Compounding  adds  to  the  cost  of  the  oil, 
and  as  excessively  large  percentages  have  no  better  lu- 
bricating value,  the  lesser  compounded  oils  are  used 
except  for  the  most  severe  conditions. 

It  has  been  the  general  opinion  that  engines  using  a 
highly  superheated  steam  are  hard  to  lubricate,  a  situ- 
ation created  very  probably  by  a  failure  to  understand 
the  actual  operating  conditions  of  a  superheated  steam 
engine.  The  general  practice  in  the  past  has  been  to 
use  a  very  heavy-bodied  pure  mineral  oil,  and  uniformly 
good  results  have  not  always  been  obtained.  Com- 
plaints have  arisen  that  lubrication  has  not  been  good 
and  that  there  have  been  carbon  deposits. 

With  a  steam  pressure  of  150  lb.  and  a  cutoff  at  one- 
quarter  stroke  it  requires  about  200  deg.  of  superheat 
at  admission  to  show  any  superheat  in  the  exhaust. 
With  any  less  degree  of  superheat  the  exhaust  steam 
will  be  wet,  and  as  we  have  to  lubricate  the  cylinder  on 
the  exhaust  stroke  as  well  as  on  the  expansion  stroke, 
we  should  use  the  same  kind  of  oil  that  would  be  used 
on  any  engine  operating  on  saturated  steam.  When 
the  heavy-bodied  oils  are  used,  they  are  not  properly 
atomized,  because  most  of  these  engines  have  the  feeds 
very  close  to  the  cylinders. 


Large  quantities  of  pure  mineral  oils  are  necessary  to 
lubricate  the  cylinders  properly  when  wet,  and  this 
combination  of  the  large  amounts  of  heavy-bodied  min- 
eral oil  results  in  the  oil  being  fed  to  the  cylinder  faster 
than  it  can  be  atomized  and  carried  away  with  the 
steam.  Naturally,  carbon  deposits  result  from  the  col- 
lection of  oil  within  the  cylinder.  In  any  event  there 
is  always  the  possibility  that  the  superheaters  may  have 
to  be  discontinued  temporarily  and  the  engine  operated 
on  saturated  steam,  so  it  is  always  safer  to  use  only  a 
small  percentage  of  compounding  in  the  oil.  In  this 
way  satisfactory  lubrication  can  be  obtained  with  a 
minimum  consumption  of  oil. 

Another  thing  that  has  a  very  bad  efTect  on  the  oil 
film  is  alkali  which  may  be  carried  over  from  the  boiler 
with  the  steam.  Excessive  quantities  of  boiler  com- 
pounds, if  they  get  into  the  cylinder,  destroy  the  oil  film 
even  with  the  most  highly  compounded  oils,  and  if  the 
condition  exists  for  very  long,  the  cylinders  will  begin 
to  wear  and  score  rapidly.  Careful  attention  should 
always  be  given  to  the  amount  of  boiler  compound  in 
the  boiler  water. 

Sharp  piston  rings  will  also  sometimes  scrape  the  oil 
film  off  the  cylinder  surfaces  and  destroy  the  polish  or 
glaze.  Excessively  tight  piston  rings  will  do  the  same 
thing. 

Uniformly  Loaded  Engine  Easy  to  Lubricate 

A  uniformly  loaded  engine  is  always  easier  to  lubri- 
cate than  one  operating  under  a  variable  load.  A  rap- 
idly changing  load  is  more  likely  to  cause  boiler  priming 
and  a  washing  away  of  the  oil  from  the  cylinder  walls. 
Lightly  loaded  engines  have  a  greater  cylinder  conden- 
sation than  fully  loaded  engines  and  may  require  a  more 
highly  compounded  oil.  The  velocity  of  the  steam 
through  the  steam  pipe  will  be  slow,  and  while  it  will 
give  more  time  for  atomization  of  the  oil  it  will  also 
give  a  greater  opportunity  for  increased  condensation. 

A  compound  engine  offers  a  very  wide  range  of  con- 
ditions which  it  is  sometimes  difficult  to  meet  with  one 
oil.  It  is  very  easy  to  pick  out  the  right  oil  for  the 
high-pressure  cylinder,  and  if  it  is  properly  atomized 
the  steam  will  carry  the  greater  portion  of  it  through 
the  receiver  into  the  low-pressure  cylinder,  lubricating 
it  also.-  If  the  oil  is  not  completely  atomized,  all  the 
liquid  portion  will  be  separated  with  the  condensed 
steam  in  the  receiver  and  is  lost.  It  is  then  necessary 
to  feed  additional  oil  to  the  low-pressure  cylinder.  It 
is  hard  to  do  this  economically  because  there  is  seldom 
any  opportunity  to  feed  the  oil  into  the  steam  line  any 
distance  from  the  cylinder,  it  being  necessary  usually  to 
feed  it  directly  into  the  steam  chest,  making  atomiza- 
tion difficult.  On  this  account  some  engineers  prefer 
to  use  a  light-bodied  highl\  compounded  oil  for  the  low- 
pressure  cylinder  if  they  cannot  get  proper  atomization 
of  the  oil  before  it  enters  the  high-pressure  cylinder. 
This  is  particularly  true  when  the  engine  runs  con- 
densing. 

Kind  of  Engine  Should  Have  No  Influence  on 
the  Oil  Selected 

If  proper  atomization  of  the  oil  is  secured  before 
the  steam  enters  the  cylinder  and  if  the  oil  has  the 
necessary  compounding  and  other  qualities  for  lubri- 
cating the  valves  and  cylinders,  the  kind  of  engine  to  be 
lubricated  should  have  no  influence  upon  the  oil  to  be 
selected.  Simple  slide-valve,  piston-valve,  Corliss-valve, 
compound,  horizontal  or  vertical  cylinders,  uniflow  or 
counterflow  engines,  can  all  be  lubricated  with  equal 
efficiency  if  proper  attention  is  given  to  the  steam  con- 
ditions, completeness  of  atomization  and  the  operating 
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conditions  of  the  engine.  There  is  a  possible  exception 
in  the  Cprliss  valve  when  the  steam  does  not  reach  the 
ends  of  the  valves,  and  it  is  then  necessary  to  feed  oil 
directly  to  them. 

When  the  exhaust  steam  is  used  for  manufacturing 
processes  or  for  boiler- feed  purposes  where  the  presence 
of  oil  woull  have  a  very  bad  effect,  it  is  necessary  to 
install  an  oil  separator  and  use  an  oil  that  will  separate 
from  the  condensed  steam  most  efficiently.  The  com- 
pounded oils  do  not  separate  well  because  of  the  saponi- 
fication of  the  animal  oil  content,  and  it  is  customary  to 
use  pure  mineral  oils  on  such  engines  and  cut  the  feed 
down  as  low  as  possible.    • 

The  exhaust  steam  from  the  cylinders  of  marine  en- 
gines is  condensed  and  used  for  boiler  feed.  These  cyl- 
inders are  vertical  and  there  is  very  little  pressure 
against  the  cylinder  walls.  Usually,  they  receive  no  oil 
a1  all  and  depend  on  the  moisture  in  the  steam  to  lubri- 
cate the  cylinders.  When  oil  is  used,  mineral  oils  are 
supplied  and  fed  to  the  cylinders  very  sparingly. 

Having  considered  the  principal  operating  conditions 
that  affect  lubrication,  let  us  now  investigate  the  various 
kinds  of  cylinder  oils  and  see  what  sort  of  lubrication 
can  be  obtained  from  different  grades. 

Classification  of  Steam-Cylinder  Oils 

Steam-cylinder  oils  are  classed  as  fire-stock  oils, 
steam-refined  oils  and  filtered  oils.  The  fire-stock  oils 
are  the  most  adhesive,  usually  have  the  heaviest  body, 
and  are  not  likely  to  be  as  uniform  in  characteristics  or 
qualities  as  the  other  grades.  The  steam-refined  oils  are 
better  lubricants,  more  uniform  in  quality,  are  less 
likely  to  decompose  in  use  or  form  objectionable  de- 
posits, and  are  more  readily  atomized.  They  are  made 
m  a  wide  range  of  viscosities,  from  90  sec.  to  225  sec. 
at  210  deg.  F.,  and  are  dark  green  or  brown  in  color. 

The  filtered  cylinder  oils  are  made  by  filtering  the 
steam-cylinder  oils  through  charcoal,  which  brightens 
the  color,  making  them  clear,  and  removes  some  of  the 
more  adhesive  hydrocarbons.  This  process  makes  the 
oils  less  adhesive  on  the  cylinder  walls  and  renders  them 
more  quickly  atomized.  They  also  separate  from  con- 
densed steam  more  readily  than  the  steam-refined  or 
fire-stock  oils. 

All  three  .kinds  of  cylinder  oils  are  used  in  the  pure 
mineral  state  and  also  when  compounded  with  tallow 
oil  or  prepared  degras.  The  compounded  oils  are  most 
satisfactory  for  wet  steam  condition  as  they  are  not  so 
quickly  washed  off  the  cylinder  walls.  They  atomize 
more  quickly  than  the  pure  mineral  oils,  but  do  not 
separate  from  the  exhaust  steam  as  readily. 

Considering  viscosities  alone,  the  lower  viscosities 
atomize  more  quickly  than  the  higher  viscosities  or 
heavier-bodied  oils.  Incidentally,  they  evaporate  from 
the  cylinder  walls  quicker.  Heavy-bodied  oils  require 
higher  steam  temperatures  for  complete  evaporation  but 
are  more  adhp'^ive.  When  properly  atomized,  they  art 
very  satisfactory;  but  if  not  thoroughly  atomized,  too 
heavy  an  oil  will  not  lubricate  a  cylinder  unless  ex- 
cessive quantities  are  used,  with  the  possibility  of  car- 
bon deposits. 

How  TO  Select  Oils 

With  all  of  these  factors  to  consider,  it  is  impossible 
to  make  any  fixed  recommendations.  Determine  your 
operating  conditions,  study  the  following  data  and  try 
to  get  the  kind  of  oil  which  best  fits  your  individual  en- 
gine. 

1.  Economical  and  efficient  lubrication  depends  upon 
the  quality  of  the  oil  and  its  proper  atomization. 

2.  Proper  atomization  depends  upon  the  character- 
istics of  the  oil,  the  point  of  introduction,  the  condition 


of  the  steam  and  also  on  the  operation  of  the  engine. 

3.  Within  certain  limits  the  farther  the  point  of  in- 
troduction of  the  oil  is  from  the  cylinder  the  more 
thoroughly  will  be  the  atomization. 

4.  Oil  fed  directly  to  valves  or  cylinders  has  little 
opportunity  for  atomization.         , 

5.  On  the  other  hand,  if  oil  is  introduced  too  far 
away,  it  condenses  on  the  sides  of  the  steam  pipes  and 
may  be  trapped  out  in  pockets  or  drains. 

6.  Any  device  placed  within  the  steam  line  which 
assists  in  atomizing  the  oil  is  of  benefit. 

7.  High  steam  pressures  because  of  their  high  tem- 
peratures atomize  the  oil  quicker  than  low  pressures  and 
low  temperatures. 

8.  High  steam  velocities  atomize  oil  quicker  than 
low  velocities. 

9.  Low  velocities  give  a  longer  time  for  atomization 
before  the  oil  reaches  the  cylinder. 

10.  Low-viscosity  cylinder  oils  atomize  more  easily 
than  high-viscosity  oils. 

11.  Filtered  cylinder  oils  atomize  more  quickly  than 
non-filtered  cylinder  oils.  < 

12.  Nonfiltered  cylinder  oils  adhere  to  cylinder  walls 
better  than  filtered  cylinder  oils. 

13.  Heavy-bodied  oils  stick  to  the  cylinder  walls 
longer  than  light-bodied  oils. 

14.  Light-bodied  oils  evaporate  from  hot  cylinder 
walls  when  engine  is  shut  down  quicker  than  heavier  oils. 

15.  Water  washes  oil  from  valve  and  cylinder  sur- 
faces. 

16.  Moist  steam  therefore  washes  the  oil  off  the 
valves  and  cylinder  walls. 

17.  Light  loads  are  accompanied  by  greater  conden- 
sation in  the  cylinder  and  require  more  oil. 

18.  Heavy  loads  may  cause  boiler  priming,  and  the 
water  carried  over  with  the  steam  washes  the  cylinder 
oil  off  the  walls  and  valves. 

19.  Boiler  water  heavily  loaded  with  boiler  com- 
pounds carried  over  by  the  steam  quickly  destroys  the 
lubricating  oil  film. 

20.  Any  means  of  keeping  excessive  water  out  of  the 
cylinders  will  improve  lubrication. 

21.  Compounded  cylinder  oils  containing  tallpw  oil 
or  degras  saponify  in  the  presence  of  moisture  and  do 
not  wash  off  the  cylinder  walls  as  quickly  as  pure  min- 
eral oils. 

22.  Compounded  oils  therefore  are  more  economical 
for  saturated  steam  conditions. 

23.  Mineral  oils  may  be  used  for  dry  or  superheated 
steam  when  exhaust  steam  must  be  freed  from  oil. 

24.  Compound  engines  using  superheated  steam 
should  use  compounded  oil  on  account  of  condensation 
in  the  low-pressure  cylinders. 

25.  Compounded  oils  do  not  separate  quickly  from 
exhaust  steam. 

26.  Mineral  cylinder  oils  separate  from  exhaust 
steam  more  quickly  than  compounded  cylinder  oils. 

27.  Filtered  cylinder  oils  separate  from  exhaust 
steam  more  quickly  than  nonfiltered  oils. 

28.  Mineral  oils  are  used  where  exhaust  steam  must 
be  freed  of  oil. 

29.  Cylinder  oils  may  be  classed  according  to  vis- 
cosity as  follows : 

Light   bodied    05    sec.-llS    sec.    viscosity    at    210    degr.    F. 

Medium    bodied    115    sec.-13S    sec.    viscosity   at   210    de?.    F. 

Heavy    bodied    135   sec.-160    sec.    viscosity   at   210    deg.    F. 

As  an  example  of  the  use  of  these  items  in  selecting 
oils,  let  us  assume  the  following  conditions :  Steam 
pressure,  150  lb.;  moisture,  considerable;  point  of  in- 
troduction of  oil,  6  ft.  above  throttle;  boiler  water,  bad; 
load  conditions,  variable ;  type  of  engine.  Corliss  cross- 
compound  condensing. 
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Analysis — Conditions  are  good  for  atomization*  as 
steam  temperature  due  to  high  pressure  is  fairly  high, 
and  ample  time  is  given  with  feed  six  feet  from  throttle. 

Conditions  are  bad  for  maintenance  of  oil  film  on 
cylinder  walls  on  account  of  variable  loads,  bad  boiler 
water,  wet  steam  and  operating  condensing. 

Consequently  we  would  use  nonfiltered  (12)  highly 
compounded  (21-22)  heavy-bodied  (13)  oil  and  feel 
confident  that  it  will  be  economical  and  efficient  (3-7). 

Another  set  of  conditions  might  be  as  follows :  Steam 
pressure,  100  lb. ;  moisture,  very  little ;  boiler  water, 
good ;  point  of  introduction,  directly  on  valve ;  load  con- 
ditions, steady-rated  capacity;  type  of  engine,  simple 
noncondensing ;  use  of  exhaust  steam,  boiler  feed,  open 
heater. 

Analysis — Conditions  are  poor  for  atomization.  Steam 
temperature  due  to  low  pressure  is  low,  and  little  time  is 
given  with  feed  directly  on  valve. 

Water  conditions  are  good,  and  there  is  compara- 
tively little  moisture  in  the  cylinder.  Exhaust  steam 
must  rapidly  be  freed  from  oil.  Accordingly,  we  would 
use  a  light-bodied  (10)  filtered  (11-27)  cylinder  oil 
having  low  percentage  of  compounding. 

These  illustrations  serve  to  show  the  impracticability 
of  making  a  general  positive  recommendation  of  one  or 
two  brands  of  oil.  The  most  satisfactory  way  is  to 
examine  the  individual  installation  and  select  the  kind 
of  oil  to  meet  that  particular  class  of  conditions  and 
operation. 

Emergency  Automatic  Controller 

By  B.  a.  Briggs 

When  an  automatic  controller  on  a  pump  or  air-com- 
pressor motor  must  be  taken  out  of  service  for  repairs, 
a  temporary  controller  can  be  made  from  an  ordinary 
starting  box  having  four  bjnding  posts.     In  this  type 


of  automatic  starter  in  common  use  for  automatically 
stopping  and  starting  pump  and  air-compressor  motors. 
The  figure  gives  the  connection  for  controUing  a  pump 


FIG.    1. 


CONNECTIONS    FOR   CONTROLLING   PUMP   IStOTOR 
AUTOMATICALLY 


FIG.    2. 


CONNECTIONS    FOR   CONTROLLING   PUMP    MOTOR 
WITH  STARTING  BOX 


of  starter  the  no-voltage  release  coil  is  connected  across 
the  line  and  not  in  series  with  the  shunt-field  windings 
as  in  the  three-terminal  type.    In  Fig.  1  is  shown  a  type 


motor  through  a  float  switch  operated  from  a  float  in 
the  tank.  When  the  float  switch  closes,  the  solenoid 
coil  on  the  controller  is  energized,  which  in  turn  closes 
the  contact  and  brings  the  motor  up  to  speed  auto- 
matically. When  the  tank  is  full  the  switch  opens,  de- 
energizes  the  coil,  and  allows  the  contactors  to  open 
and  shut  down  the  motor. 

In  Fig.  2  the  controller  of  Fig.  1  has  been  replaced  by 
an  ordinary  starting  box  with  four  terminals.  With 
this  arrangement  the  motor  will  not  start  up  auto- 
matically when  the  float  switch  closes,  but  will  be  shut 
down  automatically  when  the  float  switch  opens.  If 
the  water  in  the  tank  is  at  a  level  where  the  float 
switch  is  closed,  when  an  attempt  is  made  to  start 
the  motor,  the  starting  arm  will  be  held  in  the  full-on 
position  by  the  no-voltage  release  coil.  When  the  tank 
has  been  filled  and  the  float  switch  opens  the  no-voltage 
release-coil  circuit,  the  starter  arm  will  bC  released  and 
the  motor  shut  down  automatically.  However,  if  when 
the  attendant  started  the  motor,  the  water  in  the  tank 
was  at  a  level  where  the  float  switch  was  open,  then 
the  no-voltage  release  coil  would  not  Iiold  the  starter 
arm,  thus  indicating  to  the  attendant  that  the  tank  was 
still  full.  This  scheme,  although  not  starting  the  motor 
automatically,  does  stop  it  automatically  and  also  gives 
the  attendant  an  indication  of  the  height  of  the  water 
in  the  tank  when  he  goes  to  start  the  motor.  This  is 
generally  gll  that  is  required  of  a  temporary  controller 
on  a  pump  or  air  compressor.  Therefore,  the  fore- 
going scheme  can  usually  be  used  to  good  advantage 
when  the  automatic  controller  is  being  repaired. 
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Developing  the  Chain -Grate  Stoker 


By  H.  F.  gauss 

Chief   Engineer,   Illinois   Stoker   Company 


The  application  of  forced  draft  has  resulted  in 
much  higher  rates  of  combustion,  reduction  of 
ignition  troubles,  better  air  control  to  the  various 
sections  of  the  grate  and  less  leakage  of  air  into 
the  furnace.  Securing  of  prompt  and  vigorous 
ignition  and  the  reduction  of  air  leakage  have 
been  interesting  problems. 


IN  THE  design  of  a  successful  stoker  the  most  per- 
tinent problem  is  to  obtain  prompt  and  vigorous 
ignition.     It  is  a  common  assumption  that  this  is 
entirely  up  to  the  ignition  arch.     This  function  of  the 


red-hot  iron  a  few  inches  above  it.  The  match  now  does 
not  go  out.  However,  a  slight  current  of  air  from  the 
side,  giving  the  products  of  combustion  a  diagonal  direc- 
tion in  leaving  the  match,  will  easily  extinguish  the 
flame.  This  latter  condition  is  obtained  in  the  ordinary 
natural-draft  chain-grate  stoker,  and  unless  proper  pro- 
vision is  made  to  overcome  it,  the  result  is  invariably 
poor  ignition. 

There  are  a  number  of  ways  in  which  the  necessary 
provision  to  maintain  good  ignition  can  be  made.  It  is 
primarily  essential  that  the  fuel  be  properly  prepared. 
If  a  furnace  is  designed  and  intended  to  burn  XYz-wx 
screenings,  good  results  cannot  be  obtained  by  attempt- 
ing to  use  2-in.  nut  coal.     Neither  can  good  results  be 


DirecHon  ofTlames  olurinq;  Icfnifion 


FIG.   1.     CHAIN-GRATE  STOKER  VS^ITH  FLAT  ARCH,   SHOWIN  G  DIRECTION  OF  FLAMES 


ignition  arch  is  by  no  means  to  be  depreciated,  but  the 
entire  responsibility  for  lack  of  good  ignition  is  not  to  be 
placed  upon  the  arch  alone. 

An  inherent  characteristic  of  a  fuel  bed  ignited  from 
the  top  is  that  the  ignition  must  penetrate  down  in  an 
opposite  direction  to  the  flow  of  gases  liberated  by  the 
combustion  of  the  upper  layers.  This  condition  im- 
poses the  real  difficulty  of  obtaining  successful  ignition 
in  the  natural-draft  chain-grate  stoker,  and  it  at  once 
suggests  that  the  draft  intensity  immediately  under  the 
front  part  of  the  ignition  arch  may  have  a  great  deal  to 
do  with  good  ignition.  Fig.  1  is  a  typical  stoker  layout. 
It  is  evident  that  the  products  of  combustion  during 
ignition  pass  off  diagonally  as  indicated  by  the  arrows. 
They  do  not  pass  straight  up  and  impinge  against  the 
arch.  In  fact,  the  corner  between  the  feed  gate  and  the 
front  of  the  arch  has  no  flames  whatever. 

If  one  lights  a  match  and  holds  it  in  a  vertical  position 
with  the  lighted  end  up,  it  burns  feebly  for  a  short 
time  and  then  goes  out.  Now  light  a  match  and  support 
it  in  the  same  position  as  before,  but  place  a  piece  of 


obtained  by  dumping  coal  for  this  stoker,  after  crushing 
i1  to  15^-in.  size,  into  an  overhead  bunker,  so  arranged 
that  all  the  fine  coal  accumulates  in  the  center  of  the 
bunker  directly  over  the  outlet,  while  all  the  coarse  coal 
rolls  off  the  sides  to  be  fed  down  last  with  no  fine  coal 
whatever.  When  this  condition  exists,  as  it  frequentl) 
does,  the  first  of  the  fuel  fed  down  from  a  freshly  filled 
bunker  is  so  fine  that  it  is  almost  impossible  to  ignite  it 
except  in  a  thin  fuel  bed,  owing  to  its  resistance  to  the 
passage  of  sufficient  air  to  support  combustion.  The 
fuel  then  gradually  approaches  the  proper  condition, 
and  it  becomes  necessary  to  thicken  up  the  fire  until  the 
depth  originally  intended  is  reached.  If  conditions 
would  stabilize  here,  all  would  be  well,  but  the  fuel  con- 
tinues to  become  coarser  and  the  thickness  of  the  firt 
must  be  increased  correspondingly  until  the  limit  is 
reached,  and  then  trouble  with  ignition  begins  again.  It 
is  understood,  of  course,  that  the  trouble  experienced  in 
igniting  coarse  coal  is  caused  by  the  fuels  becoming  so 
coarse  that  the  small  resistance  of  the  bed  to  the  pas- 
sage of  air  permits  too  much  air  to  rush  through.    Igni- 
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tion  is  retarded  instead  of  being  maintained  at  a  suffi- 
ciently rapid  rate  to  permit  the  necessary  grate  speed  for 
the  capacity  demanded.  Adjustable  dampers  extending 
under  the  coal  hopper  in  front  and  under  a  few  feet  of 
the  ignition  zone  of  the  stoker  will  aid  materially  in  con- 
trolling the  air  for  ignition  and  permit  burning  coarse 
coal  under  the  bunker  conditions  just  described. 

Someone  will  say,  "Why  not  check  the  damper  in  the 
breeching?"  This  is  a  good  suggestion,  but  the  ca- 
pacity of  the  boiler  would  also  be  cut  down,  and  no 
stoker  company  could  afford  to  design  a  machine  that 
had  to  be  operated  in  this  way.  The  real  solution  of 
the  difficulty  is  to  provide  a  bunker  and  coal  conveyor  so 
designed  that  the  coal  will  be  uniform  in  size  and  con- 
dition when  fed  to  the  stoker.  Unfortunately,  the 
stoker  designer  seldom  has  much  to  say  in  regard  to 
the  arrangement  of  bunkers  and  conveyors. 

The  writer  recently  saw  an  expedient  resorted  to  for 
the  purpose  of  overcoming  the  difficulty  just  described, 
which  consisted  of  a  ^-in.  steam  pipe  introduced  under 


bridge-wall  and  front  boiler-room  wall.  This  applies 
particularly  to  existing  settings  in  which  it  is  desired  to 
put  a  stoker. 

Generally  speaking,  the  function  of  the  arch  is,  first, 
to  aid  in  maintaining  ignition,  and,  second,  to  provide 
a  sufficiently  hot  zone  to  consume  completely  the  vola- 
tile constituents  liberated  during  ignition.  More  than 
this  an  arch  cannot  do.  Once  the  coal  is  thoroughly 
ignited,  it  burns  when  supplied  with  the  proper  amount 
of  air,  and  part  of  the  heat  so  evolved  is  utilized  in  keep- 
ing the  arch  hot.  It  is  the  writer's  opinion  that  the 
shorter  the  arch  in  keeping  with  these  two  objects,  the 
better.  A  long  arch  adds  unnecessary  restriction  to 
the  flow  of  the  gases  through  the  furnace. 

Fuel  igiiited  on  top  must  burn  from  the  top.  Air 
passing  through  from  the  bottom  makes  the  penetration 
of  ignition  slow.  The  top  layer  of  fuel,  first  ignited, 
is  first  to  burn  up,  and  the  ash  forms  on  top  first.  This 
layer  of  ash  renders  the  fuel  bed  more  impervious  to  the 
passage  of  air,  and  frequently  retards  the  combustion  of 


itep 
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FIG.    2.     CHAIN-GRATE  STOKER.   WITH  FLAT   TILTED  ARCH 


the  ignition  arch  about  one  foot  from  the  front  end. 
Steam  admitted  at  this  point  caused  pressure  inside  of 
the  furnace  sufficient  to  keep  out  excess  air,  and  in 
addition  caused  the  air  that  was  admitted  to  pass  ver- 
tically up  and  impinge  against  the  ignition  arch.  The 
device  was  successful  in  improving  ignition  of  coarse 
coal,  but  its  economy  is  doubtful,  when  the  probable 
steam  consumption  of  the  blower  is  considered. 

The  design  of  an  arcn  is  not  entirely  a  matter  of 
mathematical  analysis.  It  is  a  problem  that  must  be 
tackled  in  the  light  of  previous  experiment  and  experi- 
ence. When  a  stoker  man  speaks  of  designing  an  arch 
for  burning  a  particular  fuel,  he  means  that  he  has  taken 
out  his  notebook,  looked  up  data  on  arches,  which  he 
knows  have  been  used  successfully  under  similar  condi- 
tions and  for  similar  fuel,  and  possibly  has  made  a'  few 
changes  suggested  by  good  judgment.  Once  success- 
fully designed,  it  is  easy  to  explain  scientifically  just  why 
the  arch  should  give  the  good  results  sought. 

A  factor  often  controlling  the  length  of  an  arch  is  the 
position  of  the  boiler  with   reference    to    the    ashpit. 


the  lower  layers  of  fuel  to  such  an  extent  that  unburned 
coal  is  carried  over  the  rear  of  the  stoker  into  the  ash 
pit,  resulting  in  a  high  carbon  content  in  the  ash.  When 
*his  condition  obtains,  the  remedy  is  a  thinner  fuel  bed 
and  a  higher  grate  speed.  The  writer  has  seen  stokers 
burning  crushed  mine-run  bituminous  coal  of  high  ash 
content  in  which  the  appearance  of  the  rear  end  of  the 
grate  was  sucn  as  to  lead  one  to  believe  that  combustion 
was  complete.  Upon  stirring  up  the  refuse  on  the  rear 
end  of  the  grate  with  a  rake,  a  layer  of  unburned  coal 
was  found  underneath  the  ashes,  and  upon  agitation  it 
began  to  burn  fiercely.  There  is  no  question  but  that 
the  ash  formed  first  on  top.  The  writer  had  the  same 
experience  in  burning  lignite  and  anthracite  culm. 

Anyone  who  has  the  opportunity  to  observe  the  pro- 
cess of  ignition  through  the  small  inspection  door  gen- 
erally provided  In  the  side  wall  for  this  purpose,  will 
be  able  to  see  with  the  aid  of  a  darkened  glass  exactly 
how  ignition  takes  place. 

When  just  inside  the  feed  gate,  the  pieces  of  fuel  on 
top  give  off  tiny  volumes  of  gas  and  vapor,  become  red, 
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burst  into  small  flames,  and  finally  become  incandescent. 
At  the  same  time  the  particles  in  the  layers  of  fuel  un- 
derneath begin  to  undergo  the  same  operation.  The 
process  necessarily  requires  time,  and  the  fuel  cannot 
be  considered  thoroughly  ignited  until  it  has  traveled 
mto  the  furnace  at  least  4  to  6  in.,  and  more  often  as 
much  as  12  in.  is  necessary.  The  process  is  not  in  the 
nature  of  an  explosion.  An  explosion  is  intensely  rapid 
combustion,  which  is  completed  in  a  fraction  of  a  sec- 
ond. If  ignition  is  complete  within  4  in.  of  grate  travel, 
at  the  rate  of  4  in.  per  minute,  it  would  require  an  in- 
terval of  exactly  one  minute. 

As  the  fuel  advances  into  the  furnace  the  fixed  car- 
bon is  ignited,  burns  up  and  leaves  on  the  grate  a  resi- 
due which  often  is  thin  in  spots  and  likely  to  permit 
excess  air  to  enter  unless  the  rear  sections  of  the  stoker 
are  provided  with  adjustable  dampers  to  prevent  it. 
Dampers  of  this  kind  are  valuable  for  the  purpose  just 
mentioned,  but  when  installed  they  must  receive  proper 
care  from  the  attendant  in  order  to  be  effective. 

After  the  rear  air  baffles  in  the  stoker  and  setting  have 
been  made  as  tight  as  possible,  and  even  though  the 
ashpits  are  well  made  and  provided  with  tight  doors, 
there  is  likely  to  be  some  air  leakage  between  the  bridge- 
wall  and  the  rear  end  of  the  grate.  To  reduce  this  leak- 
age to  a  minimum  a  waterback  is  recommended.  As 
far  as  air  leakage  is  concerned,  either  a  closed  or  an 
open  type  of  waterback  is  equally  effective.  From  the 
standpoint  of  economy  a  closed  waterback  is  to-be  pre- 
ferred. In  cases  where  there  is  a  demand  for  hot  water. 
an  open  waterback  is  probably  the  cheapest  to  main- 
lain  and  is  preferable.  In  addition  to  preventing  air 
leakage  the  waterback  is  valuable  in  reducing  bridge- 
wall  maintenance  by  preventing  the  adherence  of  clink- 
ers to  the  overhanging  nose  and  the  breaking  of  the 
nose  tile  when  these  clinkers  are  sliced  off. 

In  locating  the  waterback  it  is  essential  that  it  be 
placed  sufficiently  high  above  the  rear  end  of  the  grate 
to  allow  the  ash  to  pass  under  without  touching  it. 
When  the  ash  is  allowed  to  roll  up  against  the  water- 
back,  it  piles  up  against  the  bridge-wall.  The  writer  has 
seen  cases  in  which  just  this  condition  has  caused  ashes 
to  climb  entirely  over  the  bridge-wall  of  a  horizontal!}' 
baffled  boiler  and  drop  into  the  combustion  chamber. 
A  condition  like  this  evidently  cannot  be  permitted  to 
exist,  and  there  must  be  sufficient  clearance  under  the 
waterback  to  let  the  ashes  through.  It  is  not  possible  to 
compress  an  ash  bed  by  attempting  to  crowd  it  under  a 
waterback. 

A  waterback  so  designed  that  its  vertical  height  may 
be  adjusted  to  suit  the  thickness  of  the  ash  bed  is  the- 
oretically desirable,  but  not  practically  possible,  as  its  lo- 
cation is  such  that  the  necessary  guides,  connections  and 
appurtenances  would  be  a  source  of  endless  annoyance 
and  trouble.  The  alternative  would  be  to  arrange  the 
stoker  so  that  the  rear  end  can  be  raised  or  lowered. 
This  is  more  desirable  construction  than  an  adjustable 
waterback,  but  it,  too,  presents  undesirable  features  and 
difficulties  that  render  it  impractical. 

It_  is  not  possible  to  lay  too  much  stress  upon  the  ne- 
cessity of  using  the  utmost  skill  and  care  in  preventing 
air  leakage.  All  ledge  plates,  seals  and  joints  must  be 
made  and  kept  tight  with  this  end  in  view. 

Attention  was  drawn  at  the  outset  to  the  recent  de- 
velopment of  the  forced-draft  chain-grate  stoker  in  the 
statement  that  it  had  eliminated  many  of  the  difflculties 
formerly  experienced  in  the  design  and  operation  of  the 
chain-grate  stoker.  These  may  be  enumerated  as  fol- 
lows :  Ignition  troubles  overcome ;  better  air  control  to 
the  various  sections  of  the  fuel  bed;  less  leakage  of 
air  into  the  furnace. 


Incidentally,  it  becomes  possible  to  carry  continuous 
loads  of  from  250  to  300  per  cent,  of  normal  rating  and 
maintain  70  per  cent,  operating  efficiencies. 

At  the  present  writing  no  data  are  available  indicat- 
ing the  maximum  rate  of  combustion  per  square  foot 
of  grate  area  per  hour,  that  can  be  secured.  Tests  on  a 
stoker  containing  130  sq.ft.  of  active  grate  area  under 
.".  500-hp.  water-tube  boiler  established  a  rate  of  50.2 
lb.  of  coal  per  square  foot  of  grate  area  per  hour,  during 
a  test  embracing  a  period  of  16.4  hours.  The  rate  thus 
established  was  limited  by  the  ability  of  this  boiler  to 
take  the  gases  liberated,  and  not  by  the  ability  of  the 
stoker  to  burn  more  coal.  Any  attempt  to  burn  more  fuel 
by  speeding  up  the  stoker  and  increasing  the  air  suppb.' 
resulted  in  building  up  a  pressure  in  the  furnace  and 
causing  the  gases  to  be  forced  out  of  the  setting  wher- 
ever a  crack  or  crevice  would  permit.  Shorter  tests 
have  indicated  a  maximum  rate  of  combustion  of  70  lb. 
per  square  foot  of  grate  surface  per  hour. 

Returning  now  to  analyze  the  three  advantages  of  the 
forced-draft  stoker,  attention  is  called  to  the  dead-plate 
directly  under  the  hopper  in  Fig.  2.  This  has  a  two- 
fold purpose — it  prevents  leakage  of  air  from  the  first 
tuyere  to  the  atmosphere  and  incidentally  prevents  leak- 
age from  the  atmosphere  into  the  first  tuyere. 

When  burning  bituminous  coal,  the  first  small  tuyere 
marked  /  is  omitted  and  the  dead-plate  is  extended  up 
to  the  first  large  tuyere  P.  It  is  tmderstood,  of  course, 
that  the  grate  slides  over  the  dead-plate.  No  air  is 
supplied  to  the  coal  above  the  dead-plate.  The  space 
above  the  dead-plate  and  under  the  ignition  arch  is  then 
the  ignition  zone  of  the  furnace. 

Sufficient  air  is  supplied  through  the  remaining  tuy- 
eres to  burn  the  required  amount  of  fuel,  and  the  main 
damper  in  the  breeching  is  closed  until  a  balanced  draft 
condition  exists  in  the  furnace.  By  this  is  meant  a  con- 
dition in  which  atmospheric  pressure  exists  in  the  fur- 
nace. There  will  then  be  no  tendency  for  excess  air  to 
be  drawn  into  the  furnace  through  any  unavoidable  crev- 
ices around  the  ignition  zone.  The  products  of  combus- 
tion resulting  from  ignition  pass  vertically  up  and 
impinge  against  the  ignition  arch,  which  materially  aids 
in  maintaining  vigorous  ignition,  as  illustrated  in  tho 
match  experiment. 

In  the  final  analysis  what  is  accomplished  here  is  the 
gentle  mixing  with  the  fuel  of  sufficient  air  for  ignition, 
with  a  time  interval  of  sufflcient  duration  to  allow  this 
ignition  to  penetrate  down  into  the  fuel  bed  without  be- 
ing interfered  with  by  a  rush  of  air  in  the  opposite  direc- 
tion. Once  thoroughly  ignited,  the  fuel  burns  fiercely 
upon  passing  over  the  first  pressure  tuyere,  P,  Fig.  2. 

When  burning  such  fuels  as  anthracite  culm  and  lig- 
nites, which  are  hard  to  ignite,  tuyere  /  is  retained,  b.il 
it  is  connected  with  an  exhaust  fan  which  draws  some 
of  the  hot  gases  from  the  furnace  down  through  the 
ignition  zone  of  the  grate,  and  this  facilitates  ignition. 

The  fact  that  a  balanced  pressure  is  maintained  in 
the  furnace  accounts  for  the  reduced  infiltration  of  air 
through  cracks  or  crevices  in  any  part  of  the  setting. 
Balanced  draft  is  a  material  aid  to  the  waterback  in 
performing  part  of  its  duty.  It  has  been  possible  to 
obtain  CO2  as  high  as  16  per  cent,  with  this  type  of 
chain-gxate  stoker.  The  flat  dampers  indicated  in  the 
tuyeres  in  Fig.  2,  or  dampers  frequently  located  in  the 
thimbles  connecting  the  windboxes  into  the  tuyeres, 
are  the  means  of  regulating  the  air  supply  to  the  various 
zone?  of  the  grate. 

The  advantages  of  the  forced-draft  chain-grate 
stoker  are  apparent,  and  from  the  rapid  strides  being 
made  in  its  efficient  development  it  would  appear  that 
there  is  no  end  to  the  possibilities. 
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Hunting  for  Fuel-Oil  Profiteers 

WHEN  a  great  industrial  nation  like  ours  is  con- 
fronted with  a  national  coal-strike  situation  such 
as  we  recently  partly  passed  through,  everybody  be- 
comes more  or  less  panicky.  With  the  experience  of 
the  war  so  lately  acquired,  the  Government,  to  head  off 
unconscionable  coal  prices,  revived  the  dormant  Fuel 
Administration — and  with  good  effect.  But  the  fuel- 
oil  division  did  not  again  go  into  action,  and  as  a  result 
our  Uncle  Sam  has  been  made  suspicious,  and  now  he 
is  hunting  for  fuel-oil  profiteers  through  Attorney  Gen- 
eral Palmer,  whose  office  is  carrying  a  peak  load  with 
Reds  and  the  familiar  H.  C.  of  L. 

The  vigorous  fashion  in  which  the  attorney  general  is 
handling  Reds  and  other  law  violators  has  evidently 
made  fuel-oil  interests  remember  the  "Stop,  Look  and 
Listen"  sign.  The  National  Petroleum  Association 
warns  its  members  through  its  consul  general,  C.  D. 
Chamberlin,  not  to  charge  "abnormally  high  prices"  for 
fuel  oil ;  the  refiners  of  conscientious  Kansas  say  the 
brokers  and  not  themselves  are  to  blame  for  high  fuel- 
oil  prices.  Clifford  Thorne,  of  whom  we  had  not  heard 
much  since  the  Government  took  over  the  railroads, 
pleaded  the  case  of  the  Western  Petroleum  Refiners  be- 
fore the  Fuel  Administration. 

The  Government  recently  began  prosecuting  the 
Trans-Continental  Oil  Company  for  selling  fuel  oil  at 
"unjust  and  unreasonable  prices."  The  prices,  it  is 
claimed,  were  three  and  one-half  to  four  dollars  per 
barrel. 

It  is  easier  to  accuse  than  to  convict.  The  inclina- 
tion to  exploit  a  crisis  is  human,  though  not  necessarily 
just,  fair  or  patriotic.  The  profiteer  fever  is  in  the  air, 
and  anybody  is  likely  to  get  it.  It  is  too  early  to  say 
whether  there  has  been  profiteering  in  fuel  oil.  But 
the  "man  in  the  street,"  the  "average  man,"  the  persons 
you  refer  to  when  you  mean  all  with  whom  you  talk 
and  hear  talk,  feel  that  advantage  is  taken  of  high  costs 
to  boost  prices  out  of  the  equitable  ratio  of  costs  and 
prices.  Whether  it  is  or  not  matters  not;  the  public 
believes  it  is  so,  and  as  long  as  it  finds  food  to  nourish 
the  belief,  public  officers  will  have  to  prosecute  and 
"snoop  into  one's  business." 

When  one  knows  that  until  not  so  long  ago  Okla- 
homa fuel  oil  sold  for  a  dollar  a  barrel  and  that  during 
the  coal  strike  it  sold  for  four  dollars  a  barrel ;  when 
one  knows  that  but  a  short  time  ago  Mexican  fuel-oil 
contracts  of  three  to  five  years'  terms  were  closed  at 
ninety-two  cents  and  a  little  over  a  dollar  a  barrel  de- 
livered to  northern  Atlantic  Coast  consumers,  while 
now  one  cannot  close  a  contract  for  even  three  years  at 
less  than  two  dollars  and  a  half  a  barrel  without  a  slid- 
ing price  clause  which  may  or  may  not  favor  the  con- 
sumer— when  these  facts  are  known,  it  is  a  judicious 
mind  indeed  that  does  not  conclude  that  somebody  is 
exploiting  a  national  crisis. 

But  such  evidence  is  not  of  itself  "worthy,"  as  the 
lawyers  say. 

First,  the  law  of  supply  and  demand  is  up  and  doing 
despite  parlor  economists.  Fuel-oil  consumption  for 
1919  is  officially  put  at  four  hundred  million  gallons. 
The  estimated  maxim.um  production    for    the    United 


States  is  reckoned  to  be  under  three  hundred  fifty  mil- 
lion gallons.  You  will  pay  more  for  a  product  than  you 
used  to  when  you  want  more  of  that  product  than  you 
can  get. 

The  Mexican  political  mess,  as  it  bears  on  fuel-oil 
production  by  foreign  oil  interests,  grows  worse  instead 
of  better.  E.  L.  Doheny,  president  of  the  Mexican 
Petroleum  Corporation,  claims  that  the  suspension  of 
operation  by  Carranza  of  at  least  eighteen' American- 
worked  wells  means  that  the  Shipping  Board  will  not 
get  adequate  supply  for  its  ships.  There  is  evidently 
considerable  American  capital  going  into  investments 
in  foreign-owned  and  foreign-worked  oil  fields,  partic- 
ularly so  now  when  foreign  exchange  values  are  so  low 
compared  with  the  dollar. 

The  refiners  at  a  recent  meeting  in  Washington  pre- 
dicted the  Government  soon  would  be  willing  to  pay 
at  least  three  dollars  a  barrel  for  fuel  oil.  Statistics 
presented  by  the  Bureau  of  Mines  show  the  failure  of 
many  refiners.  The  coal  market  does  not  seem  to  war- 
rant belief  in  any  reasonably  immediate  betterment. 
The  Cummins  and  Esch  railroad  bills  now  before  Con- 
gress look  as  though  higher  rates,  perhaps  appreciably 
higher  rates,  will  follow  the  passage  of  either. 

So  conditions  tend  toward  higher  and  higher  fuel- 
oil  prices.  If  there  has  been  profiteering,  the  Govern- 
ment may  uncover  and  punish  those  responsible.  It  is 
too  soon  now  to  cast  stones. 

Electrical  Maintenance  Records 

THE  value  of  reliable  cost  records  in  manufacturing 
processes  has  long  been  appreciated ;  this  is  also 
true  in  power-plant  operation.  However,  in  the  distri- 
bution and  application  of  power  in  manufacturing  plants 
the  necessity  of  a  detailed  record  of  each  feeder,  motor 
and  controller  has  not  been  given  the  consideration  that 
it  should  have,  excepting  in  isolated  cases.  In  many 
plants  where  very  carefully  kept  detail  records  are 
the  practice  in  the  power  plant,  the  records  of  motor 
operation  in  the  plant  are  practically  lacking.  Or  meth- 
ods of  record  keeping  that,  at  first,  may  to  a  degree 
suffice,  are  now,  owing  to  plant  expansion,  inadequate 
1o  give  any  intelligent  record  of  what  the  actual  cost  of 
maintenance  and  repairs  of  the  motors  and  controllers 
are  or  of  the  change  in  power  requirements  by  the 
machines  driven  by  the  motors. 

A  record  of  motor  operation  should  include  the  name- 
plate  data  of  both  motor  and  controller,  details  regard- 
ing the  different  parts  of  the  machine  so  thai  they  can 
be  readily  ordered  when  needed.  A  record  should  be 
kept  of  ihe  amount  of  time  spent  in  repairing  the  equip- 
ment, the  cost  of  materials  used,  etc.,  the  length  of  time 
the  motor  is  out  of  service  for  repairs,  also  the  name  of 
the  workman  who  made  the  repairs.  In  addition  to  this 
a  record  of  current  consumption  taken  at  different  pe- 
riods, especially  if  taken  with  a  curve-drawing  instru- 
ment, will  be  of  inestimable  value  where  the  equipment 
i-;  giving  trouble.  This  is  all  the  more  valuable  if  it 
includes  a  record  of  the  voltage  for  the  same  period  and 
also  the  power  factor  if  the  motor  happens  to  be  of  the 
alternating-current  type.  From  this  information  as 
comprehensive  a  report  can  be  made  as  may  be  desired. 
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Well-kept  records  will  be  found  of  great  value  not 
only  in  isolating  the  maintenance  cost  of  each  piece  of 
equipment,  but  in  arriving  at  the  cause  of  high  main- 
tenance costs.  The  latter  may  be  due  to  improper  appli- 
cations, changed  conditions  after  the  motor  has  been 
installed,  careless  operators,  negligent  repairmen,  etc., 
any  of  which  are  easily  determined  if  proper  records  are 
kept.  If  the  cost  of  maintenance  is  excessively  high  be- 
cause of  improper  application,  a  reliable  record  of  the 
conditions  will  be  one  of  the  best  arguments  to  present 
to  the  management  to  obtain  an  appropriation  to  make 
the  necessary  changes.  It  will  frequently  be  found  that 
a  change  of  operators  on  elevators,  cranes,  etc.,  will  have 
a  marked  influence  on  the  upkeep  of  the  equipment. 
Just  what  the  exact  results  are  and  the  remedy  can  be 
most  readily  ascertained  when  a  record  of  operation  is 
kept.  Then,  again,  the  work  done  by  one  repairman 
may  not  be  standing  up  the  same  as  that  done  by  others. 
This  can  be  proved  only  by  a  record  of  those  who  do 
the  work  and  when  it  is  done.  The  quality  of  the  same 
kind  of  material  purchased  from  different  firms  must 
have  carefully  kept  records  of  performance  if  an  intel- 
ligent decision  is  to  be  made  as  to  which  material  is  best- 
suited  to  the  conditions  to  which  it  is  applied. 

Properly  kept  records  are  as  essential  to  the  intelli- 
gent and  economical  operation  of  the  electrical  equip- 
ment in  a  manufacturing  plant  as  they  are  in  the  power 
plant.  And  the  former  are  much  more  easily  obtained 
than  the  latter.  The  most  difficult  part  is  to  get  such  a 
system  started ;  after  it  is  in  operation,  it  will  be  found 
to  be  well  worth  any  effort  that  may  be  required  for  its 
maintenance. 

Scarcity  of  Men  for  an  Essential 
Branch  of  Industry 

A  GREAT  deal  has  been  written  recently  about  the 
troubles  of  the  colleges  and  universities  in  finding 
or  keeping  competent  men  for  the  teaching  forces  at 
the  salaries  that  such  institutions  can  pay.  A  new  phase 
of  this  situation  has  recently  come  to  notice  in  connec- 
tion with  engineering-research  work.  The  Engineer- 
ing Experiment  Station  of  the  University  of  Illinois 
maintains  a  number  of  research  graduate  assistant- 
ships.  The  duties  of  these  positions  require  not  more 
than  half  time,  the  remainder  being  available  for  grad- 
uate study  toward  the  degree  of  master  of  science.  In 
return  for  his  services  to  the  station  the  research  grad- 
uate receives  five  hundred  dollars  a  year  and  freedom 
from  tuition  fees  for  any  courses  he  may  take  at  the 
university. 

Recently,  largely  because  of  the  small  salary,  the  ex- 
periment station  has  had  great  difficulty  in  securing 
competent  men  for  these  positions.  This  situation  is 
regrettable  for  two  reasons.  The  research  activities  of 
the  station  will  be  seriously  interfered  with  unless 
properly  qualified  assistants  are  available.  Since  during 
the  two  years'  work  in  these  positions  the  men  receive 
valuable  research  training,  present  conditions  are  likely 
to  curtail  the  supply  of  trained  research  workers. 

Just  at  this  time  the  need  for  skilled  investigation 
along  engineering  lines  is  greater  than  ever  before. 
Increased  productive  results  from  each  individual's  ef- 
forts and  more  extensive  conservation  of  our  natural 
resources  are  becoming  more  and  more  important.  The 
research  worker  is  the  man  to  whom  industry  must 
look  for  the  solution  of  these  problems.  Much  has 
been  done,  but  more  must  be  done,  and  as  has  been 
previously  pointed  out  in  these  columns,  the  more  we 
have  progressed  along  these  lines  the  more  difficult 
further  progress  becomes. 


In  the  face  of  these  facts  the  situation  becomes  really 
serious.  Apparently,  the  financial  conditions  are  not 
likely  to  improve  greatly,  as  this  is  only  a  part  of  the 
general  college  situation.  The  training  received,  and 
the  satisfaction  that  always  accompanies  investigations 
of  engineering  problems,  must  be  relied  upon  to  attract 
the  right  sort  of  men  to  this  work.  It  is  to  be  hoped 
that  enough  men  will  be  willing,  and  able,  to  make  the 
temporary  financial  sacrifice  so  that  the  important  work 
of  such  experiment  stations  and  the  supply  of  trained  j 
research  men  may  not  be  interrupted.  I 

Reinforced  Concrete 
For  Stator  Frames 

WHEN  concrete  was  first   suggested  as  material       | 
for  ship  construction,  the  idea  was  looked  upon       ' 
as  the  dream  of  a  romancer.     Nevertheless,  concrete 
ships  are  now  in  successful  operation.     Now  the  sug- 
gestion is  made  to  construct  the  stator  frame  and  thrust- 
bearing  support  of  large  slow-speed  waterwheel  gen-      j 
erators  of  reinforced  concrete.     There  are  apparently      ^ 
no  engineering  problems  involved  which  make  such  an 
application  impossible.     When  made  of  cast  steel  or 
''ron^  these  parts  are  not  supposed  to  carry  any  of  the 
magnetic  flux,  but  to  act  only  as  a  support  for  the  stator 
core  and  in  some  cases  the  thrust  bearing.     Therefore, 
if  the  casing  can  be  made  of  reinforced  concrete,  it  will 
eliminate  one  of  the  difficult  problems  in  manufactur- 
ing  very   large   slow-speed    waterwheel-driven   genera- 
tors ;  namely,  the  construction  and  transportation  of  the 
stator  casing. 

There  is  no  doubt  that  reinforced-concrete  construc- 
tion is  limited  to  machines  of  large  dimensions,  but 
these  are  the  machines  that  present  serious  mechanical 
and  transportation  problems  when  they  are  made  of 
cast  iron  or  steel.  However,  since  most  of  our  water 
powers  can  be  economically  developed  only  by  the  use 
of  comparatively  small  units,  the  use  of  reinforced  con- 
crete for  stator  frames  is  apparently  very  limited,  even 
if  its  use  should  be  adopted  where  it  could  be  employed 
to  advantage. 

Long  vs.  Short 
Boiler  Courses 

A  POINT  that  has  not  been  brought  out  by  any  of 
our  correspondents  who  are  discussing  the  allow- 
able length  of  longitudinal  seams  in  boilers  was  men- 
tioned, not  at  the  hearing  of  the  Boston  Board  of  Boiler 
Rules,  at  which  the  question  was  also  discussed,  but  in 
the  discussion  among  the  spectators  following  the  hear- 
mg.  This  point  was  that  when  a  bag  occurs,  it  is  likely 
to  go  a  good  deal  farther  in  a  large  than  in  a  small 
.'^heet ;  and  that  if  the  sheet  has  to  be  replaced  it  is  much 
more  easily  and  cheaply  done  in  a  boiler  made  up  of 
small  courses  than  in  one  having  few  courses  made  up 
of  large  plates. 


The  engineer  who  placed  a  lantern  on  top  of  an  old- 
i.ype  bipolar  generator  and  short-circuited  the  terminals 
found  that  it  did  not  require  the  bursting  of  a  flywheel 
or  the  blowing  off  of  a  cylinder  head  to  have  the  machine 
start  something,  as  with  the  steam  engine,  but  like  the 
tail  end  of  a  hornet,  the  electric  generator,  when  it  is 
alive,  is  always  ready  to  sting  whenever  given  the  oppor- 
tunity. 


Somebody  is  determined  that  there  shall  be  trouble 
between  the  United  States  and  Mexico.  If  it  starts, 
fill  up  your  oil  tanks ! 


January  27,  1920 
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Regarding  Diesel-Engine  Trouble 

Mr.  Fagnan's  article  on  Diesel  engines  in  Power  of 
Sept.  2,  1919,  page  390,  is  interesting,  portraying,  as  it 
does,  the  difficulties  a  "trouble  man"  encounters. 

However,  I  believe  that  he  is  somewhat  in  error  in 
some  of  his  statements.  The  engines  he  refers  to  are 
evidently  old  American  Diesel  or  "Type  A"  Busch- 
Sulzer  engines,  since  no  other  manufacturer  has  built 
units  of  tlie  dimensions  given.  In  these  engines  the 
clearance  between  the  piston  and  the  cylinder  head  at 
the  top  dead-center  is  -^  in.,  consequently  it  is  impos- 
sible that  the  thumping  he  mentions  as  occurring  in  the 
middle  cylinder  was  occasioned  by  the  carbon  deposit 
on  the  piston  striking  the  cylinder  head  as  he  states. 

Without  doubt  this  cylinder  did  not  receive  its  fuel 
charge  at  the  proper  time,  and  I  believe  that  the  pound 
was  produced  either  by  preignition  due  to  early  fuel  ad- 
mission or  by  delayed  combustion  resulting  from  late 
admission.  Since  he  terms  it  a  thump,  probably  the 
latter  was  the  case ;  as  the  experienced  engineer  knows, 
the  sound  of  preignition  is  quite  sharp  and  vastly  dif- 
ferent from  the  dull  thump  arising  from  delayed  com- 
bustion. 

Mr.  Fagnan's  method  of  increasing  the  cylinder  com- 
pression by  shimming  up  below  the  piston-pin  brasses 
is  open  to  criticism  and  cannot  be  recommended  to  the 
Diesel  operator.  The  connecting-rods  of  the  "Type  A" 
Busch-Sulzer  were  of  the  design  appearing  in  Fig.  1, 
and  the  American  Diesel  used  both  Fig.  1  and  Fig.  2 
designs.  Both  rods  have  a  marine  big  end  which  is  sep- 
arate from  the  connecting-rod  proper.  The  correct  way 
to  alter  the  cylinder  compression  is  by  placing  sheet- 
steel  shims  between  the  big  end  and  the  rod  at  the  point 
A.  Incidentally,  this  is  the  method  followed  on  prac- 
cally  all  Diesel  engines.  It  avails  but  little  to  shim  up 
under  the  piston-pin  brass.  The  only  adjustment  to  be 
made  here  is  for  the  purpose  of  taking  up  the  wear  in 
the  piston-pin  brass. 

A  word  of  caution  to  the  Diesel  operator  as  to  the 
use  of  a  pencil  to  locate. pounds  in  an  engine  may  not 
be  amiss.  In  engines  with  inclosed  frarhes,  such  as 
discussed  by  Mr.  Fagnan,  it  is  almost  impossible  to  de- 
termine the  location  of  a  pound  by  using  a  pencil  or 
similar  device.  The  frame  acts  as  a  sounding  box, 
transmitting  sounds  from  one  cylinder  to  another. 
While  it  is  questionable  as  to  following  the  advice  of 
the  old  railroad  master  mechanic  who  said  that  he  al- 
ways located  a  pound  in  the  side  rods  of  a  locomotive 
by  first  deciding  from  which  side  the  sound  came  and 
then  taking  up  on  the  other  side,  still  the  pencil  method 
is  not  much  better. 

The  indicator  will  reveal  whether  the  pound  is  the 
result  of  faulty  combustion,  and  jumping  the  several 


pistons  and  rods  will  show  if  the  sound  is  due  to  bearing 
play. 

Mr.  Fagnan  states  that  on  checking  the  camshaft 
gear  train  it  was  found  that  the  gear  had  been  advanced 
two  teeth.  He  attributes  the  faulty  fuel  ignition  in  No. 
2  cylinder  to  this.  Undoubtedly  the  gears  should  have 
been  meshed  properly  when  the  engines  were  installed. 
Nevertheless,  since  the  fuel  valves  of  No.  1  and  No.  3 
cylinders  were  operating  properly,  the  fault  was  not  in 
the  mismeshed  gears.  By  altering  the  gear  timing  Mr. 
Fagnan  threw  the  No.  1  and  No  3  cylinder  valves  out 
of  correct  timing.  These  had  to  be  altered  before  the 
engine  would  function  in  a  proper  manner.  With  this 
type  of  engine  the  fuel  cam  nose,  when  only  one  valve 
is  improperly  timed,  should  be  shifted  to  obtain  correct 
functioning.  If  this  alteration  is  not  great  enough,  an 
offset  key  in  the  cam  will  shift  it.  The  Diesel  operator 
should  hesitate  a  long  time  before  changing  the  gear 
timing  to  obtain  a  correction  for  one  fuel  valve,  since 
in  so  doing  he  is  altering  the  timing  of  all  the  other 
valves — in  the  case  under  discussion  this  totals  nine 
valves,  including  the  air-starter  valve. 

San  Pedro,  San  Domingo.  L.  H.  Morrison. 

Determination  of  \olatile 
Matter  in  Coal 

Of  all  the  determinations  made  on  a  proximate  or  an 
ultimate  analysis  of  coal,  that  least  susceptible  to  close 
checks  is  the  volatile  determination.  Variations  of  1.5 
per  cent,  to  2  per  cent,  in  running  checks  on  the  same 
sample  of  coal  at  the  same  time  are  not  at  all  uncom- 
mon, and  checks  of  less  than  0.3  to  0.4  per  cent,  are 
rarely  obtained.  Much  work  has  been  done  on  this, 
and  Prof.  S.  W.  Parr  has  shown  that  most  of  the  vari- 
ation can  be  traced  to  mechanical  loss,  or  to  oxidation 
under  the  cover.  Suggestions  have  been  made  for  min- 
imizing these  losses,  but  chiefly  by  means  that  involve 
the  use  of  expensive  apparatus  or  of  considerable  time, 
neither  of  which  is  usually  available  in  the  small  com- 
mercial or  power-plant  laboratory. 

I  have,  however,  found  that  the  suggestions  of  Pro- 
fessor Parr  and  of  others  may  be  combined  to  give 
close  checks  without  sacrificing  speed  or  simplicity,  and 
the  determination  may  be  performed  without  the  use  of 
platinum  crucibles. 

Use  a  10c. c.  high-form  crucible  instead  of  a  25c. c 
crucible  and  weigh  into  it  a  one-gram  sample.  Run 
three  samples  for  each  coal  analyzed  and  add  ten  drops 
of  kerosene  to  the  sample.  Heat  slowly  at  first  for  two 
to  three  minutes  with  preferably  a  Meker  burner  in- 
stead of  a  bunsen  burner,  tapping  the  lid  occasionally 
to  insure  that  it  sits  tight.  The  crucible  should  be 
chosen  with  tightly  fitting  lids.     Then  raise  the  flame 
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to  full  heat  and  heat  the  crucible  for  five  minutes 
longer.  Cool  and  weigh,  and  from  the  percentage  loss 
in  weight  subtract  the  percentage  of  moisture.  The 
result  will  be  the  percentage  of  volatile  combustible. 

I  have  almost  invariably  found  that  this  method 
gives  two  results  that  check  within  0.1  per  cent,  and 
often  within  0.02  to  0.03  per  cent.,  and  I  take  the  aver- 
age of  these  two.  The  third  result  will  probably  be 
nearly  1  per  cent,  off,  for  reasons  that  I  cannot  explain. 

Decatur,  111.  W.  J.  Risley,  Jr.,  Chemist, 

McLaughlin  Foundries  and  Machine  Shops. 

Installing  Disconnecting  SwitcJies 

The  article  of  Mr,  Matthews  in  the  July  25  issue  of 
Power,  in  which  he  takes  exception  to  statements  in 
previous  issues  on  the  operation  of  disconnecting 
switches,  is  not  entirely  correct  and  is  rather  mislead- 
ing. Disconnecting  switches  may  be  safely  opened 
under  load  under  certain  conditions,  but  those  conditions 
are  not  the  ones  granted  by  Mr.  Matthews ;  namely,  the 
breaking  of  the  charging  current  of  transformers  and 
transmission  lines.  This  operation  more  than  any  other 
should  be  held  as  absolutely  beyond  the  scope  of  the 
ordinary  disconnect  switch  and  done  only  with  the  oil 
and  air-break  circuit-breakers  designed  to  make  and 
break  such  circuits.  Even  then,  breakdowns  of  the  lat- 
ter type  of  switches,  while  interrupting  a  highly-induct- 
jve  load,  such  as  that  of  transformers,  have  occurred. 

In  one  case  the  sectionalizing  disconnecting  switches 
of  an  11,000-volt  bus  was  opened,  which  had  load  on 
either  side  of  the  "disconnects,"  but  a  supply  feeder  on 
only  one  bus  section.  The  load  on  the  end  of  the  bus 
was  the  charging  current  for  a  500-kv.-a.  transformer 
bank.  The  disconnects,  without  any  barriers  between 
phases,  were  located  in  the  air  chamber  underneath  the 
transformers.  When  the  second  of  the  three  switches 
was  opened,  the  arc  spread  to  ground  and  across  all 
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FIG.   1.     ONE-WIRE  DIAGRAM    FIG.     2.      DIAGRAM    OF     ONE 
OF   THREE    CIRCUITS  CIRCUIT  AND  REGULATORS 

three  phases,  burned  the  switches,  shattered  the  insula- 
tors and  tripped  ovit  the  supply  transmission  line  at  the 
generating  station  more  than  ten  miles  away. 

Even  the  charging  current  of  a  25-kv.-a.  induction 
regulator  has  proved  too  much  for  a  disconnecting 
switch.  In  a  substation,  where  each  2500-volt  distribu- 
tion feeder  had  selective  switching  connection  through 
disconnects  to  a  transfer  bus,  as  shown  in  Figs.  1  and 
2,  after  paralleling  two  circuits  in  order  to  cut  out  the 
station  apparatus  of  one  of  them  so  that  he  might  work 


on  its  oil  switch,  the  operator  broke  the  load  current 
of  the  circuit  at  the  oil  switch  instead  of  at  the  discon- 
necting switches,  then  attempted  to  break  the  charging 
current  of  the  regulators  with  the  latter.  The  first  dis- 
connect he  opened  broke  down  under  the  arc,  burned  off 
the  cable  connected  to  it,  and  only  because  there  were 
barriers  between  phases,  did  no  further  damage  except 
to  trip  out  the  oil  switches  and  lose  the  load  of  both 
feeders. 

Breaking  the  charging  current  of  a  transmission  line 
has  repeatedly  proved  disastrous  to  the  disconnecting 
switch  at  which  it  was  done.  In  two  substations  under- 
going extensions,  temporary   13,200-volt   feeders  were 


FIG.    3.      DIAGRAM   OF    TRANSFORMER   AND    SWITCH 
CONNECTIONS   FOR   11,000   TO   66,000  VOLTS 

looped  into  and  out  of  the  stations  and  equipped  only 
with  disconnecting  switches.  Each  feeder  was  made  up 
of  three-conductor  350,000-circ.  mil.  lead-covered  cable, 
and  no  cable  was  over  five  miles  long.  On  several  oc- 
casions before  the  real  cause  was  discovered  the  dis- 
connects broke  down  while  being  opened  to  kill  a  cable 
which  was  carrying  no  load  but  its  charging  currents. 

Disconnecting  switches  may  be  safely  opened  under 
load  on  a  branch  of  a  parallel  circuit,  where  the  load 
of  that  branch  is  immediately  taken  up  by  another 
branch  and  the  main  load-carrying  circuit  is  not  broken ; 
such,  for  instance,  as  parallel  transformer  circuits. 
Hardly  any  high-tension  alternating-current  circuit  is 
noninductive ;  where  an  inductive  circuit  is  broken  an 
intense  arc  is  set  up,  and  the  disconnecting  switch  has  no 
way  of  dissipating  this  arc. 

Fig.  3  shows  a  transformer  installation  for  stepping 
the  voltage  from  11,000  to  66,000  volts.  Assume  that  it 
is  desired  to  cut  out  one  transformer  and  still  keep  both 
transmission  lines  energized.  After  the  tie  oil  switch 
is  closed,  the  "disconnects"  of  that  transformer  are 
opened,  dropping  its  load  over  on  the  remaining  unit, 
after  which  its  magnetizing  current  is  broken  at  its  oil 
switch. 

No  accidents  would  happen  if  operators  properly 
manipulated  their  disconnecting  switches.  The  discon- 
necting switch  should  be  opened  very  slowly  during  the 
early  part  of  its  stroke,  and  when  the  blade  has  been 
brought  0.25  in.  to  0.5  in.  away  from  the  clips,  the 
movement  should  be  halted  to  observe  the  spark  at  the 
switch  contacts  to  determine  whether  it  is  a  load  arc  or  a 
static  discharge ;  if  it  is  the  former,  the  switch  may  be 
immediately  closed.  When  an  arc  has  been  drawn  in 
opening  a  disconnecting  switch,  it  is  always  safer  to 
close  the  switch  than  to  attempt  to  break  the  arc  by 
opening  the  switch  wider,  as  that  only  enlarges  the  arc. 
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Barriers  should  certainly  be  installed  between  discon- 
necting switches,  current  transformers,  potential  trans- 
former fuses,  and  all  such  high-tension  apparatus,  since 
all  of  it  has  been  known  to  break  down  in  service.  The 
modern  type  of  construction  used  in  the  big  central- 
station  systems  is  to  have  separate  inclosed  concrete 
or  albarine  cells  for  each  phase  on  all  apparatus,  with 
both  the  doors  of  the  cells  and  the  cells  themselves  let- 
tered with  the  phases  and  the  designation  of  the  ap- 
paratus. Frank-  Gillooly. 

Philadelphia,  Penn. 

Motor  Trouble  Was  Caused  by 
Brush-Contact  Resistance 

A  single-phase  repulsion  induction  motor  gave  trou- 
ble by  not  driving  its  load  up  to  speed  as  it  had  done  suc- 
cessfully for  a  considerable  period.  As  the  voltage  and 
frequency  were  correct,  the  machine  was  taken  apart 
and  thoroughly  cleaned  and  oiled,  but  this  failed  to  re- 
sult in  an  improvement. 

.  An  examination  of  the  brushes  showed  that  they  were 
still  of  sufficient  length,  but  on  account  of  vibration  the 
copper  plating  had  worn  off.  After  putting  in  a  new 
set  of  copper-plated  brushes,  the  machine  worked  sat- 
isfactorily, showing  that  poor  contact  between  the 
brushes  and  holder  can  cause  trouble,  especially  when 
the  starting  conditions  are  very  severe.  This  at  once 
suggests  the  use  of  pigtails  on  the  brushes  in  order  to 
positively  remove  trouble  from  contact  resistance  in  the 
holders.  Henry  Mulford. 

Patchogue,  N.  Y. 

Reseating  an  Angle  Valve 

The  exhaust  valve  that,  is  connected  to  the  top  of  a 
pulp-digester  cover,  through  which  the  acid  and  steam 
from  the  digesters  escape,  rapidly  deteriorates.  No  acid 
gets  to  the  lower,  or  steam,  valve  and  it  wears  a  long 


I  have  recently  devised  a  cheap  way  of  reseating  such 
valves,  which  gives  them  from  eight  to  ten  days  longer 
life.  I  simply  tap  the  seat  end  of  the  valve  all  the  way 
through  and  screw  in  a  brass  nipple  until  it  protrudes 
about  one-eighth  inch.  The  end  of  the  nipple  being 
squared  off,  serves  as  the  seat,  as  shown  in  the  illustra- 
tion. Louis  J.  Farland. 

Ausable  Forks,  N.  Y. 

Changing  a   Double-Connection  to 
Single-Connection  Lubricator 

The  illustration  shows  a  standard  double-connection 
lubricator,  changed  to  be  used  as  a  single-connection 
lubricator.     It  was  used  on  the  steam-extraction  gear 


NIPPLE   FORMS \ALVE   SEAT 

time,  but  the  life  of  the  relief  valve  is  only  about  four 
weeks.  Sometimes  the  body  of  the  valve  gives  out  first, 
but  generally  it  is  the  seat.  The  valves  are  then  scrapped 
on  account  of  the  expense  of  putting  in  a  new  seat. 


Steam 


CONNECTION   ON   LUBRICATOR 

of  a  Steam  turbine,  and  as  the  steam  line  came  in  from 
below,  there  was  no  overhead  line  to  tap  in  on. 

The  ^-in.  by  54 -in.  tee  A  was  used  as  shown.  A 
]4r-\n.  pipe  was  put  in  from  this  tee  to  the  water  cham- 
ber, this  pipe  being  18  in.  above  the  top  of  the  water 
chamber  of  the  lubricator.  This  gave  a  sufficient  head 
of  water  in  the  leg  B  of  the  pipe. 

Greenville,  Penn.  George  B.  Lampkix. 

Electrically  Welded  Sta^-Bolt  Holes 

On  a  certain  railroad  we  experienced  a  good  deal  of 
trouble  several  years  ago  from  leaks  around  stay-bolts 
due  to  bad  water.  If  a  locomotive  was  equipped  with 
a  new  firebox,  it  frequently  happened  that  leaking  de- 
veloped two  weeks  after  the  boiler  had  been  returned  tc 
service.  Inspections  of  removed  stay-bolts  showed  that 
the  threads  were  more  or  less  corroded.  If  the  water 
once  has  a  chance  to  get  around  the  stay-boh  threads, 
the  corrosive  action  will  be  cumulative  and  will  not 
only  lead  to  a  rapid  destruction  of  the  threads  but  also 
attack  the  firebox  and  wrapper  sheets  and  grooving  and 
small  cracks  will  appear,  as  shown. 

In  such  cases  it  became  necessary  to  remove  the  stay- 
bolts  and  to  drill  and  lap  the  holes  to  a  larger  diameter. 
If,  after  awhile,  cracks  and  grooving  developed  again, 
there  was  nothing  left  but  to  remove  and  replace  the 
v/hole  firebox  or  wrapper  sheet,  as  it  is  not  feasible  to 
use  stay-bolt  threads  larger  than  \}4.  or  V/^  in.  in  diam- 
eter, if  the  original  thread  was  ^  inch. 

The  introduction  of  electric  welding  made  it  possible 
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10  use  a  cheaper  and  more  satisfactory  method,  which 
may  be  described  as  follows: 

After  removal  of  the  old  stay-bolts  the  holes  are 
milled  out  in  the  usual  manner;  that  is,  to  a  diameter 
large  enough  to  remove  all  corroded  and  grooved  parts 
adjacent  to  the  holes.  These  are  then  filled  up  by  weld- 
ing, as  shown  by  the  center  illustration.  It  is  not  neces- 
sary to  fill  them  solid,  and  it  is  usual  to  weld  until  the 
diameter  has  been  reduced  to,  say,  }i  or  ^g-in.  The 
opening  thus  left  is  then  closed  on  one  side  by  welding 
a  bridge  across  the  hole,  so  that  a  punch  mark  can  be 
made  and  in  order  to  have  an  easy  start  for  the  subse- 
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SHOWING  HOW   THE   STAY-BOLT   HOLES   WERE  WELDED 

quent  drilling  of  the  new  hole,  which  will  be  of  the 
same  diameter  and  thread  as  the  original  hole. 

Compared  with  the  old  method,  welding  offers  the  ad- 
vantage that  it  can  be  repeated  several  times  without  in- 
creasing the  size  of  the  stay-bolt  holes  and  threads.  It 
is  therefore  possible  to  use  side  sheets  and  wrapper 
sheets  much  longer  than  heretofore,  provided  there  are 
no  other  reasons  for  replacing  them.  Welding  also 
obviates  the  necessity  of  carrying  in  stock  taps  and  stay- 
bolts  of  various  thread  diameters.  The  welding  method 
is  now  used  quite  extensively  in  railroad  shops  and  has 
given  satisfaction  from  the  mechanical  and  operating 
standpoint.  H.  Bleibtren. 

Philadelphia,  Penn. 

Refrigerating  Effect  of  Natural  and 
Artificial  Ice 

Referring  to  the  letter  by  H.  S.  MacDonald  on  the 
"Refrigerating  Effect  of  Natural  and  Artificial  Ice,"  in 
the  Oct.  28-Nov.  4  number  of  Power,  I  heard  a  vender 
of  lemonade  on  a  hot  summer's  day  in  New  York  City 
confidentially  declare  to  a  friend  of  his  that  natural  ice 
is  colder  than  artificial  ice. 

There  are  a  number  of  loopholes  to  watch  out  for  in 
a  discussion  on  this  subject,  one  of  which  is  that  the 
meaning  of  refrigeration  be  clearly  defined.  Therefore 
when  Mr.  MacDonald  asks,  "Is  there  any  more  refrig- 
eration in  a  pound  of  ice  that  is  frozen  by  nature  on  a 
pond,  lake  or  river,  than  there  is  in  a  pound  of  ice  frozen 
by  artificial  methods  in  an  ice  plant?"  the  question 
arises.  Just  what  is  meant  by  refrigeration?  Will  a 
pound  of  natural  ice  cool  an  icebox  to  a  temperature  of 
40  deg.  for  one  hour,  or  will  the  pound  of  natural  ice 
cool  the  same  icebox  to  a  temperature  of  35  deg.  for 
three-fourths  of  an  hour?  In  one  case  we  have  longer 
duration,  while  in  the  other  we  have  lower  temperature. 
Which  gives  the  most  refrigeration?  In  the  writer's 
mind  the  answer  depends  entirely  upon  the  questioner's 
meaning. 

A  pound  of  snow  placed  in  the  icebox  will  reduce  the 
temperature  to  a  lower  degree  than  a  pound  of  ice,  be- 
cause the  snow  will  melt  more  rapidly,  and  snow  melts 
more  rapidly  because  it  is  more  porous. 

When  considered  on  a  total  B.t.u.  basis,  however, 
there  is  no  ditTerence.     The  pound  of  natural  ice  con- 


tains just  as  many  heat  units  as  the  pound  of  aitificial 
ice  provided  their  temperatures  are  equal  and  provided 
the  chemical  composition  is  the  same.  This  chemical 
composition  factor,  by  the  way,  was  omitted  by  the 
editor  of  Power.  Perhaps  there  are  other  factors  or 
specifications  that  must  be  borne  in  mind  while  discuss- 
ing this  slipper)'  subject. 

Anyway,  of  two  pieces  of  ice,  one  natural  and  one 
artificial,  of  equal  volume  and  equal  weight  and  iden- 
tical chemical  composition  and  both  at  the  same  tem- 
perature, the  same  number  of  B.t.u.  will  be  required  to 
melt  the  one  as  will  be  required  to  melt  the  other. 

New  York  City.  W.  F.  Schaphorst. 

Saving  Oil  at  the  Sump 

In  many  power  plants  the  oil  filters  are  located  in  a 
section  of  the  basement,  the  floor  of  which  is  sloped  to 
drain  into  a  sump,  from  which  the  water  is  pumped  at 
intervals  by  a  siphon  or  pump.  The  filter-water  drains 
are  connected  to  this  sump  instead  of  to  the  sewer  direct, 
so  that  any  oil  leakage  from  the  filter  will  be  retained  in 
the  sump.  Small  leaks  at  the  gage-glasses  around  the 
rods  of  the  oil  pump  and  spillage  of  oil  while  handling 
cause  a  continued  seepage  of  oil  to  the  sump.  Owing 
to  the  large  surface  of  the  sump,  a  considerable  amount 
of  oil  will  be  present  in  a  thin  film,  and  as  skimming  is 
a  tedious  job  it  will  be  pumped  into  the  sewer. 

To  retain  this  oil  in  the  sump  until  a  sufficient  quantity 
collects  to  make  it  worth  while  to  dip  it  up,  we  installed 
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HOW    THE    OIL    TRAP    WAS    MADE 

a  trap  made  from  pieces  of  pipe,  as  illustrated.  When 
the  siphon  is  working,  the  water  enters  the  3-in.  pipe  A 
through  the  square  openings  in  the  lower  end  and 
flows  to  the  siphon.  When  the  level  in  the  sump  falls 
below  the  suction  pipe  B  leading  to  the  siphon,  air  is 
drawn  in  through  the  ^-in.  vent  C,  breaking  the  vacuum 
and  preventing  the  oil  between  the  square  openings  and 
the  suction  line  from  being  drawn  out  of  the  sump. 
The  storage  capacity  can  be  regulated  by  raising  or  low- 
ering the  position  of  the  suction  pipe.  An  added  ad- 
vantage is  that,  when  using  a  hose  to  wash  out  filters  or 
clean  up  the  floor,  the  siphon  may  be  left  on,  and  when 
the  cleaning  is  finished  all  oil  still  remains  in  the  sump. 
This  little  device  saves  about  two  gallons  of  engine  oil 
a  day.  At  the  price  we  pay,  this  amounts  to  about  $250 
a  year.  Adolph  Qu.^t. 

Perth  Amboy,  N.  J. 
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Replacing  Corliss  Valve  Stems — How  would  the  key  seats 
be  laid  off  for  new  valve  stems  for  a  Corliss  engine?   J.  E.  E. 

With  the  old  stems  in  place,  uncover  the  valve  bonnets  and. 
with  the  center  mark  on  the  wristplate  hub  brought  opposite  to 
the  center  mark  on  the  wristplate  stud,  make  a  mark  on  the 
end  of  each  valve  to  register  with  a  mark  made  on  the  valve 
seat.  Then  replace  the  old  valve  stems  with  the  new  ones,  and 
with  the  wristplate  at  the  central  position  and  the  marks  on  the 
ends  of  the  valve  registering  with  the  marks  on  the  valve  seats 
as  before,  and  the  valre  arms  in  place,  scribe  oS  the  positions 
of  the  ke}"vvays  from  the  key  seats  in  the  hubs  of  the  valve 
arms.  If  the  work  of  marking  and  cutting  the  ke>^vays  is  ac- 
curately done,  the  valve  setting  will  be  the  same  as  it  was  with 
the  old  valve  stems. 


Equal  Width  Straps  for  Boiler  Joints — What  are  the  ad- 
vantages and  disadvantages  of  having  the  same  width  for  the 
inside  and  outside  straps  of  a  longitudinal  butt  and  double- 
strap  boiler  joint?  E.  L.  L. 

When  both  straps  are  of  the  same  width,  each  held  with 
the  same  number  of  rows  of  rivets,  there  is  an  advantage 
over  unequal  width  straps  in  obviating  eccentricit>'  of  shearing 
stress  of  the  rivets  due  to  unequal  width  of  straps  which  has 
a  tendency  to  bend  the  shell  out  of  true  circular  form  and 
thereby  introduce  longitudinal  fracture  of  the  main  plate  along 
the  edges  of  the  straps. 

In  American  practice  this  disadvantage  of  unequal-width 
straps  is  assumed  to  be  overcome  by  the  stiffening  effect  of 
the  broader  inside  strap.  The  principal  disadvantages  of  em- 
ploj-ing  straps  of  equal  width  are  that  the  joints  cannot  be 
designed  of  as  high  percentage  of  efficiency,  since  for  the 
best  efficiencj'  the  outer  rows  of  rivets  mast  be  spaced  too  far 
apart  to  form  a  good  calking  pitch.  The  latter  objection  can 
be  overcome  only  by  the  expensive  process  of  making  the 
calking  edges  of  saw-tooth  form,  with  rounds  and  fillets  that 
are  more  difficult  to  calk,  and  the  calking  edges  must  be  of 
considerably  greater  length  than  straight  calking  edges. 


Chord  Factor — What  is  the  chord  factor  of  a  coil  in  an 
induction-motor  winding  and  how  is  it  figured?  C.  A. 

The  chord  factor  of  any  coil  in  an  electrical  machine  gen- 
erating an  electromotive  force  is  a  factor  representing  the  ef- 
fectiveness of  the  coil  in  generating  voltage.  The  chord  factor 
is  equal  to  the  sine  of  one-half  of  the  angle  in  electrical  de- 
grees which  the  coil  spans.  In  a  stator  core  having  72  slots 
wound  for  6  poles,  for  the  coils  to  span  full  pitch  they  would 
have  to  span  72  -^  6  =  12  slots,  that  is,  the  sides  of  a  coil  would 
have  to  lie  in  slots  1  and  13.  This  would  represent  180  elec- 
trical degrees  and  the  sine  of  one-half  of  180  degrees  is  1, 
hence,  the  chord  factor  of  the  coil  is  1,  and  the  coil  is  100  per 
cent,  effective  in  generating  a  counter-ehctromotive  force. 
Each  slot  equals  180  -J-  12  =  15  electrical  degrees.  Then  if  the 
coil  lay  in  slots  1  and  11  it  would  span  only  10  slots  or  15  X 
10=:  150  electrical  degrees,  and  the  chord  factor  would  be  the 
sine  of  one-half  of  150  deg.,  or  75  deg.,  equals  0.96.  This 
means  that  the  winding  is  only  96  per  cent,  as  effective  in  gen- 
erating a  counter-electromotive  force  in  the  latter  case  as  it 
was  in  the  former.  If  with  full  pitch,  under  a  given  condi- 
tion, the  winding  was  good  for  operation  on  500  volts,  then 
with  the  coils  in  slots  1  and  11  the  winding  would  be  good  for 
onlv  500  X  0.%  =  480  volts. 


Flame  in  Smoke-Stack  of  Locomotive-Type  Boiler — 
What  is  the  cause  of  smoke  burning  in  the  stack  of  a  locomo- 
tive-t>-pe   boiler?  C    E.    S. 

In  burning  solid  fuels,  the  appearance  of  fame  in  the  stack, 
or  issuing  from  it,  usually  is  due  to  particles  of  burning  fuel 
or  heated  ash  carried  by  the  draft  from  the  furnace  and  swept 
through  the  tubes  to  be  discharged  as  cinders  or  sparks.  The 
appearance  of  combustion  is  more  pronounced  when  the  fire 
surfaces  of  the  boiler  need  cleaning  of  soot,  for  then  the  tem- 
perature of  the  gases  may  remain  high  enough  for  the  heated 
particles  to  continue  to  glow  and  present  the  appearance  of 
burning  as  discharged  from  the  stack.  Flame,  with  appear- 
ance of  gases  burning  at  the  outlet  of  a  stack,  may  result  from 
combustion  of  volatile  gases  liberated  from  the  fuel  by  the  heat 
of  the  furnace,  but  which  have  not  been  mixed  with  enough 
air  for  their  combustion  until  reaching  the  very  point  of  dis- 
charge to  the  atmosphere. 


Capacity  of  Cylindrical  Tanks — What  is  a  short  rule  for 
computing  the  number  of  gallons  contained  by  a  cylindrical 
tank  12  in.  in  diameter  by  18  ft.  long,  with  flat  heads ;  and 
what  allowance  should  be  made  when  the  heads  are  bumped? 

W.  R.  J. 
The  cubical  content  in  American  gallons  of  the  tank  with  flat 
heads  is  given  by  the  computation : 

(72X72X0.7854)  X  (18X12)  ^ 

231 
Oiyy.  18  ft.  X  0.0408  =  3,807.13  gal. 
that  is,   where  d  =  diameter  of   the  tank  in   inches  and  L  ^ 
length  in  feet,  the  general  formula  for  capacity  of  a  cylindrical 
tank  with  flat  heads  would  be  given  by  the  formula, 
Gallons  capacity  =  (PXLX  0.0408 
Where  /j  =  the  height  of  a  bumped  head  in  inches  and  d  = 
its  diameter  in  inches,  the  volume  of  a  bumped  head  is  given  in 
gallons  by  the  expression  : 


[(— X  07854  d=)  + 
2 

/I'X  07854  <f 


(A'X  05236)]  -^-231  = 


(/.'X  0.00226). 


2X231 

Hence  two  bumped  heads  would  contain  the  same  number  of 
gallons  as  a  cylinder  of  diameter  d  and  length  h,-\-2  (h*X 
0.00226)  gal.,  and  the  formula  for  complete  capacity,  including 
boih  bumped  heads  would  be 

Gallons  capacitv  = 

h 

(cf  X  length  of  side  in  feet  +  —)X  O0408  ^2(h'X  0.00226) 

12 
Tanks  for  holding  liquids  under  atmos;"lieric  pressure  usually 
are  provided  with  heads  that  are  bumped  so  little  that  the  value 
obtained  for  2 (/i*  X  0.00226)  is  only  a  small  percentage  of  the 
total  tank  capacity-,  and  when  there  are  two  equal  bumped  heads 
the  capacity  is  given  close  enough  for  most  practical  purposes 
by  the  formula 

Xumber  of  gallons  =  dia.  in  in.  X  dia.  in  in.  X  length  of  side 
plus  height  of  one  head  in  feet  X  0.0408. 


[Correspondents  should  sign  their  communications  giving 
full  names  and  post  office  addresses. — Editor.] 
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Kerosene  as  a  Fuel  for  High-Speed  Engines 


By  LAWRENCE  SEATON 


An  account  of  tests  run  to  obtain  information  regard- 
ing the  correct  design  of  a  vaporizing  system  to  suc- 
cessfully handle  kerosene  for  high-speed  engines.  The 
description  is  given  to  the  apparatus  used,  the  method 
of  making  the  tests,  and  the  conclusions  reached. 
Some  consideration  is  also  given  to  the  question  of 
the  effect  on  the  crank-case  oil  of  unvaporised  fuel 
leaking  by  the  piston  into  the  crank  case. 


AT  THE  present  time  there  is  a  great  deal  of  controversy 
regarding  the  correct  design  of  a  vaporizing  system  to 
successfully  handle  kerosene  in  high-speed  engines. 
There  has  also  been  very  little  work  done  in  determining  the 
distribution  of  the  heat  in  the  fuel  in  such  engines,  and  as  to 
the  effect  on  the  crank-case  oil  due  to  unvaporized  fuel  pass- 
ing by  the  piston  and  entering  the  crank  case.  It  was  there- 
fore decided  to  fit  up  a  high-speed  engine  so  that  the  forego- 
ing conditions  could  be  carefully  and  accurately  studied. 

The  apparatus  used  is  shown  in  Fig.  1.  The  motor  was  a 
4J/^  X  SH-in-  high-speed  heavy-duty  type  and  was  equipped 
with  a  Kingston  carburetor  connected  to  a  specially  designed 
vaporizer.  The  exhaust  gases  were  piped  directly  to  a  calo- 
rimeter, but  there  was  also  provided  a  bypass  pipe  through  the 
calorimeter,  so  that  by  means  of  dampers  any  desired  amount 
of  exhaust  gas  could  be  sent  through  the  vaporizer  and  there- 
fore any  desired  temperature  maintained.  Pyrometers  were 
placed  in  the  bypass  and  in  the  main-line  exhaust  pipe,  and  a 
thermometer  was  placed  in  the  intake  manifold.  The  air 
leading  to  the  carburetor  was  maintained  at  a  constant  temper- 
ature by  an  electric  heater.  A  manometer  was  connected  to 
the  intake  opening  into  the  carburetor. 

Two  Tabor  engine  indicators  were  used,  one  with  a  240-lb. 
spring  for  measuring  the  combustion  pressure  and  the  other 
with  an  80-lb.  spring  for  measuring  the  compression  pressure. 
A  Dixie  high-tension  magneto  was  used  for  ignition.  A 
water-spray  nozzle  was  located  in  the  intake  manifold  so  that 
water  might  be  introduced  at  high  loads  to  prevent  preignition. 


FIG.  1.  APPARATUS  USED  IN  CONDUCTING  TESTS 

The  cooling  water  was  weighed  every  fifteen  minutes.  The 
fuel  was  weighed  on  a  specially  designed  scale  connected  with 
a  beam-bell  contact,  which  made  accurate  reading  possible. 
The  water  used  in  the  manifold  to  prevent  preignition  was 
weighed  on  a  sensitive  scale. 

The  calorimeter  for  exhaust  gases  consisted  of  a  Wheeler 
surface  condenser,  the  water  passing  through  the  tubes  and 
the  exhaust  gas  entering  the  shell.  Since  the  moisture  in  the 
products  of  combustion  was  condensed,  it  was  necessary  to 
provide  for  draining  this  moisture  from  the  bottom  of  the 
condenser.  The  water  used  in  the  calorimeter  was  weighed 
on  a  set  of  scales  having  a  range  of  0  to  12,000  lb.  The  load 
carried  by  the  engine  was  maintained  by  means  of  a  Sprague 


electric  dynamometer.  The  load  maintained  was  so  constant 
that  no  governor  was  necessary  on  the  engine,  and  it  was  pos- 
sible to  study  its  action  under  a  constant  throttle  opening. 

After  bringing  the  engine  up  to  a  speed  of  1100  r.p.m.,  the 
speed  recommended  by  the  makers,  the  load  was  put  on  the 
generator  of  the  dynamometer  and  the  reaction  of  the  pole 
pieces  measured  through  a  series  of  calibrated  beams  to  the 
dial  on  the  dynamometer. 

A  series  of  tests  was  first  run  with  the  air  entering  the  car- 
buretor maintained  at  a  constant  temperature  of  115  deg.  F., 
and  the  temperature  around  the  vaporizer  was  increased  from 
an  initial  temperature  of  150  deg.  F.  for  the  first  test,  by  100 
deg.  increments,  until  a  temperature  of  650  deg.  F.  was 
reached.    This  corresponds  to  a  temperature  of  785  deg.  inside 
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CURVES   OF  DELIVERED  HORSEPOWER  VERSUS 
POUNDS    OF    FUEL 


•Abstract  of  a  paper  presented  at  the  annual  meeting  of  the  American 
Society   of   Mechanical   Engineers,   New   York,   Dec.   2   to   S,    1919. 


the  vaporizers  and,  in  order  to  obtain  this  condition,  it  was 
necessary  to  send  all  the  exhaust  gases  through  the  vaporizer 
at  low  loads.  The  loads  carried  under  this  condition  were 
approximately  5,  10,  15  and  20  hp.  The  length  of  test  run 
on  each  load  was  two  hours.  These  series  of  tests  were  known 
as   tests   Nos.   1   to  6. 

Another  series  of  tests  was  made  while  maintaining  a  con- 
stant temperature  of  650  deg.  on  the  pyrometer  in  the  bypass 
around  the  vaporizers  and  increasing  the  temperature  of  the 
intake  air  by  increments  of  10  deg.  The  first  test  was  run 
with  an  intake-air  temperature  of  125  deg.  F.  and  was  known 
as  test  No.  E  1.  Successive  tests  of  this  series  were  run  and 
known  as  tests  Nos.  E  2,  E  3,  etc.,  and  this  process  was  con- 
tinued until  a  maximum  was  obtained  at  which  it  was  thought 
practicable  to  run  the  engine. 

At  the  end  of  the  series  of  "E"  tests,  which  was  thought  to 
cover  all  conditions  commonly  met  in  practice,  it  was  decided 
to  run  a  test  in  which  the  limit  of  the  apparatus  was  reached 
as  far  as  furnishing  heat  to  the  mixture  was  concerned.  This 
test  was  known  as  test  F.  All  heat  from  the  exhaust  gases 
was  passed  through  the  vaporizer,  and  all  possible  current 
was  passed  through  the  heating  coils  in  the  air  heaters.  A 
so-called  F  test  was  run  for  each  of  the  various  loads,  as  was 
the  case  with  the  other  series. 

Indicator  cards  were  taken  at  fifteen-minute  intervals  in  or- 
der to  ascertain  the  combustion  pressure  and  to  determine  the 
evenness  with  which  the  fuel  was  burning  in  the  cylinder,  also 
to  get  some  information  as  to  the  compression  pressure.  The 
indicator  drum  was  not  connected  to  the  engine,  but  simply 
turned  by  hand  while  leaving  the  indicator  cocks  open. 

The  coil  was  cleaned  out  of  the  crank  case  at  the  end  of 
each  run,  when  its  temperature,  gravity  and  weight  were  de- 
termined. This  was  done  to  gain  some  definite  information 
as  to  the  effect  of  kerosene  on  the  lubricating  oil,  especially 


January  27,  1920 


P  O  VV  E  R 


155 


when  run  without  sufficient  heat  to  more  or  less  perfectly 
vaporize  the  fuel.  From  a  summary  of  the  results,  the  curve 
shown  in  Fig.  2  was  plotted.  This  curve  shows  the  weight 
of  kerosene  per  horsepower  per  hour  for  the  various  horse- 
power outputs.  It  will  be  seen  that  the  various  heat  changes 
made  as  described  have  practically  no  effect  on  the  fuel  con- 
sumption of  the  engine.  It  was  observed,  however,  that  the 
motor  became  much  more  flexible  when  the  temperature  of 
the  ingoing  air  was  raised.  It  was  found  that  at  low  temper- 
ature the  motor  would  not  idle  down  below  800  or  900  r.p.ni., 
while  at  the  exceptionally  high  temperatures  of  the  ingoing 
gases — about  375  deg.  F. — it  was  found  that  the  engine  could  be 
idled  down  to  150  r.p.m.  and  would  pick  up  almost  as  well 
as  when  burning  gasoline.  It  was  also  possible  to  start  the 
engine   on  kerosene  under  these  conditions. 

The  observation  on  the  amount  of  kerosene  deposited  in  the 
crank  case  was  practically  constant  for  all  conditions,  so  that 
apparently  the  changes  in  heating  the  fuel  had  no  effect  in 
this  matter.  The  only  advantage  apparent  in  heating  the  in- 
going air  and  gas  was  that  it  made  the  motor  more  flexible. 


IIU 

100 

RHOmiON  HNO  OTHER 
UNMEASURED  LOSSES 

90 

\ 

80 

^ 

\ 

70 

<\. 

^^ 

-- 

"^ 

\ 

\ 

HERTTOEXHRUSr^ 

BffSES 
\ 

s. 

\ 

s 

V 

>a 

S 

N 

V, 

o 

o 

1     SO 

*^ 

■^ 

Si 

• 

V 

N 

\ 

' 

\ 

s 

t 

■S     30 

HERTTOCOOUNG 
WRTER 

\ 

n 

^ 

^- 

— »■ 

o 

10 

^ 

^HERT  WDEUVEREO  HORSEPOWER 

y 

0     2     4     6     8     10    IE     14-    16     IB    20    22    24   26 
Delivered   Horsepower 

FIG.    3.     TYPICAL   HEAT    BALANCE   CURVES 

In  fact,  when  the  engine  was  kept  up  to  speed,  it  was  found 
that  a  greater  horsepower  could  be  developed  when  a  low 
temperature  of  gas  was  taken  into  the  cylinder.  It  seems 
quite  evident  that  during  all  these  tests  a  wet  mixture  was 
taken  into  the  cylinder,  and  that  in  no  case  was  the  kerosene 
thoroughly  vaporized   before   entering. 

The  curve  shown  in  Fig.  3  represents  a  typical  heat  dis- 
tribution throughout  the  motor,  and  it  will  be  observed  that 
the  maximum  thermal  efficiency  is  about  13  per  cent.  The 
percentage  of  heat  going  to  the  cooling -water  slightly  decreases 
after  the  load  increases,  while  the  percentage  of  heat  to  the 
exhaust  gases  increases  after  the  load  increases.  It  will  also 
be  observed  that  the  percentage  of  heat  dissipated  through 
radiation  and  other  unmeasured  losses,  wh'ch  includes  the 
amount  of  fuel  deposited  in  the  crank  case,  increases  as  the 
load  increases. 

Some  of  the  conclusions  to  be  drawn  from  these  tests  are 
as  follows:  (1)  It  seems  evident  that  to  successfully  burn 
kerosene  in  the  type  of  internal-combustion  engine  now  ;n 
general  use,  higher  heat  must  be  used  so  that  the  motor  may 
be  made  sufficiently  flexible  to  be  practicable;  (2)  while  the 
tests  do  not  show  the  motor  to  be  as  efficient  as  when  oper- 
ating on  gasoline,  it  is  nevertheless  believed  that  this  defect 
can  be  overcome  by  designing  the  motor  with  high  compres- 


sion and  large  intake  ports;  (3)  it  was  observed  that  the 
lubricating-oil  temperature  was  higher  when  additional  heat 
was  added  to  the  mixture,  which  means  that  a  high  flash-point 
oil  would  have  to  be  used. 

It  is  the  belief  of  the  writer  that  a  motor  designed  as  fol- 
lows would  handle  kerosene  at  all  loads  successfully:  The 
piston  displacement  should  be  greater  per  horsepower  than 
that  commonly  used,  a  higher  compression  pressure  should  be 
obtained,  the  intake  passages  should  be  large  and  short,  and 
the  intake  air  should  be  heated  to  a  temperature  considerably 
above  the  boiling  point  of  kerosene.  This  probably  would  be 
done  with  the  exhaust  gases,  necessitating  an  automatic  con- 
trol at  all  loads. 

New  Engineering  Publicity 

One  of  the  means  that  will  be  employed  by  the  American 
Association  of  Engineers  to  promote  engineering  pulilicity 
throughout  the  United  States  is  through  a  cooperative  ar- 
rangement with  the  producer  of  several  moving-picture  week- 
lies. Arrangements  have  been  made  with  the  producers  of  six 
screen  weeklies  whereby  the  association  will  furnish  lists  of 
engineering  projects  and  works,  photographs  of  which  will 
interest  the  public.  After  the  film  people  have  been  notified 
of  some  engineering  structure  or  event  of  sufficient  interest, 
they  will  communicate  with  their  correspondent  living  nearest 
the  scene  of  the  work  or  event,  and  he  will  either  take  still 
photographs  or  100  or  so  feet  of  film,  as  the  situation  merits. 

To  make  this  project  successful  the  association  will  require 
the  active  assistance  of  every  professional  engineer.  Officials 
of  corporations  or  construction  companies  who  are  doing  or 
having  done  construction  work  or  who  are  building  or  install- 
ing unusual  or  otherwise  interesting  machinery,  engineers  in 
charge  of  construction  work  or  who  are  developing  new  meth- 
ods or  who  know  of  spectacular  or  otherwise  interesting 
features  in  which  the  public  will  be  mterested,  can  make  this 
service  a  success  by  advising  of  such  projects  as  will  warrant 
photographing,  the  Professional  Engineer,  63  E.  Adams  St., 
Chicago. 

Do  you  know  of  any  construction  work,  say  of  a  large  dam 
or  bridge,  or  power  plant  or  industrial  works,  or  blast  fur- 
nace, or  cotton  mill,  which  would  be  of  sufficient  interest  to 
attract  the  attention  of  the  general  public?  Do  you  know  of 
a  new  process  which  has  appealing  scientific  features  and 
which  can  be  photographed  readily?  Do  you  know  of  a  sur- 
vey which  is  to  be  attended  by  physical  hardship  or  actual 
danger?  Is  there  a  building  in  your  town  which  failed  today 
because  it  was  not  designed  or  constructed  under  proper  engi- 
neering supervision?  Has  your  county  or  j'our  state  recently 
spent  an  enormous  sum  for  highways?  If  it  has,  have  the 
results  been  worthy  of  photographing?  if  you  can  answer 
any  of  these  questions  or  any  similar  questions  in  the  affirma- 
tive, send  a  postcard  or  brief  letter  or  telegram  advising  'he 
location  of  the  work  and  give  a  brief  description  of  its  pur- 
pose with  the  approximate  cost  or  other  particular  features 
which  make  it  worth  photographing.  If  the  location  is  out  of 
the  usual  course  of  travel,  tell  how  the  photographer  can 
reach  the  work.  The  letter  need  not  oe  long.  Just  outline 
the  essentials  as  mentioned.  Although  the  publicity  commit- 
tees of  the  chapters  and  clubs  of  the  American  Association  of 
Engineers  can  be  of  great  service  in  this  matter,  the  foregoing 
appeal  is  not  made  wholly  to  the  members  of  the  American 
Association  of  Engineers.  Engineers,  public  officials,  corpora- 
tion officials  ar.d  others  who  are  acquainted  with  engineering 
features  of  interest  to  the  public  are  earnestly  requested  to 
render  whatever  assistance  they  are  able  in  this  development 
of  engineering  publicity. 


Upset  conditions  in  the  coal  industry  in  Great  Britain  arc 
causing  more  and  more  interest  in  the  substitution  of  oil  fuel 
for  coal,  says  the  American  Chamber  of  Commerce  in  London. 
It  points  out  that  the  trend  toward  the  use  of  oil  fuel  is 
well  illustrated  by  the  conversion  of  two  of  Britain's  greatest 
liners  to  oil  burners.  Both  the  "Olympic,"  of  the  White  Star 
Line,  and  the  Cunardcr  "Aquitania"  are  being  reconditioned 
and  fitted  with  oil  burners.  Greater  efficiency  is  expected  and 
the  engine-room  personnel  will  be  reduced  perhaps  from  350 
to  40  or  50. 
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A  Perfected  High-Pressure  Rotary 
Compressor* 

P)Y  Chester  B.   Lord 

The  well-known  disadvantages  of  a  reciprocating  machine 
have  led  to  much  research  and  many  experiments  in  the  hope 
of  developing  rotary  machines  both  as  prime  movers  and  as 
pumps.  In  the  compressor  field  three  types  have  been  devel- 
oped— the  centrifugal 
blower,  the  gear  type 
and  the  eccentric  ro- 
tor with  a  telescopic 
blade.  The  two  for- 
mer types  are  limited 
by  practical  consid- 
erations to  low  pres- 
sures, probably  not 
over  eight  or  ten 
pounds  per  single 
stage.  The  third  type 
is  capable  of  higher 
pressures,  but  up  to 
the  present  has  shown  very  low  efficiencies. - 

The  author  describes,  in  this  paper,  an  eccentric-rotor-and- 
telescopic-blade  type  compressor  which  has  given  92  per  cent, 
volumetric  efficiency  at  100  lb.  pressure  and  which  will  pump 
a  gas  or  liquid  or  a  gas  and  liquid  at  the  same  time. 

The  main  difficulties  with  this  type  of  machine  have  been 
the  necessity  of  maintaining  a  seal  at  one  point  between  the 
rotor  and  the  cylinder,  the  friction  caused  by  the  blade  pres- 


FIG.   1.     DETAILS  OF  BLADE 


since  it  solves  only  one  of  the  difficulties  mentioned,  it  was 
valueless  by  itself. 

Excessive  end  pressure  is  overcome  by  floating  end  plates, 
held  in  contact  with  th-e  cylinder  by  the  pressure  generated  by 
the  machine  itself.  These  end  plates,  which  are  simply  flat 
circular  plates,  are  subject  to  the  discharge  pressure  on  the 
outside,  and  since  the  area  of  the  outer  surface  is  greater  than 
the  area  of  the  inner  surface,  are  held  against  the  cylinder 
ends.  These  plates  of  course  revolve  with  the  cylinder  or 
rotor  or  both,  so  there  is  little  or  no  sliding  to  cause  friction 
losses.  The  blade,  moving  in  and  out  of  its  slot  in  the  rotor, 
rubs  against  these  floating  cyhnder  ends,  and  this  is  the  prin- 
cipal point  of  friction  loss.  From  dimensions  of  a  machine 
capable  of  compressing  100  cu.ft.  of  free  air  per  minute,  this 
total  travel  is  calculated  to  be  93  ft.  per  minute,  so  the  power 
lost  is  not  great  even  for  fairly  high  pressures. 

The  blade  used  is  shown  in  Fig.  1.  The  blade  proper  is 
marked  A  and  is  cut  away  as  shown.  The  pieces  B  and  C 
are  carried  in  the  main  blade,  as  shown.  Centrifugal  force 
throws  the  wedge-shaped  piece  C  out,  so  pushing  the  packing 
pieces  B  against  the  ends  of  the  cylinder  and  into  the  corners. 
The  force  with  which  these  pieces  press  into  the  corners  is 
regulated  by  the  angle  of  the  wedge  sides.  The  main  blade  A 
has  about  s'a  in.  clearance  at  each  end. 

For  adjusting  contact  between  the  rotor  and  cylinder,  a  so- 
called  wedge  ring  is  used.  This  is  simply  an  eccentric  cradle 
carrying  the  bearings  for  the  revolving  cylinder  and  is  turned 
by  means  of  a  threaded  stud  led  through  the  outside  casing. 

Fig.  2  shows  a  section  of  a  20-ton  refrigerating  machine. 

Among  the  advantages  claimed  for  this  machine  is  the 
possibility  of  direct-connecting  it  to  the  driver,  as  it  can  be 
run  at  any  speed  that  is  safe  for  the  prime  mover.     Another 


FIG.    2.      CROSS-SECTION   ASSEMBLY   OP  A  20-TON   REFRIGERATING  COMPRESSOR. 


sure  against  the  end  plates  and  the  inner  surface  of  the  cylin- 
der (the  pressure  being  on  one  side  of  the  blade,  caused  dif- 
ficulty in  moving  it  in  and  out  of  the  slot  in  the  rotor),  and 
the  difficulty  of  packing  square  corners. 

The  solution  of  the  first  difficulty  has  been  accomplished  by 
allowing  the  cylinder  to  rotate  with  the  same  surface  speed 
as  the  rotor  so  that  there  is  no  sliding  motion  at  the  point  of 
contact.  In  this  machine  the  contact  of  the  rotor  with  the 
cylinder  carries  the  cylinder  around,  but  since  the  circumfer- 
ence of  the  rotor  is  less  than  that  of  the  cylinder,  the  angular 
velocity  of  the  latter  is  less  than  that  of  the  former.  This  prin- 
ciple is  not  original  with  the  designer  of  this  compressor,  but 

•Abstract  of  paper  presented  at  the  Annual  Meeting  American  Society 
of   Mechanical   Engineers,    Dec.   2-S,    1919. 


advantage  is  its  small  space  requirement  as  compared  with 
reciprocating  machines.  As  an  example,  a  100-ton  rotary 
refrigerating  machine  requires  only  60  sq.ft.  floor  space  as 
against  1,200  sq.ft.  for  a  horizontal  reciprocating  unit.  The 
weights  of  the  machines  are  given  as  eight  pounds  per  ton 
capacit}  for  the  rotarj'  machine  and  one  hundred  pounds  per 
ton  capacity  for  the  reciprocating  type. 

The  use  of  the  floating  cylinder  ends,  besides  cutting  down 
friction,  enables  the  machine  to  handle  liquids  either  alone  or 
with  gases.  In  a  reciprocating  compressor,  if  any  liquid  pres- 
ent cannot  go  out  through  the  discharge  valve  fast  enough,  it 
simply  breaks  something.  In  this  machine  the  end  rings  move 
away  from  the  cylinder,  allowing  the  liquid  to  escape,  and 
as  soon  as  the  pressure  is  equalized,  close  up  again. 


January  27,  1920 


POWER 


157 


The  field  for  this  type  of  machine  embraces  every  use  pos- 
sible for  the  reciprocating  type  and  some  that  are  not.  It  is 
possible  to  get  500  lb.  pressure  single-stage  and  1000  lb.  in 
three  stages.  It  is  possible  to  pull  a  23V2-in.  vacuum  against 
180  lb.  pressure.  These  conditions  are  not  commercial  re- 
quirements, but  are  given  to  indicate  the  machine's  possibil- 
ities. It  has  been  used  as  a  blast-furnace  blowing  engine,  as 
a  0.5  cu.ft.  per  minute  refrigerating  machine  for  household 
use  and  for  street  car  compressors. 

The  author  says  that  all  the  statements  in  the  article  have 
been  demonstrated  commercially,  and  hence  it  would  seem  that 
the  long-looked- for  rotary  compressor  has  arrived. 

Moisture  in  Insulation 

In  a  paper,  "The  Story  of  Insulation,"  presented  at  the 
12th  annual  convention  of  the  Pennsylvania  Electric  Associa- 
tion, C.  E.  Skinner  tells  the  following  story  regarding  the 
amount  of  moisture  in  the  insulation : 

At  the  time  of  the  construction  of  the  Ontario  Power  Co.'s 
transmission  plant  at  60,000  volts,  we  had  arrived  at  the  stage 
of  the  art  when  we  considered  it  advisable  to  thoroughly 
vacuum  dry  complete  transformers  before  immersing  them  in 
oil.  Equipment  for  this  purpose  was  not  available  at  the 
factory  for  transformers  of  the  size  used  by  the  Ontario 
Power  Co.,  and  it  was  therefore  decided  to  make  the  trans- 
former tank  itself  the  vacuum  tank  and  provide  means  for 
vacuum  drying  of  transformers  after  being  placed  in  the  tanks 
at  the  point  of  installation.  After  drying  for  a  week  or  ten 
days,  following  the  course  of  the  drying  by  measuring  insula- 
tion resistance  of  the  transformers  until  this  was  considered 
satisfactory,  oil  was  admitted  to  the  first  transformer  while 
still  under  vacuum.  As  a  final  precaution  a  sample  of  oil 
was  drawn  from  the  bottom  of  the  tank  only  to  find  that  it 
was  about  98  per  cent,  water.  Investigation  of  a  second 
transformer  into  which  llie  oil  had  not  been  admitted,  dis- 
covered 6  or  7  gallons  of  water  in  the  bottom  of  the  trans- 
former tank,  although  the  transformer  itself  was  undoubtedly 
satisfactorily  dried  by  the  vacuum  process.  The  water  doubtless 
came  partly  from  the  transformer  coils,  partly  from  the  lami- 
nated iron  and  partly  from  the  air  which  was  inevitably  drawn 
into  the  transformer  tank  on  account  of  the  impossibility  of 
making  the  tank  absolutely  vacuum-tight.  This  moisture,  con- 
densing on  the  cooler  top  and  sides  of  the  tank,  collected  at 
the  bottom.  The  cure  was  simple  and  consisted  in  a  double 
valve  arrangement  with  a  small  tank  between,  allowing  the 
condensed  water  to  be  drawn  off  as  the  drying  proceeded. 
This  incident  shows  the  very  large  quantities  of  water  which 
could  be  collected  under  the  circumstances  described  and  in- 
dicates that  apparatus  not  satisfactorily  protected  by  a  moisture- 
proof  coating  or  by  immersion  in  oil  requires  special  precau- 
tions in  installation  and  starting.  Later  studies  have  indi- 
cated that  moisture  in  extremelv  minute  amounts  may  play 
a  very  important  part  in  impairing  insulation  where  the  re- 
quirements are  severe,  as  it  may  increase  the  dielectric  losses 
and  lower  the   insulation   resistance   and   the   dielectric  value. 

Canadian  Engineers  Will  Meet  in  Montreal 

The  annual  business  and  professional  meeting  of  the  En- 
gineering Institute  of  Canada  will  be  held  at  the  Institute 
quarters,  Mansfield  street,  on  Jan.  27,  28  and  29. 

At  this  annual  convention  questions  of  interest  to  the  en- 
gineering profession  of  Canada  will  be  discussed  as  well  as 
topics  of  special  interest  to  the  people  of  the  province  of 
Quebec. 

Papers  dealing  with  the  commercial,  industrial  and  financial 
problems  of  the  province  will  be  delivered,  also  on  its  water- 
powers,  both  developed  and  undeveloped,  its  highways,  its 
forest  products  and  a  general  survey  of  its  commercial  po- 
tentialities. 

It  is  expected  that  the  convention  will  be  the  largest  and 
most  representative  that  has  ever  been  held  and  it  is  hoped 
that  it  may  assist  in  giving  the  public  a  more  comprehensive 
view  of  the  essential  work  achieved  by  the  members  of  the 
engineering  profession  in  building  up  the  prosperity  of  Canada. 
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A  bill  has  passed  the  Oregon  Legislature  adopting  the  A.  S. 
M.  E.  Boiler  Code,  and  now  awaits  the  signature  of  the  gov- 
ernor of  the  state.  The  Seattle  boiler  rules  are  about  to  be 
amended,  making  the  code  apply  to  that  city. 


Boiler  Explosion   Kills  Three 

At  the  East  Chicago  works  of  the  Interstate  Iron  and  Steel 
Co.,  a  250-hp.  vertical  water-tube  boiler  exploded  at  4 :30  a.  m. 
on  the  morning  of  Jan.  19.  Three  men  were  killed  outright, 
twelve  were  injured  more  or  less  seriously,  but  none  fatally. 
The  property  damage  was  estimated  at  $10,000.  The  boiler  was 
one  of  three  in  an  auxiliary  battery  that  was  used  to  supply 
the  demand  for  s^am  in  excess  of  that  furnished  by  the  waste- 
heat  boilers  which  ordinarily  carried  the  bulk  of  the  load. 

The  boilers  were  equipped  with  hand-fired  dutch-oven  fur- 
naces. Two  of  them  were  being  fired  up  on  the  morning  of 
the  accident,  preparatory  for  the  morning  shift  which  started 
at  6  a.  m.  Before  the  working  pressure  of  120  lb.  gage  had 
been  reached,  one  of  the  boilers  lee  go.  The  tubes,  accom- 
panied by  the  bottom  tube  sheet,  rose  with  the  top  drum  and 
descended  some  700  ft.  away  from  the  initial  location.  The 
settings  of  the  other  two  boilers  and  the  boiler  house  were 
demolished. 

Closed  valves  proved  that  the  boilers  had  not  been  cut  in 
on  the  line.  Apparently  the  cause  of  the  accident  was  a  hid- 
den defect,  which  at  the  time  of  writing  had  not  been  de- 
tected. The  boiler  had  been  inspected  and  reported  in  good 
condition  by  an  insurance  inspector  just  twelve  hours  before 
the  accident.  More  complete  details  will  be  given  in  a  later 
issue. 

California  Requires  More 
Hydro-Electric  Power 

"More  hydro-electric  energy  must  be  developed  in  California 
to  meet  the  present  requirements,  and  vastly  more  is  necessary 
to   accommodate   future  demands." 

There  are  eighty-four  electric  utilities  in  the  state  of  Cali- 
fornia, operating  seventy-five  hydro-electric  plants,  with  an  in- 
stalled capacity  of  465,000  kw.,  and  SO  steam  plants  with  an 
installed  capacity  of  305,000  kw.,  making  a  total  of  125  plants, 
aggregating  770,000  kilowatts,  says  a  newspaper  report. 

During  the  year  1918  these  plants  generated  a  total  of 
2,892,000,000  kw.-hr.,  of  which  2,163,000,000  kw.-hr.,  or  75  per 
cent,  of  the  total,  were  produced  from  water  power. 

This  power  is  transmitted  through  7,300  miles  of  high-ten- 
sion transmission  lines  to  points  of  distribution,  from  which 
84,000  miles  of  secondary  distribution  lines  extend.  Electric 
service  is  supplied  to  545,000  consumers. 

The  installed  capacity  of  consumers'  Hghts,  motors  and  other 
power-consuming  devices  exceeds  1,800,000  horsepower.  Nearly 
900,000  kw.  of  distribution  transformers  are  installed  on  these 
systems. 

A.  A.  E.  Claims  Membership  of  18,000 

The  results  of  the  membership  drive  held  during  December 
by  the  American  Association  of  Engineers  have  been  tabulated, 
and  notwithstanding  the  difficulties  imposed  by  the  coal  strike, 
indications  are  that  the  total  number  of  members  will  approx- 
imate 18,000.  At  the  close  of  business  on  Dec  31,  the  number 
of  fully  accredited  members  exceeded  10,400.  About  3,000  ad- 
ditional members  have  been  accepted,  but  were  taking  the 
time  alloted  to  pay  dues,  an-i  most  of  the  7,000  applications 
received  during  the  month  of  December  had  not  been  acted 
upon.  Allowing  for  contingencies,  the  net  membership  should 
approach  closely  the  total  figure  previously  given. 


Correction  :  Through  an  error  the  review  for  the  year, 
under  Power  Plant  Legislation,  in  the  issue  of  Jan.  6,  in- 
cluded Massachusetts  among  those  states  which  had  adopted 
the  A.  S.  M.  E.  Boiler  Code.  Also,  the  map  on  page  62  of  the 
Jan.  13  issue  likewise  included  this  state.  As  is  well  known, 
the  state  of  Massachusetts  has  its  own  boiler  code,  which  very 
closely  resembles  the  A.  S.  M.  E.  Code,  but  is  not  identical, 
and  the  latter  code  has  not  been  officially  adopted  as  yet  by 
the  state  of  Massachusetts. 


Through  Stone  £.  Webster,  of  Boston,  the  Hartford  Electric 
Light  Co.  has  arranged  for  the  purchase  of  the  Connecticut 
Power  Co.,  operating  a  large  hydro-electric  power  plant  on 
the  Housatonic  River  and  in  western  Connecticut. 
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THE  COAL  MARKET 


New  Construction 


BOSTON— current  priceg  per  gross  ton  f.o.b.  New 
Tork    loading   ports: 

Anthracite 

Company 
Coal 
maa  $8. 20@$8.65 

SrltnuV 8.55®  9.05 

Buckwheat 300®  3.80 

BucKwljea,t     ........................ 2.30®  2.50 

Barley     ^-^ 

Bituminous 

Cambrias  and 
Clearflelds      Somersets 

F.o.b.  mines,  net  tons $2.85@$3.35  *3.15@$3.60 

P  o.b.  Philadelphia,  gross  tons.  5.05®  5.60  5.3'i@  0.80 
F.o.b  New  York,  gross  tons...  5.40®  5.95  5.75®  6.25 
Alongside   Boston    (water  coal),  _  „„^  „  ,^    _-,««,  o  mi 

gross    tons    7.00®  7.75    7.60®  8.00 

Pocahontas  and  New  Elver  are  practically  off  the 
market  for  coastwise  shipment,  but  are  quoted  at 
$6.25@$7.00. 

NEW  YOKK— Current  quotations.  White  Ash,  per 
gross  tons,  f.o.b.  Tidewater,  at  the  lower  iwrts  are 
as   follows : 

Anthracite 

Company 
Coal 

Broken    $7.80@$8.25 

Ere  ..! 8.20®  8.65 

Stove 8.45®  ».05 

Chestnut     8.65®  J.05 

Pea       705®  7.40 

Buckwheat     5"J5 

Bice 4.50 

Barley     *'°2 

Boiler    4-8o 

Bituminous 

Government   prices   at   mines:  „?2?L  -„ 

South   Fork    (best) 5^^5f^^-^? 

Cambria     (best)     S'S"!  I'SS 

Cambria    (ordinary)    2.60®  2.90 

Clearfield     (best)     S'S^i  I'SX 

Clearfield    (ordinary)     2.60®  2.90 

BeynoldsvUle     2.85®  2.90 

Quemahoning    3.25®  3.50 

Somerset    (medium)    3.00®  S.15 

Somerset    (poor)     2.50®  2.75 

Western   Maryland    2.50®  2.75 

Fairmont     2.25®   2.o0 

Latrobe      2.60®  2.90 

Greensburg     2.75@  3.00 

Westmoreland    %    In 3.40®  3.50 

Westmoreland   run-of-mine    A75®  i.vu 

PHILAD3SLPHIA— Anthracite  prices  are  practically 
the  same  as  those  listed  above  for  New  York.  Bitumi- 
nous coal  prices  vary  according  to  district  from  which 
thev  are  mined.  For  ordinary  slack  the  price  ° 
$2. 45®  $2. 55;  lump,   $3. 00®  $3. 35,   at  the  mines. 

BUFFALO— 

Anthracite 

On  Cars, 
Gross  Ton 

%T  •::::::::::::::::::::::::::::*8:8o 
Stove".:::: 900 

Chestnut     J.  10 

Pea 7.75 

Buckwheat     "• ' " 

Bituminous 

.  AUegheOy  VaUey    **-80 

Pittsburgh *°g 

No.    8    Lump fl^ 

Mine    Bun    \-°'i 

Slack     !i^ 

Smokeless      tXn 

Pennsylvania    Smithing    »•'" 

CLBVEI.ANT>— Prices  of  coal  per  net  ton  delivered 
In    Cleveland   are: 

Anthracite 
T,-.„»  $12.2.')(a$12.40 

ct^tnni  ■ :::::::::::::: 12.50®  12.70 

Prnto  12.25®   1<!.40 

stove     .■■.■.■.■.■.■.■.■.■.■.■ 12.40®   12.60 


is 


At  curb. 

Net  Ton 

$10.80 

10.65 

10.85 

10.85 

9.30 

7.75 


PROPOSED   WORK 

Me.,  Augusta — Lockwood,  Green  &  Co., 
Engrs..  60  Federal  St.,  Boston,  Mass.,  will 
receive  bids  for  the  construction  of  a  6 
story,  65  x  135  ft.  storehouse  on  Water  St., 
for  the  Edwards  Mfg.  Co.,  Water  St.  A 
steam  heating  system  will  be  installed  in 
scane.     Total  estimated  cost,  $100,000. 

Vt.,  Lunenburg  —  The  Fitzdale  Paper 
Mills  are  having  preliminaiy  plans  pre- 
pared for  the  construction  of  a  1  story 
power  house.  A  steam  heating  system  will 
bo  installed  in  same.  Total  estimated  cost, 
$1,000,000.  George  F.  Hardy,  309  Bway., 
New  York  City,  Archt.  and  Engr. 

Mass.,  Boston — John  H.  Lyons,  15  State 
St.,  is  preparing  plans  for  the  construction 
of  a  5  story,  35  x  110  ft.  mercantile  build- 
ing on  Stanhope  St.  A  steam  heating  sys- 
tem will  be  installed  in  same.  F.  A.  Nor- 
cross,  46  Cornhill  St.,  Archt. 

Mass.,  Wellesley — F.  J.  Untersee,  Archt., 
585  Boylston  St.,  Boston,  will  soo"-  award 
thfc  contract  for  the  construction  of  a  4 
story,  110  X  190  ft.  college  building  and 
tower  on  Worcester  St.,  for  the  Academy 
of  the  Assumption,  Wellesley  Hills.  A 
steam  heating  system  will  be  installed  in 
same. 

Conn.,  Meriden — The  Griswold,  Richmond 
&  Block  Co.,  2  West  Main  St.,  is  having 
plans  prepared  for  the  construction  of  a 
2  story,  120  x  150  ft.  business  building  on 
West  Main  and  South  Grove  Sts.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $100,000.  David 
Bloomfield.  129  State  St.,  Archt. 

Conn.,  New  Haven — Alexander  &  Links, 
138  State  St.,  plans  to  remodel  the  present 
4  story  building  on  State  St.,  into  an  ice 
plant   for  its  own   use. 

N.  Y.,  Brooklyn — Lockwood,  Green  &  Co., 
Archts.  and  Engrs.,  101  Park  Ave.,  New 
York  City;  will  receive  bids  vintil  Jan.  23 
for  the  construction  of  a  3  story,  175  x  200 
ft.  factory  on  51st  and  52nd  Sts.  and  2nd 
Avp.,  for  Bemis  Bros.  Bag  Co.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $500,000. 

N.  Y.,  Brooklyn — Shampan  &  Shampan, 
Archts.  and  Engrs.,  50  Court  St.,  are  hav- 
ing plans  prepared  for  the  construction  of 
a  4  story,  40  x  100  ft.  laundry  at  835-849 
Myrtle  Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  erst, 
$150,000.      Owner's    name   withheld. 

N.    Y.,    Brooklyn— The    Y.    M.    H.    A.,    63 

Morton  St.,  plans  to  build  a  4  story,  100  x 
150  ft.  building  on  B'way  and  Rodney  St. 
A  steam  heating  system  will  be  installed 
ill  same.  Total  estimated  cost,  $300,000. 
H.  J,  Rosenson,  Pres. 


Pocahontas 


.$7.50 


Domestic    Bituminous 

West   Virginia   split ,«  cnrtii^fi'qn 

No.   8   Pittsburgh    ^SS21  o  rn 

Massillon    hjmp     8-2j®  8.50 

Coshocton    lump    

Steam   Coal 


7.15 


No.    6    slack *i-?5^*^-?o 

No.    8    slack ^i2i  rfS 

Youghiogheny  slack    5.25®  5.50 

No.    8    %    'n 5-70®  6.00 

No.    6   m'tiC-run    5.25®  5.50 

No.    8   mine-run    •..;••  VI 

Only  coal  available  Is  mine-run  Pocahontas. 

MIDDLE  WEST— Chicago  quotations.   F.o.b.    cars   at 
mine: 

Springfield, 
Cartervllle, 
Williamson, 
Franklin, 
Saline, 
Harrlsburg 

Lump     $2.55®$2.70 

Washed      2.75®  2.90 

Mine    run    2.35®  2,50 

Screenings     2.05®  2.20 


FultoD, 
Peoria 

$2.95@$3.10 

2.75®'  '2.96 
2.35®   2.50 


Giundy, 
La  Salle, 
Bureau, 

Will 

$3.25®$3,40 

3.45®  3.60 

3.00®  3.15 

2.76®   2.90 


N.  Y.,  Brooklyn — The  Bd.  Educ.  500 
Park  Ave.,  New  York  City,  plans  to  build 
a  5  storv  school  on  Nostra nd  Ave.  and 
Sandford  St..  cost,  $400,000;  3  story  school 
on  East  92nd  St.  and  Ave.  L..  Canarsie, 
$200,000;  5  storv  school  on  70th  St.  and 
18th  Ave.,  $400,000;  5  story  school  on  62nd 
St.  and  Ft.  Hamilton  Ave.,  $400,000;  4 
story  school  on  Newport  St,  and  Stone 
Ave.,  $450,000;  5  story  school  on  Saratoga 
and  Livonia  Aves..  $450,000;  5  story  school 
on  New  York  and  Tilden  Aves.,  $500,000; 
4  storv  addition  to  P.  S.  16,  Wilson  St.. 
near  Bedford  Ave.,  $400,000:  4  story  addi- 
tion to  P.  S.  136,  4th  Ave,  and  3"ist  St., 
!i;400,000:  4  storv  addition  to  P.  S.  67,  $350,- 
000;  4  storv  school  on  86th  St.  and  2nd 
Ave..  350,000.  Steam  heatinpr  systems  will 
b«  installed  in  same.  C.  B.  J.  Snyder, 
Municipal  Bldg.,  New  York  City,  Archt. 
and    Engr. 

N.    Y.,    Far    Rockaway — The-Bd,    Educ, 

500  Park  Ave..  New  York  City,  is  having 
plans  prepared  for  the  construction  of  a 
school  addition,  here.  A  steam  hentmg 
system  will  be  installed  in  same.  Total 
pstimated  co.^t.  $200,000.  C.  B.  J.  Snyder, 
Mnnicinal  Bldg..  New  York  City,  Archt. 
and   Engr. 

N.  Y.,  Jamaica— The  Bd.  Educ,  500  Park 
Ave.,  New  York  City,  plans  to  build  a  4 
story  school  on  Liberty,  Bryant  and  Je- 
rome Aves.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$''00,000.  C.  B.  J.  Snyder,  Municipal  Bldg., 
New  York  City,  Archt.   and  Engr. 

N.  Y.,  Long  Island  City- The  Bd.  Educ, 
500  Park  Ave.,  New  York  City,  plans  to 
build  a  3  storv  school  on  Pierce  Ave.  and 
Briell  St.     A  steam  heating  system  will  be 


installed  in  same.  Total  estimated  cost, 
$300,000.  C.  B.  J.  Snyder,  Municipal  Bldg., 
New  York  City,  Archt.  and  Engr. 

N.  Y.,  Maspeth— The  Bd.  Educ,  500  Park 
Ave.,  New  York  City,  plans  to  build  a  2 
story  addition  to  P.  S.  72  on  Maspeth  Ave. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $150,000. 
C.  B.  J.  Snyder,  Municipal  Bldg.,  New  York 
City,  Archt.  and  Engr. 

N.  Y.,  Rockaway  Beach  (Far  Rockaway 
P.  O.)— The  Bd.  Educ,  500  Park  Ave.,  New 
York  City,  is  having  plans  prepared  for 
the  construction  of  a  school  addition  at 
Rockaway  Beach.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $300,000.  C.  B.  J.  Snyder, 
Municipal  Bldg.,  New  York  City,  Archt. 
and  Engr. 

N.  Y.,  New  York— The  Bd.  Educ,  500 
Pai'k  Ave.,  is  having  plans  prepared  for 
the  construction  of  a  5  story,  60  x  193  ft. 
school  on  Fox  St.  and  Leggett  Ave.  (Bronx 
Boro).  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$250,000.  C.  B.  J.  Snyder,  Municipal  Bldg., 
Archt.   and   Engr. 

N.  Y.,  New  York — S.  Finkelstein,  c/o 
W.  Koppe,  Archt.  and  Engr.,  935  Intervale 
Ave.  (Bronx  Boro),  will  build  a  6  story, 
90  X  100  ft.  clothing  factory  on  Leggett 
and  Whitlock  Aves.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  es- 
timated cost,  $170,000.  Work  will  be  done 
by   day   labor, 

N,  Y.,  New  York— L.  Gold,  44  Court  St., 
plans  to  build  a  garage  on  55th  St.  and 
10th  Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,  $100,000.  Work  will  be  done  by  day 
labor. 

N.  Y.,  New  York — The  Gotham  National 
Bank,  1819  Bway.,  will  build  a  22  story, 
85  X  100  ft.  bank  and  office  building  at  303 
West  59th  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $3,000,000.  Work  will  be  done  by  day 
labor. 

N.  Y,,  New  York — The  New  York  Curb 
Market  Assn.,  Wall  St.,  plans  to  build  a 
court  exchange  building  on  Trinity  PI.  and 
Greenwich  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  esti- 
ma+ed  cost,  $700,000.  Starrett  *:  Van  Vleck, 
8  West  40th  St.,  Archts.   and  Engrs. 

N.  Y.,  New  York — The  Allerton  House 
Corp.,  143  East  39th  St.,  is  having  plans 
prepared  for  the  construction  of  a  14  story 
hotel  on  Lexington  Ave.  and  57th  St.  A 
steam  heating  system  will  be  installed  in 
.same.  Total  estimated  cost,  $1,500,000.  A. 
L.  Harmon,  3  West  29th  St.,  Archt.  and 
Engr. 

N.  Y,,  New  York — The  Corn  Exch.  Bank, 
13  William  St.,  is  having  plans  prepared 
for  the  construction  of  a  3  story,  50  x  100 
ft.  bank,  office  and  store  building  at  525- 
527  B'way.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,    $175,000. 


N.  Y.,  New  York — Shampan  &  Shampan, 
Archts.  and  Engrs.,  50  Court  St.,  Brook- 
lyn, are  in  the  market  for  a  350  hp.  steam 
power  boiler,  generators  and  motors  for 
the  proposed  new  laundry  and  manufac- 
turing building  on  Myrtle  and  Marcy  Aves., 
Brooklyn, 

N.  Y.,  White  Plains — The  Bd.  Educ.  is 
having  preliminary  plans  prepared  for  the 
construction  of  a  high  school.  A  steam 
heating  system  will  be  installed  In  same. 
Total  estimated  cost,  $125,000.  Tooker  & 
Marsh,  101  Park  Ave.,  New  York  City, 
Archts.  and  Engrs, 

N.  J.,  Jersey  City — The  Standard  Thea- 
tre Co.,  c/o  E.  C.  Horn  Sons,  Archts.  and 
Engrs.,  1476  B'way,  New  York  City,  will 
soon  award  the  contract  for  the  construc- 
tion of  a  theatre  on  Central  Ave.  and 
Sherman  PI.  A  steam  heating  sy.stem  will 
bo  installed  in  same.  Total  estimated  cost, 
$250,000. 

N.  J.,  Hoboken— The  White  Metal  Mfg. 
Co.,  1006  Clinton  Ave.,  is  having  plans 
prepared  for  the  construction  of  a  6  story. 
135  X  125  ft.  factory  and  a  2  story,  20  x  80 
ft.  foundry.  A  steam  heating  system  ■will 
be  installed  in  same.  J.  C.  Schaffler  & 
Co.,  38  West  32nd  St.,  New  York  City, 
Archt.    and   Engr. 

N.  J.,  Trenton— H.  R,  Mallinson  Co., 
Inc.,  136  Madison  Ave.,  New  York  City, 
plans  to  construct  a  1  story,  50x  70  It. 
power  house  on  Parker  Ave.  Estimated 
cost,    $15,000. 


January  27,  1920 


POWER 


159 


Penn.,  Bethlehem — The  Lehigh  Alumni 
Association,  Lehigh  University,  is  having 
plans  prepared  for  the  construction  of  a 
2  story,  80  x  160  ft.  memorial  building.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $350,000.  T. 
Visscher  &  J.  Burlcy,  363  Lexington  Ave., 
New  York  City,  Archts.  and  Engrs. 

penn.,  Chester — The  Cochrane  Estate 
plans  to  build  an  18  story  office  building. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $450,000. 
E.  W.  Brazer,  1133  Bway.,  New  York  City, 
Archt.    and    Engr. 

Penn.,  Easton — The  McCormick  Co., 
Archt.  and  Engr.,  41  Park  Row,  New 
York  City,  is  having  plans  prepared  for 
the  construction  of  a  bakery  plant.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $100,000.  Own- 
er's name  withheld. 

Penn.,  Lewistown — The  Viscose  Co., 
Marcus  Hook,  plans  to  build  a  plant,  con- 
sisting of  5  buildings  for  factory  purposes, 
also  a  number  of  houses  for  employes. 
A  stt  .m  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $2,000,000. 
Ballinger  &  Perrot,  17th  and  Arch  Sts, 
Philadelphia,    Archt.    and   Engr. 

Penn.,  Philadelphia — The  city  is  having 
plans  prepared  for  the  construction  of  a  2 
story,  200  x  330  ft.  library  at  19th,  20th, 
Vine  and  Wood  Sts.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  es- 
timated cost,  $3,000,000.  Horace  Trumba- 
ner.  Land  Title  Bldg.,  Archt.  and  Engr. 

Penn.,  Scranton — The  city  plans  to  build 
a  2  story,  80  x  SO  ft.  school  on  Van  Buren 
St.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost. 
$115,400. 

Penn.,  Scranton — The  city  plans  to  build 
a  3  story,  120  x  150  ft.  school  on  Madison 
St.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$402,300. 

Penn.,  Scranton — The  city  plans  to  build 
a  3  story,  100  x  115  ft.  school  on  Provi- 
dence Rd.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,    $277,350. 

Penn.,  Scranton — Mark  K.  Edgar,  Bd.  of 
Trade  Bldg.,  plans  to  build  a  6  story,  140 
X  320  ft.  incubator  plant  on  Lock  Ave.  A 
steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,  $1,000,000. 

Del.,  Wilmington — The  White  Automo- 
bile Co.,  East  79th  St.  and  St.  Clair  Ave., 
Cleveland,  O.,  has  had  plans  prepared  for 
the  construction  of  a  2  story  sales  room 
and  garage  on  31st  St.  and  Market  Ave. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $100,000. 
Watson  Eng.  Co.,  Hippodrome  Bldg., 
Cleveland,    O.,    Engr. 

Va.,  Norfolk  —  The  Third  Christian 
Church  is  having  plans  prepared  for  the 
construction  of  a  1  story,  86  by  127  ft. 
church  on  Llewelly  Ave.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $100,000.  W.  H.  Nicklas,- 
1900  Euclid  Bldg.,   Cleveland,   O.,   Archt. 

N.  C,  Lexington — The  city  will  receive 
bids  until  Jan.  20  for  the  construction  of  a 
pumping  station  and  a  500,000  gal.  storage 
reservoir,  also  for  the  installation  of  mo- 
tor driven  centrifugal  pumps,  etc.  G.  C. 
White,    Durham,    Engr. 

Miss.,  Jackson — The  city  will  receive 
bids  about  Feb.  15  for  the  construction  of 
three  2  story  school  buildings.  A  low 
pressure  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$200,000.  E.  L.  Bailey,  Secy.  Emmett  J. 
Hull,    Jackson,    Archt.  ' 

O.,  Canton — Edward  L.  Smith,  c/o 
Charles  Firestone,  Archt.,  Renkert  Bldg., 
will  receive  bids  until  Feb.  2  for  the  con- 
struction of  an  8  story  hotel.  A  steam 
heating  system  will  be  installed  in  same. 
Total   estimated   cost,    $400,000. 

O.,  West  Barberton — The  Portage  Rub- 
ber Co.  is  having  plans  prepared  for  the 
construction  of  a  plant,  including  an  office 
building  and  power  house.  Total  esti- 
mated   cost,    $200,000. 

Mich.,  Allegan — The  Bd.  Educ.  plans  to 
build  a  3  story,  100  x  158  ft.  high  school. 
A  steam  heating  system  will  be  Installed 
in  same.  Total  estimated  cost,  $150,000. 
John  D.  Chubb,  109  North  Dearborn  St., 
Chicago,    Archt. 


Mich.,  St.  Ignace — Cunning  &  Mulcrone 
plan  to  build  a  3  story,  70  x  130  ft.  hotel 
here.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$130,000.  F.  E.  Parmelee,  Iron  Mountain, 
Archt. 

Mich.,  Strathmoor — School  Dist.  No.  4, 
Wayne  Co.,  c/o  Horace  H.  Hart,  will  soon 
award  the  contract  for  the  construction  of 
a  2  story,  90  x  110  ft.  school.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $125,000.  W.  H. 
Adams,  Vinton  Bldg.,  Detroit,  Engr.  But- 
terfleld  &  Butterfield.  1113  David  Whitney 
Bldg,,    Detroit,    Archt. 

III.,  Chicago— A.  S.  Alschuler,  Archt.,  28 
Ea.st  Jackson  Blvd.,  will  soon  award  the 
contract  for  the  construction  of  a  3  story, 
200  X  400  ft.  auto  sales  and  service  build- 
ing on  Michigan  Ave.,  near  22nd  St.,  for 
the  Hudson  Motor  Co.,  1615  South  Michi- 
gan Ave.  A  steam  heating  systerr  will  be 
installed  in  same.  Total  estimated  cost, 
$300,000. 

III.,  Chicago— The  Bd.  Educ,  7  South 
Dearborn  St.,  will  soon  award  the  contract 
for  the  construction  of  a  3  story,  132  x  175 
ft.  grade  school  on  Augusta  St.,  near  Lara- 
mie Ave.  A  steam  heating  system  will  be 
Installed  In  same.  Total  estimated  cost, 
$350,000.  John  Howatt.  7  South  Dearborn 
St.,  Archt.  A.  F.  Hussander,  7  South 
Dearborn  St.,  Engr. 

III.,  Chicago— rThe  University  of  Chicago 
is  having  plans  prepared  for  the  construc- 
tion of  a  100  X  100  ft.  chapel.  A  steam 
heating  system  will  be  Installed  in  same. 
Total  estimated  cost,  $1,500,000.  B.  Good- 
hue, 2  We.st  47th  S  .,  New  York  City, 
Archt.  and  Engr. 

Wis.,  Milwaukee  —  The  City  Sewerage 
Comm.  has  retained  W.  J.  Sands,  Consult. 
Eng.,  1338  Wells  Bldg.,  to  prepare  plans 
for  furnishing  of  power  plant  equipment  for 
the  proposed  power  plant  on  Jones  Island: 
not  decided  whether  coal  burning,  steam 
boilers,  oil  burning  or  internal  combustion 
engine  type.  Total  estimated  cost,  $850,000 
to  $1,700,000. 

Wis.,  Milwaukee— H.  W.  Voelz,  Archt. 
and  Engr.,  86  Michigan  St.,  is  preparing 
plans  for  the  construction  of  a  2  story. 
70  X  115  ft.  dairy.  A  refrigeration  system 
will  be  installed  in  same.  Total  estimated 
cost,    $75,000.     Owner's   name  withheld. 

Wis.,  Racine — Louis  Lehle,  Archt.,  3810 
B'way,  Chicago,  will  soon  award  the  con- 
tract for  the  construction  of  a  4  story, 
100  X  225  ft.  warehouse  for  the  Horlicks 
Malted  Milk  Co.,  Horlicksville  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $300,000. 

Wis.,  Sheboygan — The  Standard  Oil  Co., 
Wells  St.,  Milwaukee,  htis  had  plans  pre- 
pared for  the  construction  of  two  2  story, 
60  X  95  ft.  filling  stations  and  office  build- 
ing on  Calumet  Rd.  and  15th  St.  Electric 
pumps,  etc.,  will  be  installed  in  same. 

Wis.,  Stevens  Point — The  Citizens'  Natl. 
Bank  will  receive  bids  for  the  construction 
of  a  1  story,  25  x  100  ft.  bank.  A  steam 
heating  and  refrigerating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$125,000.  A.  Moorman  &  Co.,  Chamber  of 
Commerce  Building,  Minneapolis,  Minn., 
Archt. 

Wis.,  Tomahawk — The  city  has  had  plans 
prepared  for  the  installation  of  2  centrifu- 
gal pumps,  capacities  of  150  and  500  gal. 
per  min. 

Wis.,  Two  Rivers — The  Bd.  Educ.  is  hav- 
ing preliminary  plans  prepared  for  the 
construction  of  a  high  school.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $200,000.  John  D. 
Chubb,  109  North  Dearborn  St.,  Chicago, 
111.,    Archt. 

la.,  Cherokee — The  State  Bd.  of  Control, 
Des  Moines,  is  having  plans  prepared  for 
th«  construction  of  a  pipe  line,  pumphouse 
and  reservoir,  also  for  furnishing  pumping 
equipment  in  connection  with  the  proposed 
waterworks  improvements  here.  "Total  es- 
timated cost,  $70,000.  W.  E.  Buell,  David- 
son Bldg.,  Sioux  City,  Engr. 

la.,  Washta — The  city  will  receive  bids 
until  Feb.  15  for  the  constructi  n  of  a  well, 
pumphouse,  reservoir  and  distribution  sys- 
tem in  connection  with  the  proposed  wa- 
terworks improvements.  Total  estimated 
cost,  $22,000.  G.  S.  Strivers,  Clk.  W.  E. 
Buell,  Sioux  City,  Engr. 

la.,  Woodbine — The  Bd.  Educ.  will  soon 
award  the  contract  for  the  construction  of 


a  3  story,  59  x  81  ft.  school.  Estimated 
cost,  $100,000.  Steam  heating  contract  will 
bo  sub-let.  E.  E.  Higglns,  Secy.  W.  E. 
Hulse  &  Co.,  210  Masonic  Temple.  Des 
Moines,  Archt. 

Minn.,  Minneapolis — The  Bd.  Educ.  will 
soon  award  the  contract  for  the  construc- 
tion of  a  3  story,  61  x  163  ft.  addition  to 
the  Calhoun  School  on  Girard  Ave.  A 
low  pressure  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,    $200,000. 

Kan.,  Hugoton — The  city  will  receive 
bids  until  Jan.  30  for  the  construction  of  a 
water  system  and  electric  light  plant.  Es- 
timated cost,  $60,000.  R.  L.  Smith,  Chn. 
Ruckel  Eng.  Co.,  Hutchinson,  Engr. 
Noted   Sept.   30. 

Kan.,  Neodesha. — The  Standard  Oil  Co. 
of  Kansas,  5301  East  9th  St.,  Kansas  City, 
plans  to  construct  a  1  story  refinery. 
Project  includes  42  additional  stills,  a 
modem  boilerhouse  that  will  develop  5000 
hp.,  tanks  with  a  capacity  of  300,000  bbls. 
of  oil,  etc.    Total  estimated  cost,  $1,500,000. 

S.  D.,  Ispwich — The  Bd.  Educ.  is  having 
plans  prepared  for  the  construction  of  a  2 
story,  75  x  126  ft.  grade  and  high  school. 
Steam  heating  and  fan  ventilation  systems 
will  be  installed  in  same.  Total  estimated 
cost,  $100,000.  Edwins  &  Edwins,  911 
Northwestern  Bank  Bldg.,  Minneapolis, 
Engi-s. 

Okla.,  Mangum — Hawk  &  Parr,  Archts., 
501  Security  Bldg.,  Oklahoma  City,  are 
preparing  plans  for  the  construction  of  a  3 
stcry,  100  X  175  ft.  high  school  on  Main 
St.,  for  the  city.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,   $130,000. 

Okla.,  Norman — The  city  voted  $125,000 
bonds  to  construct  an  electric  light  and 
power  plant. 

Okla.,  Oilton— The  city  voted  $40,000 
bonds  to  construct  2  wells  and  install  air 
lift  system  in  the  pumping  station. 

Wash.,  Puget  Sound — The  Bureau  of 
Yards  &  Docks,  Navy  Dept.,  Wash.,  D.  C, 
will  receive  bids  until  Feb.  11  for  an  ex- 
tension to  the  central  power  plant  here. 

Cal.,  Pasadena — The  Water  Dept.  will 
soon  lay  main  to  the  Annandale  Dist.,  at  a 
cost  of  about  $125,000,  install  booster  pump, 
about  $10,000,  also  build  concrete  and  earth 
dam  to  cost  $15,000.  Work  will  be  done  by 
day  labor.     S.  B.  Morris,  City  Hall,  Engr. 

Tex.,  Dallas — A.  C.  Bossom,  Archt.  and 
Eng.,  366  5th  Ave...  New  York  City, 
will  soon  award  the  contract  for  the  con- 
struction of  a  10  story  office  building,  for 
the  Magnolia  Petroleum  Co.,  Great  South- 
western Life  Bldg.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated  cost,    $1,000,000. 

Tex.,  Dallas — Lowe's  Enterprises,  1492 
B'way.,  New  York  City,  are  having  plans 
prepared  for  the  construction  of  a  theatre. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost.  $300,000. 
T.  W.  Lamb,  644  8th  Ave.,  New  York  City, 
Archt. 

Okla.,  Pryor  Creek — ^V.  V.  Long  &  Co., 
Consult.  Engr.,  1300  Colcord  Bldg.,  Okla- 
homa City,  is  preparing  preliminary  plans 
for  the  construction  of  a  pumping  station, 
transmisj'on    line,    etc.,    for   the    city. 

Col.,  Yuma — The  Town  Council  will  soon 
award  the  contract  for  the  construction 
of  a  steam  electric  light  power  plant.  Es- 
timated cost  $50,000.  R.  D.  Salisbury,  1415 
East  Colfax  Ave.,   Denver,  Engr. 

Wash.,  Yakima — The  Board  of  Directors 
of  Yakima  Co.  Agricultural  Union  plans  to 
build  a  2  or  3  story  addition  to  the  cold 
storage  plant  on  North  1st  St.  The  Union 
has  authorized  $150,000  bond  issue  to  cover 
the  cost  of  same. 

Cal.,  Newport  Beach  —  The  Newport 
Heights  Irrigation  Dist.  is  preparing  plans 
for  the  construction  of  a  pumping  plant, 
mains,  reservoirs  and  distributing  system. 
Total  estimated  cost.  $160,000.  P.  E. 
Kressly,    Engr. 

Cal.,  San  Jose — The  Bayside  Canning 
Co.,  Alnso  St.,  Is  having  plans  prepared 
for  the  construction  cf  a  1  story  cold 
storage  plant.  Estimated  cost,  $70,000.  C. 
S.  McKenzle,  Bank  of  San  Jose  Bldg.. 
Archt. 

Ont.,  Newmarket — The  city  is  having 
plans     prepared     for    the     construction     of 
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sewers  on  Darcy  and  Yonge  Sts.,  including 
an  outfall  sewer,  disposal  and  an  activated 
sludge  plant,  pumphouse  and  electrically 
driven  compressed  air  pumps.  Total  es- 
timated cost,  $60,000.  E.  A.  James  Co., 
Ltd.,    36    Toronto    St.,    Toronto,    Engr. 

Ont.,  Owen  Sound — The  Bd.  Educ.  plans 
to  build  a  3  story  Collegiate  Institute.  A 
vacuum  steam  heating  system  will  be  in- 
stalled in  same.  Ratepayers  will  vote  on 
$180,000  by-law  in  January  to  raise  money 
to   cover   cost  of  same. 

Ont.,  Toronto — The  Auto  Service  Co.,  139 
Peajs  Ave.,  is  having  plans  prepared  for 
the  construction  of  a  6  story  garage  on 
Richmond  St.  A  vacuum  steam  heating 
system  will  be  installed  in  same.  Total  es- 
timated cost,  $600,000.  Banigan  &  Thomp- 
son,  7   King  St.,   E.,   Engrs. 

Ont.,  Toronto — The  Board  of  Governors 
of  the  University  of  Toronto,  Queens  Park, 
plans  to  build  six  2  and  3  story  buildings, 
including  an  addition  to  the  central  heat- 
ing plant.  Total  estimated  cost,  $2,000,- 
000.  Dailing  &  Pierson,  2  Leader  Lane, 
Archts. 

Ont.,  Toronto — T.  L.  Church,  Chn.  of  Bd. 
of  Control,  City  Hall,  will  receive  bids  un- 
til Feb.  10  for  the  supply  and  installation 
of  one  or  more  16  to  20,000,000  gal.  cen- 
trifugal pumps  at  the  waterworks  mains 
pumping  station.  Estimated  cost,  $75,000. 
R.    C.    Harris,    City   Engr. 

Ont.,  Windsor — The  Borroughs  Adding 
Machine  Co.,  10  Chatham  St.,  E.,  has  en- 
gaged Albert  Kahn,  Archt.,  Marquette 
Bldg,,  Detroit,  Mich.,  to  prepare  plans  for 
the  construction  of  an  adding  machine 
factory.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$250,000. 

Ont.,  Woodstock — The  De  Long  Hook  & 
Eye  Co.,  41  Finkle  St.,  plans  to  alter  an 
existing  3  story  building  and  convert  same 
into  a  factory.  A  steam  heating  system, 
electric  motors  and  generators  for  light 
and  power  will  be  installed  in  same. 

Alta.,  Calgary— The  Dept.  Pub.  Wks., 
Capitol,  Ottawa,  Ont.,  will  receive  bids  un- 
til Feb.  5  for  the  construction  of  an  11 
story,  154  x  160  ft.  public  building  on  1st 
St.,  E.  Three  tubular  boilers  and  auto- 
inatie  stokers,  sprinkler  type,  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$400,009. 

Alta.,  Edmonton — The  Marshall-Wells 
Co.,  Lake  Ave.,  S.,  Duluth,  and  German 
&  Jenssen,  Archts.  and  Engrs.,  Exch. 
Bldg.,  Duluth,  will  receive  bids  until 
March  1  at  the  Lindsay  Bldg.,  Winnipeg, 
Man.,  for  the  construction  of  a  3  story,  100 
X  150  ft.  warehouse  and  office  building  here. 
A  steam  heating  system  will  be  installed  in 
same.     Total   estimated  cost,    $375,000. 

B.  C,  Vancouver — T.  W.  Lamb,  Archt. 
644  8th  Ave.,  New  York  City,  is  preparing 
plans  for  the  construction  of  a  theater. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $300,000. 
Owner's   name   withheld. 

CONTRACTS    AWARDED 

N.  Y.,  Long  Island  City — The  Standard 
Steel  Co.,  1920  Bway.,  New  York  City, 
has  awarded  the  contract  for  the  construc- 
tion  of  a  4  story  service  station  on   South 


James  St.,  from  William  to  Elv  Aves..  to 
L.  Gold,  44  Court  St.,  Brooklyn.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $150,000. 

N.  Y.,  New  York— S.  Weil,  194  Franklin 
St.,  has  awarded  the  contract  for  the  con- 
struction of  a  9  story,  60  x  100  ft.  store 
and  loft  building  at  502-508  Canal  St.,  to 
J.  H.  Taylor  Construction  Co.,  110  West 
40th  St.  A  steam  heating  system  will  be 
installed  in   saine. 

N.  Y.,  Troy — The  state  has  awarded  the 
contract  for  the  construction  of  a  2  story, 
183  X  256  ft.  armory  on  15th  St.,  to  Peter 
Keeler,  425  Orange  St.,  Albany,  at  $379,140. 
Heating  contract  will  be  sub-let. 

N.  J.,  Atlantic  City— The  Atlantic  Na- 
tional Bank,  Atlantic  and  Penn  Aves., 
has  awarded  the  contract  for  alterations 
and  additions  to  the  present  bank  building, 
to  Hoggson  Bros.,  485  5th  Ave.,  New  York 
City.  A  steam  heating  system  will  be  in- 
tailed  in  same.  Total  estimated  cost, 
$200,000. 

N.  J.,  Atlantic  City— The  Holy  Spirit 
Roman  Catholic  Church  has  awprded  the 
contract  for  the  construction  of  a  2  story, 
80  X  138  ft.  school,  to  Michael  Melody  & 
Son,  1645  North  Broad  St.,  Philadelphia. 
A  steam  heating  system  will  be  installed 
in  same.     Total  estimated  cost,   $175,000. 

Penn.,  Philadelphia  —  The  Misericodia 
Hospital,  54th  St.  and  Cedar  Ave.,  will 
build  a  6  story,  44  x  112  ft.  building.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $300,000. 
Work  will   be  done  by  day   labor. 

Penn.,  Philadelphia— The  Neel-Cadillac 
Co.,  c/o  Ballinger  &  Perrot,  Archts.,  17th 
and  Arch  Sts.,  has  awarded  the  contract 
for  the  construction  of  a  7  story,  150  x  330 
ft.  vice  building  at  25th  St.  and  Penn, 
Olive  and  Fairmont  Aves.,  to  Ballinger  & 
Perrot,  17th  and  Arch  Sts.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal   estimated   cost,    $1,000,000. 

Penn.,  Pottstown — The  Hill  School  has 
awarded  the  contract  for  the  construction 
of  a  2  story,  48  x  120  ft.  memorial  hall 
and  library  on  High  and  Madison  Sts.,  to 
W.  E.  Hale,  1636  Ludlow  St.,  Philadelphia. 
A  steam  heating  system  will  be  installed 
in  same.     Total  estimated  cost,  $100,000. 

Penn.,  Steelton — The  Peoples  Bank  will 
build  a  1  story,  36  x  80  ft.  building  on 
Front  and  Locust  Sts.  A  steam  heating 
■=  vstem  will  be  installed  in  same.  Total 
estimated  cost,  $100,000.  Work  will  be 
done    by    day    labor. 

Md.,  Baltimore — The  Fidelity  Storage 
Co.,  812  Equitable  Bldg.,  has  awarded  the 
contract  for  the  construction  of  a  6  story, 
50  x  125  ft.  warehouse  at  2104-08  Maryland 
Ave.,  to  the  West  Construction  Co.,  907 
American  Bldg.  Contract  for  Installing 
heating  system  will  be  sub-let.  Total  es- 
timated cost,  about  $200,000. 

O.,  Canton — The  Pythian  Castle  Building 
Co.,  has  awarded  the  contract  for  the  con- 
struction of  a  7  story,  75  x  115  ft.  hotel 
and  lodge  building,  to  the  Drummond- 
IMiller  Co.,  4500  Euclid  Ave.  A  steam  heat- 
ing system  and  electric  motors  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$350,000. 


O.,  Cleveland — Joseph  &  Feiss  Co.  has 
awarded  the  contract  for  the  construction 
of  a  warehouse,  boiler  room  and  factory 
addition  on  Haight  Ave.,  to  Stone  &  Webs- 
ter Co.,  1516  Stambaugh  Bldg.,  Youngs- 
town.  Two  300  hp.  boilers  with  stokers 
will  be  installed  in  same.  Total  estimated 
cost,    $750,000. 

III.,  Peoria — The  Advance  Rumely  Co., 
Laporte,  Ind.,  has  awarded  the  contract 
for  the  construction  of  a  2  story,  147  x  200 
ft.  warehouse,  to  W.  M.  Allen  Son  &  Co., 
D29-32  Jefferson  Bldg,  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated   cost,    $100,000. 

Minn.,  Austin — The  Bd.  Educ.  has  award- 
ed the  contract  for  installing  heating,  ven- 
tilating and  plumbing  systems  in  the  pro- 
posed high  school,  to  J.  P.  Adamson,  1920 
University  Ave.,  St.  Paul,  $187,900.  Noted 
July   1. 

Kan.,  Ottawa — The  Ottawa  University 
has  awarded  the  contract  for  the  construc- 
tion of  a  2  story,  60  x  80  ft.  central  heat- 
ing building,   to  N.   B.   Beeler,   Ottawa. 

Kan.,  Pittsburg— The  Bd.  Educ.  has 
awarded  the  contract  for  the  installation 
of  steam  heating  and  plumbing  systems 
in  the  proposed  2  story  high  school,  to  the 
Salina  Plumbing  Co.,  Salina,  $37,583. 

Mo.,  Kansas  City— George  W.  Neff,  1505 
Genesee  St.,  has  awarded  the  contract  for 
the  construction  of  a  3  story,  120  x  142  ft 
warehouse  on  5th  St.  and  Grand  Ave.,  to 
the  K.  C.  Construction  Co.,  822  Commerce 
Bldg.  Contract  for  installing  heating  sys- 
tem has  been  sub-let  to  the  U.  S.  Engi- 
neering Co.,  Kansas  City.  Total  estimated 
cost,    $100,000. 

Tex.,  Dallas — The  Advance  Rumely  Co., 
Laporte,  Ind.,  has  awarded  the  contract 
for  the  construction  of  a  2  story,  100  x  200 
ft.  warehouse,  to  the  Hedrick  Construc- 
tion Co.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$125,000. 

Tex.,  Mineral — The  Crazy  Well  Water 
Co.  has  awarded  the  contract  for  the  con- 
struction of  a  1  and  5  story,  130  x  160  ft. 
water  bottling  works,  to  the  Industrial 
Bldg.  Co.,  38  South  Dearborn  St.,  Chicago. 
A  steam  heating,  system  will  be  installed 
in   same.     Total   estimated  cost,   $125,000. 

Cal.,  Richgrove — The  Southern  California 
Edison  Co.,  Edison  Bldg.,  Los  Angeles,  has 
awarded  the  contract  for  the  construction 
of  a  3  story,  67  x  130  ft.  sub-station,  to 
Macdonald  &  Driver,  608  Hibernian  Bldg,, 
Los  Angeles.     Estirna.ted  cost,   $111,000. 

Cal.,  San  Jose — The  Security  Warehouse 
&  Distributing  Co.  has  awarded  the  con- 
tract for  the  construction  of  a  warehouse 
and  cold  storage  buildings  to  F.  L.  Hoyt, 
566  North  16th  St.  Total  estimated  cost, 
$500,000. 

Ont.,  Toronto — The  Willard  Chocolates. 
Ltd.,  443  Wellington  St.,  W.,  has  awarded 
the  contract  for  the  construction  of  a  5 
.story,  80  x  150  ft.  chocolate  factory  on 
Dupont  St.  and  Manning  Ave.,  to  Wells 
&  Gray,  Confederation  Life  Bldg.  A 
vacuum  steam  heating  system  will  be  In- 
.stalled  in  same.  Total  estimated  cost, 
$150,000. 
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By  John  B.  Woods,  BE. 


THE  old-time  sawmill  was  a  simple  mechanical 
contrivance  designed  to  cut  logs  into  boards  by 
the  process  of  placing  the  log  upon  a  movable 
carriage  and  shoving  it  past  a  rotating  circular  saw. 
Logs  were  large  and  cheap,  so  slabs  were  taken  off  with- 
out much  regard  to  the  quantity  of  good  wood  that  came 
away  with  them,  and  saws  were  thick,  resulting  in  great 
production  of  sawdust  along  with  the  boards.  And  be- 
cause he  wasted  so  much  wood  in  slabs  and  dust,  the 
old-time  operator  was  possessed  of  unlimited  fuel  for 
his  boilers.  His  greatest  problem  when  installing  his 
mill  was  to  anticipate  his  power  need  by  buying  boilers 
and  engines  of  sufficient  capacity.  Steam  was  the  uni- 
versal power,  supplanting  water  almost  altogether  be- 
cause the  demands  were  very  heavy  and  the  load  was 
extremely  irregular.  The  old-time  sawmill  man  claimed 
that  the  most  important  single  item  in  his  equipment 
was  a  quick-acting  governor  on  his  steam  engine.  In 
fact,  when  our  troops  were  cutting  lumber  in  France 
we  found  that  the  mill  with  a  powerful  engine  whose 
governor  was  designed  by  American  builders  could  and 
did  produce  lumber  much  faster  than  those  plants  that 
we  were  compelled  to  equip  with  less  flexible  European 
engines. 

Today,  however,  the  lumber  industry  has  developed 
in  so  many  different  directions  that  the  needs  of  a  sin- 
gle plant  may  call  for  the  transmission  of  energy  over 
an  area  of  many  acres,  while  several  miles  away,  in  the 
woods,  there  may  be  half  a  dozen  active  power  plants 
working  on  railroad  and  skidding  ground.  I  have  in 
mind  a  modern  sawmill,  built  five  years  ago,  and  capa- 
ble of  producing  rive  carloads  of  lumber  each  working 
day. 

There  is  a  central  boiler  house,  containing  eight 
boilers  with  a  combined  capacity  of  1600  hp.  There 
are  four  principal  demands  upon  this  installation :  A 
300-hp.  twin  cylinder  engine,  which  runs  the  log  mill; 
a  ten-chamber,  steam  drying  kiln  for  curing  the  total 
product ;  a  smaller  steam  engine  of  100  hp.,  which  turns 
the  half-dozen  planing  machines  in  the  finishing  mill, 
and  a  500-kw.  horizontal  turbo-generator.  The  finish- 
ing-mill engine  is  fed  by  a  steam  line  two  hundred  feet 
long,  so  the  steam  demand  is  greater  than  the  engine's 
capacity  because  of  the  condensation  and  loss.  At  an- 
other point  within  the  boundaries  of  this  manufacturing 


group  there  is  a  stave  mill,  where  oak  billets  are  fash- 
ioned into  barrel  staves.  Here  is  another  boiler  and 
engine,  fed  with  offal  from  the  oak  billets. 

Scattered  about  the  various  sheds  and  tramways  are 
conveyors,  lifting  devices,  small  saws  and  planers 
for  reclaiming  defective  boards,  a  machine  shop  for 
general  mechanical  repairs,  a  car  shop  for  railroad 
rolling  stock,  and  sundry  pumps,  not  to  mention  the 
hundreds  of  lamps  required  for  night  work  and 
the  winter  afternoons.  To  visit  each  of  the  afore- 
mentioned machines  a  man  would  walk  not  less  than  a 
mile,  and  yet  the  motive  power  must  be  furnished  from 
some  central  source,  else  the  cost  would  be  prohibitive. 
These  are  all  supplied  from  the  turbo-generator.  And 
not  only  does  this  electric  plant  supply  the  sawmill  and 
its  dependent  mill  town  with  current  for  small  machines, 
lights  and  the  household  conveniences  of  an  enlightened 
community,  but  also  it  serves  a  thriving  small  city  a 
mile  away. 

Of  course  there  are  plants,  even  in  this  modern  time, 
where  electricity  is  used  only  for  lighting,  and  small 
mills  where  it  is  used  not  at  all.  On  the  other  hand, 
the  most  modern  mills  are  tending  more  and  more  to- 
ward all-electric  machinery,  with  a  generating  plant, 
steam  fed  from  waste  that  comes  from  the  saws.  The 
main  reasons  why  current  is  supplanting  the  steam  en- 
gine are  three:  Flexibility  and  ease  of  transmission, 
efficiency  of  operation,  and  economy  of  power.  If  a 
special  need  arises,  it  is  but  a  short  task  to  string  a  feed 
line,  install  a  motor  and  deliver  the  power  to  a  pump 
or  small  engine,  and  it  does  not  matter  much  whether 
the  distance  is  ten  feet  or  a  thousand  feet  from  the 
power  house.  When  a  machine  is  needed,  the  operator 
has  but  to  throw  a  switch  and  he  can  perform  his  work ; 
the  power  is  neither  too  small  nor  too  great  if  machine 
and  motor  have  been  installed  by  a  man  who  understood 
what  was  required.  And  it  is  available  as  long  as 
needed.  Where  individual  machines  are  turned  by  sep- 
arate motors,  there  is  no  waste  of  power  resulting  from 
idling  pulleys  and  transmission  shafts.  One  of  the  effi- 
ciency side  issues  of  this  type  of  power  is  the  fact  that 
when  each  machine  has  its  motor  the  operator  can  keep 
individual  performance  records  of  his  machines  and 
thereby  get  a  much  more  valuable  insight  into  his  costs. 
There  are  other  considerations,  important  to  the  mill 
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man.  Fire  is  a  great  hazard,  especially  when  two  or 
three  wood-burning  boilers  are  scattered  about  midst 
shavings  and  sawdust.  Cleanliness  is  related  to  the  fire 
question  and  has  numerous  good  points  of  its  own,  such 
<is  raised  morale  and  pride  among  the  workmen. 

The  field  for  electrical  energy  is  wonderfully  broad, 
and  at  the  present  time  it  consists  of  two  general  divi- 
sions. First  there  is  the  field  of  the  giant  mill,  with 
its  acres  of  buildings,  its  communities,  and  its  far-flung 
woods  department  where  men  work  to  get  the  logs  into 
the  mill  to  be  manufactured.  Even  in  this  last-men- 
tioned work  there  is  a  place  for  electricity,  as  has  been 
proved  by  the  powerful  skidding  motors  of  the  Western 
coast  country.  The  general  characteristics  of  this  big 
mill  field  are  such  that  the  greatest  opportunities  for  the 
designer  of  lumber-manufacturing  power  plants  appear 
to  be  here. 

On  the  western  coast,  where  the  timber  is  gigan- 
tic and  the  machinery  in  proportion,  electric  power 
has  made  its  greatest  strides.  In  the  states  of  the  South- 
ern producing  area  electricity  plays  its  part  in  nearly 
every  mill  for  isolated  machines  and  lighting,  and  in  the 
case  of  two  or  three  new  operations  is  employed  as  the 
.^ole  power.  With  the  advent  of  wide-awake  salesmen  m 
this  latter  region  interest  has  been  awakened.  The 
lumberman  is  not  afraid  to  spend  money  for  something 
new,  if  he  can  see  a  chance  to  profit  thereby.  His  plant 
is  expensive,  anyway,  and  he  is  after  the  best  equipment 
he  can  get. 

However,  if  one  looks  ahead  twenty  years  or  more,  he 
will  be  likely  to  w'Onder  what  is  to  become  of  these  great 
plants  now  operating.  When  they  exhaust  their  pres- 
ent supplies  of  standing  timber,  how  will  the  lumber 
industry  be  conducted?  And  the  obvious  answer  is  that 
in  the  far  future  it  is  quite  possible  that  the  big  mill 
will  be  replaced  by  small  plants,  just  as  is  the  case  in 
Europe  today.  Of  course,  twenty  years  is  not  a  long 
enough  period  to  bring  about  the  change  entirely,  for 
there  still  will  be  many  big  mills  running  then.  But  two 
decades  will  show  the  trend,  as  many  mills  now  running 
will  have  produced  their  last  carloads  of  lumber.  Such 
big  plants  as  are  producing  twenty  years  from  this  date 


undoubtedly  will  be  equipped  with  the  most  economical 
machinery  obtainable,  for  their  raw  material  will  cost 
more  than  it  does  now  and  will  be  subjected  to  a  more 
thorough  utilization. 

In  the  second  general  division  are  the  small  mills,  and 
they  will  offer  the  electrical  engineer  opportunity  to 
work  along  various  lines.  The  city  plant  taking  power 
from  an  outside  generating  station  has  its  own  problems 
of  economical  production,  but  they  are  not  power-plant 
problems.  The  portable  mills,  moved  about  from  small 
timber  tract  to  small  timber  tract,  have  their  own  power 
plants.  In  the  past  they  have  depended  upon  steam  en- 
gines, with  occasional  attempts  to  install  electric  gener- 
ating plants.  In  general  these  efforts  have  met  with 
only  partial  success,  chiefly  because  the  mill  man  has  noi 
been  sufficiently  educated  in  the  application  of  electricity 
to  know  what  he  needed,  and  as  a  result  he  has  spent 
more  money  for  his  power  plant  than  his  business  war- 
ranted. By  attempting  to  keep  down  the  initial  cost, 
he  has  bought  generators  and  motors  too  small  for  his 
needs  and  later  added  to  his  troubles  and  expense  by 
going  to  the  other  extreme. 

There  are  regions  in  this  country  where  steam  power 
is  more  expensive  than  kerosene,  notably  in  the  East, 
where  population  is  great  enough  to  create  a  demand  for 
mill  refuse,  so  there  the  portable  mill  man  sells  his 
slabs  and  sawdust  at  a  good  price  and  buys  oil  delivered 
in  barrels  at  the  nearest  crossroads.  In  the  hills  of 
western  Massachusetts  farmers  drive  several  miles  into 
the  back  valley  where  the  small  mills  whine,  to  get  the 
refuse,  and  the  oil  truck  brings  liquid  fuel  from  the 
nearest  distributing  station.  The  fuel  cost  is  practically 
the  same  to  the  mill  operator,  but  by  using  a  gas  or  oil 
engine  he  removes  the  necessity  of  hiring  a  licensed 
steam  engineer  and  thereby  cuts  his  labor  cost  at  least 
20  per  cent.  Probably  the  owner  is  sawyer,  so  if  there 
is  engine  trouble  he  attends  to  its  personally,  and  he 
could  do  the  same  if  he  employed  an  electric  generating 
plant  turned  by  an  oil  engine.  Portable-mill  operators 
are  waiting  for  the  engineer  who  can  design  a  portable 
power  plant  suitable  for  their  needs,  and  there  are 
enough  of  them,  working  under  diflferent  fuel  conditions 
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so  that  both  steam  and  oil  outfits  will  be  welcomed. 
As  the  writer  has  stated  earlier,  the  makers  of  electric 
equipment  have  invaded  the  lumber  field  and  have  sold 
numerous  sets  of  great  power  and  value.  The  thing 
they  have  not  done  to  a  broad  enough  extent  is  to  em- 
ploy engineers  who  are  really  acquainted  with  the  man- 
ufacture of  lumber.  And  because  of  this  condition  of 
affairs  certain  lumbermen  who  have  bought  svich  equip- 
ment have  failed  to  realize  the  full  value  from  their  in- 
vestments. In  illustration  of  this  a  specific  case  might 
be  cited.  A  Southern  mill  began  operations  with  steam 
drive  for  the  mill  proper,  but  with  a  generator  of  con- 
siderable power  to  furnish,  current  for  numerous  small 
machines  and  for  lights.  Along  came  an  electrical  engi- 
neer and  convinced  the  lumberman  that  he  could  get 
better  results  from  an  all-electrical  power  plant,  which 
was  fair  enough  and  which  would  have  worked  out  hap- 
pily but  for  one  thing.  The  engineer  told  the  mill  man 
that  he  only  need  buy  another  generator  about  twice  as 
large  as  the  first  one  and  hook  it  up  alongside  the  first 
one,  driving  it  from  the  main  sawmill  engine.  The  prop- 
osition appeared  reasonable  enough  to  the  buyer,  so  they 
went  ahead.  Finally,  however,  it  became  evident  that 
the  combination  would  not  work,  notwithstanding  the 
engineer's  assurances.  So  they  were  obliged  to  run 
two  separate  circuits,  with  the  resulting  multiplicity  of 
wiring  and  switchboard  equipment. 

In  another  instance  a  salesman  designed  a  power 
plant  for  lumber  operations,  and  because  he  did  act 
know  the  manufacturing  process  well  enough,  he  failed 
to  provide  enough  power  for  the  main  saws  and  lumber- 
handling  machinery  to  take  care  of  the  enormous  over- 
load. Consequently,  when  the  big  saw  hit  a  particularly 
knotty  log  at  the  same  moment  that  a  few  teeth  lost 


1 

their  cutting  points,  there  was  a  ruined  fuse,  and  a  few 
lost  minutes  resulted.  The  same  thing  occurred  when 
heavy  loads  were  thrown  upon  several  conveyors  driven 
from  the  same  motor. 

Then  there  is  the  question  of  operating  electrical 
equipment  after  it  has  been  installed  and  tested  and  the 
engineer  has  gone  on  about  his  other  affairs.  While  a 
great  many  young  men  are  skilled  in  electrical  work  of 
routine  nature,  they  are  not  always  capable  of  keepmg 
up  a  big  plant.  And  most  of  the  old-time  steam  engi- 
neers are  men  of  a  single  faith ;  namely,  steam.  One  of 
the  most  successful  sawmill  experts  was  called  to  a 
Southern  plant  to  help  locate  the  trouble  with  their 
power.  He  found  a  splendidly  designed  and  installed 
set  of  equipment.  There  had  been  twice  as  much  power 
available  as  was  needed  at  first.  Two  generators  of 
equal  size  had  been  installed  so  that  the  mill  would  not 
lack  power  in  case  of  shutting  one  down.  The  elec- 
trician in  charge  stated  that  for  several  months  the  gen- 


erator drove  the  entire  sawmill  plant.  Then  he  went 
over  to  the  other  one  and  used  it  alone  while  working 
upon  the  first.  Finally,  he  was  obliged  to  run  both  to- 
gether, and  even  then  there  was  a  lack  of  power.  The 
expert  overhauled  both  generators  and  then  remained 
at  the  plant  long  enough  to  give  the  electrician  a  prac- 
tical course  of  instruction  in  the  handling  of  that  par- 
ticular type  of  equipment.  This  indicates  that  often  it 
would  be  well  for  the  builders  to  sell  education  along 
with  their  machinery. 

Certainly,  with  the  field  so  large  and  promising  there 
is  work  for  engineers  who  will  study  the  manufacture 
of  lumber  and  byproducts.     The  man  with  the  type  of 


mind  for  success  in  electrical  engineering  can  learn  the 
best  methods  of  making  lumber  in  a  year,  and  in  fact 
can  get  the  fundamentals  in  sixty  days,  and  he  can  earn 
good  wages  while  he  acquires  this  knowledge.  Practi- 
cally every  big  plant  carries  an  electrician  on  the  pay- 
roll, and  many  of  them  carry  two  or  more.  And  the 
knowledge  thus  gained  would  be  of  value  to  a  man 
whether  he  became  a  salesman,  a  designer  or  an  in- 
ventor. 

Riveting  Patches  on  Cylindrical 
Pressure  Shells 

By  R.  L.  Hemingway*  and  F.  A.  Page 

From  time  to  time,  in  the  different  technical  maga- 
zines, articles  have  appeared,  with  illustrations  and 
tables,  describing  the  method  of  patching  cylindrical 
shells  without  decreasing  their  strength,  by  means  of 
diagonal  seams.  The  accompanying  diagram,  together 
with  its  explanation,  appears  to  offer  a  more  practical 
description  of  this  method  of  patching  than  has  hitherto 
been  employed.  Any  practical  boilermaker,  with  the 
aid  of  this  diagram,  should  be  able  to  patch  almost  any 
boiler  and  maintain  the  strength  of  the  original  con- 
struction, as  a  full  description  is  included  and  the 
method  of  its  appHcation. 

To  Determine  Roundabout  Length  of  Patch 

To  find  how  far  the  patch  must  extend  up  the  side 
of  the  boiler:  First,  determine  length  A.  Then,  mul- 
tiply A  by  the  constant  in  Table  3  corresponding  to  the 
angle  obtained  from  Table  2.  This  gives  the  vertical 
height  of  the  patch,  as  shown  at  V,  V^,  Fj,  etc.  Mark 
this  vertical  on  the  boiler  shell.  It  must  be  noted  that 
this  height  is  measured  from  a  point  level  with  the 
center  line  of  the  highest  rivet  in  the  short  roundabout 
seam. 

Example:  Patch  of  the  first  seam  on  54-in.  boiler. 
A  =  24  in. ;  shell,  -f"^  in. ;  patch,  ^^  '"••  55,000  lb.  tensile 
strength.  Longitudinal  seam  in  boiler,  double-riveted  lap, 
^-•in.  rivet  hole,  2^-in.  pitch,  73.9  per  cent,  efficiency. 

"Chief  Boiler  Inspector,  Industrial  Accident  Commission  of  California., 
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Select  pitch  of  rivets  to  be  used  in  patch  from  Table  1 . 
Say  1%-in.  and  li^-'m.  hole  =  56  per  cent.  Then  73.9  ~ 
56=  1.32  nearly.     The  next  higher  factor  in  Table  2 


Divide  the  efficiency  of  the  longitudinal  seam  found 
on  the  certificate  of  inspection  by  the  efficiency  of  the 
patch  seam  selected  from  Table  1.    This  gives  the  mini- 


Table  2 


Plan  Views  of  Patches  before  Rolling  1o  the  Shell  Curvature 


is  1.34,  which  corresponds  to  40  deg.     From  Table  3 
an  angle  of  40  deg.  gives  a  constant,  1.192. 

^X  1.192  =  24X1.192  =  28^  in. 
Therefore  28^   in.  =  height    V  and  the  per  cent,   of 
patch  seam  is  56  X  1.34  =  75.24,  which  is  stronger  than 


TABLE  I.    EFFICIENCIES  OF  SINGLE  LAP  JOINTS 

If-In.  PITCH 

Net 

Thickness  of  Plate,  Inch . 

i 

A             f 

ft 

1 

Section 
Efficiency 

Rivet          Hole 

Dia.In.      Dia.,In. 

i                     if 

46 

f                     ft 

53 

f                 H 

45 
l{J-In.  PITCH 

54 

60 

Thickness  of  Plate,  Inch. 

i 

A                1 

A 

i                   it 

48 

i                   ft 

55 

f           a 

43 
IJ-In.  PITCH 

62 

Thickness  of  Plate,  Inch. 

4 

A             f 

A 

i 

\                    "i 

50 

i                 H 

44 

50 

56 

1                    H 

42 
2-In.  PITCH 

50 

63 

Thickness  of  Plate,  Inch. 

i 

A               1 

ft 

1 

i                H 

53 

i               H 

41 

47              55 

59 

i           a 

39 
2J-In.  PITCH 

47 

59 

65 

Thickness  of  Plate,  Inch. 

* 

A               1 

ft 

i 

f                   ^ 

52 

55 

i                H 

39 

44               52 

61 

i                ^ 

37 
2Hn.  PITCH 

44 

55 

67 

Thickness  of  Plate,  Inch. 

^ 

A             i 

T6 

i 

i           a 

49 

56 

58 

a 

42               49 

59 

63 

a 

35 

42 

52 

69 

Tensile  strength,  55,000  lb. 
Shearing  strength,  44,000  lb 


mum  factor  required  to  maintain  the  original  strength 
of  the  shell.  Take  from  Table  2  the  angle  correspond- 
ing to  this  factor  or  next  higher  factor,  which  gives  the 
required  angle  of  the  patch. 

Note.  Firebox  steel,  55,000  T.  S.,  must  be  used  in 
repairing  all  Cal.  Std.  Boilers.  Firebox  or  flange  steel, 
55,000  T.  S.  may  be  used  in  repairing  noncode  boilers. 
The  use  of  tank  steel  in  repairing  boilers  is  strictly  pro- 
hibited. 

Rivet  holes  for  patching  shall  be  drilled  full  size  from 
solid  with  patch  in  position,  or  they  may  be  punched  not 
to  exceed  %.  less  than  full  size  for  plates  over  -^^  in. 
thick  and  }i  less  than  full-size  for  plates  -^  or  less  in 
thickness  and  then  drilled  or  reamed  to  full  size  with 
patch  in  place. 

Properties  and  Products  of  the 
Combustion  of  Gasoline 

Gasoline  is  a  mixture  of  light  hydrocarbons  of  the 
paraffin  series.  For  it  to  ignite  and  explode  in  an  engine 
cylinder,  it  must  first  be  vaporized  and  mixed  with  a 
certain  volume  of  air.  At  ordinary  temperatures  the 
mixture  must  contain  not  less  than  1.5  per  cent  noi  more 
than  5.2  per  cent  by  volume  of  gasoline  vapor  in  order 
to  be  explosive. 

When  the  initial  temperature  is  increased,  the  low 
limit  is  lowered  somewhat  until  at  400  deg.  C.  it  is  1.1 
per  cent.  Hence  a  mixture  containing  less  than  1.5  per 
cent  is  explosive  in  a  gas-engine  cylinder  because  of  the 
high  temperature  therein  caused  by  the  initial  compres- 
sion and  the  incomplete  cooling. 


I  the  original  longitudinal  seam.     Now  draw  the  diagonal 

j  line  which  gives  the  center  line  of  rivets  in  the  patch. 

I  Lay  out  all  laps  at  ly^  times  the  diameter  of  the  rivet 

'  hole  used. 


More  than  174,000,000  tons  of  coal  are  available  in 
the  proved  coal  areas  of  Ireland,  according  to  consular 
reports.     Most  of  this  coal  is  anthracite. 
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Applications 
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The  characteristics  of  the  synchronous  motor 
are  compared  with  those  of  the  induction  mo- 
tor. Applications  for  which  the  synchronous 
motor  may  be  used  are  given  and  then  the 
methods  of  starting  are  discussed. 


FOR  various  classes  of  service  the  synchronous 
motor  has  several  advantages  over  t 
tion  motor,  the  recognition  of  which 
suited  in  an  ever-increasing  demand  for  its  application 
These  advantages  include  better  efficiency  and  power 
factor  and,  particularly  for  slow-speed  machines,  less 
cost. 

The  efficiency  of  the  synchronous  motor  is  generally 
higher  than  that  of  the  induction  motor  even  when 
operating  at  leading  power  factors  as  low  as  0.8.  This 
is  especially  true  of  the  more  modern  synchronous  mo- 
tors designed  for  unity  power-factor  operation,  whose 
efficiency  is  practically  the  same  from  full  load  to  half 
load,  and  is  only  slightly  lower  even  at  one-quarter  load. 

The  synchronous  motor  can  be  designed  to  opera^-e 
at  either  unity  or  any 
leading  power  factor, 
thus  improving  the  pow- 
er factor  of  the  system. 
With  normal  field  ex- 
citation, these  machines 
will  continue  to  improve 
the  power  factor  when 
underloaded.  In  this  re- 
spect the  induction 
motor  is  always  at  a  dis- 
advantage ;  its  power 
factor  is  always  lagging, 
and  although  this  power 
factor  may  be  high  at 
full  load,  it  becomes  rap- 
idly lower  at  partial 
loads,  consequently  an 
underloaded  induction 
motor  further  impairs 
the  power  factor  of  a 
system. 

From  the  standpoint 
of  dependability  of  oper- 
ation the  synchronous 
motor  has  a  mechanical 
advantage  over  the  in- 
duction motor  by  reason 
of  the  larger  air  gap  of 

•Alternating-current  Engineer- 
ing Department,  General  Elec- 
tric   Co. 


FIG.    1. 


the  former,  which  varies  from  five  to  eight  times 
the  length  of  the  latter.  The  operating  characteristics 
of  an  induction  motor  may  be  seriously  impaired  by  a 
slight  change  in  air  gap  due  to  a  little  wear  in  the  bear- 
ings. Owing  to  the  larger  air  gap  of  the  synchronous 
motor  the  same  change,  on  account  of  bearing  wear, 
does  not  materially  affect  its  operating  characteristics, 
la  making  a  comparison  of  the  relative  starting  ability 
of  normally  designed  squirrel-cage  synchronous  and  in- 
duction motors,  the  following  points  must  be  under- 
stood : 

First:  If  a  motor  has  a  high  initial  starting  torque, 
it  must  also  have  a  low  pull-in  torque,  and  vice  versa. 
This  is  true  because  the  high-resistance  squirrel-cage 
winding  which  is  required  for  high  initial  starting 
torque,  produces  low  pull-in  torque;  whereas,  the  low- 
resistance  squirrel-cage  winding  which  is  required  for 
high  pull-in  torque,  produces  low  initial  starting  torque. 
Second :  The  induction  motor  cannot  efficiently 
operate  with  a  high-resistance  squirrel-cage  winding  on 
account  of  high  rotor  losses  under  normal  operation. 
Third :  The  synchronous  motor  can  use  a  high-re- 
sistance squirrel-cage  winding  because,  when  operating 

in  synchronism,  there  is 
practically  no  loss  in  this 
winding.  Therefore  in 
cases  where  high  initial 
starting  with  reasonably 
low  pull-in  torque  is  re- 
quired, the  synchronous 
motor  has  the  distinct 
advantage  that  the  higli- 
resistance  squirrel-cage 
winding,  with  its  accom- 
panying high  starting 
torque  and  low  kilovolt- 
ampere  input,  can  be 
utilized 

In  cases  where  the  re- 
quired starting  and  pull- 
in  torques  are  about 
equal,  but  of  a  compara- 
tively low  value,  the  syn- 
chronous motor  still  has 
the  advantage.  If,  how- 
ever, a  high  pull-in 
torque,  with  a  corre- 
spondingly low  starting 
torque,  is  required,  then 
the  induction  motor  has 
a  slight  advantage. 

There  are  a  few  cases 
of  service  requiring  both 
high  initial  starting  and 
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high  pull-in  torque.  In  such  cases  double-squirrel-cage 
windings  or  other  means  are  used  in  synchronous  motors 
lo  obtain  the  required  torque.  Double  squirrel-cage 
windings  are  also  used  on  some  of  the  larger  induction 
motors.  The  starting  of  such  loads  by  the  synchronous 
motor,  however,  is  usually  attended  by  high  current 
being  drawn  from  the  line.  This  is  often  objectionable 
both  from  the  standpoint  of  the  power  company  and  that 
of  the  power  consumer.  This  starting  current  can  be 
more  readily  controlled  by  the  use  of  the  slip-ring  induc- 
tion motor,  consequently  this  type  is  recommended  for 
driving  loads  requiring  both  high  starting  and  high  pull- 
m  torque. 

Owing  to  certain  starting-torque  or  speed  require- 
ments, there  are  four  classes  of  service  for  which  the 
normally  designed 
synchronous  motor 
is  not  recommended 
for  direct  drive. 
These  are :  Loads 
requiring  the  motor 
to  start  under  full 
load,  loads  requiring 
variable  speeds  and 
loads  requiring  fre- 
quent reversal  of  the 
direction  of  rotation 
or  requiring  f  r  e- 
quent  starting  and 
stopping. 

This  first  class  in- 
cludes flour  ^lills, 
grain  elevators  or 
heavy  line  shafting 
where  the  torque  re- 
quired to  overcome  fig.  2. 
the  static  friction 
equals  and  often  ex- 
ceeds the  full-load  torque.  In  such  cases  the  synchron- 
ous motor  should  be  connected  to  the  shsL^t  through  a 
clutch,  thus  permitting  the  starting  and  synchronizing 
of  the  moto»before  the  load  is  applied.  Where  the 
service  requires  a  variable  speed,  some  mechanical  means 
must  be  provided  to  obtain  such  speed  variation. 

Synchronous  motors  have  been  successfully  applied 
for  driving  motor-generator  sets,  frequency  converters, 
blowers,  fans,  air  compressors,  ammonia  compressors, 
conveyors,  tube  mills,  flour  mills,  pulp  grinders,  Jordans. 
lubber  mills,  stone  crushers,  cement  mills, •entrifugal 
pumps,  plunger  pumps,  screw  pumps,  line  shafting,  steel 
and  copper  rolls  and  as  synchronous  condensers. 


On  account  of  the  large  current  which  would  be 
drawn  from  the  line  at  the  moment  of  starting  if  full- 
line  voltage  were  applied  directly  on  the  motor,  a  lower 
voltage  is  first  applied  and  then  after  the  motor  has 
reached  full  speed,  full-line  potential  is  applied.  Thi.s 
is  accomplished  by  the  use  of  a  compensator,  which  is 
essentially  an  auto-transformer.  The  best  method  of 
starting  synchronous  motors  is  explained  in  the  follow- 
ing paragraphs : 

(a)  Open  the  field  switch  completely  if  the  excita- 
tion voltage  is  125  volts.  If  the  excitation  voltage  of  the 
motor  is  higher  than  125  volts,  the  field  switch  should 
not  be  opened  completely,  but  left  in  the  clips  connected 
to  the  discharge  resistance.  This  prevents  any  high  in- 
duced voltage  across  the  collector  rings.     However,  if 

the  motor  is  part  of 
a  motor-generator 
set,  other  than  a  f  re- 
q  u  e  n  c  y  converter 
set,  the  field  switch 
should  be  left  in  the 
clips  connected  to 
the  discharge  resist- 
ance irrespective  of 
what  the  field  ex- 
citation is. 

(b)  Throw  the 
compensator  lever  to 
"start"  position.  If 
oil  switches  are  used, 
close  the  s  w  it  c  h 
marked  "start." 

(c)  After  the 
motor  has  reached 
constant  speed,  close 
the  field  switch,  the 
field  rheostat  hav- 
ing been   previously 

adjusted  to  give  a  field  current  corresponding  approx- 
imately to  no  load,  normal  voltage,  with  the  machine 
running  as  a  generator. 

(,d)  Throw  compensator  lever  quickly  to  the  "run" 
position.  If  oil  switches  are  used,  open  the  switcn 
marked  "start,"  and  after  this,  as  quickly  as  possible, 
close  the  switch  marked  "run." 

The  attendant  should  be  careful  not  to  touch  the  col- 
lector rings  or  brushes  when  the  motor  is  being  started. 
An  induced  potential  of  about  2000  volts  exists  across 
the  rings  at  the  moment  of  starting.  This  voltage  de- 
creases as  the  motor  speeds  up,  reaching  zero  at  full 
speed.    The  motor  should  be  started  on  the  lowest  tap 


750-KV.-A.    SYNCHRONOUS    MOTOR    DRIVING    RUBBER 
MILL  THROUGH  ROPE  DRIVE 


FIG.    3.      SYNCHRONOUS    MOTOR,    350-HP.,    DIRECT-CONNECTED 
TO   TWO -STAGE  AIR   COMPRESSOR 


FIG.   4. 


A  1200-HP.  SYNCHRONOUS  MOTOR  DRIVING 
TWO    FOUR-POCKET    GRINDERS 
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of  the  compensator  that  will  start  it  promptly  and  bring 
it  to  full  speed  in  about  one  minute.  If  two  or  three 
minutes  are  required  in  coming  to  full  speed,  there  is 
danger  of  burning  the  squirrel-cage  winding. 

It  has  been  pointed  out  that  the  field  switch  should  be 
left  completely  opened  at  starting,  as  this  insures  the 
maximum  initial  starting  torque  with  the  minimum  kilo- 
volt-ampere    input.     There 
are,  however,  two  occasions 
for  closing  the  field  circuit 
through  a  resistance  as  part 
of   the   starting  procedure. 
In  one  case  the  object  is  to 
increase    the    torque    near 
full  speed ;  in  the  other,  to 
prevent    high    induced    po- 
tential across  the  collector 
rings  at  starting.    With  the 
proper  value   of  resistance 
across    collector   rings,   the 
torque   near    full    speed    is 
increased.     A  change  from 
this  resistance  in  either  di- 
rection   will    decrease    the 
torque.     At  starting,  how- 
ever,  any  value  of   resist- 
ance    will     decrease      the 
torque     which    T:he    motor 
would    develop    with    col- 
lector rings  open.     Hence,  when  a  motor  at  the  time  it 
is  purchased  is  required  to  pull  into  synchronism  a  large 
percentage  of  normal  load,  or  when  conditions  arise  in 
service  where  the  "pull-in"  torque  requirements  prove 
to  be  greater  than  were  anticipated,  the  foregoing  scheme 
is  sometimes  resorted  to. 

An  accurate  and  convenient  way  of  determining  the 
proper  resistance  is  to  bring  the  motor  to  constant  speed 
at  full-line  voltage  with  the  load  it  has  to  pull  into 
synchronism;  then  by  means  of  a  water-box  connected 
across  the  collector  rings,  determine  the  resistance  that 
will  increase  the  speed  to  the  highest  value.  This  will 
be  the  proper  resistance. 

The  field-discharge  resistance  in  such  case  is  increased 
10  the  proper  value  and  capacity  for  this  added  service. 
Here,  the  switching  procedure  is  only  slightly  modified. 
When  the  motor  is  running  on  the  last  compensator  tap. 


FIG.     5.      STARTING 
COMPENSATOR 


or  on  the  line,  as  the  case  may  be,  the  next  operation 
would  be  to  close  the  field  switch  on  the  first  point, 
thereby  throwing  the  resistance  across  the  field.  A 
moment  later,  say  5  or  10  sec,  close  the  field  switch 
entirely. 

On  a  given  machine  the  higher  the  excitation  voltage 
for  which  the  field  winding  is  designed  the  higher  the 
induced  voltage  across  the  collector  rings  at  starting. 
Motors  that  are  designed  for  normal  excitation  voltages 
higher  than  125  volts,  or  those  which  form  part  of 
motor-generator  sets  other  than  frequency  converter 
sets  should  have  the  field  winding  short-circuited 
through  the  discharge  resistance  at  starting.  This  will 
prevent  the  high  induced  voltage  across  the  collector 
rings.  It  is  standard  practice  to  make  all  discharge  re- 
sistances for  synchronous  motors  of  ample  capacity 
for     this     service. 

For  a  given  im- 
pressed voltage  the 
torque  of  the  syn- 
chronous motor  has 
a  definite  value  at 
the  moment  of 
starting,  increases 
slightly  as  the 
speed  increases,  up 
to  a  certain  point, 
and  then  decreases 
as  synch  r  o  n  o  u  s 
speed  is  ap- 
proached,  reaching 
an  extremely  lov/ 
value  at  synchron- 
ism. A  higher  im- 
pressed  voltage 
would  give  a  high- 
er torque  at  all 
speeds,  the  torque 
increasing  approx- 
i  m  a  t  e  1  y  as  the 
square  of  the  volt- 
age. But  since  the 
kilovolts  -  amperes 
taken  by  the  motor 
at  starting  also  in- 
crease  as  the 
square  of  the  im- 
pressed  voltage, 
practical  ^imits  of 
kilovolts  -  amperes 
and  therefore  of 
torque,  are  soon 
reached. 

Different  kinds   of 
torque  requirements. 


FIG. 


7.  SYNCHRONOUS-MOTOR 
STARTING  PANEL- 


FIG.  6.   VERTICAL  SYNCHRONOUS  MOTOR,  400-KV-A. 
CAPACITY,  DRIVING  DEEP- WELL  PUMP 


service  present  different  speed- 
Those  requirements  that  conform 
approximately  to  the  speed-torque  characteristic  of  a 
synchronous  motor,  as  outlined  in  the  foregoing,  can 
be  met  satisfactorily  with  standard  compensators  and 
standard  starting  operations.  Motors  of  motor-gen- 
erator sets  may  be  mentioned  as  representative  of  this 
class.  However,  when  the  speed-torque  requirements 
are  different  from  what  it  is  natural  for  the  motor  tc 
develop — v/hen,  for  instance,  the  torque  required  at  the 
moment  of  starting  is  comparatively  low,  but  high  near 
synchronous  speed  (which  is  the  requirement  of  a 
centrifugal  pump)  the  condition  is  a  much  more  dif- 
ficult one.  And  it  is  made  still  more  difficult  by  the 
additional  requirement  in  some  cases  that  the  current 
drawn  from  the  line  during  the  starting  operations  be 
kept  within  low  limits.  These  are  therefore  often 
treated  as  special  cases. 

Hence,  there  have  been  developed  different  methods 
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for  starting  motors  that  drive  these  two  classes  of  ap- 
paratus. In  the  simple  cases,  such  as  motors  of  motor- 
generator  sets  or  in  those  cases  of  motors  driving  air 
compressors  or  centrifugal  pumps,  where  a  low  limit  of 


line  current  at  starting  is  not  imposed,  the  starting  oper- 
ations described  in  the  foregoing  have  become  stand- 
ard. For  the  difficult  cases  special  methods  have  been 
developed,  each  applying  to  a  particular  duty. 


Cleaning  the  Double-Pipe  Ammonia  Condenser 


By  a.  G.  SOLOMON 


The  author  tells  of  the  methods  he  uses  to 
clean  the  coils  of  double- pipe  ammonia  con- 
densers most  quickly,  conveniently  and  thor- 
oughly. 


AN  AMMONIA  condenser  is  not  efficient  unless 
it  is  clean.  It  is  easy  to  see  and  remove  the 
dirt  that  collects  on  the  pipes  of  an  atmospheric 
condenser,  so  condensers  of  that  type  are,  as  a  rule, 
clean  and  the  water  readily  takes  up  the  heat  from 
the  ammonia.  Keeping  a  double-pipe  ammonia  con- 
denser clean  is  not  so  easy,  and  for  just  that  one  reason 
the  capacity  of  the  whole  refrigerating  plant  is  often 
reduced. 

As  the  circulating  water  passes  through  the  inner 
pipes  or  tubes,  the  amount  of  dirt  that  collects  cannot 
be  seen.  This  being  the  case,  the  engineer  must  have 
some  other  means  than  sight  to  know  the  condition  of 
the  inner  surface  of  the  inner  tubes  of  the  double-pipe 
condenser. 

To  wait  for  increased  condenser  pressure  to  indicate 
the  accumulation  of  dirt  or  the  formation  of  scale  is  a 
mistake  often  made.  When  the  water  outlet  of  each 
separate  stand  is  open  for  temperature  taking,  the  de- 
creasing difference  betwe'en  the  temperature  of  the  inlet 
and  that  of  the  outlet  water  v/ill  warn  of  the  presence 
of  dirt. 

A  thermometer  in  the  liquid  line  is  a  good  indicator 
to  reveal  the  presence  of  dirt  in  the  condenser  tubes. 
When  the  condenser  surfaces  are  clean,  the  exchange 
of  heat  from  the  ammonia  to  the  circulating  water  is 
so  complete  that  the  liquid  ammonia  leaving  the  coils 
will  usually  have  a  temperature  not  over  two  degrees 
higher  than  that  of  the  incoming  water.  This  low  tem- 
perature will  not  be  attained  if  the  charge  of  ammonia 
is  insufficient  to  permit  of  slow  travel. 

Often,  when  the  double-pipe  condenser  becomes  dirty 
and  the  head  pressure  increases,  a  greater  amount  of 
v,'ater  is  circulated.  This  is  an  expensive  way  of  op- 
erating, as  the  water  and  the  additional  pumping  are 
costly,  and  it  is  only  a  temporary  remedy  at  best. 

The  dirt  must  be  removed ;  therefore  regular  cleaning 
must  be  resorted  to.  The  frequency  and  method  of 
cleaning  the  inner  tubes  will  depend  on  the  amount  of 
sediment  contained  in  the  circulating  water.  There  are 
few  condensers  that  are  not  provided  with  a  way  for 
flushing  out  the  inner  tubes. 

Fig.  1  shows  the  usual  construction.  By  changing 
the  position  of  the  three-way  cocks,  the  flow  of  water 
is  reversed  and  the  sediment  washed  out  through  the 
side  opening  of  the  bottom  cock. 

In  some  plants  this  manner  of  washing  out  is  all 
that  is  required  during  the  whole  season.  When  the 
water  outlets  of  all  the  coils  are  connected  into  one 
header  and  the  header  extends  upward  some  distance, 
the  pressure  available  for  back-washing  is  sufficient  to 
loosen  and  remove  sediment  that  has  not  baked  hard 
on  the  pipe  surface.  This  back-washing  should  be 
done  at  least  once  a  week  even  if  the  water  shows  only 


■light  traces  of  sediment.  The  object  is  to  remove  all 
this  sediment  before  hard  scale  is  formed. 

Where  the  circulating  water  contains  a  large  amount 
of  dirt,  or  in  cases  where  the  pressure  is  not  great 
enough  to  give  a  good  cleaning,  a  pump  must  be  con- 
nected so  as  to  give  a  sufficient  force  to  the  w^ater  to 
wash  the  tubes  clean.  Fig.  2  shows  the  connections. 
The  water  to  the  suction  of  this  washout  pump  is  taken 
from  the  outlet  of  the  coils.  The  dirty  water  is  allowed 
to  pass  to  the  sewer.  A  pressure  of  about  80  to  100  lb. 
is  carried  on  the  pump  discharge  and  a  reliable  relief 
valve  installed  so  that  no  damage  is  done  when  chang- 
ing the  water  from  one  coil  to  another.  There  are  many 
plants  where  this  kind  of  tube  washing  is  done  daily. 

Next  to  the  back-washing  and  pressure  washing  of 
the  inner  tubes  comes  the  brush  or  scraper  cleaning. 
Some  of  the  sediment  contained  in  the  water  will  stick 

■Ouf/ef  fVa/er /fecfder 
^^^^1W^'"3M/ay  Cock 
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Fig.  2 
FLUSHING  CONNECTIOK'=!   TO  AMMONIA  CONDENSER 

to  the  inner  tube  and  cannot  be  removed  by  washing. 
If  allowed  to  collect,  a  hard  scale  will  form.  This  will 
be  found  mostly  in  the  hot  upper  pipes  where  the  dis- 
charge gas  first  enters  the  condenser. 

A  stiff  wire  brush  fastened  to  a  length  of  /^-in.  pipe 
makes  a  good  tube  cleaner.  The  brush  should  be  so 
light  a  fit  in  the  tube  that  one  man  can  push  it  through. 
There  are  several  tube  scrapers  on  the  market  that  do 
this  cleaning  thoroughly.  Ahvays,  after  brushing  or 
scraping,  wash  the  coils  out  with  water  at  high  pres- 
sure. 

When  removing  the  return  bends  from  the  ends  of 
the  inner  tubes,  the  bends  should  be  marked  in  some 
way  so  that  the  same  bend  will  fit  back  in  the  place 
from  which  it  was  removed.  This  precaution  will  pre- 
vent trouble.  Use  graphite  and  oil  on  all  unions  and 
bolts,  so  the  bends  can  be  easily  removed  the  next  time. 
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When  replacing  the  return  bends  it  is  well  to  see  that 
they  are  clear  and  not  partly  choked.  If  there  is  no 
strainer  in  the  water  line  between  the  circulating  pump 
and  the  condenser,  there  it  always  the  liability  of  a 
broken  pump  valve,  stud,  a  spring,  or  a  piece  of  plunger 
packing  becoming  lodged  in  a  tube  or  a  return  bend. 
Such  obstructions  must  also  be  looked  for  in  the 
valves  and  cocks. 

Every  winter  the  tubes  of  a  double-pipe  ammonia 
condenser  should  receive  a  real  thorough  cleaning.  The 
winter's  cleaning  will  be  done  with  a  twist  drill  welded 
on  a  short  iron  rod  with  threads  provided  so  that  a 
length  of  ^2"  or  %-in.  pipe  can  be  used.  The  drill  must 
be  of  the  proper  size  so  that  it  will  fit  snugly  in  the 
inner  tube.  This  close-fitting  drill  will  remove  all  scale 
that  is  in  the  tubes.  The  drill  can  be  driven  with  an 
air  or  electric  motor  or  can  be  turned  by  means  of  a 
pipe  wrench. 

The  bottom  tubes  will  be  easy  to  clean,  but  those  at 
the  top  of  the  coil  will  be  harder.  This  is  caused  by 
the  greater  heat  there  baking  the  sediment  to  a  hard 
scale. 

There  are  many  plants  in  which  it  does  not  pay  to 
attempt  to  clean  the  top  three  or  four  inner  tubes.  The 
cost  of  removing  hard,  thick  scale  will  be  more  than  the 
cost  of  installing  new  tubes.  In  cases  of  this  kind  the 
inner  tubes  removed  can  be  used  for  water  lines  or  other 
pipework,  as  the  pipe  is  as  good  as  new  except  for  the 
scale. 

In  putting  in  new  tubes,  care  must  be  taken  that 
defective  pipes  are  not  used.  Test  every  new  tube  with 
100  lb.  air  pressure  while  submerged  under  about  six 
inches  of-  water. 


Forseille  Liquid  Level  Gage 

The  following  briefly  describes  a  newly  designed 
liquid  level  gage  that  has  recently  been  perfected  by 
L.  F.  Forseille,  of  the  Union  Gas  and  Electric  Co., 
Cincinnati,  Ohio,  to  accurately  indicate  the  true  level 
of  water,  oil  or  other  liquids. 

It  IS  especially  adaptable  to  power  stations  and  hydro- 
electric plants  situated  along  streams  that  are  subject 
to  variable  stages  or  tidal  changes.  By  inserting  the 
operating  float  in  a  spiral  pipe  or  other  suitable  tube, 
the  gage  can  be  used  in  the  swiftest  water  with  excel- 
lent results.  It  can  be  mounted  directly  over,  or  with- 
in any  reasonable  distance  from  the  water,  and  by  op- 
erating as  a  direct  measuring  device  (that  is,  with  no 
reducing  mechanism)  it  is  extremely  simple  and  ac- 
curate. 

By  referring  to  the  illustration,  the  dial  is  shown 
graduated  in  feet  and  tenths,  and  the  range  is  from 
0  to  72  in.  The  wheel  is  exactly  12  ft.  in  circumfer- 
ence to  the  center  of  the  operating  cable,  which  is  at- 
tached to  a  weighted  float  on  the  right-hand  side ;  a 
counterweight  is  suspended  on  the  left-hand  cable. 

It  is  obvious  that  any  rise  in  the  liquid  will  cause  the 
wheel  to  revolve  to  the  left,  or  counterclockwise,  and 
that  a  drop  in  the  level  will  have  the  opposite  effect. 

The  spiral  lines  on  the  front  of  the  dial  have  the 
same  pitch  as  the  spiral  on  the  back.  A  small  roller 
supporting  the  radial  moving  indicator  engages  the 
latter  spiral,  keeping  the  point  of  the  indicator  directly 
over  the  proper  figures,  at  all  points  within  its  range. 

This  device  is  being  manufactured.  The  wheel,  in- 
cluding lines,  figures  and  spiral,  is  of  aluminum. 


BACK  AND  FFtONT  VIEW  OF  THE  LIQUID  LEVEL  GAGE 
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It  was  discovered  that  many  steel-mill  boiler 
plants  are  up  to  date  in  design,  using  coal  with 
blast-furnace  gas  as  fuel,  and  in  some  instances 
the  furnaces  are  arranged  to  burn  either  coal 
or  gas.  Waste-heat  boilers  are  also  used  with 
the  openhearth  furnace. 


AFTER  putting  in  my  first  day  at  the  blast  fur- 
naces, I  returned  to  the  hotel,  and  getting  the 
best  of  a  good  meal,  started  out  to  look  th€  town 
over,  with  the  hope  that  I  might  rub  up  against  some- 
one who  could  give  me  a  few  pointers  regarding  the 
local  mills,  and  perhaps  prepare  me  for  what  I  hoped  to 
see  during  the  next  few  days. 

It  was  a  pleasant  evening,  and  I  decided  to  take  a 
street-car  ride  in  the  direction  of  Lowellville.  I  occu- 
pied a  seat  with  another  man  in  the  smoking  compart- 
ment of  the  car,  and  as  he  had  the  appearance  of  being 


a  steel-mill  man,  I  started  a  conversation  with  him ; 
naturally,  it  drifted  to  the  subject  of  rolling  mills.  He 
proved  to  be  a  man  who  had  been  connected  with  the 
steel  industry  for  years,  and  evidently  knew  a  good 
deal  about  local  work  and  rolling-mill  machinery  in 
general.  When  he  found  out  that  I  was  interested  in 
ihe  subject,  he  said: 

"You  will  find  about  everything  in  this  town  that 
you  will  find  anywhere.  Some  of  the  power  units  are 
old,  and  others  are  new  and  up-to-date.  Some  of  the 
boiler  plants  are  of  the  long  ago,  and  others  are  of  the 
latest  design.  When  you  go  through  some  of  the  steel 
mills  you  will  see  that  great  st/ides  have  been  made, 
especially  in  the  electrical  operation  of  the  machinery. 
As  a  matter  of  fact  there  are  mills  operated  entirely  by 
electricity." 

"Which  are  the  most  economical  to  operate,  steam- 
driven  or  electrically  driven  mills?"  I  asked. 

"As  on  every  other  question,  opinions  differ.  There 
are  some  who  favor  one,  and  some  who  are  for  the 


FIG.  1.     BATTERY  OF  WASTE-HEAT  VERTICAL  BOILERS         FIQ.  2.    BATTERY  OF  WASTE-HEAT  WATER-TUBE  BOILERS 
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other.  Until  recently  there  has  been 
a  considerable  difference  of  opinion, 
especially  regarding  a  steam  and  elec- 
trical drive  for  large  reversing  mills. 
This  was  because  some  held  that 
electric  drive  was  not  a  commercial 
proposition  except  when  conditions 
were  favorable,  which  would  be  gov- 
erned by  the  cost  of  making  electric- 
ity, using  internal-combustion  en- 
gines operating  on  blast-furnace  gas. 
As  a  matter  of  fact,  but  few  of  the 
plants  in  this  country  use  gas  en- 
gines, the  largest  being  the  United 
States  Steel  Corporation  at  Gary, 
Ind. ;  the  Lackawanna  plant  at  Buf- 
falo, N.  Y.,  and  the  Bethlehem  Steel 
plant  at  Sparrows  Point,  Md.  I  be- 
lieve the  Bethlehem  company  is  par- 
ticularly partial  to  gas-engine  opera- 
tion. There  is  this  to  consider,  how- 
ever :  there  is  about  twice  the  amount 
of  energy  recovered  from  the  blast- 
furnace gas  in  using  it  in  a  gas  en- 
gine as  when  burning  it  under  a 
steam  boiler. 

"Some  of  the-  mills  have  regular 
central   generating  plants   consisting 
of    steam    turbines    or   reciprocating 
engines,  blowing  engines  and  compressors.    Other  mills, 
as  I  have  said,  operate  with  gas  engines.     To  my  mind 
these  various  units  all  have  a  field  of  usefulness. 

"There  are  at  present  some  600  motor-driven  mills 
having  a  maximum  of  about  900,000  hp.,  and  these  are 
used  with  practically  all  types  and  sizes  of  steel  mills; 
but  at  that,  something  like  75  per  cent,  of  the  total  num- 
ber of  mills  are  not  motor-operated.  Some  of  the  large 
plants  are  practically  motor-driven  from  one  end  to 
the  other.    I  think  I  am  safe  in  saying  that  most  of  the 


FIG.  3. 


FIG.   4.     TYPICAL  BLAST-FURNACE   AND  BOILER-PLANT  INSTALLATION 

mills  built  during  the  last  few  years  are  motor-driven. 
When  you  go  through  some  of  these  mills  you  will 
readily  see  the  difference  between  the  steam  and  the 
electrically  driven  unit.  The  steam  engine  was  the 
pioneer  of  rolling-mill  drive.  Many  of  them  are  still 
in  use,  and  new  engines  are  going  in,  but  the  electric 
drive  has  entered  the  field  and  is  here  to  stay.  The 
claim  for  the  motor  is  economy  and  flexibility.  Accom- 
panying its  use  are  cleanliness,  absence  of  noise,  reliabil- 
ity, and  limited  attention  required.  The  main  point, 
however,  is  lower  cost  and  increased 
production." 

"With  a  plant  motorized,  it  would 
be  necessary  to  have  a  regular  cen- 
tral station  to  generate  the  energy," 
I  remarked.  "That  would  require 
the  use  of  boilers,  and  I  should  think 
that  better  economy  would  be  secured 
with  modern  installations  than  I  un- 
derstand they  have  as  a  rule." 

"Now  you  are  talking,"  replied 
my  acquaintance.  "Some  of  the 
boiler  plants  are  frights,  some  are 
fairly  good,  and  some  are  right  up- 
to-date.  You  see,  in  the  past  but 
little  attention  has  been  given  to  the 
improvement  of  power  plants,  main- 
ly, I  suppose,  on  account  of  the  cost, 
as  improvements  would  mean  a  con- 
siderable change  in  the  power  plant. 
Recently,  however,  there  seems  to  be 
a  tendency  to  put  aside  the  item  of 
expense  and  go  in  for  improvements. 
You  can  easily  see  that  the  mill  ca- 
pacity is  limited  by  the  main  drive. 
I  can  show  you  many  engines  that 
have  outlived  their  economical  use- 
fulness, because  they  are  badly  worn 
or  not  suitable  for  the  demands  now 
made  upon  them.  With  valves  and 
piston  leaking,  an  engine  can  easily 
consume  50  per  cent,  more  steam  to 
FOUR  WATER-TUBE  BOILERS  USING  BLAST-FiTRNACE  GAS  Operate  the  mill  than  would  be  re- 
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quired  to  generate  electrical  energy  and  drive  the  mill 
by  motors. 

"You  have  read  it,  and  have  heard  it  stated,  that  the 
economy  of  the  power  plant  must  in  the  future  come 
from  the  boiler  room.  Some  of  the  boiler  installations 
found  in  many  steel  mills  are  a  crime  against  economy. 
If  there  were  more  gas  from  the  blast  furnaces  than 
could  be  used,  it  would  be  different,  but  as  there  is  not 
enough  gas,  coal  is  used  in  large  quantities. 

"The  efficiency  of  a  steam-electric  plant  ranges  from 
8  to  around  16  per  cent,  of  the  heat  value  of  the  coal. 
The  plant  that  is  getting  16  per  cent,  is  up  in  high  C  for 
economy,  and  such  a  figure  can  be  obtained  only  when 
the  plant  is  of  the  best  design  and  scientifically  oper- 
ated. The  average  modern  plant  operates  with  an  effi- 
ciency of  around  10  to  12  per  cent." 

"How  are  these  losses  distributed?"  was  my  next 
question. 

"Well,  we  can  say  that  the  approximate  loss  m  an  up- 
to-date  power  plant,  per  pound  of  coal,  is  about  14  per 


the  boiler  plants  around  steel  mills,  any  more  than  you 
v/ill  find  it  in  other  types  of  plants. 

"It  used  to  be,  and  is  now  for  that  matter,  common 
practice  to  install  boilers  in  the  open.  With  their  set- 
ting exposed  to  the  elements,  often  with  poorly  insulated 
steam  pipes,  you  cannot  expect  a  brick  setting  to  hang 
tightly  together  with  a  furnace  temperature  of  around 
2500  deg.  and  an  outside  atmospheric  temperature  be- 
low zero.  The  tendency  nowadays  is  to  put  in  better 
boiler  plants  and  modern  generating  stations,  as  you  will 
observe  during  your  visit.  Well,  here's  where  I  get  off, 
so  good  night  and  good  luck."  So  saying  he  left  me, 
and  at  the  next  stop  I  got  off  the  car  and  returned  to 
the  hotel. 

The  nex*-  morning  I  went  to  the  mills  again  with  the 
idea  of  going  over  the  various  boiler  plants.  The  first 
thing  of  interest  that  I  saw  was  a  small  battery  of  ver- 
tical boilers.  Fig.  1;  and  close  by  were  some  water-tube 
boilers,  Fig.  2.  Both  batteries  were  gas-fired,  using 
gas  from  the  blast  furnace  when  in  operation.     These 
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FIG.    5.      BOILER   FURNACES   EQUIPPED   FOR   BURNING 
EITHER  GAS  OR  COAL 

cent,  in  the  gas  to  the  chimney  and  that,  outside  of  that 
rejected  to  the  condenser,  which  is  around  61  per  cent., 
is  the  highest  of  the  rems^ining  losses,  which  are  about 
as  follows:  Requirement  for  all  auxiliaries,  6.5  per 
cent. ;  radiation  and  leakage  of  boiler,  4  per  cent. ;  ash, 
1.5  per  cent.;  blowoff  and  leakage,  1.5  per  cent;  radia- 
tion and  leakage  of  piping,  1.5  per  cent.  This  is  with 
coal  having  an  assumed  heating  value  of  14,000  B.t.u. 
Taking  a  plant  that  has  an  efficiency  of,  say,  13  per 
cent.,  you  can  see  that  every  increase  in  the  percentage 
of  economy,  although  it  may  seem  very  small,  will 
improve  the  general  results  materially. 

"Many  of  these  losses  can  be  easily  reduced  in  the 
average  plant  by  proper  care  and  operation.  The  first 
item  of  importance  is  to  have  proper  boilers  properly 
set.     That  is  something  you  will  not  find  in  some  of 


FIG.   6.    SHOWING  BOILERS  EQUIPPED  WITH  FRONT-FEED 
STOKERS 

boilers  were  set  in  the  open,  with  no  protection  from 
the  weather,  although  there  was  a  sort  of  leanto  over 
the  front,  which  protected  the  firemen  from  the  rain 
or  snow  when  it  came  straight  down.  This  method 
of  boiler  installation  would  seem  strange  to  most  engi- 
neers who  are  used  to  a  warm,  dry' boiler  room.  These 
boilers  were  dead  and  were  evidently  not  used  much  ex- 
cept in  emergency  cases. 

Going  on  a  little  farther,  I  came  to  a  more  modern 
boiler  plant.  Here  were  four  1265-hp.  water-tube  boil- 
ers, Fig.  3,  fitied  with  gas  burners.  The  gas  came  from 
blast  furnaces  ard  was  unwashed,  having  a  pressure  of 
from  2  to  3  in.  of  water.  It  contained  a  heat  value  of 
about  95  B.t.u.  per  cu.ft.  The  boilers  carried  a  pressure 
of  150  lb.,  and  the  steam  was  superheated  from  50  to 
100  de<'.  F.    These  boilers  were  used  with  what  is  known 
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as  No.  5  blast  furnace  of  the  Youngstown  company's 
plant.  Fig.  4  shows  a  typical  blast-furnace  and  boiler- 
plant  installation  of  the  more  modern  practice. 

It  is  frequently  the  case  that  a  battery  of  boilers  are 
arranged  for  burning  either  gas  or  coal.  This  was  so  at 
one  of  the  large  boiler  plants  of  both  the  Republic  and 
the  Youngstown  companies.  At  the  latter  plant  there  are 
24  water-tube  boilers,  each  of  464  hp.  rating.  They  are 
equipped  for  burning  either  coal  or  gas. 

When  a  blast  furnace  is  down  or  when  it  is  being 
emptied,  there  is  not  enough  gas  to  supply  steam  for 
the  steam-driven  units,  and  when  this  occurs  coal  can 
be  used  to  supplant  the  gas.  A  view  of  such  a  boiler 
plant  at  the  Struthers  mill  is  shown  in  Fig.  5. 

It  was  found  that  practically  four  systems  of  boiler- 
firing  were  used — gas,  gas  and  coal,  coal  alone  hand- 
fired  and  coal  stoker-fired.  The  boiler  rooms  of  the 
stoker-fired  and  some  of  the  hand-fired  plants  compare 
favorably  with  those  found  installed  in  large  electric 
stations.  In  fact,  many  of  them  supply  steam  for  large 
isolated  generating  plants.  This  is  shown  by  Figs.  5 
and  6.  In  one  boiler  house  there  are  thirty-four  502-hp. 
boilers  fired  with  blast-furnace  gas.  The  gas  is  delivered 
from  the  blast  furnace  to  gas-cleaning  apparatus  and 
is  led  into  the  boiler  room  through  the  main  72-in.  de- 
livery pipe,  to  the  gas  header,  Fig.  5,  from  which  it  is 
fed  to  the  boilers  through  the  gas  burners  shown  at- 
tached to  the  boiler  front  above  the  regular  firing  doors. 

In  the  second  boiler  plant,  Fig.  6,  there  are  eight  763- 
hp.  water-tube  boilers,  the  furnaces  of  which  are 
equipped  with  front-feed  underfeed  stokers  and  driven 
by  either  two  of  three  stoker  engines.  These  furnaces 
operate  with  forced  draft  supplied  by  four  turbine- 
driven  fans.  Between  the  turbine  and  the  fans  a  reduc- 
tion gear  is  used.  These  fans  supply  the  necessary  air 
through  a  single  air  duct  connected  below  the  stokers 


FIG.  7.     BOILER  ROOM  AT  MAIN  STRUTHERS  PLANT 

of  each  boiler.  The  feed-water  heater  is  a  10,000-hp. 
unit  and  is  equipped  with  a  V-notch  meter.  The  plant 
is  also  equipped  with  steam-flow  meters. 

f, ,  Fig.  7  shows  five  of  eight  254-hp.  water-tube  boilers 
equipped  with  stokers  and  turbine-driven  forced-draft 
fans.  These  boilers  are  at  the  main  plant  of  the  Youngs- 
town company.    The  type  of  stoker  engine  used  is  shown 

■,^  the  fan,  one  engine  running  four  stokers. 

5-,, Later  on  I  found  another  type  of  installation  known 
as  a  waste-heat  boiler,  shown  in  Fig.  8.  It  was  one  of 
seven  in  service  at  the  openhearth  plant  of  the  Trum- 


bull Steel  Co.'s  works  at  Warren,  Ohio,  and  was  used 
in  connection  with  the  openhearth  furnaces.  It  carried 
150  lb.  pressure.  The  steam  was  used  by  gas  producers, 
openhearth  pits,  etc.  Naturally,  the  power  that  can  be 
obtained  from  waste  gas  depends  on  the  temperature 
and  weight.  The  gases  from  an  openhearth  furnace 
have  a  temperature  of  about  1000  and  1500  deg.  F., 
which  is  available  for  steam  generation.  Of  course 
these  temperatures  will  vary  at  times. 

The   efficiency   of   a   waste-heat   boiler   is   governed 
largely  by  its  design  and  setting.     With  high-tempera- 


FIG.    8. 


WASTE-HEAT   BOILER   AT   THE    TRUMBULL    CO.'S 
OPENHEARTH  FURNACES 


ture  gas  it  is  only  necessary  to  have  the  amount  of 
heating  surface  proportioned  to  the  volume  of  gas  to  be 
burned,  and  in  such  cases  a  standard  design  of  boiler 
is  used  with  satisfactory  results. 

With  low-temperature  gases,  however,  a  standard 
boiler  will  not  serve  so  well,  and  in  order  to  obtain  a 
heat  transfer  that  will  approach  ordinary  boiler  prac- 
tice, it  is  found  to  be  necessary  to  increase  the  velocity 
of  the  gases  as  they  pass  over  the  boiler-heating  sur- 
faces, which  can  be  done  by  the  use  of  mechanical  draft 
sufficient  to  overcome  the  resistance  of  the  gases  due  to 
friction  in  passing  over  the  heating  surface,  in  addition 
to  that  required  to  supply  the  draft  necessary  to  the 
openhearth  furnace.  With  a  high  temperature  a  chim- 
ney may  be  used  having  a  height  sufficient  to  produce  the 
necessary  draft,  but  with  low-temperature  gas  a  fan 
blower  will  be  necessary. 

It  has  been  found  that  each  waste-heat  installation 
must  be  considered  by  itself,  because  there  are  so  many 
factors  that  enter  into  the  operation;  that  is,  the  char- 
acter of  the  gases  will  vary  in  temperature  and  volume, 
and  then  there  will  be  dust  and  a  tar-like  substance,  all 
of  which  has  a  bearing  on  the  figuring  of  the  heating 
surface  and  of  the  gas  passages. 

Owing  to  the  fact  that  openhearth  gas  is  usually  very 
dirty,  the  boilers  using  it  must  be  provided  with  numer- 
ous cleaning-out  doors,  so  that  the  heating  surface  can 
be  thoroughly  cleaned.  There  must  also  be  a  bypass 
for  the  gases,  so  that  the  boiler  can  be  cut  out  of  serv- 
ice for  cleaning  and  repairs  without  interfering  with  the 
operation  of  the  openhearth  furnace. 

It  was  brought  home  that  steel  mills  occupy  a  large 
ground  area,  and  that  one  could  not  be  covered  in  a 
day  if  anything  more  than  a  casual  glance  was  to  be 
had.  My  day's  experience  was  satisfactory,  and  there 
was  no  wakefulness  that  night  on  account  of  insomnia. 
The  next  day  I  found  a  new  boiler  plant  that  was  mod- 
ern in  eveiy  respect,  which  will  be  described  in  the  next 
article. 


February  3,   1920 


P  O  W  E  R 


175 


Frozen  Safety  Valve  Causes  Boiler  Explosion 


MORE  information  is  now  available  on  the  boiler 
explosion  at  the  East  Chicago  works  of  the 
Interstate  Iron  and  Steel  Co.,  reported  briefly 
in  last  week's  issue.  Three  men  were  killed  by  the  acci- 
dent, twelve  were  injured  and  the  property  damage  was 
estimated  at  $10,000.  As  will  be  remembered  from  the 
previous  notice,  the  boiler  was  in  a  battery  of  three 
used  to  supplement  the  supply  of  steam  frorA  the  waste- 
heat  boilers  in  the  plant.  It  was  of  the  Bass  vertical 
water-tube  type,  rated  at  250  hp.  The  boiler  was 
equipped  with  102  tubes  4  in.  in  diameter  and  18  ft. 
long,  with  drums  top  and  bottom  72  in.  in  diameter. 
Coal  was  the  fuel  used,  and  it  was  hand-fired  into  the 
usual  dutch-oven  furnace.  The  boilers  were  housed  in 
a  sheet-steel  building  just  large  enough  for  the  battery. 
It  kept  out  the  weather,  but  the  temperature  approxi- 
mated that  outdoors.  Two  safety  valves  protected  the 
boiler.  They  were  set  to  blow  at  110-lb.  gage,  although 
the  boiler  that  exploded  had  been  allowed  a  working 
■jiressure  of  125  pounds. 

From  another  plant  the  boiler  had  been  moved  to  its 
I)resent  location  in  1907.  According  to  estimate  it  had 
seen  eighteen  years  of  service,  but  was  reported  to  be 
in  excellent  condition.  Just  six  weeks  previous  all  the 
tubes  had  been  renewed.  The  regular,  inspections  by 
insurance-company  inspectors  and  those  of  the   steel- 


company  inspector,  which  were  made  every  two  weeks 
just  after  the  boiler  was  washed,  showed  the  braces  to 
be  sound  and  taut  and  no  evidence  of  cracks  in  the 
lower  tube  sheet  or  head.  In  fact,  the  boiler  had  been 
mspected  on  the  day  previous  to  the  accident  and  no 
defect  of  any  kind  had  been  detected. 

Reviewing  the  circumstances,  on  Sunday,  Jan.  18,  the 
boiler  had  been  emptied,  washed  out  and  filled  with  cold 
water.  At  9  p.m.  a  fire  was  started  on  the  grates  pre- 
paratory for  the  morning  shift,  which  started  at  6  a.m. 
At  the  usual  intervals  the  boiler  w-as  fired,  and  at  4:30 
a.m.  it  exploded.  The  bottom  tube  sheet  fractured  all 
the  w^ay  around  at  the  knuckle  of  the  flange,  so  that  the 
tubes,  with  the  upper  drum,  shot  up  into  the  air  several 
hundred  feet  and  returned  to  earth,  drum  end  down, 
about  700  ft.  distant  from  the  original  location.  The 
impact  was  so  great  that  the  upper  tube  sheet,  with 
the  weight  of  the  tubes  behind  it,  buckled  the  shell  plate 
into  the  drum.  The  lower  drum,  minus  its  tube  sheet, 
remained  on  the  foundation.  Naturally,  the  settings 
of  the  other  two  boilers  and  the  building  were  demol- 
ished. The  men  working  in  the  boiler  room  were  killed, 
so  that  no  information  was  available  as  to  the  action  of 
ihe  boiler  previous  to  the  accident,  except  that  the 
watchman  on  his  hourly  trips  through  the  plant  had 
noticed  that  the  steam  gage  remained  at  40-lb.  pressure. 


FIG.  1.     DEVASTATION  CAUSED  BY  EXPLOSION  OF  250-HP.     VERTICAL,  WATER-TUBE  BOILER  AT  EAST  CHICAGO 
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As  the  temperature  was  below  zero  outside  and  nearly 
the  same  inside,  it  is  quite  likely  that  the  ^-in.  pipe 
connecting  the  pressure  gage  at  the  top  of  the  furnace 
with  the  upper  steam  drum,  had  frozen  up,  so  that  the 
reading  on  the  gage  probably  gave  no  proper  indication 
of  conditions  existing  within  the  boiler.  It  is  certain 
that  the  boiler  had  not  been  cut  in  on  the  line,  as  the 
valve  was  found  closed  after  the  accident. 

In  the  line  drawing  is  shown  the  construction  of  the 
lower  drum,  the  character  of  the  bracing  and  the  loca- 
tion of  the  fracture.  The  lower  tube  sheet  was  of  ^-in. 
metal  and  the  shell  plate  y^-in.  metal.  The  longitudinal 
seam  was  quadruple-riveted  and  the  circular  seams  had 
single  rows  of  rivets.  In  either  case  the  joint  held,  the 
fracture  being  in  the  metal  at  the  turn  of  the  flange, 
as  indicated.  Twelve  stays  held  the  lower  tube  sheet 
to  the  drum.  Four  of  them  were  diagonal  crowfoot 
shell  braces,  and  the  other  eight  were  cluster  sling  stays 


FIG.   2.     TYPE  OF  BOILER  THAT   ii.XPi.ODED 

attached  to  the  bumped  head.  Each  cluster  consisted 
of  two  straps  looped  around  the  pin  at  each  end,  by 
which  they  were  secured  to  double  crowfoot  supports. 
Consequently,  the  composite  stay  was  made  up  of  four 
elements  1  in.  square.  Four  of  these  were  spaced  evenly 
on  an  outer  circumference  and  four  on  a  smaller  con- 
centric circle.  Thus  the  lower  tube  sheet  was  stayed 
by  32  sq.in.  of  metal  in  the  vertical  stays  and  6  sq.in.  in 
the  four  diagonal  braces. 

A  careful  inspection  of  the  boiler  after  the  accident 
showed  no  defect  that  might  have  caused  the  initial 
rupture.  The  break  all  the  way  around  was  bright  and 
clean,  and  before  letting  go  the  flange  pulled  up  straight. 
The  edge  had  feathered  ofiF,  and  the  metal  at  the  break 
had  drawn  out  so  that  the  reduction  in  area  was  ap- 
proximately 30  per  cent,  indicating  excellent  material. 


Every  rivet  in  the  longitudinal  and  circular  seams  was 
intact,  the  joints  showing  no  evidence  of  distress.  The 
braces  broke  at  various  places;  some  at  the  knuckle  of 
the  crowfoot ;  others  pulled  the  rivets  securing  the  crow- 
foot to  the  bottom  head,  and  in  some  cases  the  stays 
themselves  pulled  in  two.  Most  of  the  diagonal  braces 
broke  at  the  first  rivet  in  the  shell.  Reports  of  the 
various  inspections  gave  no  intimation  of  weakened 
stays.  Apparently,  the  condition  of  the  boiler  was  thor- 
oughly good,  and  to  complicate  the  diagnosis  of  the 
cause  of  the  accident,  the  two  safety  valves  had  been 
blowing  regularly  in  recent  operation,  so  that  there  was 
every  reason  to  expect  them  to  function.  What  then 
caused  the  explosion? 

It  has  been  suggested  that  the  safety  valve  froze  up; 
that  is,  that  ice  accumulated  above  the  disk  in  the  body 
cf  the  valve  and  in  the  vent  pipe,  which,  with  an  elbow 
and  a  nipple  turning  upward,  led  out  of  the  boiler  house 
to  discbarge  the  steam  outside.  Owing  to  the  frequent 
blowing  off  of  safety  Valves  on  boilers  of  this  type,  the 
seats  are  generally  wiredrawn  and  leaky,  so  that  a  small 
amount  of  steam  is  constantly  escaping.  When  the 
boiler  was  being  shut  down,  the  cold  weather  existing 
at  the  time  might  have  condensed  this  vapor  and  frozen 
the  water,  filling  up  the  small  drain  at  the  elbow  of  the 
vent  pipe.  The  day  was  stormy  and  additional  water 
might  have  been  collected  from  the  sleet  and  snow  that 
were  falling.  Apparently,  this  collection  of  ice  blocked 
the  discharge  o*f  the  safety  valve  for  the  7^  hours  that 
fire  was  on  the  boiler  and  allowed  the  pressure  to  build 
up  to  such  an  extent  that  the  boiler  ruptured  under  the 
strain.  The  good  condition  of  the  boiler  and  the  zero 
temperature  existing  lends  credence  to  this  suggestion, 
especially  as  the  vent  pipes  of  safety  valves  on  other 
boilers  that  had  been  shut  down  for  washing  and  in- 
spection were  found  frozen  solid.  How  this  ice  could 
remain  in  the  presence  of  steam  under  high  pressure  - 
for  so  long  a  time  is  a  feature  requiring  careful  analysis. 

When  the  boiler  was  filled  with  cold  water  on  Sun- 
day, the  cold  air  in  the  boiler  would  be  pushed  ahead 
of  the  water  and  compressed  in  the  upper  part  of  the 
top  drum  to  perhaps  the  pressure  of  40  lb.  shown  by 
the  gage  and  retained  after  the  pipe  connecting  it  to  the 
steam  space  had  been  frozen.  As  the  pressure  in- 
creased in  the  boiler,  the  air  would  become  relatively 
lighter  than  the  steam  and  stay  in  the  top  part  of  the 
drum,  insulating  the  hot  steam  from  the  bumped  head 
and  keeping  it  away  from  the  safety  valve,  air  being  a 
very  poor  conductor  of  heat.  Would  it  do  this  or  would 
the  steam  after  it  had  risen  above  the  40  lb.  pressure 
on  the  air,  intermingle  with  the  latter  and  come  in  con- 
tact with  the  top  of  the  drum?  By  condensing  here  it 
would  give  up  its  latent  heat  and  soon  bring  the  metal 
to  a  high  temperature,  or  by  leaking  through  the 
valve,  v/ould  eventually  melt  the  ice  in  the  valve  body 
and  the  vent  pipe.  It  wdll  be  remembered  that  the 
boiler  had  not  been  cut  onto  the  line  so  that  the  steam 
space  was  dead  ended.  There  was  no  air  relief  valve 
on  the  top  drum  or  any  other  means  for  the  air  to 
escape.  Conduction  of  heat  along  the  metal  of  the 
drum  would  be  very  slow,  as  the  space  between  the 
setting  and  the  side  of  the  drum  forms  a  pocket  in 
w^ich  the  gases  would  be  at  a  relatively  low  tempera- 
ture, and  the  radiation  from  a  bumped  head  exposed 
to  zero  weather  would  be  excessive.  The  safety  valves 
v/ere  connected  to  the  top  of  the  drum  as  indicated  in 
the  picture  of  the  wreck,  although  the  drum  shown  here 
belonged  to  one  of  the  other  boilers. 

Another  explanation  of  the  accident,  conforming 
more  nearly  to  experience  of  the  past,  might  be  ad- 
vanced. The  breathing  action  commonly  attributed  to 
these  boilers  would  naturally  weaken  the  metal  at  the 
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knuckle  or  turn  of  the  flange.  This  would  be  the  place 
subjected  to  the  greatest  strain.  Continued  working 
back  and  forth  of  the  lower  tube  sheet  would  gradually 
weaken  the  metal  at  the  turn  so  that  it  would  eventually 
fail.  The  appearance  of  small  cracks  that  would  grad- 
ually develop  is  generally  a  forerunner  of  such  a  fail- 
ure, but  nothing  of  this  character  had  been  detected. 
On  the  other  hand,  the  poor  circulation  in  an  airbound 
boiler  and  the  cold  weather  would,  no  doubt,  aggravate 
such  a  condition  if  it  existed,  and  perhaps  set  up  suffi- 
cient additional  stress  to  cause  the  initial  rupture  in  a 
boiler  that  had  been  subject  to  this  action  for  years, 
particularly  as  the  boiler  had  been  used  intermittently 
to  fill  in  the  peaks  above  the  capacity  of  the  waste- 
heat  boilers.  After  the  initial  rupture  the  release  of 
the  potential  energy  in  the  27,000  lb.  of  water  con- 
tained in  the  boiler  would  readily  inflict  the  damage  pic- 
tured and  blow  the  18,000  lb.  of  boiler  separated  from 
the  lower  drum  to  a  considerable  distance. 

In  boilers  of  this  character  the  tubes  nearest  the  fire 
are  hottest  and  those  on  the  opposite  side  of  the  baffle 
comparatively  cool.    Consequently,  the  front  tubes  tend 


the  others,  and  in  assuming  the  greater  part  of  the 
load  the  metal  in  the  straps  or  under  the  pin  in  the 
crowfeet  may  stretch  and  weaken  or  the  metal  may  fail 
in  the  crowfeet  at  the  knuckle,  which  is  commonly  the 
weakest  part  of  the  type  of  stay  used.  The  load  would 
then  pass  to  another  stay  and  so  on  until  all  had  been 


FIG.  3.   SPACING  OF  BRACES  AND  LOCATION  OF 
FRACTURE  IN  LOWER  DRUM 

to  bow  or  buckle  and  pull  up  the  tube  sheet.  There 
would  also  be  the  tendency  to  tilt  the  top  drum  in  a 
direction  opposite  from  the  furnace  and  push  down  the 
lower  tube  sheet  on  that  side.  In  other  words,  there 
would  be  a  severe  twisting  movement  with  considerable 
leverage  on  the  lower  tube  sheet,  straining  the  metal 
particularly  at  the  knuckle  of  the  flange.  Poor  circu- 
lation would  aggravate  and  prolong  this  action. 

With  stays  of  the  character  described,  it  is  difficult  to 
obtain  uniform  tension.     One  may  be  more  taut  than 


FIG.    4.    TOP  DRUM  AND  I'UBES  700  FEET  DISTANT 

weakened,  allowing  more  or  less  play  for  the  so-called 
breathing  action  of  the  tube  sheet. 

Owing  to  the  fact  that  in  the  various  inspections  no 
defect  had  been  noticed  in  these  stays  and  no  cracks 
had  appeared  at  the  turn  of  the  tube  sheet,  the  frozen 
vent  pipe  and  valve  was  probably  the  direct  cause  of 
the  accident,  although  the  metal  at  the  turn  of  the 
flange  may  have  been  weakened  to  some  extent  by  the 
breathing  action  previously  mentioned. 

Possibilities  of  Alcohol  As  Fuel* 

The  fermentation  industry,  notably  the  branch  hav- 
ing to  do  with  the  manufacture  of  industrial  alcohol,  has 
been  strongly  stimulated  by  war  demands,  and  indus- 
trial machinery  is  now  available  for  the  production  of 
considerable  alcohol  for  fuel  purposes. 

Alcohol  alone  can  be  used  to  advantage  only  in  en- 
gines especially  adapted  to  this  fuel,  but  various  mix- 
tures of  alcohol,  benzol,  gasoline  or  other  petroleum 
distillates  and  other  materials  have  given  promising 
results.  It  is  of  great  significance  from  an  economic 
standpoint  that  alcohol,  benzol  and  the  lighter  petro- 
leum distillates  such  as  gasoline  and  kerosene,  can  read- 
ily be  rendered  miscible.  It  is  probable  that  alcohol, 
like  benzol,  will  not  come  into  widespread  use  as  a 
single  fuel,  but  has  a  broad  significance,  for  the  pres- 
ent at  least,  only  as  a  blending  agent  in  connection  with 
liquid   fuels  obtainable   in   larger   quantities. 

The  quantity  of  alcohol  that  will  be  produced  in  this 
country  in  the  immediate  future  is  much  more  difficult 
TO  forecast  than  in  tne  case  of  benzol.  The  United 
States  in  1916,  1917  and  1918,  turned  out  about  50,- 
000,000  gal.  of  denatured  alcohol  each  year,  having 
jumped  from  an  output  of  14,000,000  gal.  in  1915  under 
the  stimulus  of  a  demand  born  of  munitions  require- 
ments. Much  of  the  industrial  alcohol  under  manu- 
facture today  is  made  from  sugar  molasses  and  waste 
sulphite  liquor;  while  garbage,  f'jit  wastes  and  ethy- 
lene from  coal-distillation  plants  have  been  suggested 
as  supplementary  resources.  It  is  safe  to  estimate  that 
for  some  time  to  come  the  available  supply  of  alcohol 
will  bear  a  close  quantitative  analogy  to  benzol,  the  two 
combined  bulking  small  when  compared  with  engine- 
fuel  requirements  which  will  approach  5,000,000,000 
gal.  in  1920. 

•From    a    paper    by    J.    E.    Pogue    before    the    Society    of    Automotivf 
Engineers. 
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Novel  Coal  Handling  at  the  McKeesport  Tin 
Plate  Company's  Plant 


TH  E  McKeesport 
Tin  Plate  Co.'s 
plant,  the  largest 
single  tin-plate  plant  in 
the  United  States,  is  lo- 
cated on  the  Youghio- 
gheny  River  about  15^2 
miles  above  its  junction 
with  the  Monongahela  and 
opposite  the  City  of  Mc- 
Keesport, Penn.  This 
plant  has  always  received 
its  coal  by  river  craft. 
The  space  available  for 
the  boiler  house,  Fig.  1, 
was  limited  and  room  had 
to  be  provided  for  the 
storage  of  coal  on  account 
of  the  transportation  by 
water  being  interrupted 
during  part  of  the  winter 
months.  Therefore,  the 
undertaking  involved  not 
only  the  construction  of 
the  boiler  house  with  its 
equipment,  but  also  a  coal- 
storage  basin  and  wharf- 
age. 

The  provisions  for 
wharfage  consisted  of  a 
concrete  wall  built  on  the 
harbor  line.  This  wall  is 
about  34  ft.  high,  19  in. 
wide  at  the  base,  and  rests 

on  wooden  piles.  Along  the  top  of  the  wall,  over  that 
portion  where  coal  is  unloaded,  a  railroad  track  is  pro- 
vided for  a  locomotive  crane.  The  coal  is  lifted  from 
the  barges  with  a  clamshell  bucket  by  the  locomotive 
crane  and  deposited  in  a  basin  lying  between  the  dock 
wall  and  another  wall  built  parallel  to  it,  about  85  ft. 
inshore.  The  space  between  these  two  walls  is  open, 
the  bottom  consisting  of  a  concrete  mat  placed  below 
normal  river  level. 

A  track  supported  on  a  concrete  structure  runs  along 
the  center  of  this  basin,  and  a  tunnel  is  built  directly  un- 
der the  track  and  communicating  with  the  storage  space 
by  means  of  a  slot  running  the  length  of  the  tunnel  and 
lying  between  the  rails  of  the  track  which  is  supported 
on  the  tunnel  walls.  The  track  is  provided  in  order  to 
permit  of  the  use  of  a  traveling  crusher  equipment  that 
discharges  coal,  crushed  to  the  required  degree  of  fine- 
ness, through  the  slot  onto  a  belt  conveyor  that  runs 
the  length  of  the  tunnel  and  discharges  into  a  bucket 
elevator,  by  which  the  coal  is  elevated  to  the  top  of  the 
boiler  house  and  distributed  into  the  overhead  bunker 
by  means  of  a  suitable  belt-conveyor  arrangement  and 
shuttle.  The  slot  through  which  the  coal  is  discharged 
as  it  leaves  the  crusher  is  provided  with  gates  that  are 
open  only  at  the  position  where  the  crusher  car  stands, 
the  open  gates  forming  a  hopper  for  guiding  the  coal 
into  the  slot.  The  crusher-is  of  the  four-roll  type;  the 
car  is  provided  with  standard  railway-type  motors,  and 
the  simplex  contact  system  is  used  instead  of  trolley 
wires  oi  third  rail.  The  purpose  of  this  arrangement 
is  that  the  hopper  into  which  the  coal  is  to  be  discharged 


FIG.   1.      EXTERIOR   OF   THE   NEW  BOILER   HOUSE 


as  it  is  lifted  from  the 
barges  by  the  locomotive 
crane  can  always  be  in  the 
right  position  to  receive 
the  coal  without  requiring 
the  locomotive  crane  to 
make  any  extra  move- 
ments to  reach  its  point 
of  discharge  and  also  to 
avoid  the  loss  of  time  and 
annoyance  in  the  shifting 
of  the  coal  barges.  Prior 
to  the  coal  strike  the  Mc- 
Keesport Tin  Plate  Co. 
had  between  50,000  and 
60,000  tons  of  coal  stored 
in  this  coal  pocket  and  on 
the  wharf.  Under  ordi- 
nary conditions,  however, 
it  it  not  expected  to  store 
over  15,000  tons  in  the 
coal  pocket,  wharfage 
space  and  overhead  bunk- 
er combined. 

The  motor-driven  coal 
handling  machinery  and 
arrangement  consist  of  a 
conveyor  in  the  tunnel,  a 
bucket  elevator,  a  station- 
ary belt  conveyor  running 
half  the  length  of  the 
overhead  bunker  and  a 
shuttle  conveyor  traveling 
on  a  track  on  top  of  the 
bunker  for  distributing  the  coal  in  the  bunker.  The 
system  has  a  capacity  of  120  tons  per  hour.  The  in- 
terlocking control  is  so  arranged  that  in  case  any  por- 
tion of  the  device  is  shut  down,  all  other  coal-handling 
apparatus,  including  the  crusher,  is  automatically 
stopped.  On  the  other  hand,  the  crusher  and  its  feeder 
cannot  be  operated  until  the  balance  of  the  coal-handling 
mechanism,  is  set  in  motion.  The  bunker  has  a  capacity 
of  approximately  5,000  tons  of  coal.  It  is  built  of  rein- 
forced concrete. 

There  are  twelve  606-hp.  vertical  type,  high-arch  Ladd 
water-tube  boilers,  each  provided  with  an  eight-retort 
front  feed  underfeed  type  of  stoker,  Fig.  3.  The  front 
draft  air  is  led  to  the  stokers  through  a  plenum  chamber 
communicating  with  each  stoker  through  a  suitable 
wind-gate  arrangement  set  opposite  the  center  of  each 
boiler  in  the  plenum  chamber  wall.  The  plenum  cham- 
ber is  accessible  through  an  arrangement  of  lock  doors. 
A  similar  provision  is  made  for  access  to  the  wind 
chambers  under  the  stokers.  Both  plenum  chamber  and 
the  compartments  under  the  stokers  are  provided  with 
electric  lighting  so  that  any  work  that  has  to  be  done 
in  this  par*^  of  the  plant  can  be  done  under  as  favorable 
conditions  as  possible.  Ample  space  is  provided  in  the 
wind-chamber  compartment  so  that  inspection  or  repair 
of  the  stokers  as  well  as  the  disposal  of  siftings  can  be 
conveniently  accomplished  at  any  time. 

The  stokers  are  driven  individually,  each  by  an  in- 
closed-type  engine,  and  are  arranged  so  that  two  stok- 
ers can  be  driven  by  the  same  engine  in  case  of  break- 
down. 
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The  stacks  are  supported  on  heavy  structural  ste.-i 
bracing  forming  part  of  the  boiler  setting  and  are  braced 
against  wind  by  a  series  of  struts  combined  with  the 
building  structural-steel  framework.  The  stacks  are  6 
ft.  in  diameter  and  150  ft.  in  height  measured  from  the 
base  up.  The  stack  dampers  are  balanced  with  due  pro- 
vision for  expansion  and  are  operated  by  means  of  a 
control  apparatus  that  is  interlocked  with  a  control  for 
governing  the  spsed  of  the  stoker  engines  and  controlling 


FIG.  2.     COAL-STORAGE  BASIN.  CONVEYOR  TUNNEL. 
AT    CENTER 

the  wind  gates,  each  boiler  being  provided  with  its  own 
individual  equipment.  Fig.  4  shows  a  cross-section 
through  the  boiler  house. 

Beneath  the  plenum  chamber  there  is  a  subcellar  for 
The  accommodation  of  the  side-dump  ash  cars.  These 
cars  are  provided  with  storage  batteries,  are  capable  of 
making  a  turn  inside  of  a  9-ft.  radius  and  are  used  to 
convey  the  ashes  from  the  hoppers  under  the  boilers  to 
an  automatic  ash  skip  hoist  at  the  end  of  the  building. 
The  skip  hoist  discharges  into  a  reinforced-concrete  bin 
somewhat  of  the  same  construction  as  the  coal  bunker 
and  located  on  the  same  level.  This  bin  is  provided 
with  chutes  and  gates  so  arranged  that  the  ashes  can  be 
loaded  into  either  a  railroad  car  or  a  motor  truck. 

The  ash  hoppers  are  built  of  cast-iron  supporting 
plates  throughout,  lined  with  firebrick  and  provided  with 


FIG. 


VIEW  ALONG  THE  FIRING  AISLE 


suitable  spray  pipes  and  curved  ash  gates  operated  by 
low-pressure  hydraulic  cylinders,  the  ash  gates  having 
sufficient  extension  beyond  the  necks  so  that,  when  filled 
with  water,  a  reliable  seal  is  formed  against  the  passage 
of  air  into  the  ashbin. 

Treated   Youghiogheny  River  water  is  used   and   is 
delivered  to  the  boilers  by  means  of  compound  direct- 


acting  pot-valve  type  feed  pumps.  The  feed  pumps  and 
the  water-treating  system  are  located  in  a  separate  build- 
mg,  where  provision  is  also  made  for  the  storage  of 
chemicals. 

The  boilers  are  equipped  with  superheaters  designed 
for  delivering  the  steam  at  125  deg.  superheat.  The 
boilers  are  designed  for  200  lb.  pressure.  Each  boiler 
is  provided  with  an  individual  steam-flow  meter,  and 
there  is  a  totalizing  flow  meter  on  the  main  line. 

The  coal-bunker  arrangement  with  its  relationship  to 
the  building-construction  work  and  window  openings  is 
such  that  daylight  is  reflected  to  the  boiler-house  floor. 
The  best  of  ventilation  is  provided  both  above  the  bunker 
and  below.      The  space  above  is  sealed  off  from  the 
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FIG.  4.     CROSS-SECTION  THROUGH  THE  BOILER  HOUSE 

lower  part  of  the  building  in  order  to  prevent  coal  dust 
from  sifting  down  into  the  boiler  house.  There  are 
ventilating  flues  along  the  side  of  the  building  columns 
and  extending  above  the  roof  of  the  building,  so  that 
the  ash  tunnel  receives  thorough  ventilation.  The  build- 
ings are  brick  clad  up  to  the  leanto  roofs  and  above  that 
point  are  covered  with  metal  lath  and  cement.  The 
loofs  are  of  concrete  and  waterproofed  with  composi- 
tion roofing. 

The  boiler-house  floor  level  is  about  eight  feet  above 
the  yard  level.  This  has  been  decided  on  owing  to  ex- 
treme high  flood  level  being  above  the  yard  level  of  the 
plant.  The  foundation  work  is  all  waterproofed,  and 
pumps  are  provided  for  taking  care  of  any  accumula- 
tion of  water  arising  from  the  drainage  from  the  ashpits 
during  floods. 
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How  To  Improve  Boiler  Efficiency 


By  H.  F.  gauss 

Chief   Engineer,    Illinois    Stoker   Company 


An  expert  combustion  engineer  who  can  an- 
alyze and  '  improve  boiler-room  conditions, 
capable  firemen,  and  a  simple  equipment  of 
instruments  to  give  reliable  operating  data, 
are  the  first  essentials.  The  author  assumes  a 
typical  case,  analyzes  the  losses  and  shows 
what  a  reduction  of  these  losses  would  mean 
in  dollars  and  cents. 


"B 


URN  coal  efficiently"  is  a  slogan  that  might 
well  be  adopted  in  every  boiler  room,  large 
or  small.  Valuable  advice  and  information 
have  been  given  along  this  line,  but  often  the  material 
presented  is  not  in  a  form  readily  applicable  to  the 
everyday  operation  of  boiler-room  equipment.  On  the 
other  hand,  boiler-room  attendants  are  frequently  in- 
clined to  discount  the  value  of  recommendations  made 
by  experts.  Instead  of  lending  their  aid  by  endeavor- 
ing to  make  practical  application  of  the  information 
given,  they  are  inclined  to  resent  any  implication  that 
their  old  methods  and  ideas  are  not  conducive  to  the 
best  results.  Such  conditions  are  fatal  to  the  realization 
of  real  boiler-room  economy,  and  the  boiler-room  fore- 
man who  is  awake  to  his  opportunities  will  not,  under 
any  circumstances,  tolerate  such  an  attitude  on  the  part 
of  his  assistants. 

No  man  i?  worthy  of  his  calling  who  is  not  willing 
to  put  forth  every  effort  to  advance  it.  The  fireman 
who  will  not  strive  to  burn  coal  more  efficiently  than 
his  predecessors  have  done  is  not  fit  for  his  job.  While 
the  technical  expert  is  indispensable  in  solving  the 
boiler-room  problems,  the  practical  boiler-room  man  is 
no  less  important.  In  the  final  analysis  it  is  up  to  the 
practical  boiler-room  attendant  to  carry  out  the  ideas 
and  suggestions  of  the  combustion  expert. 

Importance  of  Results  Must  Be  Realized 

To  bring  about  real,  permanent  results  the  start  must 
be  made  by  the  man  higher  up.  He  must  realize  the 
importance  of  the  results  sought,  and  he  must  analyze 
his  particular  situation  to  determine  how  far  he  can 
go  in  investing  money  in  new  equipment  or  remodeling 
and  fixing  up  present  apparatus.  A  little  figuring  will 
disclose  some  amazing  possibilities.  To  figure  intelli- 
gently, however,  the  daily  performance  of  the  boilers 
in  use  must  be  determined.  It  is  not  a  difficult  matter 
to  do  this,  but  it  must  be  done  accurately  to  secure  re- 
liable data.  The  daily  operating  economy  as  the  equip- 
ment stands  is  what  is  wanted,  and  not  the  results  of 
an  elaborate  test  run  after  special  tuning  up. 

A  test  should  embrace  at  least  24  hours,  during 
v/hich  time  an  accurate  log  of  the  weight  of  coal  burned 
and  the  total  water  evaporated  should  be  kept  and 
lecorded.  The  coal  burned  must  be  sampled  carefully 
and  its  heat  value  determined  by  proximate  analysis. 
The  temperature  of  the  water  fed  into  the  boiler  must 
be  recorded  at  regular  intervals  and  likewise  the  steam 
pressure,  and  steam  temperature  if  superheaters  are 
used.  A  pyrometer  in  the  bieeching  will  give  the  tem- 
perature of  the  escaping  gases,  and  a  single-chamber 
Orsat  apparatus  will  suffice  to  determine  the  CO2  in 
the  products  of  combustion.  It  is  necessary  to  keep  a 
systematic  log  of  all  observations  during  the  test,  and 


the  averages  are  the  quantities  to  be  used  in  the  final 
computations.  It  is  desirable  to  arrange  apparatus  for 
measuring  the  boiler-feed  water  by  weight  or  by  vol- 
ume, but  where  this  cannot  be  done,  and  meters  are 
used  for  the  purpose,  they  should  be  calibrated  before 
and  after  the  test.  It  is  needless  to  say  that  before 
starting  a  test  the  blowoff  valves  and  connections 
should  be  made  tight. 

Suppose,  for  example,  that  a  certain  plant  has  a 
boiler  room  containing  four  hand-fired  500-hp.  boilers 
and  it  is  desired  to  run  a  test  on  one  of  these.  Appa- 
ratus is  arranged  for  taking  the  observations  previously 
mentioned,  and  the  final  averages  for  a  period  of  24 
hours  are  as  follows:  Average  steam  pressure,  150  lb. 
gage ;  average  steam  temperature,  456  deg.  F. ;  tem- 
perature of  feed  water,  180  deg.;  flue-gas  temperature, 
650  deg.;  total  coal  fired,  72,000  lb.;  total  water  fed,' 
391,000  lb.;  CO^,  9  per  cent.  The  analysis  of  the  coal 
sample  showed  a  heat  vakte  of  10,500  B.t.u. ;  and  the 
following  constituents  per  pound  of  coal  as  fired: 

Moisure,   per   cent 9.2 

Volatile,  per  cent 33.9 

Fixed   carbon,   perc  ent 39.4 

Ash,   per   cent 17.5 

Sulphur,    per  cent 2.0 

Available  hydrogen  per  pound  combustible,  per  cent 2 

The  analysis  of  the  ash  sample  showed  35  per  cent,  combustible  in 
the  ash. 

In  the  final  analysis  a  certain  amount  of  available 
heat  has  been  delivered  to  the  furnace  in  the  coal  fired, 
which  may  be  determined  by  multiplying  the  heat  per 
pound  of  coal  as  fired  by  the  total  pounds  of  coal  fired. 
Of  the  heat  delivered  to  the  furnace  a  certain  percent- 
age is  absorbed  by  the  boiler  and  used  in  converting 
water  into  steam.  The  heat  so  absorbed  may  be  deter- 
mined by  multiplying  the  heat  contents  per  pound  of 
steam  generated,  by  the  total  pounds  of  water  fed  to  the 
boiler. 

The  heat  contents  per  pound  of  steam  is  given  in 
the  steam  tables,  a  convenient  form  of  which  is  pub- 
lished by  Marks  &  Davis.  Turning  to  the  table  of 
properties  of  superheated  steam,  it  will  be  found  that 
at  150  lb.  gage  pressure,  or  165  lb.  absolute,  and  a  tem- 
perature of  456  deg.  the  steam  is  superheated  90  deg. 
The  total  heat  in  the  steam  above  32  deg.  F.  is  1246.8 
B.t.u.  per  lb.  The  heat  per  pound  of  feed  water  at 
the  temperature  of  180  d^.  is  180  —  32  =  148  B.t.u. 
It  follows,  then,  that  the  heat  absorbed  by  the  boiler 
per  pound  of  steam  generated  was  1246.8 — 148  = 
1098.8  B.t.u.  Hence,  the  total  heat  absorbed  by  the 
boiler  was  391,000X1098.8  =  429,631,000  B.t.u.  On 
the  other  hand,  the  total  heat  in  the  coal  fired  was 
72,000  X  10,500  =  756,000,000  B.t.u.  Dividing  the  heat 
absorbed  by  the  heat  available  gives  an  efficiency 
of  429,631,000 -f- 756,000,000  =  56.8  per  cent. 

With  coal  at,  say,  $3  per  ton,  the  72,000  lb.  cost  $108 ; 
of  this  only  $61.34  worth  was  actually  transferred  into 
the  steam.  Such  a  condition  as  this  exists  in  the  major- 
ity of  power  plants. 

Determining  the  Possible  Improvement 

The  question  naturally  arising  is.  How  much  better 
efficiency  can  be  expected?  This  can  be  answered  by  a 
careful  analysis  of  the  avoidable  and  unavoidable  losses 
ihat  take  place  in  the  operation  of  the  boiler.  For  this 
purpose  the  charts.  Figs.  1,  2,  3  and  4,  are  given.  By 
analysis  the  coal  contained  10,500  B.t.u.  as  fired.    Using 
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FIG.  1.     CHART  GIVING  QUANTITY  OF  AIR   PER  POUND  OF  FUEL  AND  HEAT  LOST  UP  STACK 


Fig.  1,  as  indicated  by  the  heavy  line,  it  will  be  found 
that  the  gases  leaving  the  boiler  are  carrying  away 
2650  B.t.u.  per  lb.  of  coal  burned.  After  finding  the 
actual  air  supplied  per  pound  of  coal  fired  in  Fig.  1,  it 
is  necessary  to  add  the  combustible  per  pound  of  coal  to 


determine  the  products  of  combustion  passing  up  the 
stack.  For  the  case  in  hand  this  combustible  amounted 
to  1 — 0.175=0.825  lb.,  hence  the  horizontal  jog  in 
the  vertical  line  connecting  the  8.9  per  cent  COo  line 
with  the  650-deg.  flue-aras  line. 
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Turning  now  to  Figs.  2,  3  and  4,  it  will  be  found 
that  the  following  additional  losses  are  taking  place, 
those  due  to  moisture  and  hydrogen  being  unavoidable. 

rLoss  due  to     9.2  per  cent,  moisture,   B.t.u 121 

Loss  due  to     2      per  cent,  hydrogen,   B.t.u 235 

Loss  due  to  35  per  cent,  carbon  in  ash,  B.t.u 1380 

Adding  these  losses  to  that  of  the  stack  gives  a  total 
.xjf  4386  B.t.u.  The  efficiency  at  which  the  coal  was 
i»urned  may  be  found  by  subtracting  the  heat  lost  per 
:.nound  of  coal  from  the  heat  available,  and  dividing  the 
clifference  by  the  heat  available,  thus:  (10,500 — 4386) 
~  10,500  =  58.2  per  cent. 

This  efficiency  is  slightly  higher  than  was  obtained  by 
test,  because  there  are  certain  unavoidable  losses,  such 
as  radiation,  which  are  difficult  to  account  for  with  any 
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FIG.    2.      LOSS   DUE   TO   MOISTURE 


degree  of  accuracy  and,  therefore,  are  either  neglected 
or  charged  up  as  unaccountable  losses.  They  vary 
from  1  to  5  per  cent,  in  many  cases. 

As  stated  before,  the  losses  due  to  hydrogen  and 
moisture  are  fixed  and  cannot  be  reduced.  The  big 
losses,  however,  are  those  due  to  excess  air  and  corre- 
spondingly low  CO2,  high  flue-gas  temperature  and  car- 
bon in  the  ash.  These  are  the  losses  to  fight  against. 
Suppose,  for  example,  that  the  operator  succeeded  in 
reducing  the  flue-gas  temperature  to  450  deg.,  raising 
the  CO2  to  16  per  cent,  and  reducing  the  carbon  in  the 
ash  to  20  per  cent.    Then  the  losses  would  be : 

Loss  due  to     9.2  per  cent,  moisture,  B.t.u 112 

Loss  due  to     2      per  cent,  hydrogen,   B.t.u 218 

Loss  due  to  20  per  cent,  carbon  in  ash,  B.t.u 640 

Loss  due  to  stacK  gases,  B.t.u 990 

Total  loss,  B.t.u 1960 


The  efficiency  now  becomes  (10,500 — 1960)  -r- 
10,500  =  81.3  per  cent.  Deducting  from  this  1.3  per 
cent,  unaccountable  losses  leaves  a  maximum  efficiency 
of  80  per  cent,  to  be  striven  for.     In  dollars  and  cents 


300       400         SOO        600        700        800        900 
Temperatue  of  Escaping  Oases,  teg.F. 

FIG.   3.     LOSS  DUE  TO  HYDROGEN 

the  accomplishment  of  this  would  mean  a  saving  of 
S24.95  per  day  for  the  one  500-hp.  boiler,  or  per  year 
of  300  working  days,  $7485. 

The  owner  or  manager  now  has  before  him  a  figure 
that  really  means  something.  If  necessary,  he  could 
spend  enough  money  to  buy  automatic  stokers  to  secure 
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FIG.   4.     LOSS  DUE  TO  COMBUSTIBI>E  IN  ASH 

the  desired  results,  and  the  saving  secured  would  soon 
]>ay  off  the  investment.  But  he  also  must  realize  from 
the  possibilities  that  in  no  other  department  is  there 
such  an  opportunity  for  saving  as  exists  in  the  boiler 
room,  therefore  the  necessity  of  competent  men  in 
charge.  A  high  salary  paid  to  a  boiler-room  attendant 
is  money  well  invested,  if  by  it  a  competent  man,  wide- 
awake to  the  responsibilities  of  his  position,  is  secured. 
In  striving  for  high  efficiency,  the  first  step,  then,  is 
to  put  a  competent  man  in  charge.    The  next  step  is  to 
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see  that  he  is  equipped  with  the  necessary  instruments 
so  that  he  can  work  intelligently.  There  should  be 
draft  gages,  pyrometers,  Orsat  apparatus,  and,  of 
course,  means  of  weighing  the  coal  and  measuring  the 
water.  A  recording  pyrometer  in  the  breeching  is  de- 
sirable, but  a  hand  Orsat  for  checking  the  CO2  is  suf- 
ficient. 

After  the  maximum  efficiency  has  been  approached 


j;s  nearly  as  possible  with  the  existing  equipment,  it  is 
time  for  the  man  higher  up  to  consider  stokers  and 
coal  and  ash-handling  machinery.  In  addition  to  re- 
ducing the  coal  there  is  the  possible  labor  saving,  all 
of  which  must  be  considered. 

If  the  boiler-room  problem  is  attacked  logically,  as 
outlined,  and  the  solution  suggested  energetically  fol- 
lowed up,  good  results  are  bound  to  follow. 


Standard|Meter'^Rates — Basis  of  Development 


By  LeROY  W.  ALLISON 


Fundamental  features  of  power-plant  opera- 
tion are  discussed  as  regards  rates.  Such  ele- 
ments as  station  load,  load  factor,  diversity 
factor,  etc.,  are  considered. 


IN  VARIOUS  phases  of  power-station  work,  par- 
ticularly in  connection  with  the  operating  steam 
engineer,  an  intimacy  with  standard  meter  rates 
becomes  distinctly  essential.  For  instance,  in  the  iso- 
lated plant,  when  the  engineer  is  approached  by  the 
central-station  power  salesman,  he  can  talk  on  an  equal 
footing  when  rates  or  bases  of  rates  are  discussed. 
Likewise,  he  can  help  the  management  with  its  use  of 
central-station  energy  and  be  of  material  assistance 
when  monthly  bills  are  checked  up  or  consumption  to- 
taled. Again,  such  technical  points  arise  as  to  why  an 
"off-peak"  consumer  enjoys  a  lower  rate  than  an  "on- 
peak"  customer;  or  the  reason  for  a  "demand  charge," 
and  so  on.  There  is  a  constant  call,  often  when  least 
expected,  for  information  on  different  points  of  rate 
development.  And  the  engineer  who  is  ready  with  the 
answer  is  the  man  who  is  prepared  to  move  ahead. 

In  a  consideration  of  electric-meter  rates,  there  are 
defined  elements  of  central-station  operation  that  must 
be  kept  in  mind,  for  these  have  a  certain  bearing  on 
the  subject.  They  include  the  station  load,  load  factor 
and  diversity  factor  from  the  actual  operating  end, 
while  from  the  financial  viewpoint  there  are  the  items 
of  capital  investment,  fixed  charges,  operating  expenses, 
depreciation  and  sinking  funds. 

The  first  group  covers  the  fundamental  features  of 
operation,  while  the  second  deals  more  specifically  with 
rate  figures ;  that  is,  the  actual  charges  to  be  made  for 
service  to  the  consumer  to  bring  the  desired  return. 
This  latter  group  can  be  neglected  in  the  matter  of  ex- 
act significance  or  meaning  of  terms  with  regard  to  the 
particular  branch  of  the  subject  at  issue.  A  fair  knowl- 
edge of  the  first  noted,  however,  is  important. 

Station  Load  of  the  Power  Plant 

The  station  load  means  the  character  of  service  han- 
dled by  the  power  plant.'  The  maximum  kilowatt  de- 
mand that  is  made  on  a  generating  station  under  a 
yearly  period  determines  its  capacity.  This  is  known 
generally  as  the  yearly-peak  load,  and  with  the  major- 
ity of  central  stations  is  evidenced  in  the  month  of  De- 
cember, when  with  short  days,  power  and  lighting  re- 
quirements are  exceptionally  high.  Moreover,  this 
yearly  peak  is  of  short  duration,  from  a  half-hour  to  not 
more  than  an  hour  in  extent  in  a  24-hour  period,  but 
this  short,  intensive  demand  indicates  the  plant  capac- 
ity. If  this  rate  of  demand  could  be  maintained  at  all 
times  and  the  station  loaded  to  capacity,  a  highly  desir- 
Jible  condition  would  exist,  making  for  utmost  efficiency 
and  lower  rate  schedules.  But  real  situations  and  not 
ideal  conditions  must  be  faced. 


The  character  of  the  station  load  of  course  varies 
considerably  with  different  plants.  In  large  commu- 
nities the  station  carries  lighting,  power,  possibly  the 
local  traction  load,  water-works,  etc.,  while  in  a  rural 
district  the  bulk  of  load  will  be  found  to  deal  with 
1-ghting  service.  A  plant  of  this  latter  type,  conse- 
(luently,  has  little  if  any  call  during  the  day,  and  the 
few  hours  of  darkness  when  service  is  at  maximum 
demand  must  defray  the  expenses  for  the  period  of 
comparative  idleness.  Accordingly,  higher  rates  for 
service  are  necessitated  in  a  station  of  this  nature, 
which  frequently  is  closed  down  from  midnight  until 
well  on  into  the  next  day,  and  sometimes  until  dusk. 

Factors  of  station  service — that  is,  the  particular  char- 
acter of  the  load — are  thus  of  considerable  importance 
in  the  establishment  of  rates.  It  is  the  load  curve  from 
the  daily  log  that  tells  the  story. 

The  Load  Factor  in  Power-Station   Operation 

There  are,  in  reality,  two  load  factors  to  be  consid- 
ered in  power-station  operation;  namely,  station  load 
factor  and  consumers'  load  factor.  The  former  is  the 
ratio  of  average  station  load  to  the  maximum  station 
load  over  a  certain  period  of  time,  as  a  day,  a  month  or 
a  year.  It  is  determined  by  dividing  the  actual  kilo- 
watt-hours by  the  total  of  the  maximum  kilowatts  mul- 
tiplied by  the  hours.  For  example  take  a  plant  where  the 
actual  kilowatt-hours  aggregate  1,200,000,  with  a  maxi- 
mum of  100,000  kw.  in  a  24-hour  period.  This  would 
.     .  r  1,200,000        ^-^ 

show  a  50  per  cent,  load  factor,  Q^iqqqqq  w  74 ~ 

A  load  factor  of  50  per  cent,  would  be  considered 
fairly  high,  anything  from  30  to  35  per  cent,  being 
good,  while  a  load  factor  above  70  per  cent,  is  deemed 
exceptionally  good  and  is  found  only  under  conditions 
of  a  stable  24-hour  load.  As  is  generally  understood, 
the  nearer  the  load  factor  approaches  to  100  per  cent, 
the  more  effective  is  the  operation  and,  consequently, 
the  better  the  revenue  derived  from  such  plant  opera- 
tion. Under  a  100  per  cent,  load  factor  the  station 
would  be  operating  at  full  load  at  all  times.  With  p 
small  plant  operating  under  ordinary  service,  the  load 
factor  is  usually  low. 

From  this  brief  mention  of  station  load  factor,  the 
exact  significance  or  relation  to  rates  will  be  noted 
readily,  for  even  with  as  high  a  load  factor  as  50  per 
cent,  a  large  amount  of  the  plant  investment  is  required 
for  but  a  small  percentage  of  the  revenue.  And  this 
is  why  added  service  for  off-peak  periods  is  highly  de- 
sirable; it  improves  the  load  factor  and  increases  the 
perceiitage  of  return  with  the  same  capital  investment. 

As  to  consum-^rs'  load  factor,  this  is  the  ratio  of  the 
average  load  to  the  maximum  load  in  a  24-hour  period. 
Very  frequently,  this  term  is  used  in  connection  with 
an  "hours  of  work"  basis,  or  usually  8  hours,  but  this 
is  really  a  misnomer  as  applied  to  central-station  opera- 
tion. For  example,  assume  that  a  consumer  has  a  max- 
imum demand  of  300  kw.  with  an  average  load  of  150 
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kw.,  the  consumers'  load  factor  on  8-hour  basis  would 
be  50  per  cent.,  whereas,  for  a  24-hour  period  it  would 

be  16%  per  cent.,  or  ^    =  16%.    In  other  words, 

on  this  basis,  it  is  the  percentage  comparison  between 
the  kilowatt-hours  used  and  the  maximum  use. 

The  Diversity  Factor  Defined 

The  diversity  factor  in  central-station  operation  is 
the  sum  of  all  the  maximum  demands  on  a  plant  com- 
pared with  the  actual  maximum  demand.  This  is 
brought  about  through  the  variation  in  the  time  of  vari- 
ous customers'  maximum  demand  on  the  plant,  as  it  is 
hardly  necessary  for  the  plant  to  furnish  all  customers' 
maximum  demands  at  the  same  time.  For  instance,  if 
a  group  of,  say,  100  consumers  have  a  maximum  de- 
mand of  10  kw.  each  on  a  generator  and  the  actual 
maximum  load  on  the  machine  is  200  kw.,  the  diver5;ity 
factor  on  the  unit  is  the  total  of  the  first  two,  divided 

L       1      1                  100  X  10        -     ^        ,  J       , 

by  the  latter,  or  — :^^ =  5.    In  other  words,   the 

capacity  of  the  generator  would  only  have  to  be  one- 
fifth  of  the  total  rating  should  all  the  consumers  utilize 
their  maximum  power  at  the  same  time.  As  will  be  evi- 
dent, the  diversity  factor  is  always  more  than  1,  and 
the  higher  this  factor  in  plant  operation  the  lower  ihe 
investment  required  to  provide  for  a  certain  connected 
load.  Different  classes  of  consumers  have  quite  a  de- 
fined variation  in  diversity  factors.  For  general  power 
service,  the  average  is  usually  about  1.5,  while  for  ordi- 
nary lighting  service  it  is  from  3  to  6. 

Classification  of  Rate  Forms 

There  are  certain  rate  forms  that  have  become  rec- 
ognized as  standard.  These  may  be  divided  into  two 
main  classes  covering  so-called  "meter  rates"  and  "de- 
mand rates,"  while  each  of  these  is  again  subdivided 
into  a  number  of  different  types  of  rate-computation 
schedules.  Under  the  head  of  "meter  rates"  there  are 
three  classifications  as  follows:  (1)  Straight-line  meter 
I  ate;  (2)  step  meter  rate;  and  (3)  block  meter  rate. 
Under  the  subject  of  "demand  rates"  there  are  four 
different  types  or  systems:  (1)  Flat  demand  rate; 
(2)  Wright  demand  rate;  (3)  Hopkinson  demand  rate; 
and  (4)  Doherty,  or  three-charge,  rate. 

All  these  different  rate  forms  are  in  use,  some,  of 
course,  being  more  popular  and  serviceable  than  others. 
A  study  and  understanding  of  the  various  fundamentals 
of  computation  give  a  comprehensive  knowledge  of 
this  phase  of  rate-making  and  of  sufficient  extent  for 
all  practical  purposes.  Other  methods  of  figuring  elec- 
tric charges  have  been  developed  for  specific  purposes, 
but  speaking  in  the  broad  sense  of  general  usefulness 
and  utility,  these  are  of  minor  attainments,  taking  their 
inception  from  recognized  standard  rate  forms,  and 
therefore  hardly  worthy  of  any  extended  study. 

(The  two  groups  of  standard-rate  schedules  men- 
tioned— "meter  rates"  and  "demand  rates" — will  he 
considered  in  detail  in  early  issues  of  Power.) 


At  the  new  six  million  dollar  power  plant  of  the  West 
Penn  Power  Co.,  now  under  construction  at  Spring- 
dale,  Penn.,  near  Pittsburgh,  a  vertical  shaft  is  being 
driven  to  a  seven-foot  vein  of  coal  underlying  the  bed 
of  the  Allegheny  River.  The  shaft  will  be  150  ft. 
deep,  at  which  point  entries  will  be  run  through  the  vein 
of  coal  which  will  be  used  for  supplying  this  power 
plant  with  fuel.  It  is  understood  that  there  is  approxi- 
mately one  million  acres  of  coal  land  that  will  be  mined 
before  the  supply  becomes  exhausted. 


Power  Growth  in  California 

The  normal  growth  of  northern  and  central  Califor- 
nia will  require  the  addition  of  power-generating  facili- 
ties to  the  extent  of  30,000  kw.  per  annum,  according 
to  estimates  by  Railroad  Commission  engineers  of 
California.  This  will  mean  the  expenditure  of  approx- 
imately $5,000,000  a  year  for  power  stations  and  trans- 
mission facilities  alone.  An  equally  large  expenditure 
will  be  required  for  distribution  and  other  facilities  nec- 
essary to  deliver  this  power. 

It  is  estimated  that  the  power  demands  for  southern 
California — industrial,  commercial,  residential,  and  for 
irrigation — will  reach  a  total  approximating  that  neces- 
sary for  the  needs  of  the  northern  and  central  sections. 

California's  electrical  needs,  therefore — just  enough 
to  meet  no'-mal  growth  demands — will  call  for  the  ex- 
penditure for  several  years  to  come  of  approximately 
$20,000,000  annually.  There  are  now  under  way  four 
large  hydro-electric  projects,  the  completion  of  which 
will  cost  approximately  $25,000,000.  It  is  expected  that 
these  will  be  completed  in  the  next  year. 

Completion  of  these  four  projects  will  render  avail- 
able 120,000  kw.  of  generated  capacity.  They  are  the 
Caribou  plant  of  the  Great  Western  Power  Co.  on  the 
Feather  River;  Kerckhoff  plant  of  the  San  Joaquin  Light 
and  Power  Corp.,  on  the  San  Joaquin  River;  Kern  River 
plant  No.  3,  of  the  Southern  California  Edison  Co.,  and 
the  power  plant  of  the  City  of  Los  Angeles,  planned  to 
utilize  the  waters  of  the  aqueduct  in  San  Francisquito 
Creek. 

The  Pacific  Gas  and  Electric  Co.  recently  enlarged  its 
Lake  Spauldtng  reservoir,  purchased  the  power-produc- 
tion facilities  and  distributing  system  of  the  Northern 
California  Power  Co.  and  has  under  way  a  plan  to  lease 
the  properties  of  the  Sierra  and  San  Francisco  Power 
Co.  A  Pitt  River  power-development  scheme  made  pos- 
sible by  the  purchase  of  the  Northern  company  is  also 
planned  by  the  Pacific  Gas  and  Electric  Co. 

There  are  more  than  a  half  a  million  customers  (545,- 
000,  to  be  exact)  on  the  books  of  the  existing  electric 
utilities  of  the  state,  the  commission  points  out  in  its 
annual  report,  just  completed  and  forwarded  to  Gover- 
nor W.  D.  Stephens. 

At  present  the  eighty-four  companies  engaged  in  the 
business  of  manufacturing  and  selhng  electric  energy 
in  California  operate  seventy-five  hydro-electric  plants. 
In  addition  there  are  fifty  steam  plants.  The  combined 
installation  of  the  125  plants  totals  770,000  kw.  During 
the  year  1918  these  plants  generated  a  total  of  2,892,- 
000,000  kw.-hr.,  of  which  2,163,000,000  kw.-hr.,  or  75 
per  cent  of  the  entire  production,  was  produced  by 
water  power.  This  production  is  still  far  below  the 
energy  required  to  meet  the  present  demands. 


According  to  George  Otis  Smith,  Director  United 
States  Geological  Survey,  the  United  States  produces 
about  95  per  cent  of  the  natural  gas  consumed  in  the 
world.  Of  this  two-thirds  is  utilized  in  the  indus- 
tries, and  one-third  for  domestic  service.  Pennsylvania 
ranks  first  as  a  consumer,  while  Ohio,  Kansas,  West 
Virginia  and  Oklahoma  have  contended  for  second  and 
third  honors.  The  increase  in  utilization  of  natural 
gas  has  been  both  rapid  and  steady.  In  1908  there  were 
21,000  wells  producing  402,000,000  cu.ft.  Ten  years 
later  39,000  wells  had  practically  doubled  that  output. 
During  the  past  13  years  the  quantity  used  has  approxi- 
mated 81/?  trillion  cubic  feet,  and  the  present  rate  is 
nearly  9,000,000  a  year.  However,  we  are  not  war- 
ranted in  expecting  anything  in  the  future  but  a  general 
decline  in  the  current  supply  of  this  fuel. 
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Power  Costs  To  Increase 
and  Not  Decrease 

ALMOST  from  the  inception  of  the  generation  and 
transmission  of  power  electrically  it  has  been  the 
dream  of  the  engineers  that  some  day  the  entire  country 
would  be  tied  together  with  a  network  of  electrical 
transmission  and  distribution  lines  supplying  power  for 
every  purpose  at  very  low  rates.  There  is  little  doubt 
that  the  first  part  of  this  conception  is  fast  approach- 
ing a  realization — transmission  networks  are  spreading 
out  over  the  country  in  every  direction.  As  an  indica- 
tion of  the  trend  in  this  development  one  has  only  to 
consider  that  there  are  over  fourteen  thousand  miles  of 
single-circuit  transmission  lines  in  service  in  this  coun- 
try operating  at  voltages  of  from  seventy  thousand  to 
one  hundred  and  fifty  thousand,  and  super-power  sys- 
tems operating  at  two  hundred  and  twenty  thousand 
volts  connecting  up  into  one  great  network  generating 
station  having  one  million  kilowatts  or  more  capacity 
are  the  prospects  of  the  near  future. 

However,  these  great  networks  for  power  transmis- 
sion have  not  solved  the  problem  of  cheap  power.  There 
are  localities  in  the  immediate  neighborhood  of  large 
hydro-electric  developments  where  power  is  cheap,  but 
when  it  is  transmitted  two  hundred  or  three  hundred 
miles  the  cost  must  be  increased  considerably  to  pay 
mterest  on  the  additional  investment,  maintain  charges 
on  the  equipment,  etc.  The'  fact  that  power  must  be 
sold  at  three  or  four  cents  per  kilowatt  to  make  it  a 
paying  proposition,  when  developed  in  a  hydro-electric 
plant  and  transmitted  six  hundred  miles,  by  even  the 
most  highly  developed  means  that  the  electrical  art 
can  command  at  the  present  time,  shows  that  hydro- 
electric power  to  be  cheap  must  be  used  close  to  the 
source  of  production. 

Improvements  in  steam  power-plant  equipment  have 
reduced  the  cost  of  electric  energy  generated  from  coal 
until  in  many  cases  it  has  become  a  competitor  of  the 
hydro-electric  plant,  especially  where  the  hydro-electric 
power  had  to  be  transmitted  a  considerable  distance. 
Previous  to  the  war  the  large  steam  plant  apparently 
had  promising  prospects  of  reaching  a  point  in  efficiency 
where  it  could  compete  with  the  hydro-electric  plant  on 
its  own  ground.  But  with  everything  that  enters  into 
the  production  of  power  rising  in  value,  operating 
Jv  steam  plant  has  developed  into  what  might  be  termed 
a  struggle  by  the  mechanical  and  the  electrical  engineers 
to  improve  the  equipment  and  thus  keep  the  expense 
down  in  the  face  of  the  rising  cost  of  those  elements 
required  in  power  production,  with  the  increasing  cost 
of  materials  holding  the  winning  hand,  as  evidenced  by 
an  advance  in  power  rates  allowed  to  many  of  the  public 
utilities. 

The  comparatively  low  cost  of  power  in  steam  plants 
in  the  past  was  made  possible  by  high-grade  coal  at  low 
cost,  low  labor  cost,  and  comparatively  low  construc- 
tion and  maintenance  cost.  Coal  at  low  prices  was  ob- 
tained by  working  the  most  accessible  fields  at  low  labor 
costs,  with  favorable  freight  rates  and  reasonable  profits. 
Consideration  of  each  one  of  these  elements  at  the 
present  holds  forth  very  little  encouragement  for  a  de- 
crease in  the  price  of  coal;  in  fact,  if  there  is  to  be  a 
change  in  the  future,  the  indications  are  that  it  will  be 
upward.     Consequently,   the  price   of   power  must   go 


up.  No  doubt  improvements  in  steam  power-plant 
equipment  will  be  made  to  improve  the  thermal  effi- 
ciency, but  unless  something  radical  develops,  which 
is  not  in  sight  at  the  present,  the  coal  required  per 
kilowatt-hour  in  our  most  efficient  plants  will  not  be 
greatly  reduced.  This  being  true,  the  prospect  of  power 
being  supplied  cheaply  from  large  power  systems,  or 
any  other  systems  for  that  matter,  must  remain  a  dream, 
except  in  localities  near  large  hydro-electric  sources  that 
may  be  developed  at  low  cost. 

Progress  in  Water-Power  Legislation 

DESPITE  the  determined  fight  made  on  the  Water 
Power  Bill  in  the  Senate  by  the  conservation 
group,  only  eighteen  votes  were  cast  against  it  on  final 
passage.  Fifty-two  Senators  voted  in  the  affirmative. 
Several  important  amendments  to  the  bill  that  passed 
tho  House  were  approved  by  the  Senate.  Among  these 
were  the  authorization  of  the  twenty-five-million-dollar 
power  development  on  the  Potomac  River  at  Great 
Falls  and  the  conferring  on  the  Federal  Power  Commis- 
sion the  duties  already  provided  by  statute  for  the  New- 
lands  Waterways  Commission.  This  latter  commis- 
sion had  been  empowered  to  study  and  advise  Congress 
on  matters  pertaining  to  reclamation,  utilization  of 
water  power,  flood  control  and  other  matters.  It  is 
regarded  as  likely  that  the  Great  Falls  project  and  the 
rehabilitation  of  the  Newlands  Commission  will  go  out 
of  the  bill  in  conference.  It  is  also  recognized  that 
other  very  important  changes  Will  be  made  in  the  bill  in 
conference. 

Senator  Lenroot  of  Wisconsin  led  the  fight  against 
the  bill.  His  position  and  that  of  other  conservationists 
is  that  the  bill  as  amended  by  the  Senate  gives  away  the 
public's  water-power  resources  for  practically  nothing 
by  relieving  licensees  from  paying  what  they  regard  a 
reasonable  value  for  the  power.  They  also  claim  that  it 
limits  the  possible  charge  which  may  be  made  by  the 
Government  for  the  expenses  of  administering  the  act 
plus  a  small  fee  based  on  the  value  of  government  lands 
occupied,  irrespective  of  their  water-power  possibili- 
ties. The  Senate  committee  amendmeni,  which  is  the 
basis  of  these  objections,  was  voted  into  the  bill  because 
a  majority  of  the  Senators  were  convinced  that  no  good 
could  come  from  the  legislati  'n  unless  the  development 
of  the  water  power  w^as  made  sufficiently  remunerative 
to  attract  capital.  Objection  also  was  found  to  the 
Senate  committee  amendment  which  gives  the  public 
service  commission  of  the  state  the  power  to  decide 
alone  that  a  contract  may  extend  beyond  the  end  of  a 
lease. 

A  very  determined  fight  was  made  ogainsl  die  word- 
ing of  the  bill  which  pertains  to  the  terms  of  the  license. 
As  the  Senate  amended  the  bill,  the  effect  will  be,  the 
conservationists  declare,  to  make  a  license  perpetual. 
The  majority  of  the  Senate,  however,  was  unable  to 
see  any  such  dansjer  as  pointed  out  by  Senator  Lenroot 
and  his  associates  and  believe  that  the  50-years  license 
and  its  renewal  are  amply  safeguarded  and  provided 
for  in  a  way  that  will  induce  capital  to  develop  water 
power. 

The  bill  provides  for  the  creation  of  a  Federal  power 
commission  which  is  empowered  to  issue  licenses  for 
the  development  of  water-power  projects  at  a  reason- 
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i^ble  annual  charge.  State  municipal  power  plants  and 
industrial  plants  developing  less  than  two  hundred 
horsepower  are  not  required  to  pay  a  license. 

Among  the  beneficial  results  anticipated  as  certain  to 
result  from  this  legislation  provided  the  Senate  and 
House  conferees  are  able  to  agree  are  a  saving  of  coal 
3nd  oil,  more  efficient  transportation,  development  of 
new  industries,  the  building  up  of  new  communities, 
the  creation  of  new  property  values,  added  employment 
for  labor  and  increased  market  for  agricultural  prod- 
ucts. It  also  was  pointed  out  that  every  year  that  the 
water  powers  of  the  country  are  undeveloped,  the  na- 
tion suffers  a  loss  equal  to  the  cost  of  their  develop- 
ment. 

Standard  Meter  Rates 

THE  subject  of  standard  meter  rates  or  schedules 
for  electric  service  is  one  of  great  interest  and 
importance  to  chief  engineers,  operating  engineers  and 
others  engaged  in  power-plant  work.  How  this  par- 
ticular rate  charged  is  developed  or  that  rate  derived 
covers  basic  consideration  of  good  central-station  prac- 
tice, and  each  such  plant  naturally  employs  a  system  of 
charge,  utilizing  a  recognized  standard  meter  schedule, 
that  will  make  for  entire  uniformity  and  harmony  in 
operation. 

Rate  making  in  itself  has  come  to  be  a  scientific  study 
of  broad  proportions,  and  upon  this  phase  of  power- 
plant  work  is  dependent,  to  a  large  degree,  the  success- 
ful attainment  of  the  electric  station.  The  prevailing 
charges  for  light  and  power  service  must  be  equitable 
and  properly  graded  for  different  classes  of  construc- 
tion, the  whole  showing  a  fair  net  return  of  profit.  In 
these  days  exact  service  rates  are  governed  to  a  large 
extent  by  utility-commission  control  in  different  states. 

Beyond  the  direct  application  for  specific  character 
of  service,  or  actual  charge  in  force,  a  comprehensive 
knowledge  of  a  proved  system  for  rate  computation  as 
now  in  general  practice  is  of  great  virtue  and  advantage 
to  the  engineer,  not  only  in  the  light  of  broadened  un- 
derstanding in  power-station  activity,  but  for  real  serv- 
ice and  utility  in  everyday  operation.  Whether  engaged 
in  central-station  or  municipal-plant  work,  or  in  the  iso- 
lated-power plant,  is  not  of  great  material  moment— 
the  engineer  should  know. 

In  this  issue  is  published  the  first  of  three  articles  on 
"Standard  Meter  Rates."  The  purpose  of  these  ar- 
ticles is  to  familiarize  operating  engineers  with  the  va- 
rious standard  rates  in  common  use  by  central-station 
companies  in  charging  for  power,  so  that  the  former 
will  not  be  at  a  disadvantage  when  called  upon  to  dis- 
cuss these  problems.  The  purchase  of  power  from  a 
central  station  does  not  necessarily  mean  the  closing 
down  of  an  isolated  plant,  since  there  are  many  condi- 
tions where  power  is  purchased  in  conjunction  where  an 
isolated  plant  is  in  operation,  such  as  to  relieve  the 
overload  on  the  existing  power  plant,  to  eliminate  some 
uneconomical  mechanical  drive,  to  drive  a  new  mill 
when  the  capacity  of  the  power-plant  cannot  be  in- 
creased advantageously,  to  drive  a  new  addition  to  a 
mill  that  cannot  economically  be  reached  by  shafting, 
etc.  There  are  so  many  of  these  conditions  under 
which  power  may  be  purchased  advantageously  that  the 
problem  of  purchased  power  versus  isolated  plant  has 
become  not  so  much  a  question  of  which  shall  exist,  as 
how  both  may  exist  to  the  greatest  advantage  to  indus- 
try as  a  whole. 

It  is  not  enough  for  the  isolated-plant  engineer  in  the 
inaustrial  power  plant  to  know  that  his  plant  is  operated 
in  the  most  economical  way;  he  should  be  able  to  ana- 
lyze the  various  conditions  under  which  it  might  operate 


in  combination  with  purchased  power.  The  engineer 
who  is  willing  to  put  forth  the  effort  to  make  these 
analyses  will  find  that  his  job  is  one  that  requires  real 
engineering  skill  and  ability,  and  the  running  of  his 
plant  will  never  develop  into  the  following  out  of  the 
regular  routine.  The  effort  is  worth  while,  for  it  will 
relieve  the  monotony  of  the  regular  routine  work  that 
the  operating  engineer  not  infrequently  complains  of 
today,  and  the  training  will  be  of  great  assistance  in 
obtaining  the  bigger  job  or  the  larger  salar)-  that  is  in 
the  mind  of  every  progressive  power-plant  engineer. 

The  Human  Element 

NOT  with  regard  to  the  erratic  and  oftentimes  irasci- 
ble nature  of  the  human  element  upon  efficiency, 
but  to  the  effect  of  the  personality  of  the  profession  as 
a  backgiound  for  the  popular  conception  and  for  the 
student's  ideal  of  mechanical  engineering  as  a  profes- 
sion do  we  raise  the  subject. 

Professor  Magruder,  of  the  Ohio  State  University, 
Vv'rites :  "Alany  of  our  students  have  very  hazy  ideas 
of  what  a  mechanical  engineer  does.  The  most  popular 
idea  is  that  he  is  a  high-grade  machinist,  hence  I  would 
be  glad  to  dispel  this  ignorance  and  help  the  young  men 
to  form  more  accurate  opinions  of  the  profession  and 
the  men  who  have  made  it.  As  a  means  to  this  end  I 
have  had  a  number  of  photographs  and  halftone  prints 
of  some  of  our  most  prominent  mechanical  engineers 
framed  and  hung  on  the  walls  of  our  laboratory.  These 
are  referred  to  when  the  particular  thing  which  they 
have  done  is  the  subject  of  the  lesson.  For  example,  a 
Corliss  engine  takes  on  personality  when  the  picture  of 
George  H.  Corliss  is  shown.  The  same  is  true  of  the 
Babcock  &  Wilcox  boiler,  and  many  other  inventions 
and  products  of  the  brain  of  our  great  engineers.  In 
my  opinion  this  has  an  educational  value  which  is  worthy 
of  the  trouble.  An  expensive  variant  on  the  framed 
print  is  to  have  transparencies  in  the  windows." 

This  is  more  than  an  ordinary  suggestion.  The  stu- 
dent whose  conception  of  his  profession  is  illuminated  by 
a  knowledge  of  its  history  and  peopled  with  concrete 
ideals  of  its  personnel  has  more  of  the  element  of  suc- 
cess than  one  the  background  of  whose  conception  is 
the  drawing  board  and  whose  brain  is  peopled  only  with 
principles  and  formulas. 

Ice  and  a  Boiler  Explosion 

ON  other  pages  of  this  issue  is  given  an  account  of  a 
boiler  explosion,  and  the  cause  is  attributed  to  ice 
in  the  vent  pipe  of  the  safety  valve  and  perhaps  in  the 
body  of  the  valve  itself.  A  careful  review  of  the  cir- 
cumstances will  make  it  evident  that  such  an  occur- 
rence is  entirely  possible  and  discovery  of  frozen  vent 
pipes  on  the  other  boilers  in  the  same  plant  that  had 
been  shut  down  for  washing  and  inspection,  goes  a  long 
v/ay  toward  confirming  the  foregoing  supposition.  With 
a  complete  set  of  new  tubes  and  the  boiler  reported  to 
be  in  excellent  condition  otherwise,  and  apparently  so 
from  the  appearance  of  the  metal  at  the  breaks  in  the 
flange  of  the  tube  sheet  and  the  braces,  it  would  appear 
that  two  safety  valves  free  to  the  atmosphere  should 
have  prevented  a  dangerous  pressure.  It  is  certainly 
an  infrequent  cause  of  boiler  rupture,  but  one  that 
should  be  taken  into  account  in  severe  weather.  Late 
types  of  safety  valve  would  have  relieved  the  boiler 
notwithstanding  a  choked  vent  pipe.  From  readers 
who  may  differ  as  to  the  cause  of  the  accident  or  may 
have  other  suggestions  to  offer  we  will  welcome  a  dis- 
cussion. All  the  information  possible  on  an  accident 
of  this  character  will  help  guard  the  future. 
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Remedy  for  Present  Valve  Setting 

In  the  issue  of  Sept.  23,  1919,  page  518,  S.  L.  Gilliam 
submitted  indicator  diagrams,  a  study  of  which  indicates 
that  most  of  the  improvement  in  the  second  cards  is  due 
to  higher  boiler  pressure  and  a  decreased  load.  In  my 
judgment  a  change  was  made  in  the  setting  of  the  ex- 
haust valves,  probably  an  adjustment  of  the  reach  rod 
from  the  eccentric  to  the  wristplate,  as  the  compression 
is  more  nearly  equal  in  the  second  diagram  than  in  the 
first. 

The  most  important  adjustment  to  be  made  on  this 
engine  is  setting  the  exhaust  valves.  I  believe  that  be- 
fore a  proper  diagram  can  be  obtained,  the  exhaust 
eccentric  will  have  to  be  set  back  slightly. 

The  present  pounding  in  the  head  end  is  caused  by 
excessive  compression  which  raises  the  head-end  steam 
valve  from  its  seat,  thus  causing  it  to  slam.  It  would 
be  advisable  to  draw  this  head-end  steam  valve  and 
examine  it  and  its  chamber.  '  The  slamming  may  have 
chipped  out  pieces  of  the  valve  or  port  edges,  which 
may  be  causing  a  leak  through  this  valve.  If  the  head- 
end steam  valve  and  chamber  are  in  good  condition, 
replace  the  valve  and  note  its  position  when  closed. 
It  may  not  travel  far  enough  to  give  proper  closing. 

The  position  of  the  piston  in  the  cylinder  at  both 
dead-centers  should  also  be  noted.  The  clearance  at 
the  head  end  may  be  considerably  less  than  that  at  the 
crank  end.  From  the  looks  of  the  second  diagram  I 
would  expect  to  find  either  a  leaky  head-end  steam 
valve  or  very  little  clearance  at  that  end.  These  two 
points  should  be  investigated  before  trying  to  set  the 
valves.  • 

To  set  the  exhaust  valves  the  first  thing  to  do  is  to 
adjust  the  wristplate  to  rotate  within  its  proper  range 
of  motion,  as  shown  by  the  marks  on  the  hub  of  the 
wristplate  and  the  mark  on  the  stud.  If  no  marks  can 
be  found,  then  adjust  the  wristplate  to  move  equally  in 
both  directions  from  the  central  position.  The  rods 
from  the  wristplate  to  the  exhaust-valve  arms  should 
then  be  adjusted  to  give  proper  exhaust  opening  and 
closing.  Judging  from  the  diagrams  shown  it  may  not 
be  possible  to  get  the  compression  reduced  sufficiently 
without  causing  too  early  exhaust  opening  with  the 
present'  setting  of  the  eccentric,  unless  the  head-end 
steam  valve  is  now  leaking. 

I  believe  that  very  little  change  in  the  setting  of  the 
exhaust  valves  will  be  found  necessary  if  the  head-end 
steam  valve  is  tight  and  the  clearance  is  equalized. 

The  second  diagrams  show  the  point  of  exhaust  clos- 
ure at  the  head  end  to  be  but  a  trifle  earlier  than  that 
at  the  crank  end,  which  is  proper,  as  the  head  end 
should  have  more  compression  than  the  crank  end  be- 
cause of  the  greater  speed  of  the  piston  when  traveling 
at  the  head-end  half  of  the  cvlinder. 


After  getting  the  trouble  with  the  head-end  compres- 
sion located  and  eliminated,  the  setting  of  the  steam 
valves  may  be  considered. 

The  steam  wristplate  should  be  adjusted  for  travel 
the  same  as  the  exhaust  wristplate.  From  the  state- 
ment that  the  threads  run  out  of  the  link  head,  prevent- 
ing further  adjustment  of  the  head-end  valve,  it  would 
seem  that  the  wristplate  is  now  off  center  or  else  the 
valve  stem  was  not  properly  keyseated  or  the  stem  has 
been  twisted  at  some  time. 

Sufficient  lead  should  be  given  to  produce  the  desired 
straightness  to  the  end  of  the  indicator  card.  The 
amount  of  steam  or  exhaust  opening  when  the  wrist- 
plate is  on  the  center  has  no  effect  on  the  steam  rate  of 
the  engine,  therefore  it  should  not  have  very  much 
weight  in  the  setting  of  the  valves. 

The  steam  valves  should  be  set  to  give  proper  lead 
v/ith  tight  valves  when  closed  and  a  proper  working 
position  of  dashpot  rods  and  hooks.  If  the  hook  rods 
have  to  be  shortened  too  much  in  order  to  get  sufficient 
lead,  the  valve  will  not  close  properly  when  released  or 
the  hook  may  pull  back  too  nearly  in  a  straight  line  with 
the  rod  for  safe  operation.  In  that  case  advance  the 
steam  eccentric. 

It  must  be  kept  in  mind  when  shifting  the  steam  ec- 
centric that  advancing  the  eccentric  will  cut  down  the 
capacity  of  the  engine  if  the  engine  is  to  run  on  the 
governor  cutoff.  That  is,  the  limit  of  the  cutoff  is  re- 
duced by  advancing  the  eccentric.  The  valve  motion 
reaches  its  farthest  point  of  travel  earlier  in  the  travel 
of  the  piston  in  the  case  of  engines  using  the  stationary 
knockoff  blocks,  or  knockoff  blocks  fixed  to  rings 
.shifted  by  the  governor.  In  the  case  of  the  special  gear 
sometimes  used  where  the  knockoff  gear  has  an  inde- 
pendent motion  on  centers  controlled  by  the  governor, 
then  the  point  of  cutoff  is  independent  of  the  steam 
eccentric. 


Peoria,  111. 


C.  E.   MOULSON. 


It  is  evident  th^t  there  is  too  much  lead  on  the  head 
end,  resulting  in  no  work  being  done  on  that  part  of 
the  stroke  shown  by  the  pointed  tip  of  the  diagram. 
Again,  the  crank  end  shows  no  terminal  pressure,  the 
expansion  being  carried  too  far  for  economy.  The  en- 
gine is  evidently  slightly  underloaded. 

I  suggest  that  the  valve  might  be  changed  on  its  spin- 
dle or  that  the  eccentric  be  shifted.  Adjustments  of 
rod  lengths  do  not  change  the  general  phenomenon  of 
lead,  since  the  angular  advance  influences  all  time  ele- 
ments during  both  strokes ;  so  in  this  case  it  is  best  to 
delay  the  time  of  the  motion  rather  than  its  amount. 
The  compression  line  on  the  head-end  shows  that  the 
exhaust  valve  closes  too  early.  W,  S.  Hoffman. 

Moreantown.  W.  Va. 
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Substitution  of  a   Slip-Ring  Rotor 
for  a  Squirrel  Cage 

A  100-hp.  three-phase  60-cycle  220-volt  squirrel-cage 
induction  motor  was  used  to  drive  a  compound  air  com- 
pressor. Unless  considerable  care  was  used  in  starting, 
the  inverse-lime  circuit-breaker  would  open.  To  im- 
prove the  starting  torque,  a  slip-ring  type  rotor  and 
bearing  housings  from  another  motor  were  substituted 
for  the  squirrel-cage  rotor.  The  original  stator  was 
left  on  its  foundation. 

For  trial  conditions,  a  water  rheostat  was  connected 
in  the  rotor  circuit,  as  shown  in  the  figure.    The  starter 


WATER  RHEOSTAT  CONNECTED  TO  ROTOR  SLIP  RINGS 

used  with  the  squirrel-cage  motor  was  put  in  the  run- 
ning position  and  the  main-line  switch  closed.  A  few 
trials  showed  that  the  substituted  rotor  would  fulfill  all 
requirements.  The  next  step  was  to  select  a  suitable 
permanent  starter.  A  voltmeter  was  connected  across 
the  rings  of  the  rotor  while  the  brushes  were  lifted  and 
the  full  line  voltage  applied  to  the  stator.  Voltage  be- 
tween rings  obtained  in  this  manner  was  140.  The  sec- 
ondary amperes  were  then  calculated  from  the  following 
formula : 

„  ,  ,  horsepower  V  746 

6  econaary  amperes  =  — = ^-^ : 

V  3  X  yoltage  between  rings 


100  X  746 


300 


~   1.732X140 

A  starter  designed  to  give  full-load  starting  torque 
was  selected.  This  starter  had  five  points  or  steps  in 
the  secondary  resistance.  This  number  was  used  so 
that  an  even  acceleration  and  maximum  torque  would 
be  maintained  during  the  starting  period. 

Washington,  D.  C.  H.  L.  Hervey. 

Electrical  and  Steam-Plant  Operators 

I  wish  to  emphasize  the  importance  of  a  distinction 
between  the  electrical  and  steam  operation  of  power 
plants.  It  has  long  been  the  practice  in  the  small  and 
medium-sized  plants  to  permit  the  engineer  to  have  sole 
supervision  over  the  electrical  equipment.  This  being 
done  chiefly  from  an  economical  point  of  view,  the  en- 
gineer makes  all  ihe  minor  repairs  and  acts  as  chief  in 
general.  His  knowledge  of  the  electrical  line  is  suf- 
ficient to  enable  him  to  do  practically  all  the  work  him- 
self, calling  for  expert  advice  if  the  occasion  arises. 

This  system  without  a  doubt  works  quite  satisfac- 
torily in  the  small  plant,  but  as  the  engineer  assumes 
charge  in  a  position  with  a  greater  responsibility,  he 
will  not  be  required  to  perform  the  duties  of  an  electri- 
cian, but  will  have  supervision  over  the  electrical  work. 
The  fact  that  he  holds  a  position  with  a  title  as  steam 
engineer  enables  him  to  assume  charge  over  a  separate 
and  distinct  line.  If  this  practice  is  to  be  adhered  to, 
greater  stress  should  be  laid  on  the  subject  of  elec- 
tricity, in  connection  with  the  state  examination. 


It  is  clearly  understood  that  the  Underwriters'  re- 
quirements for  the  safe  operation  and  installation  of 
electrical  equipments  are  far  in  excess  of  those  re- 
quired for  steam-plant  operation,  particularly  in  sec- 
tions where  a  license  is  not  required.  The  electrical 
worker  qualified  to  perform  the  duties  of  an  electrician 
must  abide  by  these  fixed  rules.  Nevertheless  a  com- 
plete knowledge  of  the  Underwriters'  requirements 
does  not  make  an  electrician,  any  more  than  a  license 
makes  a  steam  engineer. 

I  recall  an  instance  where  an  engineer  in  charge  of 
a  plant  directed  an  electrical  worker  to  clean  the  ex- 
citer rings  on  a  particular  alternator.  The  machine  hap- 
pened to  be  of  the  stationary-field  type,  and  the  rings 
referred  to  consisted  of  four  2400-volt  distribution 
rings.  Had  it  not  been  for  the  experience  of  the  work- 
man, the  result  might  be  imagined. 

On  another  occasion  the  circuit-breakers  were 
blocked  to  prevent  the  automatic  operation,  thus  pre- 
venting an  interruption  to  the  continuity  of  service 
The  fact  was  not  realized  that  they  were  carefully  set 
and  tested  for  a  maximum  margin  of  safety.  However, 
lightning  struck  the  system,  and  resulted  in  a  serious 
loss. 

Parlin,  N.  J.  J.  W.  Truesdell. 

Operating  220-Volt  Motors 
on  550-Volt  Service 

Fire  destroyed  a  power  plant  from  which  two  220- 
volt-interpole  motors  were  supplied,  used  to  drive  the 
machinery  in  a  factory.  Fortunately,  the  motors  were 
exactly  alike,  and  we  were  able  to  connect  the  load 
together  mechanically,  and  the  motors  in  series  to  op- 
erate from  a  550-volt  trolley  line,  as  in  the  figure.  The 
shunt  fields  were  disconnected  from  the  armatures  and 
connected  in  series  and  through  one  starting  box,  no- 
voltage  release  coil  only,  as  indicated.  The  armature 
resistance  in  the  two  starting  boxes  was  connected  in 
series   with    the   armature   circuits    only.      The    return 


Grouno/  = 


m 


Trolley  550  Volts 


qp    I  I 
l> 


y:Sh  un  f^  Fields  ■ ... 


Ig-Hp.  220-Volt   Motors 


No  Sprinof  C 


'■■Inferpole  Windings' 


CONNECTION     DIAGRAM     FOR     OPERATING     TWO     SHUNT 
INTERPOLE  MOTORS   IN   SERIES 

spring  in  the  arm  of  box  C  was  removed,  and>  it  was 
depended  upon  B  alone  to  disconnect  the  motors  from 
the  croUey  line  if  the  voltage  failed  on  the  latter. 

To  prevent  either  motor  from  racing,  their  pulleys 
were  removed  and  set  on  a  timber  frame,  so  that  their 
ends  were  next  to  each  other  and  lined  up,  butting  the 
tv/o  shafts  together.  The  armature  lead  on  one  motor 
was  crossed  to  get  the  correct  rotation.  One  pulley 
was  used  as  a  combination  pulley  and  coupling,  which 
clamped  and  held  both  shafts  together.  From  this  com- 
mon pulley  the  motors  were  belted  to  their  loads,  which 
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had  been  connected  together  mechanically.  These  ma- 
chines operated  for  about  a  week  when  the  wooden 
frame  gave  enough  to  allow  the  motors  to  get  out  of 
line  and  break  open  the  pulley  couplings,  after  which 
a  couple  of  metal  bars,  run  parallel  to  the  shaft,  were 
put  under  them,  and  we  had  no  further  trouble. 
Tampa,  Fla.  J.  C.  Buerkk. 

[It  is  apparent  that  Mr.  Buerke  went  to  considerable 
unnecessary  work  in  coupling  the  motors  together  me- 
chanically. Connecting  the  two  loads  together  mechan- 
ically was  equivalent  to  coupling  the  motors  together. 
Therefore,  all  that  was  necessary  was  to  connect  the 
loads  together  mechanically  and  the  motors  in  series. 
Of  course,  any  difference  in  the  size  of  the  pulleys  or 
thickness  of  the  belts  would  have  a  tendency  to  make 
one  motor  take  more  load  than  the  other.  However, 
when  both  equipments  are  supposed  to  be  identical,  this 
unbalancing  of  the  load  between  the  two  motors  should 
be  very  small. — Editor.] 

Repair  Jobs  in  Central  America 

In  Fig.  1  is  shown  an  easily  made  lever  arrangement 
to  drain  hoist-engine  and  pump  cylinders  when  so  placed 
as  to  be  difficult  to  get  at.  To  each  drain-cock  an 
evolvent-shaped  lever  is  fastened  by  a  rivet  or  cotter 


cocks  are  held  closed.  On  mine  steam  pumps  which  are 
occasionally  submerged,  I  connected  such  a  handle  to  a 
station  ten  feet  higher,  and  many  times  the  pumps  could 
he  started  only  by  that  arrangement. 

One  of  the  steam-port  edges  of  a  pump  was  dam- 
.'.ged,  as  shown  in  Fig.  2,  but  little  time  could  be  lost,  so  I 
fitted  a  piece  of  iron  by  means  of  two  screws  and  dowel 
pins  to  the  slide  valve.  No  trouble  was  experienced 
when  the  pump  was  started  up. 

An  adjustable  guide  arrangement  for  the  slide  valve 
on  a  10-hp.  engine  is  shown  in  Fig.  3.  This  valve  has 
.-uch  play  that  it  was  often  forced  from  its  seat  when 
the  governor,  from  any  cause,  closed  too  rapidly.  The 
steam  chest  had  to  be  opened  each  time  this  happened 
and  the  valve  replaced.  The  two  nuts,  having  been  for 
some  years  in  place,  were  so  tight  that  to  loosen  them 
would  overstrain  the  rod.  A  piece  of  ^  x  1-in.  soft 
steel  was  shaped  to  give  three  points  of  contact  only 
and  was  fitted  to  the  valve  and  held  to  the  rod  by  two 
small  clamps,  the  bolts  of  which  were  locked.  Then 
*.hree  holes  were  drilled  in  the  steam-chest  cover  and 
lapped  for  ^-in.  bolts,  which  screwed  in  with  a  close 
fit,  and  the  threads  were  filed  oflf  at  the  end.  The  bolts 
and  their  nuts  were  screwed  in  place  after  applying 
graphite  to  prevent  rusting.  Three  pieces,  each  drilled 
with  two  %-\r\.  end  holes,  were  made,  and  a  center  one 
in  which  the  end  of  the  bolt  was   fitted  and  the  end 


FIGS.  1  TO  6.     ILLUSTRATING  REPAIR  JOBS  THAT  WERE  DONE  AT  THE  PLANT 
Fig.  1.    Cylinder  Drain  Arrangement.     Fig,  2.    A  Valve-Seat  Repair.      Fig.    2.     Engine    Adjustable    Guide    Arrangement.      Fig.    4.     Pipe 
•Joint  Reinforced  with  Concrete.     Fig.   .5.    Changed  Water  Turbine  Nozzle.     Fig.   6.    Repaired  Flywheel 


pin,  and  a  convenient  handle  is  attached  to  the  rod  which 
connects  both  levers.  The  handle  is  guided  by  a  ring 
that  is  held  under  a  stud  nut  on  the  cylinder.  To  this 
ring  is  fastened  a  hook  for  holding  the  lever  in  the  open 
position;  or  when  moved  in  the  opposite  direction,  the 


riveted  over,  but  leaving  it  free  to  turn.  Then  a  piece 
oi  %  y.  1-in.  iron  was  made  nearly  the  full  length  of  the 
valve  movement.  To  this  piece  the  little  clamp-like 
pieces  were  secured  with  copper  rivets  and  the  riveted 
ends  smoothed  with  a  file.    \Vhen  all  was  assembled,  the 
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engine  was  started  slowly,  feeding  it  fully  with  oil  and 
a  little  graphite.  Then  the  screws  were  so  adjusted  that 
the  slide  pieces  just  touched  the  guide.  After  having 
run  for  nearly  two  weeks,  I  opened  the  steam  chest 
and  found  the  surfaces  in  very  good  condition.  We 
never  experienced  the  least  trouble,  and  the  engine  used 
about  30  per  cent,  less  steam  than  before.  After  several 
weeks  of  service  the  screws  were  once  more  slightly 
readjusted. 

Fig.  4  shows  how  a  troublesome  elbow  joint  was  made 
tight  with  reinforced  concrete  made  4  in.  thick  and 
placed  around  the  flange.  The  only  reinforcing  at  hand 
was  barbed  wire.  The  water  pressure  carried  in  the 
pipe  was  about  100  lb.  Some  engineer  had  taken  the 
angle  at  30  deg.,  and  upon  assembling  the  12-in.  spiral 
riveted  pipe  line,  it  was  found  that  the  elbow  did  not  fit. 
No  amount  of  changing  helped  much,  and  a  1-in.  open- 
ing resulted.  A  box  was  made  to  fit  around  the  joint 
with  about  a  2-in.  space  between  it  and  the  metal  and 
the  wire  secured  under  the  bolts,  making  a  netlike  ap- 
pearance of  the  reinforcing. 

When  the  box  was  nicely  fitted,  the  cement  was  mixed 
thoroughly  with  clean,  sharp  sand  in  proportion  of  1  to 
2,  rather  wet,  and  was  then  carefully  tamped  in  place.  A 
few  pieces  of  broken  stone  were  also  used.  The  cement 
was  kept  wet  for  about  two  weeks  before  putting,  full 
pressure  on  this  pipe.  Remarkable  as  it  may  seem,  this 
joint  did  not  develop  any  cracks  even  when  the  45-ft. 
bridge  that  supported  the  pipe  line  broke  down  and 
the  joint  had  to  withstand  the  weight  of  the  pipe. 

Considerable  delay  was  had  during  the  dry  season 
with  water  turbines  that  were  used  to  drive  a  mill.  Any 
considerable  expense  seemed  inadvisable,  but  more 
power  was  necessary.  I  ascertained  the  power  required 
for  each  machine  and  the  amount  of  water  available  and 
then  calculated  the  nozzle  opening  for  full  load  at  82 
per  cent,  efifective.  Then,  taking  a  piece  of  pipe  one 
size  larger  than  the  required  opening,  it  was  heated  and 
drawn  out  bell-shaped  to  fit  the  curve  of  the  original 
wide  nozzle,  Fig  5.  The  opening  formed  in  making 
th.e  bell  end  was  closed  by  brazing  in  a  piece  of  metal. 
Holes  were  drilled  in  the  old  nozzle,  and  the  new  piece 
M'as  set  centrally  in  the  nozzle  and  clay  tamped  all 
around.  Then  babbitt  metal  was  cast  to  fill  the  space 
between  the  nozzles.  This  served  so  well  that  I  made 
several  sizes,  so  that  we  always  have  high-efficiency  noz- 
zles. No  governor  or  regulating  is  required  on  the 
units,  as  the  gate  valve  is  opened  wide  and  as  calculated 
for  the  full  load  the  speed  is  very  near  constant. 

Fig.  6  shows  a  badly  broken  crusher  flywheel,  the 
result  of  a  young  engineer  trying  to  force  the  wheel 
onto  the  shaft.  Even  when  hot  the  bore  was  yfo -in- 
less  than  the  shaft.  However,  the  experiment  failed 
when  the  wheel  was  driven  nearly  one-half  on.  Then  it 
stuck,  and  instead  of  dismantling  the  wheel  they  tried 
-to  drive  it  ofif  with  an  iron  battering  ram  and  after  a 
few  hard  blows  the  wheel  broke.  To  wait  for  a  new  one 
was  out  of  the  question,  so  I  strengthened  the  arms  with 
tight-fitting  ^-in.  bolts.  The  one  at  A  was  secured 
against  loosening  by  a  }i-'m.  screw,  and  the  arm  at  B 
was  secured  by  two  pieces  of  5^-in.  flat  iron  shaped  and 
f^ecured  as  shown.  Two  }i-'m.  holes,  4  in.  center  to 
center,  were  drilled  in  the  arm,  and  corresponding  holes 
were  drilled  in  the  two  link  pieces,  but  with  ^^  in.  less 
center  to  center.  They  were  then  heated  and  two  %-'w. 
rivets  were  driven  in  hot.  The  spoke  cracks  at  the  hub 
M'ere  strengthened  as  shown  at  C  and  D.  Then  the  bore 
of  the  wheel  was  made  to  fit  the  shaft  when  it  was  as- 
sembled on  the  shaft  with  two  rings  shrunk  on  the  hub. 
This  repaired  wheel  has  been  in  service  for  seven  years. 
La  Paz,  Honduras,  C.  A.  Paul  M.  Wolf. 


Repairing  Cracked  Tube  Sheets 

In  a  large  manufacturing  plant  containing  approx- 
imately one  hundred  boilers,  of  which  a  large  percent- 
age were  of  the  vertical  type,  the  steam  demand  had 
increased  until  it  was  necessary  to  run  at  high  capacit\ 
both  night  and  day  to  hold  the  steam ;  consequently  each 
unit  was  kept  on  the  line  as  long  as  possible  and  repairs 
were  made  only  when  absolutely  necessary. 

These  boilers  were  equipped  with  chain-grate  stok- 
ers, and  when  cleaning  fires  the  firemen  often  knocked 
a  few  brick  from  the  top  of  the  bridge-wall,  which  al- 
lowed the  flame  to  sweep  down  on  the  bottom  tube  sheet, 
causing  in  many  cases  cracks  to  develop  between  the 
tube  hole  and  the  edge  of  the  plate.  At  first  these  were 
carefully  chipped  out  and  welded  with  fairly  good  suc- 
cess, but  the  strain  of  expanding  the  tubes  often  caused 
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the  cracks  to  break  out  again,  and  they  finally  became 
so  bad  that  they  could  no  longer  be  welded  satisfactoril}-. 

About  that  time  the  inspector  representing  the  insur- 
ance company  recommended  that  new  tube  sheets  be 
installed,  but  the  expense  involved  was  so  great  as  to 
be  almost  prohibitive.  There  was  considerable  discus- 
sion as  to  whether  these  boilers  should  be  replaced  with 
new  ones,  inasmuch  as  they  were  over  twenty  years 
old,  but  after  carefully  considering  the  existing  condi- 
tions it  was  decided  that  the  cracked  sheets  could  be 
repaired  by  a  method  which  was  submitted  to  the  chief 
inspector  for  approval  and  adopted. 

The  tube  hole  was  first  reamed  out  on  a  taper  from 
the  top,  then  a  ring  was  machined  on  the  inside  to  slip 
over  the  tube  easily,  with  the  outside  slightly  tapered. 
This  ring  was  driven  into  the  tube  hole  from  below  and 
welded  in  place,  the  paper  of  the  ring  and  hole  leaving 
room  between  for  filling,  after  which  the  crack  was 
chipped  and  welded  also.  As  the  strain  of  expand- 
ing the  tube  then  came  on  the  ring  instead  of  the  sheet, 
no  further  trouble  was  experienced  with  the  crack,  and 
the  sheet  was  practically  as  good  as  new,  while  the  sav- 
ing made  by  repairing  in  this  manner  the  several  boil- 
ers afTectcd,  over  the  cost  of  new  sheets,  was  over 
$30,000.  J.  F.  TuTEiN. 

Pittsburgh,  Penn. 
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Induction    Generator    for    Small    Water-Power    Plants — 

What  would  be  the  advantages  of  an  induction  generator  for  a 
small  water-power  plant  tied  into  a  large  electric  system? 

S.  V.  B. 
The  advantages  would  be  simplicity  and  sturdiness  of  con- 
struction, small  care  for  operation,  requiring  little  more  atten- 
tion than  necessary  lubrication,  no  requirement  of  exciter,  auto- 
matic adaptation  of  electric  load  to  the  variable  water  power 
available,  and  no  requirement  of  a  waterwheel  governor. 

Corrosion  of  Feed-Water  Heater — What  would  cause 
rapid  pitting  of  the  shell  of  a  closed  exhaust-steam  feed-water 
heater?  L.  H. 

Galvanic  action  is  likely  to  take  place  with  some  corrosion  of 
the  shell  when  the  heater  is  provided  with  tubes  and  shell  of 
different  metals,  and  corrosion  of  the  kind  is  intensified  by 
either  an  acid  or  an  alkaline  feed  water  when  the  feed  water  is 
in  contact  with  the  shell.  In  any  form  of  heater  corrosion  may 
be  caused  by  acid  feed  water  or  induced  by  electrolysis  due  to 
stray  electrical  currents. 


Number  of  Cubic  Yards  in  Block  of  Concrete — Hou 
many  cubic  yards  of  concrete  are  contained  in  an  engine 
foundation  4  ft.  x  12  ft.  at  the  top,  6  ft.  x  14  ft.,  at  the  base 
and  5  ft.  6  in.  deep,  with  sides  and  ends  oattered?    H.  W.  G. 

Taking  all   dimensions  in  feet,  the  content   in  cubic  feet  is  • 
given  by  the  prismoidal  formula : 

Number  of  cu.ft.  =  (area  of  top  +  area  of  base  +  4  times 
sectional  area  at  mid  depth)  -^  6  X  total  depth. 

The  area  of  the  top  would  be  4  X  12  =  48  sq.ft.,  and  that 
of  the  base  would  be  6  X  14  =  84  sq.ft.     The  section  at  mid- 


Holes  for  Inspecting  Thickness  of  Corrugated  Furnaces 
— What  means  should  be  provided  for  inspecting  the  thickness 
of  a  corrugated  furnace?  F.  S.  J. 

For  ascertaining  the  thickness  of  the  material  of  a  corru- 
gated or  ribbed  furnace  by  actual  measurement,  the  furnace 
should  be  drilled  for  a  ^-in.  pipe  tap  and  fitted  with  a  remov- 
able screw  plug.  For  Brown  and  Purves  furnaces  boiler  codes 
usually  provide  that  the  holes  should  be  in  the  center  of  the 
second  flat,  and  for  Morrison  and  other  similar  types,  in  the 
center  of  the  top  corrugation,  at  least  as  far  in  as  the  first  cor- 
rugation. 


Use  of  Flexible  Coupling — Why  is  it  necessary  to  employ 
a  flexible  coupling  for  direct  connection  of  a  motor  and  a  cen- 
trifugal  pump   if   both   are   mounted' on    the    same   baseplate? 

B.  F.  K. 

It  is  difficult  to  set  the  center  of  a  centrifugal  or  other  ma- 
chine in  true  alignment  with  the  center  line  of  a  motor,  and 
still  more  difficult  to  maintain  that  alignment  on  account  of 
difference  in  wear  of  the  bearing.'^.  Hence,  to  obtain  good  run- 
ning conditions  when  direct-connected,  it  is  necessary  to  con- 
nect the  motor  to  its  load  with  a  drag  crank  or  some  form  of 
coupling  that  will  adjust  itself  to  the  difference  of  alignment 
during  operation. 


depth  would  be 


4  +  6       12+14, 


X 


or  5  ft.  X  13  ft.,  and  the 


2^2 

area  of  the  mid-depth  section  would  be  65  sq.ft.  Substituting 
these  values  and  5.5  ft.  for  total  depth,  the  prismoidal  for- 
mula gives, 

48+84+ C4X65)  ^    _       , 

member  of  cu.ft.  = ^ X  5.5  =  359.33  cu.ft.,  or 

359.33 -^27  =  13.31  cM.vf/. 


Determining  Thickness  of  Bag  in  Boiler  Shell — What 
formula  or  calculation  would  be  used  in  computing  the  thick- 
ness of  the  metal  at  the  center  of  a  bag  in  a  boiler  shell' 

T.    W.    M. 

Without  making  actual  measurements  inside  and  outside  of 
the  bag,  its  form  and  the  manner  in  which  the  original  thick- 
ness is  reduced  are  matters  of  speculation.  But  if  it  is  as- 
sumed that  there  is  a  uniform  reduction  of  thickness  from 
the  periphery  to  the  center  of  the  bag,  the  thickness  at  the 
center  will  be  approximately  twice  the  original  thickness  mul- 
tiplied by  the  length  of  the  bag  taken  in  a  straight  line,  divided 
by  the  curved  length,  less  the  original  thickness  of  the  shell. 
It  may  usually  be  taken  for  granted  that  the  thinnest  metal 
will  be  at  the  point  where  the  greatest  bulge  has  occurred.  The 
proper  method  of  determining  the  thickness  is  to  make  ihe 
measurement  with  a  hook  gage  inserted  through  a  hole  drilled 
through  the  bag.  Such  a  hole  would  be  made  for  swaging  the 
bag  out  of  the  sheet  and,  whether  or  not  that  is  done,  a  hole 
thus  made  afterward  may  be  filled  with  a  rivet. 


More  Uniform  Pressure  from  Variable  Boiler  Pressure — 

We  have  a  direct  steam  line  from  our  100-hp.  return-tubular 
boiler  to  a  small  oven  60  ft.  above  the  boiler,  for  which  wc 
wish  to  supply  steam  at  a  constant  pressure  of  5  lb.  gage.  The 
boiler  pressure  varies  from  70  to  90  lb.  The  pressure-reducing 
valve  placed  near  the  oven  does  not  operate  as  closely  as  we 
desire.  Would  it  not  be  better  to  employ  another  valve  in  the 
boiler  room  for  reducing  the  pressure  to  about  40  lb.? 

W.  C.  H. 
The  trouble  probably  is  due  to  the  wide  variation  of  the  initial 
pressure  presented  to  the  reducing  valve,  and  there  should  be 
delivery  of  more  uniform  pressure  from  the  present  reducing 
valve  by  placing  another  reducing  valve  in  the  line  at  the  boiler, 
set  to  reduce  the  boiler  pressure  to  an  intermediate  pressure  as 
proposed. 


Compression  Regulating  Valves  of  Duplex  Pump — What 
is  the  purpose  of  compression  valves  of  a  duplex  steam  pump' 
and  how  are  they  connected?  F.  C 

In  ordinary  duplex  steam  pumps,  at  each  end  of  the  steam 
cylinders,  the  opening  of  the  exhaust  passage  into  the  cylinder 
wall  is  farther  from  the  end  of  the  cylinder  than  the  opening 
of  the  steam  passage.  The  latter  usually  is  at  the  v:ry  end  of 
the  cylinder  bore  or  wholly  or  partly  in  the  cylinder  head. 
Compression  of  exhaust  steam  is  effected  by  the  piston  cover- 
ing the  exhaust  passage  before  the  exhaust  stroke  has  beer* 
completed.  Should  the  piston  cushion  too  heavily,  the  com- 
pression can  be  reduced  by  opening  a  valve  in  a  connection 
made  between  the  end  of  the  cylinder  and  the  ex'.^aust  passage 
or,  as  rommonh  done,  by  regulation  of  a  valve  that  controls 
the  amount  of  opening  of  an  aperture  in  the  partition  between 
the  steam  and  exhaust  passages.  When  the  main  valve  shifts- 
for  reversing  the  pump,  the  exhaust  port  is  covered  at  the  same 
time  the  steam  port  is  uncovered,  so  that  during  the  returr» 
stroke  of  the  piston  the  escape  of  live  steam  past  the  com- 
pression-regulating valves  is  as  effectually  prevented  as  fron-i 
the  cylinder  itself. 
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Standard  Lubricating  Oil  Systems  for 

Geared  Turbines* 

By  J.  EMILE  SCHMELTZER  and  B.  G.  FERNALD 


PRIOR  to  July  1,  1918,  vessels  propelled  by  geared  turbines 
which  had  been  designed  and  constructed  for  private 
owners  had  been  delivered  under  requisition  to  the 
United  States  Shipping  Board  Emergency  Fleet  Corporation. 

As  operating  troubles  with  geared  propelling  turbines  were 
already  being  reported  to  an  extent  considered  abnormal,  and 
as  many  of  these  troubles  were  being  attributed  to  faulty  oper- 
ation or  failure  of  the  lubricating  oil  system  (in  most  in- 
stances the  oiling  system  was  not  furnished  by  the  builder  of 
the  turbine,  but  by  the  shipbuilder),  it  was  decided  to  study 
all  the  oiling  systems  in  use  on  American  ships,  and  either  to 
adopt  or  develop  a  standard  oiling  system  for  use  on  all  geared 
turbine  vessels  then  under  construction  or  to  be  built  by  the 
U.   S.   Shipping  Board  Emergency  Fleet  Corporation. 

A  very  small  percentage  of  American  marine  engineers  had 
had  any  previous  operating  experience  with  direct-connected 
marine  turbines,  and  a  negligible  number  had  ever  operated 
double  reduction  geared  turbines,  the  type  with  which  most 
of  the  vessels  under  construction  were  equipped. 

It  appeared  that  a  standardized  system  would  materially 
simplify  the  instruction  of  the  new  engineers.  Lack  of  stand- 
ardization, moreover,  would  have  caused  accidents  and  confu- 
sion, even  with  experienced  engineers,  as  it  was  frequently 
necessary  for  engineering  crews  to  go  to  sea  on  new  vessels 
without  first  giving  them  time  to  familiarize  themselves  with 
the  different  piping  sj^stems  on   the  vessels. 

As  a  consequence  of  solicited  criticisms,  a  revision  of  the 
system  substantially  according  with  the  majority  of  the  recom- 
mendations was  made,  and  submitted  again  to  a  number  of 
eminent  marine  engineers,  and  the  final  revised  system  adopted 
as  a  standard  for  vessels  of  the  Emergency  Fleet  Corporation. 

Coolers — Nearly  all  of  the  oil  coolers  previously  used  were 
inadequate  to  transfer  the  required  number  of  British  thermal 
units,  which  amounted  in  a  number  of  instances  to  10  per 
cent,  of  the  propelling  turbine  horsepower.  This  was  partly  due 
to  the  fact  that  the  reduction-gear  manufacturers  had  overrated 
the  efficiency  of  their  reduction  gears. 

As  a  precautionary  measure,  it  was  considered  essential  that 
an  auxiHary  cooler  be  provided  so  that  the  oil  could  be  cooled 
by  one  cooler  in  the  event  of  the  other  being  rendered  in- 
operative by  leaky  tubes  or  other  causes.  The  auxiliary  cooler 
was  also  used  in  parallel  with  the  main  cooler  when  operating 
in  tropical  waters,  where  a  cooling  water  temperature  of  84 
degrees  or  higher  obtained.  The  technical  order  specified  a 
20-degree  drop  in  oil  temperature,  and,  while  it  was  realized 
that  the  cooler  would  not  be  called  upon  to  equal  this  temper- 
ature drop  under  normal  running  conditions,  still  this  size  of 
cooler  provided  for  a  considerable  drop  in  the  efficiency  of 
the  cooler,  due  to  the  fact  that  the  tubes  would  in  time  be- 
come covered  with  a  deposit  which  would  materially  decrease 
the  efficiency  as  compared  with  a  clean  one. 

Results  obtained  in  operation  have  demonstrated  that  the 
size  of  cooler  specified  satisfies  average  operating  conditions. 

Gravity  Tanks,  Size  and  Location  of — During  the  time  the 
designs  of  the  new  system  were  in  the  course  of  preparation, 
one  manufacturer  claimed  that  it  was  necessary  to  have  12 
lb.  oil  pressure  on  the  turbine  bearings  and  gear  oiling  devices 
on  equipment  manufactured  by  them,  and  still  another  used 
spray  nozzles  of  such  size  as  to  make  it  almost  impossible  to 
maintain  a  higher  pressure  than  4  or  5  lb.  The  rest  of  the 
builders'  requirements  averaged  about  10  lb.  pressure  at  the 
oil  manifold. 

Due  to  the  above  facts,  and  based  on  the  assumption  that  it 
was  best  to  satisfy  the  higher  pressure  requirements,  and  also 
owing  to  the  fact  that  all  of  the  vessels  on  which  installation 
of  the  system  was  contemplated  would  permit  of  the  location, 
it  was  specified  that  the  gravity  tanks  be  located  at  a  height 

•Abstract  of  a  paper  read  at  the  twenty-seventh  general  meeting  of 
the  Society  of  Naval  Architects  and  Marine  Engineers,  held  in  New 
York,   November,   1919. 


of  30  ft.  above  center  line  of  turbine  in  the  engine-room^ 
casing.  This  location  of  the  gravity  tank  has  proved  satis- 
factory in  service,  and  no  trouble  has  been  experienced  in 
securing  the  required  pressure. 

The  size  of  the  gravity  tank,  which  is  of  600  gal.  capacity, 
was  based  on  having  three  or  four  minutes  reserve  supply  of 
oil  available  for  the  gears  in  the  event  of  the  oil  supply  to  the 
gravity  tanks  being  interrupted.  This,  it  was  thought,  would' 
provide  sufficient  time  for  action  on  the  part  of  the  operatingr 
personnel. 

Kingsbury  Thrust  Bearing — Inasmuch  as,  on  most  of  the 
various  types  of  turbines  purchased  by  the  U.  S.  Shipping 
Board,  the  Kingsbury  or  similar  type  of  thrust  bearing  is 
used,  it  is  essential  that  there  be  a  constant  supply  of  cool, 
clean  oil.  Failure  or  interruption  of  the  supply  has  caused' 
the  thrust  bearing  to  burn  out  on  several  occasions,  with  con- 
sequent serious  damage  to  the  turbine. 

This  same  type  of  thrust  bearing  was  employed  in  the  ma- 
jority of  cases  for  the  main  propelling  shaft  thrust,  and  there- 
fore the  same  necessity  for  cool,  clean  oil  obtained  in  this- 
case. 

Strainers — As  a  precautionary  measure  against  sabotage,  a 
twin  suction  strainer  having  a  coarse  mesh  strainer  basket  was 
installed,  but  eventually  omitted  in  the  revised  specifications 
at  the  end  of  the  war. 

A  strainer  having  approximately  1/64-in.  mesh  was  placed 
in  the  discharge  line,  and  this  is  considered  sufficient  to  re- 
move all  sediment  incidental  to  ordinary  operation  after  the 
system  has  been  thoroughly  cleaned  before  the  trial  trip  a» 
specified. 

Filters  and  Separators — While  all  of  the  filters  and  separa- 
tors specified  are  satisfactory  for  the  purpose,  it  is  considered      _ 
that  the  results  obtained  from  the  centrifugal  type  of  separator     ■ 
show  greater  efficiency,   inasmuch  as  the  oil,   water   and  sed-      » 
iment    are    separated — the    oil    flowing    from    one    nozzle,    the 
water  from  another,  the  overflow  mixture  from  another,  and 
the  sediment   remaining  in  the   bowl,    from  which   it  may  be 
removed    at    will.     Tests   made    at   Annapolis   prove    that   the 
rolling  or  pitching  of  a  vessel  will  have  no  ill  effects  on  its 
successful  operation. 

Alarm  Systems — An  electric  alarm  system  actuated  by  a 
float  switch,  connected  to  the  gravity  tanks  was  provided  (and 
since  omitted),  which  would  notify  the  chief  engineer  in  his 
room  and  the  engineer  officer  on  watch,  by  means  of  an  elec- 
tric gong,  that  the  oil  level  had  dropped  below  normal  oper- 
ating level.  This  system,  which  was  so  designed  as  to  not 
only  give  the  necessary  notification  in  case  of  oil  level  becom- 
ing low,  but  also  to  automatically  increase  the  speed  of  the 
pumps,  was  later  omitted,  due  to  a  desire  to  reduce  the  cost 
of  the  installation  rather  than  because  of  any  belief  in  a  lack 
of  necessity  for  it. 

Drain  Tank — The  capacity  of  the  oil  drain  tank  was  re- 
quired to  be  from  800  to  1000  gal.  for  a  3000-hp.  double-reduc- 
tion gear  turbine  unit. 

It  was  found  that  most  of  the  drain  tanks  supplied  at  the 
time  this  system  was  originated  were  too  small,  and  resulted 
in  the  pumps  becoming  vapor  bound.  In  most  cases  of  this 
kind,  ".nd  also  where  the  suction  lift  of  the  pump  was  high, 
the  oil  became  dark  in  color.  Oil  experts  who  were  consulted 
advised  that  the  mixture  of  air  with  hot  oil  frequently  re- 
sulted in  the  presence  of  sulphurous  acid  (HjSOj)  in  the  oil. 
For  this  reason,  the  drain  tanks  were  made  sufficiently  large 
and  the  pumps  placed  as  low  as  possible  to  insure  a  short 
suction  lift. 

Pumps — While  vertical  pumps  are  more  desirable  for  the 
purpose  of  securing  low  suction  lift,  it  was  not  possible  to- 
procure  them  in  the  quantities  required.  Horizontal  pumps 
were  therefore  used  more  extensivelv. 
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Oils — Originally  an  oil  having  a  viscosity  of  300  sec.  (Say- 
bolt)  at  100  dcg.  F.  was  specified,  but  later  this  was  changed 
to  500  sec.  viscosity.  This  latter  viscosity  was  found  to  suit 
conditions  better  because  the  high-speed  bearings  demand  oil 
having  a  low  viscosity  and  the  gears  and  slow-speed  bearings 
a  high  viscosity  oil.  Inasmuch  as  two  separate  systems  could 
not  be  considered  on  account  of  their  cost,  and  due  to  the 
fact  that  oils  ranging  from  300  to  700  viscosity  at  100  deg. 
have  practically  the  same  viscosity  at  temperatures  above  140 
deg.,  and  also  based  on  operating  results,  it  was  considered 
that  the  higher  viscosity  was  more  desirable. 

The  results  obtained  from  the  system  in  service  have  been 
\'ery  gratifying  and  show  that  the  sizes  of  equipment  specified 
•were  in  keeping  with  the  requirements,  and  it  is  believed  that 
a  system  of  lesser  magnitude  than  that  specified  would  en- 
danger the  successful  operation  of  a  double  reduction  gear 
lurbine  unit  of  3000  hp. 

There  is  no  doubt  that  an  adequate  lubricating  oil  system 
is  essential  to  the  successful  operation  of  the  geared  turbine, 
.and  while  its  maintenance  cost  is  small,  the  consumption  of 
oil  through  leaks  and  other  sources  amounting  to  about  half 
a  barrel  per  month,  the  first  cost  of  installing  such  a  system 
is  high.  It  is  believed,  however,  that  an  increase  in  efficiency 
will  be  obtained  in  the  reduction  gears  of  the  future,  which 
will  permit  of  a  considerable  reduction  in  the  size,  and  conse- 
quently the  cost  of  the  lubricating  oil  system. 

Lubricating  Oils — Extended  experience  with  various  oils 
'has  shown,  the  necessity  of  using  a  heavy  oil  to  protect  the 
low-speed  train  of  double  reduction  gears  against  pitting  and 
•other  deterioration.  Heavy  oils,  however,  are  not  well  suited 
for  high-speed  bearings,  particularly  where  the  clearance  be- 
tween bearings  and  journals  is  small,  and  will  produce  high 
"bearing  temperature  and  increase  the  friction  loss.  As  it  is 
not  practicable  to  use  either  oils  of  two  different  viscosities 
in  the  same  system,  or  to  install  separate  systems  for  the 
.gears  and  bearings,  the  only  practical  compromise  is  to  in- 
crease the  viscosity  as  much  as  possible  without  heating  the 
pinion  and  turbine  bearing.  The  viscosity  of  the  oil  at  the 
point  of  entering  the  bearings,  can  be  controlled  over  a  wide 
range  by  regulating  the  amount  of  water  supplied  to  the  oil 
■coolers. 

In  the  tropics,  it  may  be  necessary  to  use  both  coolers  to 
;keep  the  temperature  down,  and  in  northern  waters,  in  the 
winter,  it  may  be  necessary  to  throttle  the  water  supply  to  the 
-coolers   or   cut   it   out   entirely. 

The  general  rule  is  to  keep  the  oil  as  cool  as  possible  with- 
out overheating  the  high-speed  pinion  bearings,  paying  also 
special  attention  to  the  bearing  and  thrust  ai  the  forward  end 
•of  turbines. 

The  temperature  may  rise  to  and  operate  at  160  deg.  F. 
without  danger,  with  a  good  supply  of  oil  and  careful 
watching. 

It  cannot  be  too  clearly  emphasized  how  necessary  it  is  to 
keep  the  oil  pure  and  clear  of  water,  by  using  the  test  cocks 
provided  to  denote  its  presence,  by  consistently  heating  and 
settling  oil  when  the  presence  of  water  has  been  detected,  and 
hy  keeping  the  oil  pressure  at  coolers  at  all  times  above  water 
pressure.  Every  opportunity  should  be  taken  to  remove  all 
sediment  from  the  oil  both  by  heating  and  settling,  and 
strainer  baskets  should  always  be  kept  clean  and  filter  cloths 
Tegularly  renewed.  If  this  is  systematically  carried  out,  the 
oil  should  last  and  remain  perfectly  lubricant  indefinitely  and 
Tnake-up  oil  reduced  to  minimum. 

By  agreement  with  the  Division  of  Operations,  the  follow- 
ing revised  list  of  approved  oils  has  been  adopted  for  use  on 
all   installations : 

Viscosity 
Brand.  Maker.  of  100°  F. 

'D.  T.  E.  extra  heavy      Vacuum  Oil  Co.  525 

Calol  extra  heavy  Standard  Oil  Co.  of  Cal.  700 

■Ursa  Texas  Company  750 

Algol  Texas   Company  510 

These  brands  have  been  selected  with  reference  to  distribu- 
tion facilities  of  the  manufacturers,  as  well  as  suitability  of 
the  oil. 

Should  other  oils  be  approved  from  time  to  time  after 
satisfactorily  passing  the  required  tests  and  after  having 
proved  by  actual  operations  that  they  are  suitable  for  the  pur- 


pose  intended,   they  will   be   added   to   the  above  list   and   all 
concerned  will  be  duly  notified. 

Under  ordinary  conditions,  the  viscosity  should  be  main- 
tained at  450  sec.  to  500  sec.  Saybolt  by  keeping  the  tempera- 
ture of  the  oil  leaving  the  cooler  at  the  figures  shown  below, 
and  which  are  for  450  sec.  and  500  sec,  Saybolt  viscosity  re- 
spectively for  the  different  brands. 

Approx-  Approx- 

Saybolt     imate      Saybolt     imate 

Brand  viscosity  degrees  F.  viscosity  degrees  F. 

Seconds  Seconds 

D.  T.  E.  extra  heavy..         500  102  450  106 

Calol  extra  heavy 500  110  450  113 

Ursa  500  111  450  114 

Algol    500  101  450  104 

Air  Pumps  for  Condensing    Equipment* 

By  Frank  R.  Wheeler 

During  the  last  few  years  changes  in  power-plant  equipment 
have  resulted  in  improved  condensing  apparatus  which  will 
maintain  a  vacuum  of  29.5  in.  referred  to  a  30-in.  barometer, 
under  proper  operating  conditions  and  with  proper  water 
temperature.  This  improvement  is  primarily  due  to  the  better 
design  of  air  pumps  and  to  the  radical  changes  and  innova- 
tions that  have  been  introduced  since  1914. 

Condenser  air  pumps  may  be  divided  into  two  general 
classes,  displacement  pumps  and  impulse  pumps.  The  former 
may  further  be  divided  between  wet  vacuum  pumps,  handling 
both  the  liquid  and  gas,  and  dry  vacuum  pump?,  handling  only 
gases.  The  impulse  pumps  may  be  classified  as  rotary  or 
hurling- water  pumps,  and  as  ejectors,  while  the  ejectors  may 
be  still  further  classified  as  water  ejectors  and  steam  ejectors. 

Wet  air  pumps  have  proved  their  merits  for  more  purposes 
and  duties  than  is  often  realized  and  are  today  in  many  cases 
to  be  recommended  and  installed  with  a  clear  conscience.  Im- 
provements have  been  made  in  the  better-known  pumps  of 
this  type  so  that  volumetric  efficiencies  have  been  materially 
improved  and  power  consumption  reduced.  Succeeding  the 
original  bucket  type  with  three  valve  decks,  the  Edwards  air 
pump,  the  principle  of  which  was  described  in  1845  by  Bodmer, 
was  introduced  in  1900  by  C.  H.  Wheeler  and  is  in  general 
the  best-known  pump  of  the  wet  vacuum  type.  The  horizontal 
valveless  pump  has  also  been  developed.  On  account  of  the 
distinct  advantages  of  this  type  and  particularly  where  the 
pump  drive  is  combined  with  the  circulating-water  pump,  the 
writer  feels  that  the  merits  of  these  improved  old-time  de- 
signs are  often  overlooked,  especially  for  units  up  to  1500 
kilowatts. 

Later  the  dry  vacuum  pump  made  with  small  clearances  and 
handling  air  only,  appeared,  and  this  type  has  the  same  gen- 
eral advantages  as  the  wet  pump  but  with  better  volumetric 
efficiencies.  Except  for  its  complications,  the  number  of  mov- 
ing parts,  maintenance,  size,  etc.,  its  use  cannot  be  criticized. 
The  increase  in  the  size  of  turbines  coming  into  general  use, 
together  with  the  continuous  demand  for  higher  vacuum, 
calls  for  dry  air  pumps  of  cumbersome  size  and  excessive 
power,  and  the  solution  of  thi;:  problem  seems  to  point  to  an 
ejector  air  pump  of  some  form. 

The  Hydr-^ulic- Entrain ment  Air  Pump 
In  1862  Christian  Schiels,  of  Oldham,  England,  invented  a 
hydraulic-entrainment  air  pump,  which  expelled  the  air  from 
a  condenser  by  combining  or  entraining  it  with  hurling  water 
in  its  passage  through  a  fan  or  centrifugal  pump.  The  neces- 
sary water  pressure  was  provided  by  means  of  a  high-speed 
rotary  device.  This,  together  with  the  relnively  small  space 
required  and  the  ability  to  maintain  a  high  vacuum,  are  such 
desirable  features  that  when  the  demand  had  exceeded  the 
limitations  of  the  dry  air  pump,  development  came  very  rapidly. 
The  other  type  of  hydraulic-entrainment  air  purrn  is  that  in 
which  the  entrain ;nent  or  compression  of  the  air  is  performed 
in  part  of  the  apparatus  entirely  separate  from  that  producing 
the  pressure  of  the  hurling  or  entraining  water.  These  pumps 
follow  the  simple  ejector  principle  using  single  or  multiple 
jets  of  water  discharging  into  a  combining  cone  or  diffuser 
and  entraining  the  air  due  to  the  high  velocity  of  the  water 
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jet.  The  Koerting  ejector  is  the  best  known  of  this  type,  the 
water  being  supplied  from  an  exterior  source  and  forced 
through  a  number  of  nozzles  into  a  combining  cone  or  diffuser. 

In  general,  the  power  required  by  a  hydraulic-entrainment 
air  pump  is  40  per  cent,  greater  than  that  for  a  rotary  dry  air 
pump  of  the  same  relative  capacity,  and  the  air  handling  is 
subjected  to  strict  limitations  at  moderate  vacuums;  conse- 
quently it  cannot  be  counted  on  for  overloads  or  unusual  de- 
mands. The  former  is  due  to  the  power  required  to  move  the 
necessary  hurling  water  against  a  discharge  head,  and  the; 
latter  to  the  limiting  weight  of  air  that  can  be  entrained  by  a 
quantity  of  water.  The  volumetric  efficiency  of  the  dry  air 
pump  falls  off  rapidly  at  high  vacuum,  owing  to  the  rarefied 
air  to  be  handled  in  a  fixed  cylinder  volume,  through  fixed 
port  areas,  and  to  the  detrimental  eflfect  of  even  the  smallest 
clearances.  The  hydraulic  pump  is  not  so  seriously  aflFected ; 
in  fact,  it  improves  in  capacity  at  high  vacuum. 

The  hydraulic-entrainment  type  of  pump  has  given  satis- 
faction in  removing  air  and  vapors  from  the  condensing  cham- 
ber and  in  maintaining  as  low  a  pressure  as  is  consistent  with 
circulating-water  temperature.  On  account  of  the  simplicity 
of  the  apparatus  when  compared  with  the  rotary  vacuum  air 
pump,  the  admitted  high  power  consumption  has  been  accepted 
as  a  necessary  evil,  as  has  the  difficulty  of  erosion. 

The  steam-ejector  principle  is  an  old  one,  but  for  high- 
vacuum  service  the  ejector  pump  has  not  been  in  general  com- 
mercial use  in  this  country  until  the  last  three  years,  but  it  is 
now  a  definite  engineering  and  commercial  success.  The  rea- 
son for  its  adoption  may  be  considered  by  reviewing  the  ad- 
vantages claimed  for  it ;  namely,  extreme  simplicity,  no  main- 
tenance or  attention,  reliability  and  flexibility,  stability,  min- 
imum space  and  waste,  low  steam  consumption  with  high 
efficiency.  The  first  advantage  enumerated,  simplicity,  while 
the  most  important,  may  be  passed  over  as  obvious.  The  sec- 
ond advantage  results  from  the  fact  that  there  are  no  moving 
parts  to  wear  out.  The  parts  subjected  to  wear  are  steam 
nozzles  and  diflfusers,  and  the  medium  used  is  the  same  as 
employed  in  the  turbine;  therefore  the  life  of  the  pump,  so 
far  as  its  wearing  qualities  are  concerned,  should  be  as  long 
as  that  of  the  nozzles  of  the  turbine  in  service.  Because  there 
are  no  moving  parts  to  oil  or  adjust,  the  only  attention  re- 
quired is  that  of  opening  and  closing  valves  controlling  the 
pump. 

Making   Provisions   for  Leakages 

As  is  well  known,  the  air  leakage  varies  greatly  and  pro- 
vision must  be  made  for  leakages  largely  in  excess  of  those 
expected  with  good  operation.  With  other  types  of  air  pumps 
that  are  now  being  considered,  it  is  usual  to  provide  a  pump 
large  enough  for  maximum  requirements  and  to  operate  it  at 
reduced  speed  or  displacement.  With  the  ejector  type,  on 
account  of  its  small  size,  weight  and  space  requirement,  the 
total  estimated  air-removal  capacity  can  be  provided  by  two 
or  more  units,  one  or  more  of  which  can  be  operated  as  re- 
quired, thereby  providing  maximum  efficiency  and  insurance 
against  a  shutdown. 

As  to  stability,  sufficient  evidence  in  the  form  of  test  data 
is  at  hand  to  uphold  this  claim.  The  advantages  in  the  line 
of   space  and  weight  are  obvious. 

The  sixth  claim  requires  the  most  consideration  because 
it  leads  the  list  of  disadvantages  put  forth  by  the  few  who 
have  opposed  the  use  of  ejectors.  Based  on  wasting  all  the 
steam  used  by  the  air  pump,  it  is  freely  admitted  that  the 
ejector  requires  more  iteam  than  the  rotary  dry  vacuum  or 
wet  vacuum  pump.  If  there  is  a  case  where  all  the  steam 
used  by  the  air  pump  cannot  be  used  in  heating  feed  water, 
intercondensers  can  be  used  between  the  stages,  resulting  in  a 
steam  requirement  less  than  that  of  the  rotary  dry  vacuum 
or  wet  air  pump.  Excepting  for  the  heat  loss  in  radiation, 
the  whole  of  the  heat  in  the  steam  is  available  for  heating 
boiler-feed  water,  and  this  arrangement  will  give  a  satisfac- 
tory heat  balance.  As  a  general  rule  plants  for  ordinary  size 
ejectors  without  intercondensers  require  less  than  1  per  cent, 
of  the  total  steam  consumption  for  surface  condensers  and 
from  2^/2  to  3  per  cent,  for  jet  condensers.  For  intercon- 
denser  ejectors  the  percentages  are  approximately  one-half 
this  value. 

The  selection  of  air-pump  capacity  and  size  has  always  been 
shrouded   with   considerable  mysterj',   and   the  methods   to   em- 


ploy should  be  given  more  publicity.  Air  is  admitted  into 
the  condensing  chamber  in  three  ways :  First,  from  leaks  into 
the  system  under  vacuum;  second,  from  air  entrained  in  the 
boiler- feed  water  and  carried  over  with  the  steam;  and  third, 
from  entrained  air  in  the  ejection  water,  the  third  source  of 
course  being  limited  to  jet  or  barometric  condensers.  The 
earliest  methods  of  selecting  air-pump  capacity  assumed  that 
the  displacement  of  the  pump  should  be  a  function  of  the  low- 
pressure  engine  cylinder  displacement.  Later,  the  rule  mak- 
ing the  displacement  a  function  of  the  volume  of  condensed 
steam  was  generally  used  and  proved  to  be  satisfactory.  The 
introduction  of  the  ejector  pumps  required  that  some  other 
method  of  selection  be  used. 

For  a  number  of  years  experiments  and  investigations  have 
been  made  on  the  effect  of  air  leakage  on  vacuum,  heat  trans- 
fer and  so  forth,  all  of  which  have  indicated  that  the  presence 
of  only  a  small  amount  of  air  has  a  very  detrimental  eflfect. 
This  caused  large  operators  to  introduce  periodic  tests  of  their 

•  Cubic  Feet  of  Air  per  Minute, 
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condensers  for  air  leakage.  These  tests  showed  some  unex- 
pected results — that  a  30,(X)0-kw.  unit  need  not  necessarily 
have  a  greater  air  leakage  than  a  20,000-kw.  unit,  and  that 
it  was  possible  to  keep  air  leakage  to  extremely  low  quantity, 
depending  on  the  care  exercised  in  installing  the  condensing 
equipment  and  on  the  care  in  operation,  or  rather  the  willing- 
ness of  the  operating  engineers  to  go  after  small  leaks. 

The  ourchaser  of  condensing  equipment  insists  that  the  man- 
ufacturer guarantee  the  vacuum,  but  with  his  inquiry  in  which 
he  certifies  the  amount  of  steam  to  be  condensed,  water  tem- 
perature and  so  forth,  he  neglects  to  state  how  much  air  shall 
be  allowed  to  leak  into  the  system.  For  this  reason  the  con- 
denser manufacturer  is  compelled  to  do  a  great  deal  of  "edu- 
cated guessing."  It  may  be  assumed  that  the  amount  of  air  to 
be  handled  is  a  function  of  the  quantity  of  steam  condensed. 
In  arriving  at  our  figures,  however,  there  are  some  very  un- 
certain factors  to  be  taken  into  consideration.  Shall  we  as- 
sume the  best  operation  possible  or  the  operation  of  a  shift- 
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less  attendant  satisfied  uitli  a  spring  gage?  inasmuch  as  the 
manufacturer  is  interested  in  the  prosperitj-  of  his  customer, 
he  assumes  the  former,  and  to  be  sure  of  his  own  guarantee, 
provides  for  the  latter. 

Based  on  a  tight  system  and  first-class  operation,  the  amount 
of  dry  air  leakage  to  be  expected  from  the  condensing  equip- 
ment is  shown  in  the  accompanying  curve.  It  should  be  noted 
that  this  is  dry  air  and  is  less  than  the  capacity  to  be  provided 
for  the  air  pump,  because  in  passing  through  the  condenser 
air  becomes  saturated  and  the  air  pumps  must  remove  with 
the  air  an  amount  of  water  vapor  dependent  upon  the  pres- 
sure and  the  temperature  of  the  mixture.  It  is  to  be  under- 
stood that  this  chart  is  not  from  absolute  data,  but  is  simply 
an  estimated  quantity. 

According  to  Dalton's  Law,  the  total  pressure  in  the  con- 
denser is  the  sum  of  the  partial  vapor  pressure  corresponding 
to  the  temperature  of  the  mixture,  taken  from  the  steam  and 
the  partial  air  pressure  due  to  the  air  or  other  gas  present  in 
the  conductor.  The  volume  of  the  air  is  directly  proportional 
to  its  absolute  temperature  and  inversely  proportional  to  its 
pressure;  therefore,  if  the  mixture  of  air  and  water  vapor  in 
the  condenser  is  cooled,  the  total  pressure  remaining  the  same, 
the  vapor  pressure  is  reduced  and  the  partial  air  pressure  in- 
creased, with  the  corresponding  change  in  volume.  The  gen- 
eral problem  may  be  considered  as  the  determination  of  the 
total  weight  of  saturated  mixture  which  must  be  removed  from 
the  condenser  to  expel  one  pound  of  dry  air.  Now  this  ca- 
pacity does  not  provide  for  emergencies,  unusual  operating 
conditions  or  excessive  air  leaks,  and  it  is  usual  to  select  a 
larger  pump  and  operate  at  reduced  capacity,  but  the  better 
way  is  to  select  two  pumps  of  minimum  size,  as  indicated  from 
the  capacity  calculations.  In  this  way  a  spare  pump  is  pro- 
vided as  an  insurance  against  shutdown,  maximum  economy 
of  power  is  obtained,  and  the  necessity  of  the  use  of  both 
pumps  is  an  automatic  indication  of  excessive  air  leakage. 
The  ejector,  being  so  small  and  not  requiring  foundation, 
lends  itself  most  admirably  to  this  selection  and  can  be  used 
in  two  or  as  many  more  units  as  desirable,  to  provide  for 
fractional  loads  and  maximum,  economy. 

In  selecting  an  air  pump  for  a  jet  or  barometric  condenser, 
capacity  must  also  be  provided  for  the  entrained  air  and  gases 
which  enter  with  the  injection  water  and  immediately  expand 
to  the  pressure  being  maintained  in  the  condenser.  Here  we 
have  a  very  uncertain  item,  for  cold  water  will  hold  more  air 
than  hot  water,  and  water  flowing  over  leaves  and  vegetable 
matter  will  absorb  COj.  The  air  contents  will  be  different  in 
the  water  of  a  spray  pond,  a  still  lake,  a  slow  moving  river  or 
a  mountain  stream.  The  quantity  of  air  admitted  into  the 
condensing  system  with  the  injection  water  is  greatly  in  ex- 
cess of  that  entering  with  the  steam  and  air  leaks.  A  consid- 
erable quantity  of  air  passes  out  of  the  system  through  the 
water-removal  pump  toward  the  tail  pipe  by  entralnment.  This 
latter  quantity  is  sometimes  as  large  as  40  per  cent,  of  the 
total  and  seldom  less  than  20  per  cent.  It  is,  therefore,  as- 
sumed that  the  air  admitted  with  steam  and  by  leaks  in  the 
system  passes  off  with  the  injection  water,  and  air-pump  ca- 
pacity is  provided  only  for  the  air  entering  with  the  injection 
water. 

Mr.  Wheeler's  paper  also  contains  descriptions  of  a  number 
of  ejector  air  pumps,  but  as  there  is  in  course  of  preparation 
for  Power  an  article  that  covers  this  ground,  that  part  of  the 
paper  has  been  omitted  in  this  abstract. 

A.  A.  E.  Organizes  Ohio  State   Assembly 

Representatives  of  all  chapters  of  the  American  Association 
of  Engineers  in  Ohio  met  in  Columbus  on  Jan.  21  and  formed 
the  Ohio  Assembly  of  the  A.  A.  E.  The  objects  of  the  state 
organization  were  defined  "to  initiate,  coordinate  and  promote 
the  interests  and  achievements  of  the  A.  A.  E.  in  the  State  of 
Ohio." 

It  was  tentatively  decided  that  representation  in  the  state 
assembly  would  be  on  the  basis  of  one  representative  from 
each  chapter  having  from  20  to  100  members,  two  from  chap- 
ters having  101  to  500  members  and  three  from  those  with 
from  501  to  1,000  members,  and  that  voting  power  would  be  on 
the  basis  of  units  of  100  members  represented.  Thus  the 
representative  from  a  chapter  having  not  over  100  members 
would  have  one  vote,  while  the  three  representatives   from   a 


chapter  having  between  400  and  500  member-,   would  have  five 
votes. 

A  committee  was  appointed  to  draft  a  constitution  to 
submit  to  the  chapters  for  discussion.  Plans  were  discussed 
and  an  agreement  reached  that  a  state  secretary  should  be  cm 
ployed  in  the  near  future  and  state  headquarters  opened  in 
Columbus.  Another  development  of  the  future  is  to  bring  to- 
gether all  members  of  the  state  in  an  annual  get-together  meet- 
ing, partly  for  social  purposes  and  partly  to  discuss  matters 
of  common  interest.  Members  and  applicants  of  the  A.  A.  E. 
in  Ohio  now  number  about  1,500.  Chapters  are  being  formed 
at  Canton,  Youngstown,  Newark  and  Marion.  The  existing 
chapters  arc  Akron,  Cleveland,  Dayion,  Cinciimati,  Toledo, 
Ohio   \allcy,   Steubenvillc,  Ohio   Xorthern,  and   Columbuv 


Domestic  Exports  of  Pumps  and  Pumping 
Machinery,  to  October,  1919 


Countries  DoUar.s 

Belgium     21,904 

Denmark    2,342 

France    51,165 

Greece     6,219 

Iceland  and  Faroe  Islands.  5 

Italy     20,313 

Netherlands     12.293 

Norway   5,615 

Portugal     946 

Spain     8,550 

Sweden     692 

Switzerland     162 

England     34,808 

Scotland    330 

British     Honduras 12 

Canada    102,320 

Costa    Rica    2,792 

Guatemala    1,313 

Honduras    409 

Nicaragua    424 

Panama    767 

Salvador     310 

Mexico    97,939 

Miquelon,    Langley,   etc.  .  .  .  137 

Newfoundland  and  Labrador  924 

Barbados    152 

Jamaica     696 

Trinidad  and  Tobago 1,076 

Other  British  West  Indies.  441 

Cuba    55,193 

Danish    West    Indies 129 

Dutch    West    Indies 1,855 

French    West    Indies 1,020 

Haiti     52 

Dominican    Republic 5,251 


Counirie.s  Dollars 

.\rgentina     13,807 

Brazil   19,971 

Chile    13,913 

Colombia    1,796 

Ecuador     3,269 

British    Guiana 428 

Peru     15,154 

Uruguay     1,344 

Venezuela    7,584 

China    13,985 

Japanese    China 1,311 

Chosen    92 

British     India 29,396 

Straits    Settlements 2,839 

Other  British  East  Indie-..  7,233 

Dutch    East   Indies 32,811 

Hongkong    2,248 

Japan    5,675 

Russia  in  Asia 180,692 

Siara     1,529 

Turkey  in  Asia 395 

Australia    9,605 

New    Zealand 4,216 

French    Oceania 126 

German   Oceania 108 

Philippine     Islands 26,654 

Belgian    Congo 3,506 

British  West  Africa 1.420 

British   South   Africa 12,568 

Liberia    11 

Portugese   Africa 117 

Egypt    35 


Total    852,394 


Exports,  During  October,  1919,  of  Air- 
Compressing  and  Refrigerating 
Machinery 


Air-Compressing 
Machinery, 
Countries  Dollars 

Belgium    404 

France    119,313 

Italy     2,667 

Netherlands     59 

Norway     4,126 

Spain    12,510 

Sweden    365 

England    30,010 

Scotland    3,842 

Canada    36,592 

Costa  Rica   

Honduras     99 

Nicaragua    25 

Panama    

Mexico    30,977 

Newfoundland   and    Labrador 58 

Cuba    1,153 

Dominican  Republic    4,885 

Argentina    1,."1S 

Brazil    3,232 

Uruguay    

Chile    18,246 

3,629 


Refrigerating 

Machinery, 

Dollars 


Peru 

Ecuador    

Venezuela    .... 

China    

Japanese   China    

British    India    12,032 

Dutch  East  Indies 4,035 

Japan     38,140 

Chosen    

Australia    

Hongkong    

New  Zealand   

Philippine    Islands    . . 
British    South    Africa 


740 

60 


3,978 

57 16 
1,568 
3.449 


Total     343.228 


26,564 
"  3,464 


27,355 
217 


350 
65 

2,012 
15,222 

'3,148 

1,510 

64.077 

'  2,370 
95 
27 

260 
17.052 
2,228 

'  V,26i 
IS 

'  '3,916 

4.051 

"17,664 
197,917 


198 


POWER 


Vol.  51,  No.  5 


Comparative  Evaporative  Values  of 

Coal  and  Oil* 


The  power  plant  engineer  in  the  East  should  be  par- 
ticularly interested  in  the  calculations  dealing  with  the 
comparative  evaporative  values  of  coal. 


IN  COMPARING  the  evaporative  values  of  the  two  fuels, 
coal  and  oil,  it  is  fair  to  select  a  coal  that  is  considered 
standard  and  is  largely  used  in  evaporative  tests.  It 
would  not  be  just  to  select  a  coal  of  the  inferior  value  of 
Western  coals,  and  Pocahontas  coals  and  Kern  (California) 
crude  oil  are  therefore  selected  as  a  basis  of  comparison. 
These  fuels  have  the  following  analyses : 

Kern  Crude  Oil 

Pocahontas  Coal,  14.5  Gravity, 

Proximate   Analysis                                             Per  Cent.  Per  Cent. 

Fixed    carbon     73.30  

Volatile    matter     17.61  

Moisture     0.49  0.15 

Ash     8.60  


Ultimate   Analysis 

Carbon     

Hydrogen     

Sulphur     

Oxygen     

Nitrogen    

Ash     


Heating    value,    B.t.u. 


100 

82.26 

87.64 

3.89 

10.48 

0.49 

1.02 

4.12 

0.08 

0.64 

0.78 

8.60 

100 

100 

14,067 

18,619 

Assuming  the  complete  combustion  of  the  heat  values  in  the 
two  fuels  as  analyzed,  and  knowing  that  1  lb.  of  carbon  re-- 
quires  11.6  lb.  of  air,  1  lb.  of  hydrogen  requires  34.8  lb.  of 
air,  1  lb.  of  sulphur  requires  4.3,  we  have  as  the  volume  of  air 
chemically  required  for  the  combustion  of  the  coal  and  the 
oil  the  result  shown  in  the  following  table : 

VOLUME  OF  CHEMICALLY  REQUIRED  AIR  FOR  COMBUSTION 
OF   COAL   AND    OILt 

Weight  of  Air 
Required. 
Carbon  Coal  Oil 

Coal,    11.6   lb.   air  X  0.8226   lb.    C 9.54         

Oil,      11.6   lb.    air  X  0.8764   lb.    C 10.16 

Hydrogen 

Coal,   34.8  lb.   air  X  0.0389  lb.   H 1.35  

Oil,     34.8   lb.   air  X  0.104     lb.   H 3.62 

Sulphur 

Coal,     4.3   lb.   air  X  0.0049   lb.    S 0.02         

Oil,       4.3   lb.    air  X  0.010     lb.    S 0.04 

13.82 
1.00 


Pounds   of   air   required 10.91 

Weight  of  combustibles    (ash  deducted  from   coal) 0.91 


14.82 


Total  weight   dry  chimney  gases,   lb 11.82 

For  comparison  assume  that  the  flue-gas  temperature  is  the 
same  in  both  cases,  500  deg.  F. ;  moisture  in  the  two  fuels  is 
the  same;  air-intake  temperature  (temperature  of  the  room), 
70  deg.  F.  The  flue  temperature  is  placed  at  500  deg.  F., 
which   is  probably  the   mean   which   obtains   in   practice. 

Moisture  as  shown  in  the  selected  coal  is  low,  and  that  in 
the  selected  oil  also  low.  In  most  oils  it  is  more  nearly  an 
average  of  0.5,  and  for  this  reason  we  will  consider  that  the 
moisture  content  is  the  same  in  this  case. 

The  sensible  heat  carried  away  in  the  flue  gases  in  the  case 
of  the  coal  is  0.24  (500  —  70)  X  11.82  —  1219.8  B.t.u.;  in  the  oil, 
0.24  (500— 70)  X  14.82  =  1529.4  B.t.u.;  0.24  being  the  specific 
heat  of  the  chimney  gases. 

In  the  combustion  of  hydrogen  to  water  each  pound  of 
hydrogen  results  in  9  lb.  of  water,  or  in  the  coal  the  water 
formed  will  be  0.038  X  9  =  0.34  lb. 

The  heat  lost,  both  latent  and  sensible,  in  the  evaporation  of 
this  water  is 

0.34  (142  +  966  +  288  X  0.47)  =  422.6  B.t.u., 
wherein  212  deg.  —  70  deg.  =  142  deg.,  assuming  the  temper- 
ature of  the  water  in  the  coal  to  be  that  of  the  fireroom ;  966 


*Given  by  C.  F.  Wieland,  of  San  Francisco,  Transactions  A.  S.  M.  E., 
Vol.  33,  1911,  p.  32,  but  considered  to  be  particularly  welcome  to 
power-plant  men  at  this  time. 

tin  various  textbooks  the  values  given  range  from  16  to  18  lb.  of 
air  per  pound  of  oil,  but  an  average  of  14  lb.  is  more  nearly  correct. — 
C.    R.   Weymouth. 


being  the  latent  heat  of  vaporization  of  steam  at  212  deg.  F, 
500  deg.  —  212  deg.  =  288  deg.,  being  the  difference  between 
steam  at  212  and  the  flue  temperature  as  assumed;  and  0.47 
being  the  specific  heat  of  superheated  steam  at  atmospheric 
pressure. 

In  case  of  oil  we  have 

0.104  X  9  =  0.936  lb. 
The  heat  loss  is 

0.936  (62  +  966  +  288  X  0.47)  =  1088.5  B.t.u. 

The  loss  in  coal   due  to   ash  is  8.6  per  cent,   of   the   total, 
equaling  1209.7  B.t.u.     A  further  loss  in  oil  combustion  is  the 
heat  absorbed  by  the  steam  used  in  atomizing,  being  in  super- 
heating the  steam  from  212  to  500  deg.  F.     This  is 
288  X  0.47  =  135.  B.t.u. 

Tabulating  these  losses,  which  for  convenience  have  been 
called  fixed  losses,  we  have: 

Coal  Oil 

B.t.u.  B.t.u. 

Gases    1219.8  1529.4 

Combustion    of    hydrogen 422.6  1088.5 

Ash    1209.7  Burner       135. » 

2852.1  2752.<> 

While  this  calculation  is  not  intended  to  convey  any  idea  of 
the  actual  value  of  losses  in  the  two  fuels,  it  may  afford  a 
comparison  of  what  we  may  term  fixed  losses  within  certain 
limits. 

The  amount  of  air  required  for  the  combustion  of  coal  is- 
much  less  than  for  oil,  due  principally  to  the  much  greater 
hydrogen  content  in  the  oil,  the  carbon  content  being,  roughly 
speaking,  the  same.  Furthermore,  the  combustion  of  the  hy- 
drogen requires  a  proportionately  larger  weight  of  air. 

On  the  other  hand,  the  greatest  loss  in  the  coal  is  in  the 
ash,  as  in  the  comparison  of  the  fuels  we  must  consider  that 
as  received.  In  the  oil  the  loss  due  to  noncombustible  is 
practically  negligible.  The  loss  due  to  superheating  the 
burner   (atomizing)    steam  is  also  small. 

In  examining  the  figures  a  remarkable  equality  of  the  total 
losses  is  immediately  apparent.  To  what  extent  this  relation 
would  hold  for  coals  of  different  composition  would  have  to 
be  determined.  Subtracting  these  losses  from  the  calorific 
value  of  each  fuel  we  have : 

18,619  —  2752.9  —  15,866.1  B.t.u. 
14,067  —  2852.1  =  11,214.9  B.t.u. 

These  last  qualities  represent  the  available  heat  left  in  the 
fuel  for  evaporation  of  the  water  in  the  boiler.  From  this  it 
would  appear  that  the  two  fuels  under  examination  had  an 
evaporative  value  which  is  in  the  ratio  of  11.2  for  coal  to  15.8  * 
for  oil.  For  coals  equal  in  quality  to  that  selected,  the  writer 
believes  that  this  ratio  will  generally  be  found  correct,  lower- 
grade  coals  having  correspondingly  lower  values.  This  ratio 
is  also  amply  borne  out  in  numerous  actual  tests. 

It  is  shown  in  the  foregoing  that  the  theoretically  required 
air   supply   is   greater    for   oil   than    for   coal.     This   means   a 
greater  volume  of  flue  gases,  therefore  a  greater  loss  in  heat. 
If  we  consider,  however,  those  coals  having  a  large  amount 
of   volatile   matter,   it   is   safe   to   say   that  the   air   supply    for 
their  complete  combustion  will  be  much  in  excess  of  that  for 
oil.     Not  knowing  the  composition  of  the  volatile  matter,  we 
must   necessarily   figure   with    a   certain   indefinite   quantity   of        m 
excess  air.     In  the  combustion  of  oil  we  are   able  to   supply      ■ 
more   nearly   that   amotnit   of   air  which   is   actually  chemically       " 
required. 

From  the  manner  in  which  the  oil  is  burned,  it  is  evident 
that  a  more  perfect  mixture  of  the  air  with  the  gases  is 
obtained.  Not  only  is  the  air  supply  easily  regulated  by  hand, 
but  apparatus  has  been  devised  to  effect  the  control  mechan- 
ically and  automatically  to  suit  the  momentary  load  demands. 
Although  it  does  not  necessarily  follow  that  a  smokeless  chim- 
ney signifies  complete  or  most  economical  combustion,  it  does 
mean  much  to  neighbors,  and  one  can  safely  say  that  such  a 
chimney  is  more  often  seen  in  connection  with  an  oil  furnace       » 

J 
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The  Diesel  Engine 


At  a  regular  monthly  meeting  of  the  Engineers'  Society  of 
Milwaukee,  held  on  Jan.  14  under  the  auspices  of  the  Mil- 
waukee section  of  the  American  Society  of  Mechanical  En- 
gineers, Max  Rotter,  consulting  engineer  of  the  Busch-Sulzer 
Bros.  Diesel  Engine  Co.,  of  St.  Louis,  delivered  a  most  in- 
teresting lecture  on  the  company's  product.  That  the  topic 
is  of  exceptional  interest  at  the  present  time  and  the  speaker 
a  recognized  authority  on  the  subject  was  evidenced  by  an  at- 
tendance exceeding  two  hundred  enthusiastic  engineers.  Mr. 
Rotter  was  so  full  of  the  subject  that  there  was  no  need  for 
.a  written  paper,  his  talk  being  well  illustrated  by  numerous 
'lantern  slides. 

For  the  benefit  of  those  not  particularly  familiar  with  the 
■internal-combustion  engine,  in  his  introductory  the  speaker 
reviewed  briefly  the  principles  of  operation,  giving  the  events 
of  each  stroke  and  explaining  why  an  air  compression  of 
about  500  lb.  had  been  found  most  economical.  Theoretically, 
the  higher  the  compression  the  greater  the  efficiency,  but  the 
mechanical  losses  increase  and  the  lines  of  heat  and  mechanical 
losses  cross  at  a  point  ranging  between  450  and  500  lb.  The 
temperature  at  the  beginning  of  the  power  stroke  was  about 
1,000  deg.,  the  feed  being  regulated  so  that  the  gas  burned 
uniformly  instead  of  exploding  as  in  the  usual  type  of  internal- 
combustion  engine.  Consequently  the  Diesel  was  a  constant- 
pressure  engine  as  distinguished  from  the  constant-volume  en- 
gine, such  as  the  semi-Diesel  or  the  gas  engine. 

In  the  semi-Diesel  engine  compression  was  carried  to  only 
one-half  of  that  in  the  Diesel  engine  and  some  part  of  the 
cylinder  in  or  near  the  head  retained  heat  enough  to  ignite 
the  fuel.  This  required  a  special  form  of  ignition  chamber, 
which  was  unnecessary  in  the  Diesel  engine. 

As  compression  with  the  Diesel  engine  consumed  from  8 
to  10  per  cent  of  the  power  developed,  it  was  only  logical  to 
try  to  get  rid  of  this  loss.  In  this  connection  reference  was 
made  to  the  solid  injection  Vickers  engine  made  in  England, 
in  which  no  compressed  air  was  used,  the  fuel  being  forced 
directly  into  the  cylinder.  Unfortunately,  this  engine  was  not 
adaptable  to  all  kinds  of  fuel  'and  it  required  a  special  com- 
bustion chamber.  It  was  the  speaker's  opinion  that  eventually 
this  problem  would  be  solved,  but  he  did  not  think  atomizing 
the  oil  mechanically  without  the  air  pressure  would  be  a 
success.  The  compressed  air  had  some  other  function  and 
effect  on  the  results  than  the  mere  mechanical  action  of  forcing 
the  oil  into  the  cylinder. 

By  means  of  simple  diagrammatic  views  the  events  of  each 
cycle  in  two-stroke-  and  four-stroke-cycle  Diesel  engines  were 
outlined.  In  the  former  particular  reference  was  made  to 
the  valves'  in  the  head  for  scavenging  or  blowing  the  burned 
gases  out  of  the  cylinder. 

Fuels  for  the  Diesel  Engine 

As  to  fuels  the  best  information  on  the  subject  was  the 
Haas  bulletin,  published  by  the  Bureau  of  Mines.  Any  liquid 
containing  hydrocarbons  could  be  burned  in  a  Diesel  engine, 
but  all  could  not  be  burned  with  equal  success.  Crude  pe- 
troleum and  distillates  were  of  course  the  fuels  generally 
used,  but  there  were  instances  where  Diesel  engines  had  been 
run  on  gashouse  tar,  fish  oil,  peanut  oil,  etc.,  but  it  was  found 
that  the  byproducts  were  of  more  value  than  the  use  of  such 
oils  as  fuel. 

There  was  a  great  variation  in  petroleum.  Some  Mexican, 
Texas  or  California  crudes  were  better  than  some  Oklahoma 
distillates.  For  commercial  purposes  the  viscosity  of  the  fuel 
must  be  such  that  the  oil  will  flow  to  the  pump  by  gravity  and 
from  there  be  pumped  to  the  cylinder.  The  serious  limitations 
were  the  ash  and  sulphur.  The  former  stays  in  the  cylinder 
and  grinds  up  the  walls,  while  the  sulphur  forms  sulphuric  acid 
to  corrode  and  pit  the  metal. 

In  the  laboratory  at  the  present  time  there  is  no  reliable 
method  for  determining  the  suitability  of  an  oil  as  fuel  for 
the  Diesel  engine.  Temperature  and  time  are  the  two  things 
they  decide  by.  A  sample  of  oil  is  heated  in  a  test  tube  to 
300  deg.  and  is  maintained  at  this  temperature  for  three  hours. 
As  a  general  rule  this  method  will  give  good  indications  of 
the  suitability  of  the  fuel,  but  it  is  not  infallible.  The  only 
sure  way  is  to  test  the  oil  in  the  engine  cylinder.  Standard 
nethods   of  determining  asphaltum   were  numerous,   but   none 


was  satisfactory.  The  chemical  composition  of  the  residue 
that  enables  it  to  be  consumed  in  the  engine  is  what  counts. 
Physical  tests,  not  analyses,  are  the  thing.  The  name  or 
brand  of  a  fuel  oil  is  no  guarantee.  Owing  to  variations 
every  car  must  be  tested.  As  previously  explained  it  is  the 
residue  after  distillation  that  counts,  and  this  varies  with 
each  supply. 

As  to  the  fuels  of  the  future,  it  will  be  remembered  that 
the  Diesel  engine  is  not  limited  to  petroleum.  Because  of  the 
great  increase  in  the  use  of  automobiles,  trucks,  tractors,  etc.. 
the  tendency  will  be  to  increase  the  supply  of  gasoline  and 
lubricating  oils.  Lower  down  the  scale  there  will  be  vast 
quantities  of  fuel  oil  that  will  be  a  drug  on  the  market.  Thi^ 
may  be  used  with  good  satisfaction  in  the  Diesel  engine. 

It  had  been  the  dream  of  Doctor  Diesel  to  use  tar  oil  recov- 
ered in  the  distillation  of  coal.  This  oil  makes  a  good  grade 
of  fuel,  but  some  of  it  is  hard  to  ignite  and  it  may  be  neces- 
sary to  inject  a  small  fraction  of  a  lighter  oil  to  start  the 
ignition  and  raise  the  temperature  sufficiently  to  insure  prompt 
gasification  and  burning  of  the  heavier  fuel.  This  is  easily 
done. 

On  the  average,  fuel  oil  contained  about  18,800  B.t.u.  per  lb., 
143,000  B.t.u.  per  gal.  or  6,000,000  B.t.u.  per  bbl.  On  the  bulk 
basis  there  was  very  little  variation.  The  heat  content  in  a 
gallon  of  oil  was  always  so  close  to  143,000  B.t.u.  that  this 
figure  may  be  accepted  practically  as  standard. 

High  Efficiency  Over  Wide  Range  of  Load 

When  it  came  to  efficiency,  no  other  method  of  generating 
power  could  approach  the  Diesel  engine.  The  efficiency  of  the 
steam  plant  was  lower  and  varied  more  with  operating  condi- 
tions, stand-by  periods,  variation  of  load,  etc.  Numerous 
curves  were  presented  comparing  the  economy  of  small  steam 
plants  containing  simple  noncondensing  units,  compound  con- 
densing Corliss  engines  and  steam  turbines,  with  a  Diesel- 
engine  plant.  No  mention  was  made  of  the  uniflow  engine  of 
recent  design.  The  Diesel  engine  curve  showing  the  '^team 
rate  at  different  loads  was  almost  flat.  It  was  approached 
by  the  steam  turbine  curve,  but  not  by  any  other  prime  mover. 

Including  auxiliaries  the  average  compound  condensing  Cor- 
liss engine  plant  required  nearly  3  lb.  of  coal  per  kilowatt- 
hour  or  about  36,000  B.t.u.  as  compared  to  an  average  between 
25  per  cent  and  100  per  cent  load  of  10,300  B.t.u.  for  the  Diesel 
engine,  the  fuel  consumption  of  the  former  being  3K'  times 
greater.  In  pumping  oil  by  a  steam  plant  burning  oil  or  by  a 
Diesel  engine  the  ratio  of  fuel  consumption  approximated  3 
to  1. 

In  marine  work  the  flat  curve  of  the  Diesel  engine  was  of 
great  value.  Curves  were  thrown  on  the  screen  showing  the 
shaft  horsepower  versus  the  speed.  The  steam-engine  curve 
rose  more  rapidly  than  the  cuive  of  the  Diesel  engine.  In 
comparing  fuel  consumption  the  triple-expansion  steam  engine 
was  credited  with  1.2  lb.  of  coal  or  0.93  to  L23  lb.  of  oil  per 
shaft  horsepower  as  compared  to  0.53  to  0.47  lb.  of  oil  for  the 
Diesel  engine  at  three-quarter  speed.  In  the  steam  plant  the 
speaker  went  on  to  say  that  deficiencies  did  not  always  make 
themselves  evident,  so  that  there  was  always  the  prospect 
of  operating  considerably  below  maximum  economy.  In  the 
Diesel  engine  any  defect  would  be  made  known  at  once. 

Heat  from  the  exhaust  gases  was  being  used  to  some  extent 
to  heat  the  domestic  water  supply.  As  the  temperature  at  the 
end  of  combustion  was  about  3,000  deg.  P.,  water  cooling  was 
a  necessity.  The  amount  of  heat  carried  off  in  the  jacket 
water  was  almost  equal  to  the  heat  converted  into  useful 
work.  Owing  to  the  severe  service  it  was  important  to  use 
the  proper  grade  of  cast  iron.  In  certain  kinds  of  iron  con- 
siderable growth  was  known  to  take  place.  This  could  be 
avoided  by  careful  selection  of  the  metal. 

As  a  climax  to  a  most  interesting  talk  the  speaker  described 
and  thoroughly  illustrated  two  of  the  latest  designs  of  engine 
being  developed  by  the  company.  One  was  a  foir-cylinder. 
two-strokfscycle,  s'ow-speed  Diesel  engine  adaptable  to  land  or 
marine  work,  weighing  300  lb.  per  horsepower,  and  the  other 
a  high-speed  marine  engine  weighing  50  lb.  per  horsepower. 
In  the  unit  first  mentioned  the  scavenging  pump  and  air  com- 
pressor were  integral  with  the  engine.  The  tendency  now 
in  large  units  was  to  go  over  to  the  electric-driven  blower  for 
furnishing  scavenging  air,  although  the  efficiency  was  some- 
what less.     The  scavenging  pump  shown  was  of  the  tandem 
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piston  type  using  8  to  10  per  cent  of  the  useful  work  of  the 
engine.  For  this  reason  the  two-stroke-cycle  engine  is  less 
efficient  than  the  four-stroke-cycle  engine.  If  the  amount  of 
excess  air  that  it  is  necessary  to  pump  through  the  cylinder 
could  be  reduced  and  the  pressure  lowered,  the  efficiency  of  the 
two-stroke-cycle  engine  would  be  improved.  In  the  later  types 
of  engine  the  scavenging  pressure  had  been  brought  down 
to  3  lb.,  as  compared  to  6  or  7  lb.  previously  used,  and  its 
efficiency  approached  that  of  the  four-stroke-cycle  engine  within 
5  or  6  per  cent.  At  underloads  the  disability  of  the  two- 
stroke-cycle  engine  became  less  until  at  20  per  cent  load  the 
efficiencies  of  the  two  engines  were  equal.  In  the  engine 
cylinder  scavenging  through  valves  in  the  head  or  through 
ports  and  a  receiver  at  the  side  of  the  cylinder  was  pictured. 

Other  features  brought  out  were  an  ordinary  fuel  valve 
and  the  starting  valve  located  in  one  cage ;  also  a  timed 
starting  valve  supplemented  by  a  compression  relief  valve  to 
relieve  the  compression  during  the  starting  of  the  engine. 

The  question  of  atomizing  was  not  so  sacred  as  it  was 
generally  supposed  to  be.  The  speaker  had  tried  numerous 
plans,  but  the  results  were  all  about  the  same,  and  he  always 
came  back  to  the  usual  method. 

Curves  giving  the  results  of  tests  on  a  1250-hp.  two-stroke- 
cycle  slow-speed  heavy  engine  showed  a  fuel  consumption  of 
0.418  lb.  per  brake  horsepower-hour  from  full  load  to  three- 
quarter  load. 

.\  brief  description,  with  numerous  slides,  of  the  light  high- 
-^peed  marine  engine  that  had  been  an  important  factor  in 
subduing  the  submarine  peril,  followed.  The  engine  had  to 
be  built  so  that  everything  could  be  removed  from  the  bottom. 
The  pistons  were  oil-cooled  with  the  same  kind  of  oil  used  for 
lubrication  to  avoid  the  necessity  of  using  salt  water  for  this 
purpose. 

A  luncheon  that  was  much  appreciated  and  generally  en- 
joyed closed  a  most  profitable  evening. 

Chicago  Section  A.  S.  M.  E.   Discusses 
Lubrication 

On  Jan.  23  at  the  ^lorrison  Hotel,  the  Chicago  section  of 
the  American  Societj'  of  Mechanical  Engineers  held  its  sec- 
ond meeting  of  the  season.  An  all-day  blizzard  reduced  the 
attendance  to  about  100,  but  those  who  had  the  courage  to 
venture  out  enjoyed  a  very  profitable  meeting.  Preliminary 
to  the  subject  of  the  evening,  Arthur  L.  Rice,  chairman  of 
the  section,  reported  the  status  of  the  Jones-Reavis  bill  which 
proposes  to  reorganize  the  Department  of  the  Interior,  change 
its  name  to  the  Department  of  Public  Works,  assemble  in  this 
department  all  engineering  bureaus  having  anything  to  do 
with  construction  work  of  the  Government  and  eliminating 
those  bureaus  that  would  be  foreign  to  this  work.  The  bill 
is  still  in  committee,  but  is  soon  to  be  called  out.  At  the 
present  time  two  things  are  needed.  One  is  as  much  pub- 
licity on  the  bill  as  possible  so  that  the  voters  in  the  various 
states  will  appreciate  the  merits  of  the  bill  and  favorably  re- 
port it  to  their  representatives  at  Washington.  The  second 
essential  is  money  to  carry  on  this  publicity  work.  The  state 
of  Illinois  still  requires  $2000  and  it  was  intimated  that  a 
request  for  subscriptions  would  be  made  at  an  early  date.  It 
was  the  first  time  that  the  engineering  profession  as  a  whole 
had  attempted  to  put  over  a  great  big  thing  of  this  character 
which  would  be  of  great  benefit  to  the  Government  and  to 
the  country  as  a  whole  Each  engineer  should  take  an  active 
part  in  the  movement  and  show  what  can  be  done  by  con- 
centrated effort. 

Lewis  M.  Ellison,  chairman  of  the  membership  committee 
for  the  section,  spoke  of  the  drive  that  was  being  made  for 
affiliate  members.  He  was  enthusiastic  as  to  the  possibilities, 
and  in  the  matter  of  securing  prospects  he  bespoke  the  aid 
of  every  member  of  the  section. 

William  F.  Parish,  recently  chief  of  the  oil  and  lubrication 
branch,  U.  S.  Air  Service  and  now  connected  with  the  Sin- 
clair Refining  Company,  gave  a  very  interesting  address  on  the 
proper  balancing  of  fuel,  lubricant  and  motor.  According  to 
the  speaker,  dilution  of  motor  lubricating  oil  had  always  ex- 
isted. It  is  caused  by  the  gasoline  mixture  escaping  past  the 
piston  rings  and  perhaps  by  drainage  of  the  diluted  oil  from 
the  cylinder  walK.     In  tlie  early  years  of  highly  volatile  gaso- 


line, the  gas  escaping  past  the  piston  rings  did  not  enter 
extensively  into  the  body  of  the  lubricating  oil  and  while 
mechanical  losses  of  fuel  took  place  in  all  four-cycle  engines, 
this  loss  did  not  reflect  itself  in  a  problem  of  dilution.  In 
the  past  few  years,  due  to  the  heavy  end  components  of  the 
fuel,  a  larger  amount  after  passing  the  rings,  upon  condensa- 
tion, remained  in  the  lubricating  oil,  thus  creating  a  condition 
of  dilution.  Not  until  the  period  of  high  end  point  gasoline 
did  the  matter  of  fuel  loss  become  apparent  and  then  only  in 
proportion  to  the  amount  held  in  solution  in  the  lubricating 
oil.  This  condition,  which  has  become  especially  accentuated 
in  the  past  three  or  four  years,  has  resulted  in  undue  wear 
upon  the  engine  parts,  as  well  as  affecting  the  use  of  fuel, 
lubricant  and  power.  In  the  paper,  Mr.  Parish  called  atten- 
tion to  this  underlying  trend  in  the  situation  and  suggested 
a  method  of  application  of  motor  oils  to  correct  some  of  the 
present  faults.  It  was  his  opinion  that  a  true  solution  could 
be  reached  only  by  changes  in  mechanical  equipment  of  the 
engine.  He  made  a  strong  plea  for  better  engine  design  and 
greater  economy  in  the  use  of  gasoline  and  lubricating  oils. 
Numerous  slides  were  presented  which  contained  in  curve 
form  the  results  of  tests  made  on  airplane  engines  and  com- 
mercial trucks.  In  an  early  issue  the  paper  will  be  presented 
in  more  complete  form. 

Following  the  speaker  of  the  evening.  Dr.  Pogue  referred 
to  the  change  in  volatility  of  gasoline,  due  to  the  enormous 
demand  for  this  product.  The  oil  people  were  constantly 
turning  more  of  the  crude  petroleum  into  the  field  of  fuel 
and  less  into  fuel  oil  and  the  heavy  oils  for  lubrication.  In 
this  movement  the  increasing  use  of  motor  trucks  and  trac- 
tors was  an  important  factor,  for  the  fuel  consumption  of 
either  was  about  six  to  one  as  compared  with  an  automobile. 
Consequently  the  consumption  was  going  up  by  leaps  and 
bounds  and  it  required  the  closest  co-operation  between  engine 
construction  and  fuel  and  lubrication  supply  to  allow  the  oil 
age  to  go  on  unmolested.  Coordination  and  cooperation  on 
the  technical  side  of  the  question  was  particularly  important. 
An  extended  discussion  indicated  the  interest  that  engineers 
are  now  taking  in  the  fuel  supply  for  internal  combustion  en- 
gines and  in  proper  lubrication. 

A.  I.  E.  E.  Midwinter  Convention 

The  Eighth  Midwinter  Convention  of  the  American  Institute 
of  Electrical  Engineers  will  be  held  in  New  York  City,  Feb. 
18-20,  1920.  While  the  details  of  the  program  have  not  yet 
been  completed,  the  tentative  arrangements  may  be  summarized 
as  follows : 

On  Wednesday,  Feb.  18,  the  morning  will  be  devoted  to  j 
registration.  In  the  afternoon  members  will  be  permitted  a  ■ 
choice  between  inspection  trips  to  points  of  engineering  in- 
terest or  attendance  at  the  joint  session  with  the  American 
Institute  of  Mining  Engineers.  In  the  evening  the  president 
will  deliver  his  address  and  three  technical  papers  will  be  pre- 
sented :  "Daylight  Saving,"  by  Preston  S.  Millar,  manager, 
Electrical  Testing  Laboratories,  New  York;  "Essential  Sta- 
tistics for  General  Comparison  of  Steam-Power  Plant  Per- 
formances," by  W.  S.  Gorsuch,  engineer  economics.  Inter- 
borough  Rapid  Transit  Co.,  New  York,  and  "Standard  Graphic 
Symbols,"  by  E.  J.  Cheney,  chief  of  Division  of  Heat,  Light 
and  Power,  Public  Service  Commission,  Albany,  N.  Y. 

The  Thursday  morning  session  will  be  devoted  to  a  discus- 
sion of  an  economical  supply  of  electric  power  for  the  indus-  ■ 
tries  and  railroads  of  the  northeast  Atlantic  seaboard.  A  M 
symposium  by  a  number  of  authors  will  be  presented  on  the 
subject.  In  the  afternoon  two  parallel  sessions  will  be  held. 
The  papers  to  be  presented  are:  "Printing  Telegraph  Systems," 
by  J.  G.  Bell,  telegraph  engineer.  Western  Electric  Co.,  and 
"Maximum  Output  Networks  for  Telephone  Substation  and 
Repeater  Circuits,"  by  G.  A.  Campbell,  research  engineer, 
American  Telephone  and  Telegraph  Co.,  and  Ronald  M.  Foster, 
assistant  to  research  engineer,  American  Telephone  and  Tele- 
graph Co.;  "A  Method  of  Separating  No-Load  Losses  in  Elec- 
trical Machinery,"  by  C.  J.  Fechheimer,  designing  engineer, 
Westinghouse  Electric  and  Manufacturing  Co.;  "Inherent  Regu- 
lation of  Direct-Current  Circuits,"  by  A.  L.  Ellis,  Thomson 
Laboratory,  General  Electric  Co.;  "Measurements  of  Projectile 
Velocities,"  by  P.  E.  Klopsteg,  physicist,  Leeds  &  Northrup 
Co.,  and  A.  L.  Loomis,  formerly  major  Ordnance  Department. 
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Thursday  evening  is  at  the  disposal,  of  the  Entertainment 
Committee. 

At  the  Friday  morning  session  three  papers  will  be  pre- 
sented :  "A  New  Form  of  Vibration  Galvanometer,"  by  P.  G. 
Agnew,  physicist,  United  States  Bureau  of  Standards ;  "Pre- 
cision Galvanometer  for  Measuring  Thermo,  Em.F".'s,"  by 
T.  R.  Harrison  and  P.  D.  Foote ;  and  "Notes  on  Synchronous 
Commutators,"  by  J.  B.  Whitehead,  professor  of  electrical  en- 
gineering, Johns  Hopkins  University,  and  T.  Isshiki,  engineer, 
Shibaura  Engineering  Works. 

The  last  technical  session  will  be  held  on  Fri<lay  afternoon, 
at  which  two  papers  will  be  presented :  "Oscillographs  and 
Their  Tests,"  by  A.  E.  Kennelly,  professor  of  electrical  en- 
gineering, Harvard  University;  R.  N.  Hunter,  Engineering 
Department,  .American  Telephone  and  Telegraph  Co.,  and 
A.   A.   Prior,   instructor  Case   School  of  Applied   Science,   and 


"The     Accuracy     of     Commercial     Measurements,"    by    H.    B. 
Brooks,  physicist.  United  States  Bureau  of  Standards. 

The  convention  will  close  on  Friday  evening,  Feb.  20,  with  a 
dinner-dance  at  the  Hotel  Aster. 


At  the  November  meeting  of  the  Diesel  Engine  Users'  Asso- 
ciation particulars  were  given  of  tests  carried  out  on  connect- 
ing-rod bolts  of  a  Diesel  engine  after  having  been  in  use  for 
23,500  hours,  corresponding  to  214,000,000  revolutions  of  the 
engine.  Tests  of  ultimate  tensile  strength,  elastic  limit, 
elongation,  reduction  in  area,  and  hardness  carried  out  before 
annealing  and  then  after  annealing  at  900  deg.  C.  showed  that 
the  annealing  proce-i'-  had  practically  no  effect  on  the  material. 
The  bolts,  which  were  HI  inch  at  the  <:ma]lest  diameter,  were 
apparently  of  wrought  iron  and  were  the  original  bolts  sup- 
plied with  the  engine  in  1913. 
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Albert  Schmid,  consulting  engineer  of 
the  Westinghouse  Electric  and  Manufac- 
turing Co.,  died  in  New  York  City  on  Dec. 
.31,  1919.  Mr.  Schmid  was  born  in  Zurich, 
.Switzerland,  in  1857,  and  received  his  edu- 
cation in  that  city.  He  was  an  engineer 
of  international  reputation.  He  began  his 
career  with  the  French  "Westinghouse  Air 
Brake  Co.,  and  in  the  early  80*s  was  in- 
vited by  Mr.  Westinghouse  to  come  to 
America.  When  Mr.  Westinghouse  became 
interested  In  the  Union  Switch  and  Signal 
Company  he  engaged  Mr.  Schmid  as  his 
chief  designer  and  engineer  in  that  field. 
Shortly  after,  he  was  transferred  to  the 
newly  created  Westinghouse  Electric  Co., 
becoming  its  first  chief  engineer  in  1886 
and  in  1896  its  general  superintendent. 
He  was  director  general  of  the  French 
Westinghouse  Co.,  director  of  the  English 
Westinghouse  Electric  Co.,  Ltd.,  president 
of  the  Campagnie  des  Lampes  a  Filament 
Metallique,  of  France,  and  had  general 
supervision  of  the  Westinghouse  Lamp 
Co.'s  interests  abroad.  He  had  remarkable 
inventive  genius,  of  which  the  Patent 
OfBce  records  much  evidence. 

Dr.  Richard  Cockburn  MacLa'urln,  presi- 
dent of  the  Massachusetts  Institute  of 
Technology,  died  at  his  home  in  Boston, 
on  Jan.  15,  of  pneumonia.  Dr.  MacLaurin 
was  born  in  Edinburgh,  Scotland,  in  1870. 
His  early  boyhood  was  spent  in  New  Zea- 
land and  his  preliminary  education  com- 
pleted in  Great  Britain.  He  entered  Cam- 
bridge University  in  1892  and  there  took 
the  degrees  of  Bachelor  and  Master  of 
-A.rts,  besides  winning  the  coveted  Smith 
prize  for  excellence  in  mathematics.  Upon 
graduation  he  was  elected  Fellow  of  St. 
John's  College.  In  1898  he  was  appointed 
professor  of  mathematics  in  the  University 
of  New  Zealand.  Later  he  became  a 
trustee  of  that  university  and  took  an 
active  part  in  the  organization  of  tech- 
nical education  in  the  colony.  For  four 
years  he  served  as  dean  of  the  faculty  of 
law.  In  1898  Cambridge  University  con- 
ferred i-pon  him  the  degree  of  doctor  of 
science  and  in  1904  the  degree  of  doctor  of 
laws.  He  came  to  this  country  in  1907  to 
take  the  chair  of  mathematical  physics  at 
Columbia  University,  and  a  year  later  was 
made  head  of  the  department  of  physics. 
In  1908  he  was  chosen  as  president  of  the 
Massachusetts  Institute  of  Technology. 
When  he  went  to  the  Institute  there  were 
great  financial  difficulties  to  meet,  but  he 
was  remarkably  successful  in  interesting 
men  of  wealth,  and  as  a  result  he  received 
a  donation  of  $50,000  from  T.  Coleman  du 
Pont  for  the  purchase  of  a  new  site  in 
Cambridge.  As  a  result  of  an  interview 
he  had  with  George  Eastman,  of  Roches- 
ter, N.  Y.,  benefactions  am'ounting  to 
eleven  million  dollars  were  made  to  the 
Institute.  In  July,  1918,  Dr.  MacLaurin 
was  appointed  national  director  of  college 
war  training,  and  he  was  head  of  the 
Students'  Army  Training  Corps  under  the 
Committee  of  Education  of  the  War  De- 
partment. He  was  a  member  of  the  Ameri- 
can Mathematical  Society,  American 
Physical  Society,  American  Academy  of 
Sciences  and  Arts,  and  the  American 
Philosophical  Society.  He  was  a  member 
of  many  clubs  In  this  city  and  in  Boston. 
He  is  survived  by  his  widow  and  two 
children. 

Major  Edward  T.  Walsh,  of  Plainfleld, 
N.  J.,  died  at  his  home  on  Jan.  13,  in  hio 
forty-eighth  year.  Major  Walsh  was  bom 
in  South  Orange.  His  technical  education 
was  obtained  at  Pratt  Institute,  Brooklj'n. 
He  wa.s  foi-  .«ome  year.'?  connected  with  the 


mamtenance  department  of  the  New  York 
and  Brooklyn  Bridge.  Later  he  went  with 
the  Atlas  Portland  Cement  Co.,  at  Cata- 
sauqua,  Penn.,  where  he  was  associated 
with  the  mechanical  department  in  the 
design  of  power-plant  and  building  equip- 
ment. After  two  years  with  this  company 
he  formed  a  connection  with  the  power- 
plant  department  of  the  Interborough 
Rapid  Transit  Co.,  where  he  remained 
throughout  the  construction  period.  He 
next  went  to  Dayton,  Ohio,  where  he  be- 
came a  construction  engineer  with  the 
National  Cash  Register  Co.  and  superin- 
tended the  construction  of  several  large 
factory  buildings.  From  there  he  went  to 
Philadelphia  where  he  continued  his  work 
in  the  design  and  construction  of  indus- 
trial buildings.  In  1909  Major  Walsh  be- 
came associated  with  Frederick  A.  Wal- 
dron,  Plainfleld,  N.  J.,  where  he  had  since 
made  his  home.  He  remained  with  Mr. 
Waldron  for  several  years,  and  one  of  his 
notable  undertakings  at  this  time  was  the 
construction  of  the  large  service  station 
for  the  Edison  Illuminating  Co.  of  Boston, 
Mass.  Shortly  after  the  opening  of  the 
world  war  Major  Walsh  became  chief  en- 
gineer of  the  Canadian  Car  and  Foundry 
Co.,  of  New  York,  which  handled  a  num- 
ber of  large  shell  contracts  for  the  Russian 
government.  After  this  he  spent  nearly  a 
year  with  the  Maxim  Munitions  Corp. 
This  experience  proved  of  great  value 
when  the  United  States  entered  the  war 
and  he  was  given  the  commission  of  major 
in  the  Ordnance  Department.  He  served 
during  the  war  in  some  of  the  most  active 
divisions  of  the  work  and  following  the 
armistice  became  connected  with  the  sal- 
vage board  of  the  Western  New  England 
district.  At  the  time  of  his  death  he  was 
chairman  of  this  salvage  board.  He  leaves 
a  wife,  a  daughter  and  a  son. 


Personals 


"I 


George  A.  Delbert,  who  has  been  assist- 
ant supervisor  of  safety  for  the  Southern 
region  with  the  United  States  Railroad 
Administration,  has  resigned  to  accept  a 
position  as  director  of  public  safetv  for 
the  Georgia  Railway  and  Power  Co. 

Arthur  Elliot  Allen  has  been  appointed 
district  manager  at  New  York  for  the 
Westinghouse  Electric  and  Manufacturing 
Co.  to  succeed  Edward  D.  Kilburn,  who 
has  been  elected  vice  president  and  gen- 
eral manager  of  the  Westinghouse  Electric 
International  Co.  Mr.  Allen  has  been  con- 
nected with  the  Westinghouse  Electric  and 
Manufacturing  Co.  since  1902,  in  various 
responsible  positions. 

John  B.  Miller,  chairman  of  the  Southern 
California  Edison  Co.,  of  Los  Angeles,  has 
accepted  the  invitation  of  R.  H.  Ballard, 
president  of  the  National  Electric  Light 
Association,  to  act  as  chairman  of  the 
convention  committee  of  the  national  or- 
ganization, which  is  to  be  held  in  Pasa- 
dena, Calif.,  May  18-22.  The  convention 
committee  will  have  general  supervision 
over  all   of  the  other  committees. 

F.  L.  Collins  has  been  appointed  power 
and  electrical  engineer  of  Freyn,  Brassert 
&  Co.,  Chicago,  111.  Mr.  Collins  was  for- 
merly connected  with  the  Illinois  Steel  Co. 
as  electrical  engineer,  later  joining  the 
Dominion  Iron  and  Steel  Co.,  Sydney, 
N.  S.,  as  chief  electrical  engineer.  He  was 
subsequently  connected  with  the  ordnance 
department  of  the  United  States  Steel 
Corporation  at  Neville  Island,  and  until 
recently  was  chief  electrical  engineer  of 
the    Pittslwrgh    Crucible    Steel    Co. 


I  Engineering   Aflfairs         | 

The  Association  oi  Iron  and  Steel  Elec- 
trical Engineers,  Philadelphia  Sectioi,. 
will  hold  a  meeting  at  the  Engineers'  riub 
on  Feb.  7.  R.  B.  Gerhardt  will  talk  on  the 
■■Rlpctrioal  Features  of  a  Modem  Mill." 


Business  Items 
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The  Fairbanks  Co.,  New  York  City,  ha.« 
signed  a  contract  with  the  Lincoln  Electric 
Co.,  of  Cleveland,  which  gives  the  former 
company  the  exclusive  distribution  of  Lin- 
coln electric  motors  for  industrial  applica- 
tions. The  Fairbanks  Co.  will  also  cooper- 
ate with  the  various  I.iincoln  district 
offices  in  connection  with  the  sale  of  the 
manufacturer's  other  products. 

The  Black  &  Decker  Manufacturing  Co. 
has  further  extended  its  organization  bv 
the  establishment  of  a  branch  office  at  6523 
Euclid  Ave.,  Cleveland,  Ohio,  with  Garth 
A.  Dodge,  formerly  connected  with  the 
Austin  Co.,  as  branch  manager  for  the 
states  of  Ohio  and  Indiana,  and  of  the 
Cleveland  branch. 

The  Combustion   Engineering  Corp.,  New 

York  City,  announces  that  it  has  enlarged 
its  facilities  for  handling  business  in  th.^ 
Philadelphia  territory.  The  companVs 
office  is  located  in  the  Lincoln  Building, 
with  W.  C.  Stripe,  formerly  of  the  Pitts- 
burgh ofRce,  in  charge.  Associated  with 
him  are  C.  L.  Bachman,  who  was  manager 
of  the  Chicago  office  before  going  into  the 
United  States  service,  and  E.  F.  Kuehnle. 
formerly  in  the  main  office  in  New  York. 

The  Westinghouse  Air  Brake  Co.  an- 
nounces the  following  changes  in  its  per- 
sonnel: J.  R.  Ellicott,  manager  of  the 
Eastern  district,  has  retired  after  a  long 
service,  to  devote  himself  henceforth  to  his 
Florida  estate.  He  will,  however,  act  with 
the  officers  of  the  company  in  a  consulting 
capacity,  He  will  be  succeeded  bv  C.  R. 
Ellicott.  C.  H.  Beck,  heretofore "  special 
representative.  Safety  Car  Devices  Co.. 
succeeds  C.  R.  Ellicott  as  assistant  east- 
ern manager,  with  headquarters  in  New 
York  City.  With  the  promotion  of  E.  A. 
Craig  to  the  position  of  export  manager, 
with  head'^arters  in  the  Westinghouse 
Building,  Pittsburgh,  Robert  Burgess,  rep- 
resentative at  Atlanta,  becomes  South- 
eastern manager,  with  headquarters  In  the 
Munsey  Building.  Washington.  D.  C.  A.  K. 
Hohmyer,  heretofore  representative  at- 
tached to  the  Chicago  office,  is  promoted 
to  the  position  of  assistant  Western  man- 
ager. J.  B.  Wright,  assistant  Southeast- 
ern manager,  has  been  made  assistant  dis- 
trict manager  at  Pittsburgh.  "W.  G.  Kav- 
lor,  representative  in  the  Eastern  district, 
is  appointed  representative  in  the  export 
department,  with  headquarters  in  New 
York  City.  F.  H.  Parke,  resident  engineer. 
Southeastern  district,  is  now  general  engi- 
neer with  headquarvers  In  the  Westing- 
house Building,  Pittsburgh.  T.  W.  Nsw- 
burn,  assistant  resident  engineer.  South- 
eastern district,  becomes  distr.-:t  engineer. 
Southeastern  district,  with  headquarters  In 
the  Munsey  Building,  Washington.  D.  C. 
J.  C.  McCune,  special  engineer.  Wilmer- 
ding,  is  appointed  assistant  to  district  en- 
gineer. Eastern  district,  with  headquarters 
at  165  Broadway.  New  York  City.  J.  H. 
Woods  of  the  commercial  engineering  de- 
partment. Wilmerding,  is  appointed  engi- 
neer of  the  export  department,  with  head- 
quarters in  the  Westinghouse  Building. 
Pittsburgh. 
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THE  COAL  MARKET 


New  Constructions 


BOSTON — Current  price*  per  groii  ton  f.o.b.  Now 
York    loading    porti: 

Anthracite 

Company 
Coal 

Bgg     $8.20@$8.65 

StOYe     8.45®  9.05 

Chestnut     8.55®  9.05 

Pea     T.05@  7.40 

Buckwheat     3.60®  3.80 

Bice     2.30®  2.50 

Barley     1.25 

Bltumlnout 

Cambrias  and 
Clearfleldt      Somersets 

F.o.b.   mines,   net  tons $2.85@$3.35  $3.15@$3.60 

F.o.b,   Philadelphia,   gross  tons.  5.05®  5.60    5.35®  6.90 

F.o.b.   New  York,   gross  tons...  5.40®  5.85     5.75®  6.26 

Alongside  Boston    (water  coal), 

gross    tons    7.00®  7.76     7.60®  8.00 

Pocahontas    and    New   Blver    are    practically    off    ths 

market    for    coastwise    shipment,    bTit    are    Quoted     at 

$6.25@$7.00. 
NEW    YORK— Cuirent    Quotations,     White    Ash,     per 

gross    tons,    f.o.b.    Tidewater,    at    the    lower    ports    are 

as    follows: 

Anthracite 

Company 
Coal 

Broken     : $7.80@$8.25 

Egg     8.20®  8.65 

Stove     8.45®  9.05 

Chestnut     8.65®  9.05 

Pea    7.05®  7.40 

Buckwheat     S.16 

Bice 4.60 

Barley     4.85 

Boiler    4.85 

Bituminous 

Government   prices   at   mines:  Spot 

South   Fork    (best) $3.25@$3.50 

Cambria    (best)     3.00®  3.25 

Cambria   (ordinary)    2.60®  2.90 

Clearfield    (best)     3.00®  8.25 

Clearfield    (ordinary)     2.60®  2.90 

BeynoldsvUle     2.85®  2.90 

Quemahoning     8.25®  3.60 

Somerset    (medium)    3.00®  3.25 

Somerset    (poor)     2.50®  2.75 

Western   Maryland    2.60®  2.75 

Fairmont     2.25®   2.50 

Latrobe      2.60®  2.90 

Greensburg     2.75®  3.00 

Westmoreland    %    in 3.40®  3.50 

Westmoreland   run-of-mina    2.75®  3.00 

PHILADELPHIA — Anthracite  prices  are  practically 
the  same  as  those  listed  above  for  New  York.  Bitumi- 
nous coal  pricos  vary  according  to  district  from  which 
they  are  mined.  For  ordinary  slack  the  prlc*  Is 
$2.45®$2.55;  lump,   $3.00@$3.35,   at  the  mines. 

BUFFALO— 

Anthracite 

On  Cars.  At  Curb, 

Gross  Ton  Net  Ton 

Grate     $8.56  $10.80 

Bgg     8.80  10.«5 

Stove    9.00  10.85 

Chestnut     9.10  10.86 

Pea    7.75  9.80 

Buckwheat     6.70  7.76 

Bituminous 

Allegheny   VaUey    $4.80 

Pittsburgh     , 4.65 

No.    8    Lump 4.65 

Mine   Bun    4.80 

Slack     4.10 

Smokeless      4.60 

Pennsylvania    Smithing    : 6.70 

CLEVELAND — Prices  of  coal  per  net  ton  delivered 
In   Cleveland   are: 

Anthracite 

Egg     $12. 25(0)  $12. 40 

Chestnut     12.50®  12.70 

Grate     ; 12.25®  12.40 

Stove    12.40®  12.60 

Pocahontas 

Mine-run     $7.50 

Domestic    Bituminous 

West   Virginia   spUt $8.50 

No.   8   Pittsburgh    $6.60®  6.90 

Masslllon    lump     8.25®  8.50 

Coshocton    lump    7. 15 

Steam   Coal 

No.    6    slack $5.25@$5.50 

No.    8    slack 6.10®  6.50 

Youghiogheny  slack    5.25®  5.50 

No.   8   %   In 5.70@  6.00 

No.    6   m!iie-run    5.25®  5.50 

No.    8   mlno-rtm    6.75 

Only  coal  available  is  mine-run  Pocahontas. 

MIDDLE  WEST— (%lcago  quotations,  F.o.b.  cars  at 
mine: 

Springfield, 

Carterville. 

Williamson,  Grundy, 

Franklin,  La  Sails, 

Saline,  Fulton,           Bureau, 

Harrisburg  Peoria                Will 

Lump     $2.55@$2.70  $2.95®$3.10     $3.25@$3.40 

Washed      2.75®  2.90        3.45®  3.60 

Mine    run     2.35®  2.50  2.75®  2.90      3.00®  3.15 

Screenirxis     2.05®  2.20  2.S5®  2.50      J.75®  2.90 


PROPOSED   WORK 

N.  H.,  North  Stratford — The  Warner 
Sugar  Refining  Co.,  79  Wall  St.,  New  Yoi-k 
City,  plans  to  build  a  sugar  refinery.  A 
steam  heating  system  will  be  installed  in 
same.      Total    estimated    cost,    $1,000,000. 

Mass.,  Boston — The  Federal  Reserve 
Bank,  53  State  St.,  has  had  plans  pre- 
pared for  the  construction  of  a  5  story, 
100  X  110  ft.  bank  on  Pearl  and  Franklin 
Sts.  A  heating  system  will  be  installed  in 
.same.  Total  estimated  cost.  $5,000,000. 
C.    R.    Sturgis,    120    Boylston    St.,    Arch. 

Conn.,  Hartford— Berenson  &  Moses, 
Archs.,  1086  Main  St.,  will  i-eceive  bids 
about  Feb.  15  for  the  construction  of  a  4 
story,  67  x  177  ft.  warehouse  on  Wintjii-op 
St.,  for  the  Hartford  Cooperage  Co.,  119 
Portland  St.  A  high  pressure  boiler  and 
hydraulic  or  electric  freight  elevator  will 
be  installed  in  same.  Total  estimated 
cost,    $200,000. 

N.  Y.,  Brooklyn — E.  Riegelmann,  Boro. 
Pres.,  received  lowest  3  bids  for  installing 
a  steam  heating  and  ventilating  system 
in  the  proposed  court  house,  from  Gillis 
&  Geoghagan,  537  West  B'way.  $8179; 
Miller  &  Brady,  217  East  35th  St.,  $8297; 
W.  J.  Olvany.  177  Christopher  St.,  $8459; 
all  of  New  York  City. 

N,  Y.,  Brooklyn— A.  A.  Schwartz,  815 
Flatbush  Ave.,  will  build  a  1  story,  100  x 
200  ft.  theatre  on  Kings  Highway  and 
Coney  Island  Ave.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $350,000.  Work  will  be  done 
by  day  labor. 

N.  Y.,  Brooklyn— The  Stude baker  Corp., 
Main  and  Bronson  Sts.,  South  Bend,  Ind., 
is  having  plans  prepared  for  the  construc- 
tion of  a  4  story  ofRce  building  and  sales- 
room on  Bedford  Ave.  and  Sterling  PI.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $150,000. 
Tooker  &  Marsh,  101  Park  Ave.,  New 
York    City,    Archs.    and   Engrs. 

N.  Y.,  Glens  Falls— The  Trustees  of 
Warren  Co.,  Lake  George,  are  having 
plans  prepared  for  the  construction  of  a 
2  story  hospital  near  here.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal estimated  cost,  $125,000.  Tooker  & 
Marsh,  101  Paik  Ave.,  New  Yoi-k  City, 
Archs.    and    Engrs. 

N.  Y.,  New  York— The  Bd.  Bduc,  500 
Park  Ave.,  is  having  plans  prepared  for 
the  construction  of  a  5  story  school  on 
Dawson  St.  and  Rogers  PI  (Bronx  Boro.). 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $500,000. 
C.  B.  J.  Snyder,  Municipal  Bldg.,  Arch, 
and  Engr. 

N.  Y.,  New  York— The  Mfrs.  Cloak  & 
Suit  Trade,  136  Madison  Ave.,  will  build 
a  16  story  office  building  at  36th  and  38th 
Sts.  and  7th  and  8th  Aves.  A  steam 
heating  systein  will  be  installed  in  same. 
Total  estimated  cost,  $8,000,000.  Work 
will  be  done  by  day  labor. 

N.  Y.,  New  York— The  Sidem  Bldg.  Co.. 
c/o  B.  H.  &  C.  N.  Whinston.  Archs.  and 
Engrs.,  2  Columbus  Circle,  will  build  a 
5  story,  25  x  100  ft.  office  and  store  build- 
ing at  117  West  33rd  St.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal estimated  cost,  $135,000.  Work  will  be 
done   by  day  labor. 

N,  Y.,  New  York— The  State  Bank,  378 
Grand  St.,  is  having  plans  prepared  for 
altering  the  present  10  story  ofHce  build- 
ing at  280  5th  Ave.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $500,000.  H.  R.  Mainzer,  105 
West  40th  St.,  Arch,  and  Engr. 

N.  J.,  Athenia — The  Mayor  Car  Co.  will 
soon  receive  bids  for  the  construction  of 
a  1  story,  40  x  60  ft.  power  house.  Two 
boilers,  engine,  compressor  and  pump  will 
be  Installed  in  same.  Total  estimated  cost, 
$35,000.  W.  Schoonover,  31  Clinton  St.. 
Newark,  Engr.  J  .S.  Pigott,  665  Broad 
St.,  Newark,  Arch. 

N.  J.,  Deal  Beach — Henry  Ives  Cobb, 
Arch,  and  Engr.,  1465  B'way,  New  York 
City,  is  preparing  plans  for  the  construc- 
tion of  a  6  story  hotel  here.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $1,000,000.  Owner's 
name   withheld. 


•  N.  J.,  Lakehurst— The  Bureau  of  Yards 
&  Docks,  Navy  Dept.,  Wash.,  D.  C,  plans 
to  construct  a  power  plant  and  distribu- 
tion system  here.  Total  estimated  cost, 
$550,000. 

N.  J.,  Newark — Loew's  Enterprises,  1492 
B'way,  New  York  City,  plan  to  build  a 
theatre  on  Broad  St.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,    $400,000. 

N.  J.,  Passaic — The  Y.  M.  C.  A.,  2  West 
45th  St.,  New  York  City,  is  having  plans 
prepared  for  the  construction  of  a  build- 
ing. A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$250,000.  J.  F.  Jackson,  47  West  34th  St., 
New    York    City,    Arch,    and    Engr. 

Penn.,  Chester — Ballinger  &  Perrot,  Archs. 
and  Engrs.,  17th  and  Arch  Sts.,  Phila- 
delphia, will  soon  award  the  contract  for 
the  con.?truction  of  a  3  story,  37  x  207  ft. 
hospital  for  the  Surgical  Wing  Hospital. 
A  steam  heating  s.vstem  will  be  installed 
in   same. 

Penn.,  Dalton — The  Scranton  &  Bingham- 
ton  R.  R.  Co.,  227  Wyoming  Ave.,  is  hav- 
ing plans  prepared  for  the  construction  of 
a  35  story,  48  x  70  ft.  addition  to  its 
power  house.  Three  500  hp.  boilers  and 
15,000  volt  electric  units  will  be  installed 
in   same.     Total   estimated   cost,    $95,000. 

Penn.,  Harrisburg — The  state  is  having 
plans  prepared  for  the  constrviction  of  two 
4  story  office  buildings  at  the  State  Cap- 
itol. A  steam  heating  system  will  be  in- 
stalled In  same.  Total  estimated  cost, 
$3,000,000.  Arnold  W,  Brunner,  101  Park 
Ave.,    New  York  City,   Arch,   and  Engr. 

Penn.,  Philadelphia — C.  E.  Oelschlager, 
Arch,  and  Engr.,  1615  Walnut  St.,  will 
soon  award  the  contract  for  the  construc- 
tion of  a  15  story,  40  x  131  ft.  office  build- 
ing on  16th  and  Walnut  Sts..  for  the  Med- 
ical Arts  Bldg.,  16th  and  Walnut  Sts.  A 
steam  heating  system  will  be  installed  in 
same. 

Penn.,  Philadelphia — LeRoy  B.  Rothchild. 
Arch.,  1225  Sansom  St.,  will  soon  awai'd 
the  contract  for  the  construction  of  a  6 
story,  58  x  125  ft.  sales  and  service  build- 
ing on  16th  and  Vine  Sts.,  for  Augu.st 
Hartman,  c/o  architect.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated    cost,    $100,000. 

Penn.,  Philadelphia- The  Bd.  Educ,  Key- 
stone Bldg.,  19th  and  Chestnut  Sts.,  will 
soon  award  the  contract  for  the  construc- 
tion of  a  3  story,  115  x  165  ft.  grade  school 
.on  70th  and  Buist  Sts.  A  steam  heating 
system  will  be  installed  in  same.  Total  es- 
timated  cost.   $450,000. 

Penn..  Scranton — The  city  plans  to  con- 
.struct  a  3  story,  110  X  110  ft.  technical  high 
school  on  Wyoming  Ave.  A  steam  heating 
.system  will  be  installed  in  same.  Total  es- 
timated  cost.    $277,700. 

Penn.,  Scranton — The  city  plans  to  con- 
struct a  3  story,  260  x  300  ft.  junior  high 
school  on  Mulberry  St.  A  steam  heating 
.system  will  be  installed  in  same.  Total 
estimated  cost,  $546,200. 

Penn.,  Wilkes- Barre — The  Diamond  Drug 
Co.  Is  having  plans  prepared  for  the  con- 
struction of  a  3  story.  22  x  180  ft.  drug 
factory  on  Northampton  St.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal estimated  cost,   $170,000. 

Md.,  Baltimore — The  Diocese  of  Mary- 
land, c/o  B.  Goodhue,  Archt.  and  Engr.,  3 
West  47th  St.,  New  York  City,  is  having 
plans  prepared  for  the'  construction  of  a 
cathedral.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$5,000,000. 

Ala.,  Mobile— J.  H.  and  C.  B.  King,  264 
Dauphin  St.,  plans  to  build  a  66  x  210  ft. 
theatre  on  Dauphin  St.  An  auxiliary  elec- 
tric plant,  steam  heating  and  ventilating 
systems  will  be  installed  in  same.  Total 
estimated  cost,  $250,000.  B.  H.  Slater,  101 
Tuttle   Ave..    Archt. 

La.,  Bastrop — The  Municipal  Electric 
Light  &  Water  Wks.  plan  to  enlarge  their 
plant  and  are  in  the  market  for  a  150  hp. 
natural  .s:as  engine  to  be  direct  connected 
to  a  100  kw.,  220  to  250  volts  d.c,  gen- 
erator.    Gary  Robertson,  Supt. 

Tenn.,  Knoxvllle — The  Signal  Amusement 
Co.  plans  to  construct  a  75  x  150  ft.  mov- 
ing picture  theatre  on  Clinch  Ave.  A  ty- 
phoon heating  and  cooling  system  will  be 
installed  in  same.  Total  estimated  cost, 
$225,000.  C.  W.  and  G.  L.  Rapp,  190  North 
State  St..  Chicago,  Archts. 
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Ky.,  Dawson  Springs — J.  A.  Wetmore, 
Superv.  Aich.,  Treasury  Dept.,  Wash., 
D.  C,  received  bids  for  the  installation  of 
mechanical  and  power  equipment  in  the 
proposed  19  hospital  buildings  at  the  San- 
atorium Grounds,  also  for  the  construc- 
tion of  a  small  power  house,  from  S.  W. 
Rittenhouse,  Wash.,  D.  C,  $381,530; 
Thompson  Bros.,  125  West  5th  St.,  Phila- 
delphia, $416,045;  F.  A.  Clegg  &  Co.,  110- 
112  South  1st  St.,  Louisville,  Ky.,  $427,- 
378. 

O.,  Canton — The  Canton  Ice  Delivery  Co., 
601  4th  St.,  will  receive  bids  for  the  con- 
struction of 'a  1  and  2  story,  81  x  113  ft.  ice 
stoiage  plant  on  Navarre  Rd.  Estimated 
cost,  $80,000.  A.  C.  Bishop,  427  Guardian 
Bidg.,   Cleveland,  Archt. 

O.,  Canton— W.  I.  Zink,  Pub.  Serv.  Dir., 
received  bids  for  the  construction  of  a  1 
story,  30  x  90  ft.  pump  house  from  Keller 
Huff,  $24,000,  and  Melbourne  Bros.,  $38,000; 
both  contractors  of  Canton. 

O.,  Cleveland — The  Estates  &  Investment 
Co.  plans  to  construct  a  4  story  apartment 
hotel  at  1906  East  105th  St.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost.  $250,000.  G.  A.  Tenbusch, 
1836  Euclid  Ave. 

O.,  Cleveland — The  Cleveland  Columbia 
Bldg.  Co.  will  soon  award  the  contract 
for  the  construction  of  a  3  story,  63  x  85 
ft.  club  house  at  3422  Euclid  Ave.  A 
steam  heating  and  a  vacuum  cleaning  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $100,000.  Address  A.  J.  Mc- 
Garrell,    507   Williamson    Bldg. 

O.,  Cleveland — The  Forbes  Chocolate  Co. 
is  having  plans  prepared  for  the  construc- 
tion of  a  2  story,  100  x  200  ft.  factory  on 
Euclid  Ave.  and  Ivanhoe  Rd.  Two  boilers 
will  be  installed  in  same.  Total  estimated 
cost.  $250,000.  Address  B.  F,  Forbes,  5100 
Superior  Ave.  G.  S.  Rider  &  Co..  Century 
Bldg.,    Archs.   and  Engrrs. 

O.,  Cleveland— The  Realty  Syndicate  Co. 

is  having  plans  prepared  for  the  construc- 
tion of  a  3  story,  116  x  250  ft.  public  gar- 
age at  East  79th  St.  near  Hough  Ave.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $400,000. 
Frank  N.  Riley,  309  Williamson  Bldg., 
Secy.  S.  H.  Weis,  1032  Schofleld  Bldg., 
Arch. 

O.,  Lorain — The  Bd.  Educ.  Is  having 
plans  prepared  for  the  construction  of  a  1 
story  grade  school  on  4th  St.  and  Hamilton 
Ave.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$250,000.  G.  Bruell,  6th  and  Washington 
Ave..  Clk.  Franz  C.  Warner,  Hippodrome 
Annex  Bldg.,   Archt. 

O.,  Youngstown — The  Aultman  Hospital 
Association  is  having  plans  prepared  for 
the  construction  of  a  3  story,  50  x  125  ft. 
hospital  addition  on  Clarendon  Ave.  A 
steam  heating  system  will  be  installed  In 
same.  Total  estimated  cost,  $125,000.  W. 
L.  Alexander,  Secy.  W.  W.  Sabin,  1900 
Euclid  Ave.,  Cleveland,  Archt. 

Mich.,  Detroit — The  Riviera  Theatre  Co., 
c/o  C.  Howard  Crane  and  Elmer  G.  Kieh- 
ler,  Archts.,  Huron  Bldg.,  plans  to  build  a 
2  story.  50  x  185  ft.  theatre  and  olTice  build- 
ing on  Grand  River  and  Linsdale  Aves.  A 
steam  and  forced  air  heating  system,  in- 
cluding fan,  motor,  etc.,  will  be  installed  In 
same.     Total  estimated  cost,   $200,000. 

Mich.,  Detroit — Albert  Kahn,  Arch., 
Marquette  Bldg.,  will  soon  award  the  con- 
tract for  furnishing  2  multi  stage  motor- 
driven  centrifugal  pumps,  capacity  300  gal. 
per  min..  375  ft.  head,  60  hp.  motors:  2 
multi  stage  motor-driven  centrifugal 
pumps.  200  gal.  per  min.  agqiinst  200  ft. 
head,  20  hp.  motors;  1  motor-driven  cen- 
trifugal pump,  500  gal.  per  min.  against 
400  ft.   head,   100  hp.   motor,   240  volt. 

Mich.,  Detroit— The  E.  D.  Stickley  Ma- 
chine Co.,  Goebel  Bldg.,  is  in  the  market 
for  three  6  in.,  11  in.  and  18  in.  Gleason 
bevel   gear  generators. 

Mich.,  Grand  Rapids — The  Bd.  Educ. 
plans  to  construct  a  3  story,  225  x  250  ft. 
school,  to  be  known  as  the  North  High 
School,  on  Plainfield  Ave.  A  steam  heat- 
ing system,  including  forced  ventilating 
system,  boiler  and  plenum  chamber  will 
be  installed  in  same.  Plans  also  include 
a  power  plant.  H.  H.  Turner,  234  Di- 
vision   Ave..    N.,    Arch. 

Mich.,  Grosse  Points — The  Grosse  Pointe 
Golf  Club  engaged  Stratton  &  Snyder. 
Archs.,     Union     Trust     Bldg.,     Detroit,     to 


prepare  plans  for  the  construction  of  a 
2  or  3  story  club  house  near  Jefferson  Ave. 
Steam  heating  equipment  will  be  installed 
in  same.     Total   f-.stimated   co.st,   $350,000. 

Mich.,  Muskegon  Heights  (Muskegon 
P.  O.) — The  Shaw  Electric  Crane  Works, 
MoKinney  St.,  plan  to  con.struct  a  1  and 
2  story  foundry  and  machine  shops  on 
McKinney  and  Park  Aves.  The  present 
power  plant  at  the  works  will  be  enlarged. 
Total  estimated  cost,  $2,000,000.  Manning, 
Maxwell  &  Moore,  McKinney  St.,   Engrs. 

Mich.,  Muskegon — The  Occidental  Hotel, 
c/o  Edward  R.  Sweet,  3rd  St..  plan.g  to 
build  an  8  story,  132  x  140  ft.  hotel  on  3rd 
St.  near  Western  Ave.  A  steam  heating 
and  ventilating  system  will  be  installed 
in   same.      Total   estimated   cost.   $1,000,000. 

Mich.,  Muskegon — The  Superior  Seating 
Co..  Getty  Ave.,  will  soon  award  the  con- 
tract for  the  construction  of  a  3  story, 
100  X  320  ft.  factory  on  Getty  and  Dales 
Aves.  Project  will  include  a  power  plant. 
Total  estimated  cost,  $250,000. 

Mich.,  Pontiac— The  Great  Lakes  Hotel 
Syndicate  engaged  W.  W.  Alschleger, 
Archt.,  Ill  West  Washington  St.,  Chicago, 
to  prepare  plans  for  the  construction  of  an 
8  story,  100  x  125  ft.  hotel.  Steam  heating 
equipment  will  be  installed  in  same.  Total 
estimated   cost,  $750,000. 

Mich.,  Sault  Ste.  Marie— The  city  has 
awarded  the  contract  for  furnishing  and 
installing  4  electrically  driven  centrifugal 
pumping  units  in  the  present  pumping  sta- 
tion to  Allis-Chalmers  Mfg.  Co.,  North  Al- 
lis  St.,  Milwaukee,  WiS.,  at  $11,707. 

III.,  Chicago— The  Chicago  Reedware 
Mfg.  Co.,  1523  Carroll  St.,  is  having  plan.s 
prepared  for  the  construction  of  a  1  storv. 
300  X  350  ft.  furniture  factory  on  Grand 
Ave.  and  Franklin  Blvd.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal estimated  cost,  $165,000.  Davidson  & 
Weiss.    53   West  Jackson   Blvd..   Archs. 

III.,  Chicago — A.  Bmerman.  c/o  B.  L. 
Steif.  Arch..  30  North  La  Salle  St..  is  hav- 
mg  plans  prepared  for  the  construction 
of  a  12  story,  115  x  130  ft.  hotel  at  918 
Wilson  Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,    $1,500,000. 

III.,  Chicago— Ludgin  &  Leviton,  Archs., 
53  West  Jackson  Blvd.,  will  soon  award 
the  contract  for  the  construction  of  a  2 
story,  100  x  100  ft.  dyeing  and  cleaning 
plant  on  Halsted  and  76th  Sts.,  for  the 
Englewood  Dyeing  &  Cleaning  Co.,  6343 
South  Halsted  St.;  100  hp.  high  pressure 
boilers  will  be  installed  in  same.  Total 
pstimated   cost,    $40,000. 

III.,  Chicago— M.  J.  Morehouse,  Arch.,  343 
.South  Dearborn 'St.,  will  soon  award  the 
contract  for  the  construction  of  a  3  story. 
120  X  165  ft.  factory  on  Ravenswood  and 
Leland  Aves.,  for  the  Johnson  Fare  Box 
Co.,  236  South  Rokey  St.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal  estimated   cost,    $125,000. 

III.,  Chicago — Robert  T.  Newberry,  Arch., 
108  South  La  Salle  St.,  is  preparing  plans 
for  the  construction  of  a  2  story,  125  x  250 
ft.  corset  factory  on  Crawford  and  Barry 
Aves.,  for  the  Lorette  Corset  Co.,  510 
Throop  St.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,    $300,000. 

III.,  Chicago — Henry  L.  Newhouse,  Arch.. 
4630  Prairie  Ave.,  will  receive  bids  in 
March  for  the  construction  of  a  1  story, 
90  X  90  ft.  theatre  on  State  St.  near  Ran- 
dolph St.,  for  Ascher  Bros.,  220  South 
State  St.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,  $1,000,000.  W.  C.  Bennett.  327  South 
La  Salle  St.,  Engr. 

III.,  Chicago— The  O'Gara  Coal  Co.,  332 
South  Michigan  Ave.,  is  in  the  market  for 
two  8  X  10  in.  horizontal  center  crank 
steam   engines. 

III.,  Chicago— The  H.  O.  Reno  Co.,  123 
West  Madison  St.,  is  having  plans  pre- 
pared for  the  construction  of  a  4  story, 
125  X  150  ft.  publishing  plant  on  Lincoln 
and  Wrightwood  Aves.  A  steam  heating 
svstem  will  be  installed  in  same.  Total 
estimated  cost,  $225,000.  Percy  T.  .John- 
son,   1254    Pratt    Blvd.,    Arch. 

III.,  Mattoon — Claude  L.  James.  Supt.  of 
Waterworks,  is  preparing  plans  for  im- 
proving and  extending  the  present  water- 
works. Boilers  and  pumping  machinery 
will  be  Installed   In  same. 


la.,  Davenport— Clausen  &  Kru.se,  Aichs. 
and  Engrs.,  316  Central  Oflice  Bldg.,  will 
receive  bids  for  the  construction  of  a  4 
story.  75  x  135  ft.  administration  building 
on  Brady  St..  for  the  Palmer  School  of 
Chiropractic.  A  complete  ventilation  svs- 
tem will  be  Installed  in  same.  Total  es- 
timated cost.   $120,000. 

Minn.,  Duluth— The  Sister  Superior  o« 
the  Sisters  ot  the  Benedictine  will  receive 
bids  about  Feb.  15  for  the  construction  of 
;i  5  .story,  40  x  200  ft.  addition  to  St. 
.Mary's  Hospital,  3rd  St.,  for  the  Catholic 
Diocese  of  Duluth,  3rd  St.  and  5th  Ave. 
A  steam  heating  and  mechanical  ventilat- 
ing system  will  be  installed  in  same.  To- 
tal fstimated  cost.  $200,000.  F.  H.  Ellerbe 
Endicott   Bldg.,    St.   Paul,   Arch,   and   Engr! 

Minn.,  McKlnley— F.  A.  Walstrom.  Clk 
of  Independent  School  Dist.  No.  18,  Gilbert 
will  receive  bids  until  Feb.  3  for  the  con- 
struction of  a  3  story,  75  x  150  ft.  grade 
school  here.  A  steam  heating  .system  will 
be  installed  in  same.  Total  estimated  cost. 
$150,000.  W.  T.  Bray,  Torrey  Bldg.,  Du- 
iuth,   Archt.    and   Engr. 

Minn.,  Minneapolis — Magney  &  Tusler 
Archts.,  Builders'  Exch.,  will  soon  award 
the  contract  for  the  construction  of  a  4 
story  100  x  140  ft.  wagon  factorv  on  .ith 
St.,  N.,  for  the  Schurmeier  Mfg.' Co.,  320 
East  9th  St  St.  Paul.  A  steam  heating 
.system  will  be  installed  in  same.  Total  es- 
timated cost,  $150,000. 

S.  D.,  Watertown— The  Bd.  Educ.  will 
receive  bids  until  Jan.  30  for  the  construc- 
tion of  a  3  story,  151  x  178  ft.  high  school 
A  steam  heating  and  ventilating  system 
^•ill  be  installed  in  same.  Total  istimate^ 
cost  $350,000  C.  L.  Pillsbury  &  Co  Met- 
ropolitan Life  Insurance  Bldg.,  Minneano 
hs,  Engr.  Tyrei  &  Chapman  320  \nd^ 
torium  Bldg..  Minneapolis,  Archts 

Ariz.  Chandler— The  Bd.  Educ  will  le 
ceive  bids  until  Feb.  14  for  the  construe 
tion  of  a  high  school,  includirig  adSs^ 
tration.  domestic  science,  comi#erciaJ  anr? 
science  buildings.  Separate  bids  will  h^ 
received  for  installing  htlung  system  To- 
inn^^\'Ii!^^%U°'^--  ^150,000.  Allison  &AIH- 
Archa!  "'bernian    Bldg.,    Los    Angeles. 

Wash.,  Olympla— The  State  Caoitol 
Comn.  will  soon  award  the  contract  for 
^n^  .^ffi"^^''V,^^-',°.'?  of  3  buildings,  including 
^/io^^S®    building    and    court    house        f 

fam^  ^^Tni^f  ^^%^-^"'  ^*"  be  insttilled  in 
jame.  Total  estimated  cost  J^ion  nnn 
Wilden  &  White,  50  Church  St  ^'ew  York 
City.    Archs.    and    Engrs. 

H^use  Pn'  i^°;?*^-'rhe  Del  Monte  Bath 
rtouse  Co.  is  having  plans  prepared  for 
the  construction  of  a  bath  house,  cottages 
pier  extension,  etc..  also  for  converting 
boat  house  into  power  house.  "Total  esti- 
mated cost,    $500,000.     Work  will    be   d?ne 

T  ■•  ih^o"'  ^^^  York.  p.  V.  Tuttle  5S=; 
Lighthouse  Ave.,   Pacific  Grove,    Arch. 

Cal.,  Oakland— The  Natl.  Ice  &  Cold 
Storage  Co.,  Postal  Telegraph  Bldg.,  San 
Francisco,    is.  having    plans    prepafed    for 

lim-.'^^^^K''^^^^^"  of  ^  1  story  ice  and  cold 
storage  building  on  North  1st  St.  Esti- 
mated  cost,    $250,000. 

Arink.^-'f"*!"^^^"'^.'^^  Comn.  of  Works  & 
Mines  of  the  Provincial  Government  will 
receive  h.:s  until  Feb.  15  for  the  construc- 
tion of  a  3  story,  60  x  220  ft.  hospital 
building  with  two  30  X  100  ft.  wings  on 
Tower  Rd.  Separate  contract  will  be  let 
fOF  installing  heating  system.  Total  esti- 
mated  cost,    $220,000. 

Ont.,  Merrilton— The  Canadian  Steel  & 
J-orging  Co.  is  having  plans  prepared  for 
the  construction  of  a  steel  plan'  addition 
including  hydro-electric  light  and  heating 
plants,  also  for  installing  equipment  in 
same.  Total  estimated  cost,  $200,000.  J. 
.1.  Wernette  441  Houseman  Bldg.,  Grand 
Rapids.    Mich..    Engr. 

Ont..  Scarboro- The  town  plans  to  con- 
struct 2  pump  houses  to  be  equipped  with 
electrically  driven  pumps,  distribution  svs- 
tem, etc.  By-law  appropriating  $300,000 
for  this  project  has  been  passed.  R  E 
.Tames  Co..  Ltd.,  36  Toronto  St.,  Toronto" 
Engrs. 

Ont.,  Windsor— The  Bank  of  Hamilton 
plan.s  to  build  a  10  story  bank  and  office 
building  on  Quellette  Ave.  and  Chatham 
St.  Steam  heating  equipment  will  be  In- 
stalled in  same.  Total  estimated  cost. 
$750,000. 
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CONTRACTS   AWARDED 

Me.,  Lewiston — The  l^ewiston  Buick  Co. 
has  awarded  the  contract  for  the  con- 
.struction  of  a  3  story,  95  x  130  ft.  sales 
building  on  Sabattus  and  Main  Sts.,  to 
F.  T.  Ley  &  Co.,  Inc.,  185  Devonshire  St.. 
Boston.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$150,000. 

R.  I.,  Tiverton — The  Sinclair  Refining 
Co.,  Brockton,  Mass.,  has  awarded  the 
contract  for  the  construction  of  a  1  stoiy. 
32  X  90  ft.  pump  house,  to  Canning  & 
Leary,  Plant  Bldg.,  New  London,  Conn. 
Estimated   cost,    $25,000. 

Conn.,  Waterbury — The  Waterbury  Natl. 
Bank,  Grand  and  Field  Sts.,  has  awarded 
the  contract  for  the  construction  of  a  4 
story,  65.9  x  89.3  ft.  building,  to  Irwin  & 
Leighton,  126  North  12th  St..  Philadelphia. 
A  steam  heating  system  will  be  installed 
in  same.     Total  estimated  cost,  $500,000. 

N.  Y.,  New  York — Marcus  Loew's  En- 
terprises, 1492  B'way,  has  awarded  the 
contract  for  the  construction  of  a  16  stor> . 
50  X  120  X  180  ft.  theatre  and  office  build- 
ing on  B'way  and  45th  St.,  to  the  Fleisch- 
man  Constr.  Co.,  531  7th  Ave.  A  steam 
heating  system  will  be  installed  in  same. 
Total   estimated   cost,    $1,000,000. 

N.  Y.,  New  York — The  145  West  55th 
St.  Corp.,  Inc.,  1  West  67th  St..  has  award- 
ed the  contract  for  the  construction  of  a 
15  story,  80  x  100  ft.  hotel  at  139-145  West 
55th  St.,  to  Fred  T.  Ley,  19  West  44th  St. 
A  steam  heating  system  will  be  installed 
in  same.     Total  estimated  cost,  $750,000. 

N.  Y.,  New  York— The  Sloane  Estate, 
316  East  65th  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  10  story, 
75  X  100  ft.  factory  on  39th  St.  near  8th 
Ave.,  to  Fred  T.  Ley,  19  West  44th  St.  A 
steam  heating  system  will  be  installed  In 
same. 

N.  Y.,  Rochester — The  city  has  awarded 
the  contract  for  installing  heating  and 
power  system  in  the  proposed  3  story, 
304  X  321  ft.  Junior  High  School,  at  Wil- 
son Park,  to  Barr  &  Greelman  Co.,  72 
Exch.   St.,    at   $162,000. 

N.  J.,  Camden— The  Ottawa  Tribe  of  Red 
Men,  c/o  W.  W.  Sharpley,  1713  Sansom  St., 
Philadelphia  has  awarded  the  contract  for 
the  construction  of  a  3  story,  40  x  145  ft. 
clubhouse  to  Willis-Ludwich  &  Co.,  1708 
Sansom  St.,  Philadelphia.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $140,000. 

N.  J.,  Elizabeth — The  Simmons  Co.. 
Pearl  St.,  Kenosha,  Wis.,  has  awarded  the 
contract  for  the  construction  of  a  manu- 
facturing plant,  including  a  power  house, 
etc.,  to  Paul  Riesen's  Sons,  1018  Humboldt 
Ave.,  Milwaukee,  Wis.  Total  estimated 
cost,   $300,000. 

N.  J.,  Harrison — The  Driver-Harris  Co. 
has  awarded  the  contract  for  the  construc- 
tion of  a  6  story,  80  x  200  ft.  factory  an 
Middlesex  St.  to  E.  N.  Waldron,  Market 
St.,  Newark.  A  steam  heating  system  will 
be  installed  in  same. 

Penn.,  Essington — The  Westinghouse 
Electric  Mfg.  Co.,  Union  Bank  Bldg.,  Pitts- 
burgh, has  awarded  the  contract  for  the 
construction     of     a     factory     addition     to 


Westinghouse,  Church  Kerr  &  Co.,  Inc., 
37  Wall  St.,  New  York  City.  A  steam 
heating  system  will  be  installed  in  same. 
Total    estimated    cost,     $2,000,000. 

O.,  Cleveland — Edward  Shattuck,  Comr. 
of  Purchases,  has  awarded  the  contract  for 
the  installation  of  a  20,000,000  gal.  first 
high  service  centrifugal  pump  to  the 
Dravo-Doyle  Co.,  Citizens  Bldg.,  at  $74,250. 

O.,  Cleveland— The  Sheriff  St.  Market  & 
Storage  Co.  has  awarded  the  contract  for 
the  construction  of  a  2  story,  200  x  885  ft. 
cold  storage  warehouse  on  Bolivar  Rd.  and 
East  4th  St.  to  John  Gill  &  Sons,  Citizens 
Bldg.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$1,000,000. 

Mich.,  Detroit— The  Bd.  Educ,  50  B'way. 
has  awarded  the  contract  for  the  installa- 
tion of  a  heating  system,  etc.,  in  the 
proposed  2  story,  85  x  134  ft.  school  on 
Vancourt  and  Milford  Aves.,  to  J.  W. 
Partlan,  51  Park  PI.,  $53,800;  in  the  pro- 
posed Field  School,  on  Agnes  and  Field 
Aves.,  to  W.  J.  Rewoldt,  506  Owen  Bldg., 
$18,274;  in  the  proposed  Davidson  School, 
near  Davidson  Ave.,  to  O'Connor  Bros.. 
34   Roland   Bldg.,    $89,590.      Noted  Jan.    6. 

III.,  Chicago — The  Chicago  Tribune,  1 
South  Dearborn  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  15  story, 
100  X  300  ft.  loft  building  at  431  North 
Michigan  Ave.,  to  R.  C.  Wieboldt,  1534 
West  Van  Buren  St.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $2,500,000.  Jarvis  Hunt, 
30   North  Michigan  Ave.,   Arch. 

la.,  Bondurant — W.  F.  Dunkle,  Secy.  Bd. 
of  Educ,  has  awarded  the  contract  for 
installing  a  heating  and  plumbing  system 
in  the  proposed  2  story,  63  x  105  ft.  school 
to   W.    G.    Madison,    Ames,    at   $21,026. 

la.,  Newton — The  Automatic  Washing 
Machine  Co.  has  awarded  the  contract  for 
the  construction  of  a  4  story,  50  x  148  ft. 
factory  and  boiler  house,  to  A.  H.  Neu- 
mann &  Co.,  7  Hubbell  Bldg.,  Des  Moines. 
Total  estimated  cost,   $180,000. 

Cal.,    Emeryville    (Oakland    P.    O.) — The 

Amer.  Rubber  Mfg.  Co.,  Park  Ave.  and 
Wait  St.,  has  awarded  the  contract  for 
the  construction  of  a  2  story  factory  and 
power  house,  to  R.  W.  Littlefield,  565  16th 
St..  Oakland.  Total  estimated  cost,  $100,- 
000. 

Cal.,  Los  Angeles — The  Pacific  Mutual 
Life  Insurance  Co.,  6th  and  Olive  Sts.,  has 
awarded  the  contract  for  the  construction 
of  a  2  story,  170  x  218  ft.  office  and  store 
building  on  6th  St.  and  Grand  Ave.  to  the 
Pacific  Marine  &  Constr.  Co.,  510  Wright  & 
Callender  Bldg.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $2,500,000. 

Cal.,  San  Francisco — St.  Francis  Hos- 
pital Association  has  awarded  the  contract 
for  installing  a  heating  system  in  the 
proposed  6  story  hospital  on  Bush  St.,  to 
A.  W.   Lawson.   180  Jessie  St.,   at  $8750. 

Ont.,  Toronto — The  Murray  Printing  Co.. 
9  Jordan  St.,  has  awarded  the  contract  for 
the  construction  of  a  4  story,  140  x  180  ft. 
printing  shop,  to  L.  E.  Dowling,  167  Yonge 
St.  Heating  contract  will  be  sub-let.  To- 
tal estimated  cost,   $135,000. 


Ont.,  Windsor— The  Bd.  Educ.  has 
awarded  the  contract  for  the  construc- 
tion of  a  3  story  school,  to  Sam  Dinsmore, 
7  Royal  Bank  Bldg.  A  vacuum  steam 
heating  system  with  blower  for  ventila- 
tion will  be  installed  in  same.  Total  es- 
timated   cost,    $400,000. 

NEW     INSTALLATIONS     IN     POWER 

N.  Y.,  Saranac  Lake — Paul  Smith's  Elec- 
tric Light  &  Power  &  R.  R.  Co.  plans  to 
construct  a  14  mi.  transmission  line  to 
the  plant  of  the  Chateagua  Ore  &  Iron 
Co.,  Seynon  Mountain,  and  install  a  3 
phase,  60  cycle  2500  to  4500  volts  1500  kva. 
generator.     P.   A.   Gould,   Mgr. 

N.  Y.,  Sanborn — The  Sanborn  Pekin 
Power  Co.  plans  to  extend  its  transmis- 
sion line  within  the  next  three  years; 
$35,000  will  be  expended  for  this  project. 
R.    E.    Casselman,    Secy. 

Fla.,  Milton — The  town  plans  to  install 
75  meters  and  a  100  kw.  generator.  I.  I. 
Shepard,   Supt. 

O.,  Ada— The  Ada  Water  &  Light  Co. 
plans  to  install  new  engines,  generators 
and  water  pumps.     P.  O.  Moore,  Mgr. 

Mich.,  Gladwin— The  Gladwin  Electric 
Light  &  Power  Co.  plans  to  build  a  33,000 
mi.  transmission  line  from  here  to  Beaver- 
ton.  S.  B.  Wiggins,  115  Howard  St.,  Sag- 
inaw,  Secy. 

Minn.,  Chlsholm — The  Minnesota  Util- 
ities Co.,  Eveleth,  plans  to  install  a  2500 
kw.  extension  to  its  power  plant.  E.  F. 
Kefgen,    Treas. 

Neb.,  Nebraska  City — The  Nebraska  City 
Utilities  Co.  plans  to  construct  a  trans- 
mission line  to  Julian,  Danbar  and  Syra- 
cuse.    W.   O.   Dunn,  Mgr. 

S.  D.,  Iroquois — The  Iroquois  Light  Plant 
plans  to  install  a  50  hp.  Fairbanks  Morse 
Type  Y  engine,  belted  to  42%  kva.,  2300- 
3p.    60    cycle    generator.      W.    H.    Jordan, 

Pres. 

Wye,  Gillette — The  Municipal  Electric 
Light  Plant  plans  to  install  new  engine* 
and  a  100  kva.  generator.  M.  L.  Thomas, 
Mgr. 

Okla.,  Anadarko — The  Anadarko  Munic- 
ipal Light  &  Water  Plant  plans  to  in- 
crease power  plant  and  install  2  Diesel  oil 
engines,  200  hp.  each.     N.  A.  Kunkel,  Supt. 

Colo.,  Eaton — The  Farmers  Electric 
Light  &  Power  Co.  plans  to  build  12  ml. 
of  transmission  line  into  Irrigation  terri- 
tory.    R.   S.   Farr,  Mgr. 

N.  M.,  Carlsbad— The  Carlsbad  Light  & 
Power  Co.,  Chicago,  111.,  and  Carlsbad, 
N.  M.,  plans  to  construct  power  house  and 
install  new  112  kva.  generator  and  2100  hp. 
oil  engines  for  auxiliary  plant.  F.  E.  Hu- 
bert, Gen.   Mgr. 

Sask.,  Humboldt— The  Municipal  Elec- 
tric Light  &  Power  Plant  plans  to  con- 
struct a  new  250  kva.  unit  and  Install  300 
hp.   boilers.     C.   A.   Cutting,  Supt. 

B.  C,  Cumberland — The  Cumberland 
Electric  Lighting  Co.,  Ltd.,  plans  a  com- 
plete renewal  of  about  6  mi.  of  transmis- 
sion lines.     John   Short,   Secy,  and  Mgr. 
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"OPPORTUNITIES" 


BUSINESS 
"OPPORTUNITIES" 


JOBS  AND  MEN  — For 
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Executive,  Operative  and 
Selling  — See  "Searchlight'' 


To  Buy,  Sell,  Rent  and  Ex- 
change— Used  and  Surplus. 
New  Equipment  and  Ma- 
terial —  See   "Searchlight." 
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These   are    prices    to    the    power    plant    by    Jobbers    in     the    larger    buying    centers    east    of    the 
Mississippi.     Elsewhere  the  prices  will  be  mo-lifled  by  increased  freight  charges  and  by  local  conditions. 


POWER-PLANT  SUPPLIES 


HOSE- 

Fire  50-Ft.  Lengths 

rnderwriters'  2^in 7Sr.  per  ft. 

Common,  2J-iD 40% 

Air 

First  Grade    Second  Grade  Third  Grade 

J-in.  perft SO  50                  $0  33  $0  22 

Steam — Discounts  from  List 

First  grade       30%        Second  grade.  .40°T         Third  grade  .     45% 

EXTBBER  BELTING— Tlie  following  discounts  from   list  apply  to  transmission 
rubber  and  duck  belting: 

Competition 65%  Best  grade 35% 

Standard 50% 

Note — Above  discounts  apply  on  new  list  issued  .li  l.\   \. 

LEATHER  BELTING -Present  discounts  froiii  list  in  the  follow'ng  cities  are  as 


follows: 

New  York.  .  . 
St.  Louis.    . . 

Chicago 

Birmingham . 
Denver 


Medium  Gradi' 

Heavy  Grade 

45% 

35% 

40% 

30% 

20% 

10% 

15% 

15<^ 

30% 

20% 

RAWHIDE  LACING — 20«f  for  cut;  4.5e.  per  sq.  ft.  for  ordinary. 

PACKING — Prices  per  pound: 

Rubber  and  duck  for  low-pressure  steam $1 .  00 

Asbestos  for  high-pressure  steam 1 .  70 

Duck  and  rubber  for  piston  packing 1 . 00 

Flax,  regular 1 .20 

Flax,  waterproofed 1 .  70 

Compressed  asbestos  sheet .90 

Wire  insertion  asbestos  sheet 1 .  50 

Rubber  sheet ^ 50 

Rubber  sheet,  wire  insertion 70 

Rubber  sheet,  duck  insertion .50 

Rubber  sheet,  cloth  insertion .30 

Asbestos  packing,  twisted  or  braided  ^d  graphited,  for  valve  stems  and 

stuffing  boxes 1 .  30 

Asbestos  wick,  j-  and  1-Ib.  balls .85 

PIPE  AND  BOILER  COVERING — Below  are  discounts  and  part  of  standard 
lists: 

PIPE  COVERING 

Standard  List 
Pipe  Size  Per  Lin.Ft. 


1-in 

$0.27 

2-in. 

.36 

6-in. 

.80 

4-in, 

.60 

3-in. 

.45 

8-in. 

1.10 

10-in. 

1.30 

85%  magnesia 

high 

pressure 

For  low-pressure  heating  and  return  lines 


BLOCKS  AND  SHEETS 
Price 

Thickness  per  Sq.Ft. 

Hn.  10.27 

1  -in.  30. 
IJ-in.                                   .45 

2  -in.  .60 
2Hn.  75 

3  -in.  .90 
3Hn.                                 105 

List 

f4-ply 50%  ofT 

^3-ply 52%   off 

12-ply    54%   off 


GREASES — Prices  are  as  follows  in  the  following  cities  in  cents  per  pound  for  barrel 

lots: 

Pitts- 
burgh 


Cup 

Fiber  or  sponge . 
Transmission . . . 

Axle 

Gear. 


Cin- 
cinnati 

7 


Car  journal 22  fsnl.l 


10 


9 
21  (gal. 


Chicago 
6.6 
8.6 
8.1 
4.8 
6.1 

)      4.7 


St. 

Louis 

6.7 

13 

13 

4.75 
7.5 
4.7 


Bir- 
mingham 
8i 
8i 
8i 

85 


Denver 
141 
18 
17 
5i 


COTTON  WASTE— The  following  prices  are  in  cents  per  pound: 
■  New  York  - 


Current 

White 13.00 

Colored  mixed 9 .  00  to  12 .  00 


One  Year  Ago    Cleveland 
11  00  to  13.00  14.00 

8.50  to  12  00  11.00 


Chicago 
11  00  to  14  00 
9.50  to  12.00 


WIPING  CLOTHS— Jobbers'  price  per  1000  is  as  follows: 

13}  X  131         13}  X  20§ 

Cleveland $52.00  $58.00 

Chicago 41  00 43.50 

LINSEED  OIL — These  prices  are  per  gallon: 

. New  York  — — 

Current  One 

Year  Ago 
Raw  in  barrels  (5  bbl.  lots) .   $1 .80  $1 .49 

5-gal.  cans 2.00  1.74 


Cleveland 
Current 


$2.50 
2.75 


Chicago . 

Current  One 

Year  Ago 
$1.98  $1.66 

2.23  1.86 


WHITE  AND  RED  LEAD— Base  price  per  pound: 

Red 

Current 


Dry  In  Oil 

100-lb.  keg 14.50  16.00 

25- and  50-lb.  kegs 14.75  16.25 

12Hb.  keg 15.00  16.50 

l-lb.cans 16.50  18.00 

5-lb.  cans 17.50  19.00 


500  lb.  lota  less  10%  discount;  2000  lb.  lots  lees  10-25% 


RIVETS  -Tlie  following  quotations  are  allowed  for  fair-sized  orders  from  ware- 
house: 

,,.     ,   ,        ,  ,,  New  York    Cleveland  Chicago 

bteel  A  and  smaller 40%  55%  45% 

Iinned. 40%  55%  45^^ 

Boiler  rivets.  J,  J,  1  in.  diameter  by  2  in.  to  5  in.  sell  as  follows  per  KJO  lb  • 
.New -iork.    $5  (,)        Cleveland      $4.00        Chicago  $4.97        Pittsburgh $4.72 

structural  rivet-',  same  sizes: 
New  York.    $.■)  10        Cleveland  ..  $4. 10        Chicago $5  07        Pittsburgh  $4  &i 


REFRACTORIES— Following  prices  are  f.  o.  b.  works,  Pittsburgh: 

Chrome  brick net  ton  $75-80    at  Chester.  Penn. 

Chrome  cement net  ton  45-50    at  Chester,  Penn 

C  ay  brick,  Ist  quality  fireclay net  M.  .38-45    at  Clearfield,  Penn 

Clay  brick,  2nd  qualit  v net  M.  33-35    at  Clearfield.  Penn. 

Magnesite,  dead  burned   net  ton  .^0-,55    at  Chester.  Penn 

\lagnesitebn<k,9x4i  X  21  in net  ton  80-85     at  Chester,  Penn 

Silica  brick net  M.  45-i50    at  Mt.  Union,  Penn. 

Standard  size  fire  brick,  9  x  4}  x  2i  in.     The  second  quality  is  $4  to  $-5  che 
|)er  1000. 

8t.  Louis  -Fire  Cla.\  .  $35  to  $50. 

Birmingham— Silica.  $50;  fireclay,  $45:  magnesite,  $80;  chrome.  %SI). 

Chicago— Second  quality  ,  $25  per  ton. 

Denver— Fire  day.  $1 1  per  ton. 


BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 

New  York . Cleveland . Chicago , 

Current         One        Current        One        Current        One 

VearAgo  Year  Ago  Year  Ago 

Best  irade 90  00  87  00  74.50  80.00  70  00  75  00 

Commerci.ll .50  00  12  00  20.50  21.50  15  00  15  00 


SWEDISH  (NORWAY)  IRON-The  average  price  per  100  lb.,  in  ton  loU,  is: 

,.     ,  Current  One  Year  .Ago 

N  ew  York $21-26  $19  00 

Cleveland 2O.OO  20.00 

Chicago. 16  50  ig  qq 

In  coils  an  advance  of  .50c.  usually  is  charged. 

Domestic  iron  (Swedish  analysis)  is  selling  at  15c.  per  lb. 


SHEETS— Quotations  are  in  cents  per  pound  in  various  cities  from  warehouse;  also 
the  base  quotations  from  mill: 

Mill  New  York . 

Carloads  One 

Pittsburgh  Current  Year  Ago  Cleveland  Chicago 

No.  28  black $4.35-4.85  $6.50-8.00  $6.52  $5  77  $6  00 

No.  26  black 4.25-4.75  6.40-7.90  6.42  5  67  5  60 

Nos.  22-24  black 4.20-4.71  6  35-7.35  6  37  5  62  5  85 

Nos.  18-20  black 4.1.5-4  65  6.30-7.30  6.32  5  57  5  80 

No.  16  blue  annealed 3  7.5-3  20  6  02  5.72  5  17  5  02 

No.  14  blue  annealed.   . .       3  6.5-3.10  5  92  5.62  5.07  4  92 

No.  10  blue  annealed.   . .       3.5.5-4  00  5.50-6  00  5  52  4  97  4  82 

-No.  28  galvanized 5.70-6  20  7.50-9  00  7.77  7  12  7'28 

No.  26  galvanized 5.40-5.90  7.20  7.47  6.82  6.93 

No.  24  galvanized .5  25-5.75  7.05  7.32  6.57  6  52 


PIPE— Tlie  following  discounts  are  for  carload  lots,  f.  o.  b.  Pittsburgh:  bssing  cu4 
of  .Ian.  I,  1910.  for  steel  pipe  and  for  iron  pipe: 

BUTT  WELD 
Steel  Iron 

Inches  Black    Galvanized  Inches  Black    Galvaniied 

iSiandi 505%         24%  J  to  li 30}%         28i% 

i 545%  40% 

I  to  3 57J%  44% 


2 501% 

2Ho6 535% 


LAP  WELD 

35%  2 32i%  m 

41%  2Jto6 34i%  21} 


BUTT  WELD,  EXTRA  STRONG  PLAIN  ENDS 

J,iandi 481%         29%  ;  to  U 38i% 

i 51i%  39% 

ItoU 50J%  43% 

LAP  WELD,  EXTRA  STRONG  PLAIN  ENDS 

2 48J%  37%  2 33»% 

2Uo4 51i%  49%  2ito4 35*% 

4Ho6 50i%  39%  4ito6 34i% 

Stock  discounts  in  oitiis  named  are  as  follows: 

— New  York — . . Cleveland .  . Chicago . 

Gal-  Gal-  Gal- 

Black     vanized     Black     vanized     Black       vanized 
5  to3  in.  stcei  butt  welded.  .       47%  31%        43i%        34'.%        57i%  44% 

2}  to3in..^toel  lap  welded.   .        42%  27%        451%        39}%        .531%  41% 

Malleable  fittings.    Class  B  and  C,  from  New  York  stock  sell  at  list  +  221%. 
Cast  iron,  standard  sizes,  10-5%  o£f. 


241% 


20J'' 
23Jf 
22J? 
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BOILER  TXTBES— The  following  are  the  prices  for  carload  lots,  1.  o.  b.  Pittsburgh : 


Lap  Welded  Steel 

5ito4»iii 

2itoS}in 

21  In 

l!to3in 


Charcoal  Iron 

40*  3ito4iin m 

30|  3   to3Hn 1 

24  2ito2fin +  1 

19*  2   to2Jin +16 

U  toll  in +2P 

Standard  Commercial  Seamless — Cold  Drawn  or  Hot  Rolled 

Per  Net  Ton  Per  Net  Ton 

$327  IJin 1207 

267  2to2tin 177 

257  2Jto3fin 167 

207  4in 187 

4i  to  5_in 207 

These  prices  do  not  apply  to  special  specifications  for  locomotive  tulies  nor  to 
special  specifications  for  tubes  for  tne  Navy  Department,  which  will  be  subject  to 
special  negotiations. 

ELECTRICAL  SUPPLIES 


lia.. 
Uin. 
llin. 
Uin. 


ARMORED  cable- 
Two  Cond.     Three  Cond 
B.  &  8.  Size  Two  Cond       Three  Cond.  Lead  Lead 

M  Ft  M  Ft.  M  Ft.  M  Ft 

No.  Msolid $104.00  $138.00  $164  00  $210.00 

No.l2solid 135  00  170.00  225  00  2^5  00 

No.  10  solid 185  00  235.00  275  00  325  00 

No.Sstranded 285  00  378.00  520  00  .500  00 

No.  6  stranded 400  00  500.00  560  00 

From  the  above  lists  discounts  are: 

Less  than  coil  lots Net  List 

Coils  to  1,000  ft 10% 

1,000  ft.  and  over 15% 

BATTERIES,  DR*"/— Regular  No.  6  size  red  seal,  Columbia,  or  Ever  Ready: 

Each,  Net 

Less  than  12 $0  45 

12  to  50 38 

50  to  125  (bbl.) 35 

125  (bbl.)  or  over.  .^ 32 

CONDUITS,  ELBOWS  AND  COUPLINGS— Following  are  warehouse  net  prices 
per  1000  ft.  for  conduit  and  per  100  for  couplings  and  elbows: 


■  Conduit  ■ 


Elbows 


Size. 
In. 


Black          Galvanized  Black  Galvanized 

1,000  Ft.         1,000  Ft.  100  and  100  and 

and  Over         nnd  over  Over  Over 

} $71.15              $76.25  $17.04  $18.18 

i 71.15                 76.25  17.04  18.18 

I 93.96                100  86  22.23  23.93 

1 138.39               149  09  33.19  35  41 

1} 187  91                201.71  42.62  45  31 

H 224.68               241.18  56.82  60.62 

2 302.29               324.49  104.17  110.77 

21 477.95               513  05  170  46  181.26 

3 625.00               670.91  4.54  56  483  36 

31 779.24               834.44  1,003.82  1,087.42 

4 945. OS             1,010  4S  1,160.08  1,233.87 

5%  cash  10  days. 

From  New  York  Warehouse — Less  5%  cash. 

Standard  lengths  rigid,  10  ft.  Standard  lengths  flexible, 
'engths  flexible,  f  to  2  in.,  50  ft. 


Couplings ■ 

Black         Galvanized 
1.100  and 


100  and 
Over 
$5.38 
6.25 
8.97 
11.66 
16.10 
19.89 
26.52 
37.88 
86.82 
76.76 
94.70 


Over 

$5.74 

6.70 

9  57 

12.44 

17.12 

21.15 

28.20 

40.28 

60.42 

80.66 

100,70 


CONDUIT  NON-METALLIC,  LOOM- 


Sizel.  D.,In. 


Feet  per  Coil 

250 

250 

260 

200 

200 

150 

100 

100 
Odd  lengths 
Odd  lengths 


List,  Ft. 
$0.05i 
06 
09 
12 
15 
.18 
.26 
.33 
.40 


h  in.,  100  ft.    Standard 


Coils 46%oflF 

Less  coils,  3.5%  ofT 


CUT-OUTS — Followine  are  net  prices  each  in  standard-package  quantitiee: 
CUT-OUTS,  PLUG 

8.  P.  M.  L $0.11 

D.P.  ML 11 

T.P.  M.  L 26 

D.PS.  B 19 

D.P  D.B 37 


5.  P.toD.  P.  S.  B. 
T.  P.  to  D.  P.  T.  B . 

T.P.S.B 

T.P.  D.B 


$0.24 
.38 
.33 
.54 


CUT-OUTS,  N.  E.  C.  FUSE 


D.P.M.L 

T.P.M.L 

D.P.S.B 

T.P.  S.B 

D.P.  D.B 

T.P.  D.B 

T.P.  to  D.P.  D.B. 


0-30  Amp 

..  $0.33 

..  .48 

..  .42 

..  .81 

..  .78 

. .  1 .35 

..  .90 


31-60  Amp. 
tO.84 
1.20 
1.08 
1.80 
2.10 
3.60 
2.52 


60-100  Amp. 
$1.68 
2.40 


FLEXIBLE  CORD— Price  per  1,000  ft.  in  ooila  of  260  ft.: 

No.  1 8  cotton  twisted $22 .  00 

No.  16  cotton  twisted 17 .  00 

No.  18  cotton  parallel 26 .  50 

No.  16  cotton  parallel 84  60 

No.  18  cotton  reinforced  heavy 84 .  00 

No.  16  cotton  reinforced  heavy 42 .  00 

No.  18  ootton  reinforced  light 36.00 

No.  16  cotton  reinforced  ^ight 36  76 

No.  18  cotton  Canvasite  cord 28.50 

No.  16  cotton  Canvasite  cord 32  00 

FUSES    ENCLOSED— 

260- Volt                                              e»td.  Pkg.  List 

;i-Mnp.  to    iO-*mp 100  $0.25 

U-«mp.  to   60-amp MO  .85 

65-amp.  to  100-amp W  .60 

IlO-amp.  to200-amp •. S8  3.00 

236-amp.  to  400-amp 15  S.W 

425-amp.  to  600-amp 10  5.60 


600- Volt                                               Std.  Pkg.  List 

3-amp.  to    ;iO-amp 100  $0.40 

35-amp.  to    60-amp 100  .60 

65-amp.  to  100-amp 50  1.50 

110-amp.  to200-amp 25  2.50 

225-amp.  to  400-amp 25  6.50 

450-amp.  to  600-amp 10  8.00 

Discount:    Less  l-5th  standard  package 30% 

1-5th  to  standard  package 40% 

Standard  package 52% 

FUSE  PLUGS,  MICA  CAP— 

0-30  ampere,  standard  package $4 . 75(J 

0-30  ampere,  less  than  standard  package 6.00C 

LAMPS — Below  are  present  quotations  in  less  than  standard  package  quantities: 


Straight-Side  Bulbs 
Mazda  B — 


Watts 
10 
15 
28 
40 
50 
60 
100 


Plain 
$0.35 
35 
.35 
.35 
.35 
.40 
85 


Frosted 
$0.38 
38 
.38 
.38 
.38 
.45 
.92 


No.  in 
Package 
100 
100 
100 
100 
100 
100 
24 


Pear-Shape  Bulbs 
Mazda  C — 


Watts 
75 
100 
150 
200 
300 
400 
500 
750 
1000 


Clear 
$0.70 
1.10 
1.65 
2.20 
3.25 
4.30 
4.70 
6.50 
7.50 


No.  in 
Package 
50 
24 
24 
24 
24 
12 
12 


Frosted 
$0.75 
1.16 
1.70 
2.27 
3.35 
4.45 
4.85 

6.75  8 

7.75  8 

Standard  quantities  are  subject  to  discount  of  10%  from  list.    Annual  contracts 
ranging  from  $150  to  $300,000  net  allow  a  discount  of  17  to  40%  from  list. 

PLUGS,  ATTACHMENT- 

Eacb 

Hubbell  porcelain  No.  5406,         standard  package  250 $0 .  24 

Hubbell  composition  No.  5467,    standard  package    .50 32 

Benjamin  swivel  No.  903,  standard  package  250 20 

Hubbell  current  taps  No.  5638,    standard  package    50 40 

RUBBER-COVERED  COPPER  WIPE— Per  1000  ft.  in  New  York 


Solid 
No.  Single  Braid 

14 $12.00 

12 13.25 

10 18.30 

8 25.54 


4. 

2. 

1. 

0. 

00. 

000. 

0000. 


Solid  Stranded, 

Double  Braid  Double  Braid 

$16  00  $13.90 

15.70  18.05 

21.00  23.85 

28.60  32.70 

61.40 

70.00 

101.80 

131.86 

160.00 

193.50 

235.20 

288.60 

Prices  per  1000  ft.  for  Rubber-covered  Wire  in  Following  Cities: 


Duplex 
$28.50 
30.07 
41.50 
86.77 


Single 
Braid 

14 $11.25 

10 21.85 

8 31.05 

6 48.80 

4 70.00 

2 104.85 

1 136.85 

0 

00 

000 

0000. 


— Denver- 
Double 
Braid 
$14.00 
28.25 
38.30 
52.65 
75.30 
112.45 
146.15 
194.25 
239.60 
294.00 
368.25 


Duplex 
?31  00 
56.75 
77.95 


Single 
Braid 
$12.60 
26.10 
34  76 
67.50 
81.66 


-Birmingham- 
Double 
Braid 
$16.39 

34.73 

88.59 

82.11 

95.50 
140  20 
190.90 
231.33 
281.23 
343.22 
416.80 


Pittsburg — 23c.  base;  discount  80%    St.  Louis — 30c.  base. 

SOCKETS,  BRASS  SHELL— 

i  In.  or  Pendant  Cap.  ?  In.  Cap. 

Key,  Keyless,  Pull,  Key,  Keyless,  Pall, 

Each  Each  Each  Each  Each  Each 

$0.33  $0  30  $0.60  $0.39  $0.36  $0.M 

Less  l-6th  standard  package -1-20% 

l-5th  to  standard  package "^^^ 

Standard  package "^15% 

WIRE,  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  18  B.  &  S.  regular  spools  (approx.  8  lb.) 48o.  lb. 

No.  18  B.  &  S.  regular  Mb.  coils 46c.  lb. 

WIRING  SUPPLIES— 

Friction  tape,  f  in.,  lew  1001b.  50c.  lb.,  1001b.  lot« S60.  lb. 

Rubber  tape,  }  in.,  less  100  lb.  660.  lb..  1001b.  lota VktAb. 

Wire  solder,  less  100  lb.  60c.  lb.,  100  lb.  lots 46c.  lb. 

Soldwing  paste,  2  oz.  cans  Nokorode tl.30  doi. 


SWITCHES,  KNIFE— 


SiM, 

Amp. 

30 

00 
108 
900 


30 

60 

100 

200 


TYPE  "C"  NOT  FUSIBLE 

Single  Pole,  Double  Pole.  Three  Pole, 

Each  Each  E«eh 

$0.42  $0.68  $1.93 

.74  1.22  l.t4 

1.60  2.50  3.76 

2.70  4  .50  6.7fl 

TYPE  "O"  FUST-    E.  TOP  OR  BOTTOM 

.70  6  l.M 

1.18  ..60  3.70 

2.88  {  06  f.SO 

4.40  f.M  10.14 


FotirPole. 
Each 
$1.36 
3.44 
S.OO 
9.00 


3.13 
S.W 
7.80 
18.80 


Dinoaits: 

Leu  than  $10.00  list  vain*. 4-15% 

$10  to  $26  lilt  value liat 

$36  to  860  Uat  value 

$60  to  8900  Uat  Tab* — H 

$2001iiiTaI«MoroTW. — li 
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GONNA! 


By  Rufus  T.  Strohm 

There  is  nothing  that's  so  easy  as  a  promise, 

As  it  only  takes  a  little  word  or  two, 
But  it's  different  when  Harry,  Dick  or  Thomas 

Is  compelled  to  make  the  pesky  thing  come  true ; 
For  it's  something  of  a  job  to  shift  the  tenses 

'Twixt  the  simple  phrase  "it  will  be"  and  "it  was," 
And  it  isn't  very  long  before  he  senses 

That  the  man  who's  always  'gonna"  never  "does." 

When  you  find  a  fellow-mortal  strong  on  talking 

Of  the  things  he'll  do  tomorrow,  it's  a  cinch 
That  you'll  find  him  quoting  alibis  and  balking 

When  you  come  to  test  his  courage  in  the  pinch ; 
For  the  fellow  who's  extravagantly  gabby 

Has  a  cranium  that's  filled  with  fluff  and  fuzz, 
And  the  mainspring  of  his  will  is  weak  and  flabby, 

Since  the  guy  who's  always  "gonna"  never  "does. 

Have  you  noticed  how  the  bumblebee  resembles 

Certain  fellows  you  have  happened  to  espy? 
How  the  overarching  welkin  throbs  and  trembles 

When  this  fat  self-advertiser  lumbers  by? 
Yes,  his  disposition's  lovable  and  sunny, 

But  his  days  are  largely  spent  in  noisy  buzz, 
While  his  labor  yields  a  minimum  of  honey, 

For  the  dub  who's  always  "gonna"  never  "does." 


When  you've  got  a  task  to  finish,  go  and  do  it ! 

Don't  procrastinate  until  the  morrow's  sun. 
vSave  your  breath  to  give  you  pep  to  struggle  through  it 

There'll  be  time  enough  for  talking  when  it's  done. 
Look  at  Job — he  had  a  grand  excuse  for  blowing 

As  to  how  he'd  raise  a  ruction  there  in  Uz, 
But  he  lived  in  patient  silence,  wisely  knowing 

jJThat  the  chap  who's  alwavs  "gonna"  never  "does." 
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Moline  Station  Adds  to  Steam  and 
Generating  Capacity 

By  THOMAS  WILSOX 

New  Boiler  Installation  with  a  Number  of  Interesting  Features  Housed  in  Building 

of  Reinforced  Concrete  Throughout — Large  Beam  and  Columa  Construction 

with     Brickwork    Filling    in     the    Panels    in    the     Side    Walls 


OAVING  to  the  rapid  growth  of  the  community 
embracing  Rock  Island,  Moline  and  Davenport, 
an  ideal  location  for  various  industries,  the  de- 
mand for  power  has  grown  in  proportion.  For  the  last 
five  years  the  load  on  the  big  generating  station  of  the 
United  Light  and  Railway  Co.  has  increased  approx- 
imately 30  per  cent,  per  year.  In  1913  a  10,000-kv.-a. 
turbo-generator  had  been  installed.  Three  years  previ- 
ously a  6000-kw.  turbine  had  replaced  an  engine  unit, 
and  in  addition  there  were  some  smaller  turbines,  giv- 
ing an  aggregate  capacity  of  21,500  kw.  The  turbines 
mentioned,  having  the  old  rating,  were  good  for  at  least 
50  per  cent,  overload.  In  1916  it  was  found  that  this 
equipment  would  not  be  sufficient  to  meet  the  growing 
demand  and  that  arrangements  must  be  made  at  once 
to  add  both  to  the  steam  and  the  electrical  capacity  of 
the  big  Moline  plant  supplying  the  entire  community. 

Considering  the  present  load,  the  plant  was  situated 
practically  at  the  center  of  distribution,  but  the  area  of 
the  site  was  limited,  making  difficult  extensions  requir- 
ing additional  space.  Rather  than  a  new  plant  in  an- 
other location,  a  way  was  found  to  make  modern  and 
economical  additions  to  the  present  station.  On  this 
basis  a  20,000-kv.-a.  turbo-generator  was  ordered  to 
replace  some  of  the  smaller  and  less  efficient  units,  as 
had  been  the  custom  in  the  past,  and  space  was  found 
for  a  new  boiler  house  containing  at  present  three  1003- 
hp.  Stirling  boilers  to  serve  the  new  turbine,  with  space 
for  three  more  boilers  of  the  same  type  for  a  future 
25,000-kv.-a.  unit.  As  outlined,  these  plans  seemed  to 
be  the  ultimate  limit  for  this  particular  plant,  and  prob- 
ably will  take  care  of  requirements  for  five  years. 

Reinforced  Concrete  Construction  Adopted 

Building  a  boiler  house  during  the  war  period,  when 
structural  steel  was  at  a  premium  and  extremely  diffi- 
cult to  obtain,  necessitated  plans  other  than  standard. 
A  decision  was  made  to  construct  a  building  of  rein- 
forced concrete  throughout.  The  materials  required 
were  more  readily  available,  and  according  to  estimate?, 
the  initial  cost  would  be  less.  Laying  out  the  boilers  in 
two  rows  of  three  each,  facing  toward  a  central  firing 
aisle,  called  for  a  building  82  ft.  wide  by  102.5  ft.  long. 
A  basement  with  a  headroom  of  18  ft.  was  provided, 
and  it  is  40  ft.  from  the  boiler-room  floor  to  the  main 
roof.  This  gives  just  the  desired  clearance  over  the 
boiler  tops,  and  there  is  no  surplus  building  space.  At 
the  same  time  good  light  and  ventilation  are  obtained 
by  large  window  areas  near  the  floor  and  roof  lines  in 
all  elevations.  By  a  patent  operating  device  the  win- 
dows are  operated  in  sets,  so  that  the  openings  are  spaced 
at  uniform  intervals  and  the  amount  of  air  circulating 
in  the  room  can  be  regulated  closely. 

The  building  and  the  roof  proper  are  of  simple  col- 
umn-and-beam  construction,  with  the  usual  brick  walls 
filling  in  the  panels.  Fortunately,  the  columns  and 
foundation  walls  rest  on  solid  rock,  so  that  no  expensive 
footings,  such  as  might  have  been  required  by  the  im- 
mense concrete  columns,  were  needed.    In  designing  the 


structure,  no  attempt  was  made  to  attain  architectural 
beauty  at  additional  expense.  The  plant  is  situated 
where  it  is  not  readily  observed,  and  the  main  objects 
were  maximum  capacity  and  efficient  and  convenient 
operating  conditions  at  a  minimum  investment.  Orig- 
inally, the  designer  contemplated  using  a  pilaster  and 
elaborate  brick  cornice  eifect.  As  a  final  summary  it 
was  found  that  money  could  be  saved  by  leaving  the 
concrete  columns  and  beams  exposed,  and  using  brick 
simply  to  fill  in  the  panels.  This  construction  presents 
a  neat  and  substantial  appearance  and  serves  the  pur- 
pose admirably.  The  roof  proper,  consisting  of  long- 
span  hollow  tile,  covered  with  concrete,  is  supported  by 
reinforced-concrete  beams  14  in.  wide  by  38  in    deep. 

Large  Bunker  Capacity  Required 

Because  of  irregularity  in  car  service  and  limited  stor- 
age facilities  in  the  yards,  an  enormous  bunker  was 
designed  to  hold  10  tons  per  lineal  foot,  giving  a  total 
bunker  capacity  exceeding  1000  tons.  It  was  erected 
over  the  firing  aisle  and,  like  the  boiler  room,  has  no 
waste  space.  The  bottom  of  the  bunker  was  located  at 
a  height  that  would  permit  drawing  the  tubes,  and  this 
came  at  an  elevation  that  made  it  possible  to  support 
the  main  roof  beams  on  the  large  concrete  columns 
erected  primarily  for  the  bunker.  Continuing  this  sim- 
plicity of  construction,  the  bunker  was  made  rectangu- 
lar, the  slopes  required  at  the  bottom  to  prevent  dead 
pockets  of  coal  being  obtained  afterward  by  means  of 
cinder  fills,  as  indicated  in  Fig.  4. 

Concrete  girders  having  a  span  of  25  ft.  over  the 
boiler  fronts  support  the  dead  load  of  all  the  upper  bunk- 
er construction  as  well  as  the  coal  in  the  bunker.  The 
girders  are  3  ft.  wide  by  9  ft.  deep  and  are  heavily  re- 
inforced. The  main  bunker  columns,  18  x  50  in.  in 
cross-section,  have  been  placed  at  the  front  corners  of 
the  boiler  settings  and  arranged  to  give  maximum  aisle 
space  between  boilers,  the  narrow  dimension  of  18  in. 
being  crosswise  with  the  boiler.  To  cut  down  the  un- 
supported length  of  column,  40  ft.  from  floor  to  roof,  a 
concrete  strut  is  provided  at  mid-span  between  the 
columns  on  opposite  sides  of  the  aisle.  In  reality  the 
two  elements  are  a  split  column  acting  for  a  single  pur- 
pose. 

As  the  depth  of  coal  in  the  bunker  may  approximate 
30  ft.,  a  considerable  pressure  on  the  side  walls  would 
be  possible.  To  avoid  using  walls  of  extra  thickness, 
vertical  concrete  columns  were  designed  as  beams  to 
take  this  bulging  action,  so  that  the  panels  between, 
ranging  from  14  to  16  ft.  wide,  could  be  filled  with  com- 
paratively light  brick  construction.  This  design  tended 
to  keep  down  the  dead  load  and,  as  it  harmonized  with 
the  construction  of  the  main  part  of  the  building,  gave 
a  more  pleasing  appearance  than  w^ould  walls  entirely 
of  concrete,  which  at  one  time  were  considered.  At  the 
bottom  the  bunker  is  made  up  of  concrete  slabs  8  in. 
thick  and  having  a  span  of  6  ft.  3  in.  These  slabs  are 
supported  by  concrete  beams,  18x58  in.,  having  a  span 
of  19.5  ft.  across  the  firing  aisle  and  supported  on  the 


February  10,  1920 


POWER 


209 


FIG.   1.     NEW  BOILER  HOUSE    UNDER  CONSTRUCTION,  SHOWING  IMMENSE  AMOUNT  OF  FORM  WORK 
FIG.  2.     EXTERIOR  VIEW  OP  COMPLETED  BUILDING 
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main  concrele  bunker  girders  previously  mentioned. 
To  avoid  the  undcsirabllity  of  having  acid  water  from 
ihe  coal  permeate  through  the  bottom  of  the  concrete 
work,  as  had  been  the  case  in  another  plant  of  the  com- 
pany, it  was  decided  to  cover  the  lower  sections  of  the 
bunker  with  a  membrane  waterproofing  consisting  of 
three  independent  layers  of  asbestos  felt,  secured  to- 
gether and  to  the  initial  concrete  surface  by  layers  of 
hot  asphalt  waterproofing  cement.  This  treatment,  ap- 
plied to  the  top  side  of  the  slabs,  and  protected  by  brick, 
has  given  satisfaction. 

At  the  operating-floor  level  of  the  bunker  plenty  of 
light  and  ventilation  have  been  provided  by  rows  of 
windows  along  either  side.  This  arrangement  gives 
ideal  working  conditions  for  the  men  having  charge 
of  the  conveying  equipment  in  this  part  of  the  plant. 
As  is  customary,  the  bunker  is  subdivided  and  each 
compartment  has  a  gage  at  each  corner,  spaced  in  feel, 
so  that  the  operator  can  determine  the  depth  of  coal  in 
the  bunker  and,  from  a  chart  which  is  furnished,  trans- 
late this  depth  into  tons  of  coal.     As  the  coal  passes 


of  125  deg.,  the  operating  pressure  ranging  from  200  to 
225  lb.  gage.  These  boilers  will  supply  the  new  20,000- 
kv.-a.  turbine,  which,  at  normal  rating  and  80  per  cent, 
power  factor,  will  deliver  16,000  kw.,  so  that  the  ratio 
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FIG.    4.     TRANSVERSE    SECTIONAL   ELEVATION     OF  BOILEH  HOUSE 


through  a  crusher  before  entering  the  bunker,  it  is  of 
fairly  uniform  size,  so  that  the  initial  calibration  will 
remain  reasonably  accurate  for  the  different  grades  of 
fuel  that  may  be  used. 

At  present  the  boiler  room  contains  three  units,  each 
having  10,032  sq.ft.  of  steam-rnaking  surface  and  suffi- 
cient area  in  superheating  coils  to  maintain  a  superheat 


FIG.  5.    PLA.N  OF  BTNKER.  SHOWING  CONCRETE  COLUMNS 
IN  SIDE  WALLS  AND  SUPPORTING  GIRDERS 

between  boiler  horsepower  and  kilowatt  generating  ca- 
pacity is  1  to  5.3.  This  ratio  is  perhaps  a  little  higher 
than  the  average,  but  the  boilers  may  be  operated  up  to 
300  per  cent,  of  rating.    On  the  other  side  of  the  firing 

aisle  every  preparation  has 
been  made  for  the  future 
units,  so  that  their  installa- 
tion will  be  comparatively 
simple. 

Each  of  the  present  boil- 
ers covers  a  floor  space  23 
ft.  6  in.  wide  by  21  ft.  1  in. 
deep,  an  area  of  496  sq.ft., 
reducing  to  0.5  sq.ft.  per 
horsepower  of  boiler  rating. 
From  the  floor  to  the  top 
of  the  steam  opening  the 
distance  is  26  ft.  6  in.  The 
center  of  the  mud  drum  is 
7  ft.  6  in.  above  the  floor 
line,  an  unusual  height. 
Reference  to  the  sectional 
view  of  the  plant  will  show 
that  there  is  no  arch  con- 
struction over  the  under- 
feed stoker  serving  the 
boiler,  so  that  a  straight 
front  wall  provides  a  fur- 
nace of  large  volume. 
High-grade  firebrick  laid  in 
high-temperature  cement 
line  the  front  walls  and  the 
side  walls  back  to  the  first 
pass.  The  balance  of  the 
brickwork  in  the  setting  is 
according  to  standard  prac- 
tice. 

To  guard  against  exces- 
sive radiation,  the  side 
walls  back  to  the  first  pass 
are  covered  with  insulation 
attached  to  ^/s'^^'^-  V-ribbed 
wire  lath  anchored  to  the 
walls  by  use  of  ^  x  23^-in. 
lagscrews.  and  expansion 
shields  properly  placed. 
Over  the  lath  is  applied  a 
^2 -in.  thickness  of  No.  302  plastic  asbestos  cement,  then 
1  in.  of  No.  400  plastic  asbestos  cement,  followed  by 
poultry  netting,  over  which  is  another  ^2-in.  thickness 
of  cement  covered  by  a  6-oz.  canvas  jacket.  The  lower 
portions  of  the  settings  along  the  aisles  between  boilers 
are  also  protected. 
Each  boiler  is  equipped  with  a  22-tuyere  underfeed 
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stoker,  with  extension  grates  and  power-operated  dump- 
ing mechanism.  The  stoker  is  driven  by  a  vertical 
engine  on  the  boiler-room  floor,  connected  to  the  stoker 
through  a  jackshaft  in  such  a  way  that  it  is  possible 
to  use  two  gear  ratios.  When  operating  at  low  rating, 
the  smaller  ratio  is  used,  but  at  periods  of  overloads 
the  gears  of  higher  ratio  are  brought  into  action  by 
means  of  a  clutch.  These  provisions  have  been  made 
in  addition  to  the  usual  regulation  of  engine  speed. 
Normally,  the  jackshafts  are  independent  of-  each  other, 
but  in  case  of  an  engine  failure  may  be  linked  together, 
so  that  the  engines  of  the  other  two  units  may  drive  all 
three  stokers.  This  entails  operating  all  stokers  at  the 
same  speed,  which  is  not  considered  desirable,  but  is 
better  than  facing  the  possibility  of  shutting  down  an 
entire  boiler  unit  of  large  rating,  owing  to  failure  of 
the  drive. 

Immediately  vmder  each  stoker  is  a  forced-draft  tur- 
bine-driven fan,  having  capacity  to  supply  suf^cient  air 
to  operate  the  boiler  at  300  per  cent,  of  rating.  Although 
each  stoker  has  its  individual  unit,  connections  are  made 


very  gradual,  so  that  little  resistance  is  offered  to  the 
flow  of  gases. 

Between  the  uptake  connections  to  the  breeching  and 
the  last  connection  and  the  stack,  expansion  joints  are 
j)rovided.  To  control  the  course  of  expansion,  the 
breeching  is  anchored  to  the  concrete  roof  at  midpoints 
between  the  expansion  joints,  and  to  afford  easy  travel 
to  or  from  the  joints,  the  portions  of  the  breeching  near 
the  joints  are  mounted  on  rollers. 

With  the  breeching  outside,  insulation  was  considered 
desirable  to  avoid  excessive  temperature  drops.  In  this 
particular  case  2-in.  vitrobestos  was  secured  to  the  in- 
side of  the  steel  plate  by  ^  x  3-in.  bolts  staggered  on 
18-in.  centers.  The  joints  between  sheets  were  pointed 
up,  and  ah  exposed  nuts  or  other  metal  thoroughly 
coated  and  protected  from  the  gases  of  combustion. 
Placing  the  insulation  on  the  inside  did  not  affect  its 
heat-resisting  qualities  and,  besides,  gave  the  additional 
advantage  of  protecting  the  metal.  With  the  inside 
surface  of  the  metal  protected  in  this  way  and  the  ex- 
terior  properly    painted,    deterioration    should    be    less 
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FIG.  6.     STRUCTURAL  DETAILS  OF  BREECHING    :.iOUNTED  OX  ROOF  OF  BOILER  HOUSE 


between  the  air  ducts  of  adjoining  stokers,  so  that  it  is 
possible  to  operate  three  boilers  on  two  fans  during 
periods  of  shutdown  of  any  particular  unit. 

One  of  the  interesting  features  of  the  plant  is  the 
outside  breeching  mounted  on  pedestals  supported  by 
the  roof  beams,  which  were  made  heavy  enough  to 
take  the  additional  load.  Tfie  present  breeching  accom- 
modates the  three  boilers  now  installed,  and  there  will 
be  a  similar  breeching  on  the  other  side,  for  which  the 
foundations  have  been  prepared.  Either  breeching  will 
be  served  by  a  concrete  stack  16  ft.  6  in.  inside  diameter 
at  the  top,  and  238  ft.  high  from  the  base,  which  is  20 
ft.  below  the  boiler-room  floor  line.  As  will  be  apparent 
from  Fig.  6,  the  breeching  proper  is  rectangular  in 
cross-section  and  tapers  both  in  width  and  in  height. 
Owing  to  the  necessity  of  locating  the  chimney  slightly 
off  center  with  the  uptakes,  the  breeching  was  increased 
in  width  toward  the  side  of  the  offset,  thus  forming  a 
natural  path  for  the  gases  from  the  various  boilers  as 
progress   is  made  toward  the  stack.     The  slopes   are 


rapid  than  with  the  usual  design  using  unprotected 
plates,  and  the  life  of  the  breeching  greatly  prolonged. 
One  of  the  noticeable  features  in  the  boiler  room  is 
the  lack  of  complicated  piping.  Much  of  it  has  been 
carried  to  the  basement,  which,  with  headroom  of  18 
ft.,  offered  excellent  facilities  for  suspending  the  piping 
underneath  the  floor  slabs,  the  construction  having  beer, 
designed  amply  strong  for  the  purpose.  This  particu- 
lar type  of  construction  afforded  an  easy  and  economical 
method  of  support.  At  points  of  anchorage  proper  in- 
serts were  placed  in  the  concrete,  so  that  the  line  could 
be  rigidly  secured  and  forced  to  take  the  expansion  as 
designed.  All  piping  connections  are  direct,  and  with  a 
minimum  number  of  bends.  Few  fittings  have  been 
used  and  turns  have  been  made  by  long-radius  bends, 
which  also  provide  for  expansion.  From  each  boiler 
branches  feed  into  a  short  distribution  header  located 
midway  under  the  central  firing  aisle.  When  the  future 
boilers  are  installed,  it  will  receive  steam  from  eithei 
side.     The  header  now  feeds  over  to  the  old  plant,  but 
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has  been  so  valved  that  it  may  be  sectionalized,  and 
when  supplying  the  future  turbine  it  will  be  possible  to 
operate  on  the  unit  plan. 

It  may  be  of  interest  to  add  that  the  high-pressure 
steam  lines  are  insulated  with  double-asbestos-sponge- 
lelt,  \y2  in.  thick,  covered  with  canvas.  The  fittings 
are  covered  with  Yz  in.  of  fire-felt  cement  and  2^  in.  of 
asbestos-sponge-felt  cement  covered  with  a  canvas 
jacket.  All  high-pressure  flanges  have  removable  flange 
covers  consisting  of  2^-in.  asbestos-sponge-felt,  lined 
with  rolled  firefelt,  with  covers  to  fit  over  the  insulation. 
The  exhaust  piping  is  protected  by  1-in.  asbestos-cell  in- 
sulation, with  canvas  jacket;  the  hot-water  piping  has 
1  in.  of  asbestos-sponge-felt  insulation,  and  all  exhaust 
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FIG.  7.     HIGH-PRESSURE  STEAM-PIPE  LAYOUT 


and  hot- water  fittings  are  insulated  by  a  scratch  coat  of 
No.  352  cement  finished  with  a  No.  400  cement  and  can- 
vas jacket.  Boiler  drum-heads  have  2-in.  magnesia 
blocks  wired  on  and  finished  with  Yz-'m.  thickness  of 
No.  400  cement  and  canvas  cover. 

Coal  is  brought  to  the  plant  in  drop-bottom  cars, 
which  empty  into  two  track  hoppers  14  ft.  wide  by  28 
ft.  long.  A  motor-driven  apron  conveyor  with  a  capacity 
of  70  tons  per  hour  delivers  the  coal  either  to  the  crusher 
or  direct  to  cross-conveyor  belts,  which  in  turn  dis- 
charge onto  another  belt,  carrying  the  coal  to  a  2-ton 
skip-hoist  located  at  the  end  of  the  boiler  house.  The 
hoist  is  of  standard  passenger-elevator  type,  driven  by  a 
35-hp.  two-phase  440-volt  motor  and  arranged  so  that 
the  operation  can  be  entirely  automatic  or  controlled  by 
hand.  A  skip-car  travels  from  the  loading  point  to  the 
dump  position,  a  vertical  distance  of  about  108  ft.,  with 
full  load,  at  a  speed  of  225  ft.  per  min.  and  an  ultimate 
capacity  of  80  tons  per  hour. 

In  the  loading  position  the  skip-bucket  rests  on  a  com- 
pression spring,  adjustable  for  different  loads.  When 
the  spring  compresses  to  the  desired  point,  a  contact  is 
made,  actuating  a  relay  which  closes  the  cutofif  valve 
controlling  the  coal  feed  from  the  hopper  supplying  the 
bucket.  In  closing,  the  valve  actuates  the  starting  relay 
for  the  hoist.  The  bucket  is  elevated  to  the  dumping 
position,  empties  and  returns  to  its  original  position, 
automatically  opening  the  hopper  valve  to  refill  the 
bucket  with  coal  and  repeating  the  same  cycle  as  be- 
fore. The  receiving  hopper  at  the  head  of  the  belt  con- 
veyor is  large  enough  to  allow  for  small  variations  in  the 
flow  of  coal.  Another  belt  conveyor  receives  the  coal 
from  the  skip-hoist  and,  by  means  of  a  traveling  trip- 
per, distributes  it  to  any  section  of  the  bunker  desired. 
All   conveyors   are  driven   from   the  discharge  end  by 


motors  connected  to  spur-gear  reducers  which  in  turn 
are  coupled  to  the  conveyor  shafts.  These  reducers  con- 
sist of  a  series  of  gears  entirely  mclosed  in  a  cast-iron 
housing  and  running  in  oil.  With  their  motors  the  re- 
ducers are  mounted  on  cast-iron  bases  with  flexible 
couplings  between  motors,  reducers  and  driven  shafts. 
The  unit  is  unusually  small  and  compact,  forming  a 
pleasing  contrast  to  the  large  and  complicated  gearing 
generally  employed.  A  point  worthy  of  mention  is  that 
all  belt  drives  are  identical,  so  that  there  is  no  possibility 
of  one  belt  feeding  to  another  at  a  rate  faster  than  the 
receiving  belt  is  able  to  handle. 

Gates  controlled  from  the  floor  admit  the  coal  from 
the  bunker  into  universal  spouts,  which  deliver  into 
chutes  tricated  at  the  discharge  end.  There  are  two 
spouts  per  stoker,  and  the  six  feeds  give  such  excellent 
distribution  of  the  coal  that  it  is  not  necessary  to  do  any 
shifting  of  the  spouts  or  the  coal.  Owing  to  the  diffi- 
culty of  getting  steel  plate  to  make  up  these  spouts,  10- 
m.  pipe  that  had  been  used  formerly  as  a  heating  main 
served  the  purpose.  As  the  diameter  of  the  pipe  was 
considered  a  little  small,  an  endless  chain  was  passed 
through  the  chute  so  that  it  would  be  an  easy  matter  to 
break  up  any  clogging  of  coal  that  might  take  place.  In 
case  it  should  be  desired  later  on  to  put  in  coal-weigh- 
ing equipment,  inserts  have  been  provided  for  support- 
ing the  structure,  and  there  is  plenty  of  height  to  make 
the  installation. 

Under  each  boiler  an  ash  hopper  of  sufficient  capacity 
to  care  for  a  normal  run  of  ten  to  twelve  hours  has  been 
provided.  To  protect  the  concrete  from  excessive  heal 
and  abrasion  from  the  ash  and  clinker,  the  interior  is 
lined  with  one  layer  of  paving  brick  laid  in  high-temper- 
ature cement.  Underneath  the  hopper  has  a  24  x  36-in. 
discharge  opening,  closed  by  a  low-body  duplex  cutoff 
valve,  through  which  the  ashes  drop  directly  into  a  push- 
car.  A  loop  track,  taking  in  both  rows  of  boilers,  has 
been  provided,  and  arrangements  have  been   made  so 
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MOTOR   AND   SMALL   REDUCER   DRIVING   BELT 
CONVEYOR  OVER  BUNKER 


that  all  cars,  if  desired,  may  be  passed  over  a  weighing 
scale.  The  cars  dump  directly  into  a  1-ton  ash  skip- 
hoist,  which  raises  the  ashes  to  the  outside  of  the  build- 
ing and  dumps  them  directly  into  a  railway  car.  Aj 
grating  over  the  inlet  to  the  skip-bucket  limits  the  size 
of  the  clinkers  so  that  lumps  larger  than  10  in,  cannot 
be  passed  through  without  first  being  broken  up  by  a] 
sledge. 

Boiler- feed  water  is  taken  from  two  7500-hp,  open] 
feed-water  heaters.  Underneath  the  heaters  is  a  gang' 
of  centrifugal  pumps  provided  with  flexible  piping  con- 
nections. A  loop  system  has  been  provided  for  the  suc- 
tion lines  from  the  heaters  to  the  pumps,  so  that  it  is 
easily  possible  to  sectionalize  the  feed  water  from  any 
individual  heater  to  a  particular  pump  and  thus  make 
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special  arrangements  when  conducting  boiler  tests.  The 
discharge  lines  also  feed  into  a  ring  header  giving  sim- 
ilar flexibility.  The  feed-water  system  extends  ove: 
into  the  old  boiler  plant  and  feeds  into  two  loops,  mak- 
ing in  reality  four  feed-water  lines  to  supply  the  older 
boilers.  This  was  more  duplication  than  was  consid- 
ered necessary  for  the  new  plant,  as  water  conditions  are 
fairly  good  and  consequently  a  feed  from  either  one 
of  these  loops  was  deemed  sufficient  protection  against 
stoppage  of  the  water  supply.  Under  norinal  operation 
the  feed  to  each  boiler  is  controlled  by  a  feed-water 
regulator.  To  insure  a  continuous  feed  to  the  boilers, 
an  auxiliary  loop  with  hand  control  has  been  provided. 
Makeup  water  is  obtained  from  the  Mississippi  River, 
but  in  case  the  house-service  pumps   should  be  down 


from  the  girders  supporting  the  bunker.  From  this  cen- 
tral location  runways  extend  at  right  angles  between  the 
boilers  and  around  to  the  rear,  with  offsets  to  give 
access  to  the  water  columns,  which  are  mounted  in  front 
of  the  concrete  columns  rather  than  on  the  boilers,  so 
that  they  will  be  in  plain  view  from  the  firing  aisle.  At 
the  rear  access  may  be  had  to  the  feed-water  regulatori. 
Ladders  lead  to  the  tops  of  the  boilers,  where  walks  have 
been  provided  giving  access  to  the  safety  valves  and  the 
feed-v/ater  lines.  Lower  down  there  is  a  second  run- 
way on  a  level  with  the  check  valves  and  the  super- 
heater clean-out  doors.  Another  runway  at  the  rear  of 
the  boiler  is  on  a  level  with  the  upper  clean-out  doors.  It 
will  be  evident  that  convenient  and  ready  access  were 
features  given  due  consideration  in  the  design.     To  in- 


FIG.  9.  TURBO-GENERATOR  UNITS;  THE  NEW  20,000-KV.-A.  MACHINE  IN  THE  FOREGROUND 


or  the  supply  limited,  connections  have  been  made  to 
draw  on  the  high-pressure  city  service.  Originally,  the 
feed-water  heaters  were  installed  to  give  approximately 
a  6-ft.  head  on  the  pumps.  Apparently  this  head  was 
not  sufficient,  as  the  operating  conditions  resulting 
caused  excessive  maintenance  charges.  To  relieve  the 
situation,  the  heaters  were  raised  to  give  a  head  of  10 
ft.,  which  was  the  maximum  that  could  be  obtained, 
owing  to  interference  with  other  construction. 

One  of  the  interesting  features  of  the  boiler  room  is 
the  series  of  runways  provided  to  give  ready  access  to  all 
desired  points.  At  the  end  of  the  boiler  room  steel  stair- 
ways connect  floor  and  roof.  Over  the  center  and  running 
the  full  length  of  the  firing  aisle,  a  runway  is  suspended 


sure  safety  to  the  operator,  all  runways  are  provided 
with  railings. 

One  of  the  essentials  of  a  modern  plant  is  instru- 
ments, and  with  these  the  new  boiler  house  is  amply  pro- 
vided. Each  boiler  has  a  panel  mounted  on  the  front  of 
a  bunker  column.  It  contains  a  steam-flow  meter  with 
a  recording  chart  and  also  calibrated  to  read  directly  in 
thousands  of  pounds.  There  is  a  recording  thermometer 
for  the  flue  gases,  a  CO2  recorder  and  a  three-in-one 
draft  gage  giving  readings  from  the  windbox,  over  the 
fire  and  at  the  uptake.  Low  down  on  the  boiler  front 
are  two  steam-pressure  gages  connected  to  different 
points  of  the  steam  drum,  the  idea  being  that  one  shall 
serve  as  a  check  on  the  other,  or  a?  a  duplicate  in  case 
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one  of  the  gages  goes  out  of  commission.  For  the  same 
reasons  there  are  two  water  columns  per  boiler  brought 
out  to  the  column  fronts,  as  previously  explained. 

At  the  end  of  the  firing  aisle  is  automatic  regulating 
equipment  controlling  the  speed  of  the  stoker  engines, 
the  forced-draft  fan  turbines,  and  a  master  damper  in 
the  breeching  between  the  stack  and  the  three  boilers. 
Here  also  is  a  general  instrument  board  containing  re- 
cording steam-flow  meters  for  each  of  the  three  prin- 
cipal generating  units  and  a  meter  recording  the  steam 
going  to  the  boiler-room  auxiliaries.  On  the  board  thei-e 
is  a  recording  pressure  gage,  and  an  integrating  meter 
on  the  steam  line  to  the  auxiliaries.  With  the  data  from 
these  various  instruments  the  boiler-room  operator  will 
be  able  to  keep  posted  on  the  demands  of  the  turbine 
room  and  separate  the  steam  between  that  required  for 
generation  and  that  for  the  auxiliaries  in  the  boiler  plant. 
Duplicate  flow  instruments  on  individual  panels  in  the 
turbine  room  give  the  operators  there  much  the  same 
advantage. 

Changes  in  tiik  Turbink  Room 

In  the  turbine  room  the  only  addition  to  the  generat- 
ing capacity  is  the  20,0CX)-kv.-a.  reaction  turbine  previ- 
ously mentioned.  It  is  supplied  with  steam  at  200  lb. 
pressure  and  125  deg.  of  superheat.  The  machine  runs 
at  a  speed  of  1800  r.p.m.  and  generates  4800-volt  two- 
phase  60-cycle  current.  The  condenser  is  of  the  surface 
type,  containing  22,000  sq.ft.  of  surface,  or  approxi- 
mately 1.4  sq.ft.  per  kilowatt  of  generator  rating  at  80 
per  cent,  power  factor.  The  auxiliaries  are  all  of  the 
rotary  type  and  turbine-driven.  The  circulating  pump 
has  a  capacity  of  28,000  gal.  per  min.,  giving  a  ratio  of 
approximately  70  lb.  of  water  to  1  lb.  of  steam  con- 
densed. The  cooling  water  is  drawn  from  the  Mis- 
sissippi River  just  above  the  dam,  and  as  the  tailrace 
into  which  the  water  is  discharged  is  ten  feet  lower,  it 
is  necessary  to  use  the  circulating  pump  only  to  start 
the  flow.  When  it  has  been  established,  the  difference 
in  head  will  maintain  the  flow  through  a  bypass  around 
the  pump. 

A  ventilating  fan  having  a  combination  motor  and 
steam-turbine  drive  supplies  cooling  air  to  the  genera- 
tor. Ducts  are  provided  whereby  the  air  can  be  sup- 
plied from  the  outside  and  returned  through  a  separate 
discharge  duct.  In  extremely  cold  weather,  on  account 
of  the  large  temperature  difference  between  the  outside 
and  inside  air,  undesirable  operating  conditions  devel- 
oped from  condensation  in  the  fan,  forming  into  ice 
on  the  casing.  To  eliminate  these  difficulties,  during 
the  colder  periods  the  cooling  air  is  taken  from  the  base- 
ment and  discharged  back  into  the  generator  room  at  a 
point  some  distance  from  the  turbine.  In  this  way  the 
operator  can  control  the  temperattu-e  of  the  air  that  is 
being  handled  and  also  regulate  the  temperature  in  the 
turbine  room,  where  a  certain  amount  of  heat  during 
the  winter  months  is  desirable. 

At  the  time  of  installing  the  air-inlet  ducts,  the  great 
difficulty  in  securing  plate  steel  made  a  change  in  the 
design  to  reinforced-concrete  construction  desirable. 
The  walls  of  the  duct  were  made  of  concrete  2^  in. 
'.hick  and  suspended  from  steel  anchored  in  the  concrete 
floor  slab  above.  The  bottom  of  the  duct  is  reinforced 
and  supported  from  the  side  walls.  This  type  of  -CQii- 
struction  made  it  possible  to  complete  the  work  at  the 
desired  period  for  operation,  and  it  has  proved  well 
adapted   for  the  service. 

Provision  has  been  made  for  flooding  with  steam  the 
generator  ventilating  system  in  order  to  quench  such  a 
fire  as  had  developed  previously  in  the  10,000-kw.  turbo- 
generator.    In  this  machine  a  short-circuit  caused  the 


armature  to  burn  out,  much  of  the  damage  being  due 
to  the  inability  of  the  operator  to  put  out  the  fire.  To 
guard  against  a  similar  emergency,  steam  connections 
were  made  into  the  air  duct.  Dampers  in  the  inlet  and 
the  outlet  were  inserted  to  make  a  closed  compartment 
possible,  so  that  fresh  air  might  be  shut  off  from  the 
machine  during  a  fire.  The  main  Valve  controlling  the 
steam  supply  is  sealed  in  a  glass  case  to  eliminate  the 
possibility  of  an  operator  unintentionally  opening  the 
valve  and  admitting  live  steam  into  the  generator  during 
periods  of  normal  operation.  As  a  precaution  against 
leakage  of  steam  into  the  duct  a  second  valve  has  been 
placed  ahead  of  the  main  valve.  In  the  pipe  between 
the  two  valves  a  small  hole  has  been  bored,  so  that  anv 
leakage  will  be  evident  and  the  operator  will  be  given 
the  opportunity  to  make  the  necessary  repairs. 

On  the  electrical  end  there  is  no  outstanding  feature, 
as  the  construction  is  standard  and  made  up  of  good, 
substantial  equipment.  The  bus  is  of  the  ring  type,  to 
which  the  various  generators  of  the  plant  are  connected 
through  circuit-breakers.  From  this  ring  power  is  sup- 
plied to  the  Rock  Island  Arsenal,  the  City  of  Rock 
Island  and  to  circuits  going  to  a  new  transformer  build- 
ing, where  the  current  is  stepped  up  from  4800  volts, 
generator  voltage,  to  13,200  volts  for  distribution 

All  engineering  design  and  construction  work  in  the 
new  additions  to  the  station  are  credited  to  the  engineer- 
ing department  of  the  company. 

Home-Made  Emergency  Valve 

By  James  E.  Noble 

The  sketch  shows  a  home-made  emergency  valve  that 
will  give  fair  service  for  a  considerable  period  when 
used  with  water  at  a  low  pressure.  The  tee  A  is  at- 
tached to  an  upright  water  pipe;  .S  is  a  short  nipple 
connecting  the  reducing  tee  C  to  A.  A  cone  D  is  madC 
from  hard  rubber,  fiber,  lead  or  other  material.     A  hole 


HOME-MADE  VALVE  CONSTRUCTED  FROM   FITTINGS 

is  drilled  through  it  to  take  a  %-in.  rod,  and  a  nut  at 
each  end  of  the  cone  holds  it  in  place.  A  handle  is 
screwed  on  the  outer  end  of  the  rod. 

To  open  the  valve,  push  in  on  the  rod  handle.  If 
there  is  considerable  pressure  in  the  pipe,  the  valve  will 
close  as  soon  as  the  handle  is  released.  Some  water 
may  escape  past  the  handle,  but  this  can  be  prevented 
1o  some  extent  by  placing  a  leather  washer  around  the 
rod,  holding  it  in  place  with  a  light  spring,  as  shown, 
A  strong  spring  will  help  to  liold  the  valve  shut. 
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Beginning  with  a  discussion  of  the  lubrication 
of  bearings  in  general,  this  article  continues 
with  a  description  of  the  various  systems  of 
oiling  steam-engine  bearings,  from  the  primi- 
tive "squirt-can"  method  to  the  modern  force- 
feed  system  and  the  splash  type.  The  factors 
affecting  the  operation  of  lubricants  in  each 
case  are  discussed  and  recommendations  made 
as  to  the  proper  oils  to  specify.  The  use  of 
grease  is  discussed  briefly. 


WV.  ALL  know  that  bearings  are  lubricated  to  re- 
duce friction  and  wear,  thereby  lowering  the 
wasted  power  and  increasing  the  life  of  the 
rubbing  parts.    Although  any  substance  placed  between 


FIG.   1. 


WEDGE-SHAPED  OPENING  IN   BEARING 
CLEARANCE 


these  rubbing  surfaces  and  reducing  the  friction  might 
properly  be  called  a  lubricant,  we  ordinarily  think  of 
lubricants  as  being  oils  or  greases. 

Perfect  lubrication  demands  the  complete  separation 
of  the  rubbing  parts,  this  separation  depending  upon  the 
thickness  of  the  lubrication  film  which  must  be  main- 
tained continuously.  The  friction  of  the  bearing  has 
now  been  changed  to  the  sliding  friction  between  the 
metal  surfaces  and  the  lubricant  itself. 

Efficient  lubrication  therefore  depends  upon  the  con- 
dition of  the  bearing  surfaces  and  the  body  or  viscosity 
of  the  lubricant.  A  properly  designed  bearing  will  have 
enough  clearance  between  the  shaft  and  the  bearing 
metal  to  hold  an  oil  film  and  will  also  have  a  wedge- 
shaped  opening,  as  shown  in  Fig.  1,  to  allow  the  oil  to 
feed  into  the  clearance  space.  A  reversing  shaft  should 
have  this  space  on  both  sides.  The  oil  is  carried  into 
the  clearance  by  the  friction  between  it  and  the  shaft, 
and  at  high  speeds  it  is  carried  in  faster  than  at  low 
speeds  and  the  oil  film  can  be  maintained  more  success- 
fully. 

As  has  been  pointed  out  before,  the  lubricant  must 
keep  the  metal  surfaces  apart.  The  load  on  the  shaft 
squeezes  the  lubricant  out,  the  thinner-bodied  oils  being 
forced  out  more  rapidly  than  the  more  viscous  ones. 
It  is  quite  practical  to  use  thin  oils  when  speeds  are  high 
and  loads  are  light,  but  if  the  weight  on  the  bearing  is 
great  enough  to  squeeze  out  the  film  and  if  the  oil  can- 
not be  carried  into  the  clearance  space  rapidly  enough 
to  maintain  it,  wear  will  result.  Heavy  oils  do  not 
squeeze  out  so  rapidly  and  consequently  stay  in  the 
bearing  clearances  longer  than  thin  oils.    On  the  other 


liand,  if  the  shaft  were  running  faster,  sufficient  thin 
oil  might  be  drawn  in  to  replace  that  squeezed  out,  thus 
maintaining  the  lubricating  film. 

This  action  might  lead  us  to  believe  that  heavy  oils  or 
grease?  were  best  for  all  bearings  if  it  were  not  for  other 
factors  that  must  be  considered.  These  are  internal 
friction  of  the  oil  and  the  friction  between  the  oil  and 
the  metal.  Both  vary  with  the  viscosity  of  the  oil,  its  qual- 
ity and  the  character  of  the  rubbing  surfaces.  .Some- 
times, if  heavy  oils  are  used  on  high-speed  bearings,  the 
friction  is  great  enough  to  cause  high  temperatures, 
which  can  frequently  be  lowered  by  using  a  thinner  oil. 
As  the  high  temperature  is  a  direct  indication  of  power 
loss,  we  should  make  our  specifica.tion  read :  "Use  the 
thinnest  oil  that  will  prevent  wear  within  a  safe  margin." 
For  practical  purposes  oils  of  the  same  viscosity  have 
very  nearly  the  same  coefficient  of  friction,  although  the 
better  grades  have  higher  lubricating  values  anrl  a  longer 
hfe. 

Any  friction  existing  in  a  bearing,  however  well  lubri- 
cated, shows  up  in  a  rise  of  temperature.  A  hot  bear- 
mg  does  not  always  mean  that  the  metal  is  wearing,  as 
the  high  temperature  may  be  caused  by  the  friction  of 
the  oil  when  the  shaft  is  turning  at  high  speeds.  If  the 
temperature  rises  slowly  and  remains  below  the  soften- 
ing point  of  the  bearing  metal,  there  is  no  need  for 
worry ;  but  if  the  rise  is  rapid,  it  is  probably  due  to  wear, 
and  the  cause  should  be  investigated  promptly  and  re- 
moved if  possible.  Bearing  temperatures  can  be  lowered 
by  increasing  the  volume  of  the  oil  flowing  over  them. 
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FIG.   2.     GRAVITY  OILING  SYSTEM  DESIGNED   FOR   STEEL- 
MILL    ENGINES.      NOTE    DUPLICATE 
TANKS.    FILTERS.    ETC. 

The  oil  absorbs  the  heat  from  the  bearing  and  carries  it 
away  to  cooler  parts  of  the  engine.  It  is  quite  possible 
to  feed  so  much  oil  over  the  outside  of  the  bearing  as 
to  cariy  away  all  the  heat  due  to  actual  wear  and  the 
bearing  may  be  wearing  away  without  ever  be- 
coming hot  to  the  touch.  This  might  be  caused  by  feed- 
ing large  quantities  of  a  thin  oil  to  a  slowly  moving, 
heavily  loaded  bearing  with  large  clearances.  The  large 
clearances  would  lead  the  oil  away  to  the  ends  of  the 
bearings,  thus  cooling  the  shaft  without 'very  much  of 
the  oil  ever  getting  in  between  ih:?  wcnrinT;  surface*;. 
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Tliere  are  so  many  factors  which  affect  the  lubrica- 
tion of  a  bearing — loads  per  square  inch,  rubbing  speeds, 
radiated  heat,  clearances,  character  of  surfaces,  kind 
of  bearing  metal,  variation  of  speed  or  load,  quantity 
and  frequency  of  oil  supply,  etc. — that  it  is  rather  dif- 
ficult sometimes  to  select  the  most  efficient  lubricant 
without  actual  test.  If  we  could  always  be  sure  of  all 
the  conditions,  we  could  make  very  definite  recommen- 
dations, but  until  we  can  determine  them,  we  must  nec- 
essarily allow  a  pretty  large  margin  of  safety. 

The  parts  to  be  lubricated  on  steam  engines  are  the 


FIG.    3.      FORCE    FEED   OILING   SYSTEM 

main  journals,  crankpins,  connecting-rod  pins,  cross- 
heads  and  guides,  eccentric  straps,  valve  gear,  governor, 
cylinders  and  valves.  It  is  customary  to  use  the  same 
kind  of  lubricant  on  all  of  these  parts  with  the  excep- 
tion of  the  cylinder  and  valves,  the  grade  depending 
chiefly  upon  the  operating  conditions  of  the  engine  and 
the  oiling  methods  and  appliances. 

The  most  primitive  way  of  lubricating  an  engine  is  to 
squirt  a  little  oil  from  a  squirt  can  into  a  hole  in  the 
bearing  cup  and  let  the  oil  run  down  to  the  surfaces. 
If  the  oil  does  not  last  until  the  oiler  gets  around  again 
the  bearings  will  run  dry  and  wear.  Lightly  loaded  en- 
gines sometimes  use  thin  oil,  but  heavier  oils  are  always 
more  economical  and  are  more  likely  to  stay  in  the  bear- 
ings until  the  parts  are  oiled  again.  Only  small  engines 
of  the  older  types  are  now  lubricated  in  this  way,  al- 
though minor  bearings  of  small  machinery  are  some- 
times oiled  by  this  method.  Medium-  or  heavy-bodied 
oils  of  from  250  sec.  to  500  sec.  viscosity  at  100  deg.  F. 
are  best  suited  for  this  service. 

An  improvement  in  lubrication  was  made  when  the  oil 
cup  with  its  drip  feed  was  introduced.  This  method 
maintains  a  fairly  regular  supply  of  oil,  requires  less  at- 
tention from  the  oiler  and  has  been  used  for  a  great 
variety  of  operating  conditions.  Medium-bodied  oils  of 
between  175  sec.  and  300  sec.  viscosity  at  100  deg.  F. 
are  usually  selected  for  engine  bearings  lubricated  in  this 
manner.  If  the  oil  is  used  only  once  and  is  permitted 
to  go  to  waste,  the  less  expensive  grades  of  oils  are 
good  enough,  but  if  the  oil  is  caught  in  pans,  filtered  and 
used  over  again,  it  pays  to  buy  the  better  grades. 

The  manifold,  with  its  reservoir  and  various  leads  to 
different  bearings,  is  merely  an  extension  of  the  drip-cup 
idea  with  the  thought  of  cutting  down  labor  and  atten- 
tion on  the  part  of  the  oiler. 

The  ring  and  chain  oilers  were  introduced  to  provide 
a  continuous  flood  of  oil  to  the  bearing  surfaces  and  to 
reduce  the  cost  of  lubrication  by  automatically  return- 
ing the  oil  to  the  bearing.  The  flood  of  oil  carried  up 
by  the  ring  or  chain  thoroughly  lubricates  the  surfaces, 
washes  out  the  dirt  and  minute  bits  of  worn  metal,  and 
carries  away  part  of  the  generated  heat,  thus  cooling 


the  bearing.  The  oil  reservoir  below  the  bearing  should 
hold  enough  oil  so  that  the  dirt  will  have  time  to  set- 
tle out  to  the  bottom,  and  to  permit  the  radiation  of  the 
absorbed  heat.  Liglit-  or  medium-bodied  oils  of  from 
150  sec.  to  200  sec.  viscosity  at  100  deg.  F.,  depending 
upon  the  loads,  speeds,  etc.,  will  handle  this  sort  of 
work  all  right.  The  better  grades  of  oils  are  more  eco- 
nomical, as  they  last  longer,  do  not  evaporate  so  quickly 
and  maintain  their  original  viscosity  longer  than  the 
cheaper  oils.  This  evaporation  increases  the  viscosity 
of  the  remaining  oil  and  causes  the  foreign  matter  to  set- 
lie  out  more  slowly. 

An  extension  of  the  ring-oiler  idea  is  the  continuous 
circulating  system  with  which  most  modern  engines  are 
now  equipped.  There  are  four  types,  commonly  called 
gravity  feed,  forced  feed,  splash  feed  and  automatic 
feed.  The  first  one,  shown  in  Fig.  2,  consists  of  an 
overhead  tank,  commonly  called  a  "gravity"  tank,  hold- 
ing a  supply  of  oil.  Oil  pipes  lead  the  oil  from  this  tank 
to  the  various  parts  requiring  lubrication  to  which  it  is 
fed  continuously  in  rapid  drops  or  in  a  fine  stream.  The 
quantity  needed  for  any  bearing  surface  can  be  regu- 
lated very  easily,  and  all  parts  may  be  flooded  with 
oil  if  desired,  washing  out  foreign  matter  and  cooling 
the  bearing  by  carrying  away  the  generated  heat.  The 
oil  flowing  from  the  bearings  is  collected  in  troughs,  pans 
or  the  engine  bed  and  drained  to  a  catch  tank  located  be- 
low the  engine.  Sometimes  a  portion  of  the  engine  bed 
i?  arranged  to  serve  for  this  purpose.     From  the  catch 
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FIG.  4.     AUTOMATICALLY  LUBRICATED  ENGINE 

tank  the  oil  is  pumped  back  to  the  gravity  tank  to  be 
used  again,  having  first  been  cleaned  by  passing  through 
filters. 

The  force-feed  system  shown  in  Fig.  3  does  not  al- 
ways have  the  gravity  tank,  and  the  oil  is  forced  directly 
from  the  oil  pump  to  the  bearings  under  a  pressure  of 
from  two  to  ten  pounds.  The  gravity  tank  is  always  a 
good  thing  to  have  in  starting  the  engine  unless  a  sep- 
arate steam  pump  is  installed  to  be  operated  independ- 
ently of  the  engine.  The  force-feed  system  has  the  ad- 
vantage that  the  flow  of  oil  through  any  bearing  can 
be  increased  by  raising  the  pressure.     In  the  gravity 
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system  shown  in  Fig.  2  the  flow  of  oil  over  the  outside 
of  the  bearing  can  be  increased  greatly,  but  the  amount 
of  oil  actually  passing  between  the  surfaces  depends  on 
the  bearing  clearances  and  the  body  of  the  oil,  as  the 
pressure  forcing  the  oil  through  is  fixed  by  the  height 
of  the  gravity  tank  above  the  engine.  It  is  customary 
also  to  install  a  sight-feed  oiler  just  above  the  bearing, 
which  absorbs  the  pressure  due  to  the  height  of  the 
gravity  tank  and  reduces  the  pressure  head  on  the  bear- 
ings to  a  few  inches. 

In  both  of  these  systems  the  oil  from  the  bearings 
carries  small  particles  worn  from  the  bearing  metals, 
bits  of  dirt  and  foreign  matter  settling  on  the  engine, 
condensation  water  leaking  through  the  piston-rod 
and  valve-rod  stuffing-boxes  and  saponified  cylinder  oils 
carried  in  by  the  condensation  water.  If  these  foreign 
elements  were  allowed  to  accumulate,  they  would  soon 
contaminate  the  oil  to  such  an  extent  that  it  would  no 
longer  be  of  any  value  as  a  lubricant.  Both  systems 
should  be  equipped  with  settling  tanks  or  separators  for 
removing  the  water  and  heavy  foreign  matter,  and  fil- 
ters to  remove  the  lighter  particles  which  will  not  settle 
out  when  the  oil  is  at  rest. 

We  now  have  something  else  to  consider  besides  vis- 
cosity, and  that  is  the  ability  of  the  oil  to  separate  from 
water  and  foreign  matter.  As  mentioned  in  the  first 
article  of  this  series,  the  quality  of  the  oil,  its  viscosity 
and  its  specific  gravity  affect  its  separation  from  water. 
Of  these  the  most  important  is  quality,  which  can  be 
regulated  initially  only  by  the  refiner.  The  viscosity, 
which  is  second  in  importance,  can  be  changed  by  heat- 
ing the  oil  in  the  system  until  it  becomes  thin,  thus 
permitting  the  water  and  dirt  to  settle  out  more  readily. 
Heaters  are  placed  in  the  separators,  and  the  oil  is  heated 
to  110  to  125  deg.  F.,  depending  on  its  viscosity.  The 
circulating  system,  by  providing  a  flood  of  oil  to  all 
parts,  permits  the  use  of  light-bodied  lubricants  which 
separate  from  water  quickly  and  can  be  cleaned  very 
satisfactorily  by  an  efficient  filtering  system. 

The  quality  of  the  oil  that  should  be  used  depends  to 
a  certain  extent  on  the  efficiency  of  the  system  as  a 
whole.  If  the  system  is  tight  and  there  is  very  little 
loss  through  leakage  or  by  splashing,  a  high-grade  oil 
can  and  should  be  used.  In  such  a  system  very  little 
new  oil  is  added  to  make  up  for  loss  and  the  old  oil 
lemaining  in  the  system  should  have  all  the  qualities 
necessary  for  efficient  cleaning.  Again,  the  continuous 
evaporation  of  the  oil  when  passing  over  the  bearings 
drives  off  the  lighter  portions  and  the  viscosity  of  the 
remaining  oil  gradually  increases.  On  this  account  it 
if  advisable  to  start  out  with  a  fairly  light-bodied  oil, 
even  though  the  intitial  evaporation  may  be  greater,  be- 
cause the  viscosity  of  the  oil  in  the  system  can  be  main- 
tained better  by  the  addition  of  a  light-bodied  oil  than 
by  a  medium  oil. 

If  the  system  is  constructed  so  that  it  loses  consider- 
able oil  through  leaky  pipes,  splashing  from  the  engine 
ss  is  the  case  with  vertical  engines,  burning  up  of  the  oil 
splashed  against  hot  cylinder  heads,  and  other  numerous 
causes,  the  quantity  of  the  makeup  oil  is  much  greater, 
the  oil  does  not  remain  in  use  so  long  and  its  viscosity 
does  not  increase  as  rapidly.  Consequently,  less  ex- 
pensive oils  may  be  used  if  desired. 

Splash  Systems  of  Lubrication 

Splash  systems  supply  a  flood  of  oil  to  all  parts  when 
the  engine  is  running,  but  have  the  disadvantage  that 
they  must  depend  upon  enough  oil  remaining  in  the 
bearings  to  lubricate  them  when  first  starting  the  engine. 
A  splash-lubricated  engine  should  be  tightly  inclosed — 
not  only  to  prevent  loss  of  oil,  but  to  keep  out  moisture 
and  dirt.  In  such  systems  the  oil  is  constantly  churned 
up  and  has  very  little  opportunity  to  come  to  rest  and 


I)ermit  the  water  or  fcjreign  matter  to  settle  out.  Con- 
sequently, a  very  high  grade  of  oil  should  always  be 
used,  one  that  will  separate  from  water  quickly  and 
one  having  a  minimum  evaporation  during  use.  Exces- 
sive evaporation  from  an  improperly  refined  oil  will 
cause  the  viscosity  to  increase  rapidly  and  the  oil  will 
not  clean  itself  as  it  should.  When  the  oil  becomes 
loaded  with  foreign  matter  up  to  a  certain  point,  it  will 
emulsify  or  form  a  thick,  heavy  mass,  which  will  clog 
up  the  oil  pipes  and  grooves  and  prevent  any  oil  getting 
lo  the  working  surfaces. 

The  automatically  lubricated  engine  shown  in  Fig.  4 
has  a  pump  to  take  the  oil  out  of  the  crank  case  and  de- 
liver it  to  the  bearings.  After  lubricating  them,  the  oil 
returns  to  the  crank  case  for  further  use.  The  pres- 
ence of  water  and  the  rapid  agitation  necessitate  the  use 
(if  a  high-grade  oil  like  that  recommended  for  the  splash 
method. 

Some  General  Recommendations 

In  picking  out  oils  for  each  of  these  systems  we  must 
consider  all  the  individual  operating  conditions  carefully 
and  the  effect  they  will  have  upon  the  oil  to  be  selected 
It  is  possible,  however,  to  make  general  recommenda- 
tions as  follows: 

Splash  and  Automatic  Systems — Use  as  light  an  oil 
as  will  lubricate  the  bearings.  Viscosities  150-180  sec. 
iit  100  deg.  F,  Highest  quality  obtainable  and  with  best 
separating  qualities  as  shown  by  emulsification  tests. 

Force  Feed  or  Gravity  Systems— Use  light-  or  me- 
dium-bodied oils.  Viscosities  150-200  sec  at  100  deg.  F. 
Light-bodied,  high-quality  oils  a^e  best  for  efficient  sys- 
tems, medium-bodied  good-grade  oils  are  suitable  for 
less  efficient  systems. 

Ring  or  Chain  Oiled  Bearings — Use  medium-bodied 
oils  of  good  quality.  Viscosities  150-200  sec.  at  100  deg. 
F.,  depending  upon  bearing  loads  and  speeds. 

Drip  Cups  and  Manifolds — Use  medium-bodied  oils 
of  175-250  sec.  at  100  deg.  F.  Unnecessary  to  use  more 
expensive  grades. 

Squirt  Can — Use  medium-  or  heavy-bodied  oil.  Vis- 
cosities 250-500  sec.  at  100  deg.  F.  Ordinary  red  engine 
oils  are  satisfactory. 

A  low  cold  test  is  desirable  where  the  engine  is  ex- 
posed to  low  temperatures. 

Some  engineers  prefer  to  have  certain  bearings  lubri- 
cated with  grease,  which  is  not  to  be  recommended  as 
the  best  method  of  reducing  friction  to  a  minimum,  al- 
thought  it  does  cut  down  the  labor  of  caring  for  engines 
on  which  the  expense  of  installing  a  circulating  system  is 
not  warranted.  The  valve  gear  of  many  engines  is 
equipped  with  compression  grease  rups  which  are  easier 
to  turn  down  when  the  engine  is  running  than  it  is  to  try 
to  lubricate  the  bearingo  with  a  squirt  can  v\-ithout 
splashing  oil  all  over  the  place.  Whenever  used,  the 
grease  should  be  of  a  good  quality,  homogeneous  and 
free  from  any  nonlubricating  material  which  might  sep- 
arate and  plug  up  the  grooves. 


Snow  is  the  latest  agency  to  be  employed  by  officials 
in  solving  Salt  Lake's  smoke  prob'em,  according  to 
H.  W.  Clark,  Bureau  of  Mines,  who  is  assisting  in  the 
smoke  probe.  Particles  of  dust  in  circulation  are 
precipitated  with  snow,  and  consequently,  the  atmos- 
phere is  freed  from  impurities.  Samples  i.f  snow  have 
been  taken  by  the  Bureau  of  Mines  afid  are  now  being 
analyzed.  The=e  results  will  be  used  to  check  the  data 
acquired  through  the  use  of  special  apparatus  for  test- 
ing the  atmosphere  impurities,  says  Mr.  Qark.  The 
snow-testing  method  is  based  upon  filtering  melted 
snow  from  certain  areas,  the  solid  material  containing 
acids,  ammonia,  sulphates  and  other  impurities,  being 
weighed  and  subjected  to  microscopic  exan.ination. 
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Standard  Meter  Rates — How  Applied  in 
Calculating  Power  Bills 


;:v  Li-.ROV  W.  ALLISON 


The  prcz'ions  article  concluded  iviih  an  ex- 
planation of  the  classification  for  "meter  rates" 
and  "demand  rates"  as  nozv  in  common  use.  The 
first  group,  meter  rates,  is  considered  in  the  fol- 
lowing, and  includes  (1)  straight-line  meter 
rate,  (2)  step  meter  rate  and  (3)  block  meter 
rate. 


TIVAV-.  arc  ihrce  general  classes  of  central-station 
service — general  service,  regular  power  service, 
and  large  light  and  power  service.  The  stand- 
ard rate  forms  cover  these  different  phases  of  operation 
in  a  manner  that  approximates  equity  to  company  and 
consumer.  When  it  comes  to  a  matter  of  actual  con- 
tract for  certain  service,  modihcations  may  be  made 
as  required,  say  for  temporary  service  in  part,  particu- 
lar line  extensions,  and  so  on,  but  these  changes  or 
provisions  have  little,  if  anything,  to  do  with  the  basic 
type  of  rate  calculation. 

Rate  Definitions 

A  familiarity  with  the  exact  meaning  of  the  different 
rate  terms  in  current  use  is  quite  essential  for  an  accu- 
rate understanding  of  the  schedules.  These,  as  noted 
in  the  text  of  this  series  of  articles,  are  the  definitions 
as  approved  by  the  Rate  Research  Committee  of  the 
National  Electric  Light  Association,  to  the  papers  of 
which  organization  the  writer  is  indebted  for  consid- 
erable information.  The  term  "meter  rate"  is  appli- 
cable to  anv  method  of  charge  for  electric  service  which 
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Monthly    Consumption,  Kilowoit-t-Hours 

FIG.    1.      GRAPHICAL,   REPRESENTATION    OF    A    STRAIGHT 
I.TNE    METER    RATE 


is  based  on  the  amount  used.  This  amount  is  expressed 
in  units,  as  kilowatt-hours  of  electricity.  Integrating 
meters  or  graphic  meters  are  used. 

Straight-Line  Meter  Rate 

The  term  "straight-line,"  as  used  in  connection  with, 
and  as  applied  to  any  method  of  charge,  indicates  that 
the  price  charged  per  unit  is  constant ;  that  is,  does  not 
vary  on  account  of  any  mcvr-^"^  rx  decrease  in  the 
number  of  units  used.     T]-;''  *'  'rl  ;  •.  m  to  be  charged  is 


obtained  by  multiplying  the  total  number  of  units  by 
the  price  per  unit. 

The  straight-line  meter  rate  is  extremely  simple  and 
is  one  of  the  standard  forms  in  wide  general  use  by 
central  stations,  particularly  in  the  matter  of  commer- 
cial-lighting service.  This  type  of  rate  schedule  was 
adopted  coincidently  with  metered  method  of  measur- 
ing electric  ?^ervice,  first  under  ampere-hour  meters, 
and  later,  under  watt-hour  meters.     The  charge  under 
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fig.  2.    graphicae  representation  of  a  step-meter 

t:  '.ti: 

this  type  of  metered  service  is  made  at  a  fixed  rate  per 
ampere-hour  or  watt-hour.  Fig.  1  represents  this  me- 
ter rate  graphically  and  shows  at  a  glance  the  simplicity 
of  this  form  of  computation.  As  an  example,  assume 
a  rate  of  9  cents  per  kilowatt-hour  and  a  total  monthly 
service  aggregating  50  kw.-hr.,  the  charge  would  be 
50X9  =^$4.50,  as  indicated  on   Fig  1. 

Step  Meter  Rate 

The  term  "step,"  as  used  in  connection  with  and  as 
applied  to  any  method  of  charge,  indicates  that  a  cer- 
tain specified  price  per  unit  is  charged  for  all  or  any 
part  of  a  specified  number  of  units,  with  reductions  in 
the  price  per  unit  based  upon  increases  in  the  number 
of  units  according  to  a  given  schedule.  The  total  sum 
to  be  charged  is  obtained  by  multiplying  the  total  num- 
ber of  units  by  the  price  applying  for  this  number  of 
units,  or,  in  other  words,  by  the  primary  price,  and  then 
deducting  the  di'-count  applying  for  this  number  of 
units. 

In  further  explanation  of  this  standard  definition  the 
unit  rate  as  charged  depends  on  the  particular  "step" 
within  which  the  total  consumption  comes.  The  term 
"step"  typifies  the  character  of  the  plotted  rate,  in  its 
resemblance  to  a  flight  of  steps,  as  will  be  noticed  in 
Fig.  2.  This  diagram  has  bfeen  plotted  for  a  step  meter 
rate  varying  from  9c.  to  3c.  per  kw-hr.  on  the  following 
basis :  For  electric-energ}'  consumption  from  1  to  25 
kw.-hr.  per  month,  9c. :  from  26  to  50  kw.-hr.,  7c. ;  from 
51  to  100  kw.-hr.,  6c. ;  from  101  to  200  kw.-hr.,  4c. ;  and 
all  over  200  kw.-hr.  consumption  in  a  month,  3c.  Under 
ibis  schedule  the  average  rate  per  kilowatt-hour  is  45^c., 
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cuid  as  will  be  seen,  the  rate  decreases  as  the  consump- 
tion increases. 

The  figuring  of  the  total  charge  under  this  rate  sys- 
tem is  a  \'ery  simple  matter.  Assume  that  a  customer 
has  used  a  total  of  73  kw.-hr.  during  the  month;  this 
would  fall  within  the  6-cent  step  rate,  and  the  total 
charge  would  be  73  X  6,  or  $4.38.  Or,  again,  assume 
that  a  total  of  161  kw.-hr.  has  been  used  during  the 
month  ;  the  rate  would  be  within  the  4-cent  step,  with 
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FIG.  3.  GRAPHICAL.  REPRESENTATION  OF  A  BLOCK- 
METER  RATE 

total  charge,  161  X  4,  or  $6.44.  The  dotted  lines,  Fig. 
2,  show  how  the  bills  may  be  read  from  the  curves. 
Owing  to  its  simplicity,  this  method  of  rate  computation 
is  in  wide  general  use  both  for  wholesale  and  retail 
power  service,  as  well  as  for  general  and  commercial 
lighting  work. 

Block  Meter  Rate 

The  term  "block,"  as  used  in  connection  with  and  as 
applied  to  any  method  of  charge,  indicates  that  a  certain 
specified  price  per  unit  is  charged  for  all  or  any  part  of 
a  block  of  such  units,  and  reduced  prices  per  unit  are 
charged  for  all  or  any  part  of  succeeding  blocks  of  the 
same  or  a  different  number  of  such  units,  each  such  re- 
duced price  per  unit  applying  only  to  a  particular  block 
or  portion  thereof.  The  total  sum  to  be  charged  is  ob- 
tained by  multiplying  the  number  of  units  in  the  first 
block  by  the  price  per  unit  for  that  block  and  adding 
thereto  the  number  of  units  in  the  second  block  times  the 
price  per  unit  for  that  block,  and  so  on  until  the  sum 
of  the  units  falling  within  the  different  blocks  equals  the 
number  of  units  to  be  charged  for. 

Under  the  block-meter  rate  system,  certain  blocks  are 
arranged  covering  a  specified  number  of  kilowatt-hours 
in  each  block,  as  25,  50  or  100  kw.-hr.  or  as  the  case 
may  be.  This  type  of  rate  computation  is  extremely 
simple,  readily  understood  by  consumers  and  allows 
for  rapid  calculation  of  bill?  in  the  clerical  department 
of  the  central  station.  It  has  been  adopted  by  many 
companies  for  general  lighting,  wholesale  lighting  and 
power,  as  well  as  for  retail  power  and  other  character 
of  service.  This  method  of  figuring  charges  corre- 
sponds in  a  general  way  to  rates  of  the  demand  type. 

This  rate  basis  is  shown  diagrammatically  in  Fig.  3, 
the  two  curves  covering  the  average  rate  per  kilowatt- 
I  hour  and  the  total  bill  being  plotted  for  the  specific 
f  conditions  as  apply.  In  this  instance,  the  rate  varies 
I  from  9  to  4  cents  for  the  different  blocks,  as  follows : 
For  the  first  25  kw.-hr.  used  per  month,  9c. ;  for  the 
j  next  25  kw-hr.,  7c. ;  for  the  next  50  kw.-hr.,  6c. ;  for 
'       the  next   100  kw.-hr.,  5c.;  and  for  excess  of  all  over 


200  ku.-hr.  used  per  month,  4  cents  per  kilowatt-hour. 
As  an  idea  of  the  method  of  computing  bills,  say  that 
a  consumer  uses  a  total  of  150  kw.-hr.  under  this  sys- 
tem of  charges,  in  a  monthly  period.  The  first  25 
kw.-hr.  would  be  figured  at  9c.,  the  next  25  at  7c.,  the 
next  50  at  6c. ;  and  the  last  50  at  5  cents,  or 

25   X  9  =  $2.25 

25   X  7  =  L75 

SO  X  6  =  3.00 

50  X  5  =  2.S0 

Total  bill   $9.50  for   150  kw.hr. 

The  average  rate  is  equal  to  the  total  bill,  in  cents, 
divided  by  the  total  kilowatt-hours  or,  in  this  problem, 
equals  950  H- 150  =  6.33c.  per  kw.-hr.  These  values 
are  indicatea  in  Fig.  3  by  the  dotted  lines. 

The  block-rate  .system  is  on  a  basis  of  metered  serv- 
ice. The  difference  between  this  operating  schedule 
and  the  step-meter  rate  plan,  previously  explained,  will 
be  readily  noted  from  the  examples  given.  Under  the 
step-meter  schedule,  the  rate  at  the  particular  step  of 
consumption  applies  to  the  gross  sum  of  the  kilowatt- 
hours  used,  while  with  the  block-meter  rate,  each  block, 
or  division  of  consumption  rate  charge,  is  computed  on 
the  unit  basis  as  arranged  for  the  block. 

Power  Servicf.  Under  Block  Meter  Rate 

An  exact  illustration  of  the  use  of  the  block  meter 
rate  system  by  a  large  Eastern  central  station  will  be 
interesting,  this  covering  the  application  to  the  state 
utility  commissioners  for  an  increase  in  the  existing 
uniform  retail  power  rate,  for  which  the  block  meter 
schedule  is  employed  by  the  company.  In  the  applica- 
tion and  hearing,  the  data  on  this  point  as  set  forth 
were  as  follows:  » 

I'resent  T'roposed 

Blocks  Uniform   Retail    Power   Rate  Rate  Rate 

First  10    cents    to    be    paid    per    kilowatt-hour 

Block     of    consumption    each    month    up    to    and 
including    an    amount    of    kilowatt-Lours 

per  horsepower  of  maximum  demand  of. 20  kw.-hr.  30  kw.-hr. 

Second     To    be    paid    per    kilowatt-hour    for    the  . 

Block     next      50     kw.-hr.      consumed     in     such 
month    in    excess    of    the    first    step    of 

the    rates    C  cents  S      cents 

Third        To    be    paid    per    kilowatt-hour    for    the 
Block     next     500     kw.-hr.     consumed     in     such 
month    in    excess    of    the    first    and    sec- 
ond   steps    of    the    rates 4  cents  5 ',1  cents 

Fourth      To    be    paid    per    kilowatt-hour    for    the 

Block     consumption    in    such    month    in    excess 

of    the    consumption    mentioned    in    the 

first,     second     and     third     steps     of     the 

rates     2  cents  2 . 7  cents 

The  customer  to  agree  to  a  minimum 
bill  each  month  equal  to  an  amount  per 
horsepower  of  the  full  rated  capacity  of 
the    connected    load    amounting    to 50  cents  70      cents 

Power  Service  Under  Step  Meter  Rate 

This  central  station  in  connection  with  wholesale 
power  distribution,  uses  the  step-meter  rate  system  for 
a  phase  of  its  uniform  wholesale  power  service.  In  the 
schedule  filed  with  the  utility  board  for  a  proposed  in- 
crease in  such  charges  as  in  force,  the  different  step 
classifications  are  made  in  the  following  manner: 

Present  Proposed 

Rate,  Rate, 

Uniform    Wholesale-Power    Rate  Cents  Cents 

.\  charge  for  electric  power  consumed  to  be 
paid   each  month   as  follows: 

For  each  kilowatt-hour  of  consumption  in 
such  month  up  to  and  including  3000 
kw.-hr 3  cent.>  4      cents 

For  each  kilowatt-hour  of  consumption  in  such 
month  over  3000  kw.-hr.  up  to  and  in- 
cluding   10,000    kw.-hr 2  cents  2.7  cents 

For  each  ..ilowatt-hour  for  excess  consump- 
tion in  such  month  over   10,000  kw.-hr...      1   cent  1.35  cents 

The      customer      to      guarantee      a      minimum 

monthly    bill    of $300  $400 

(The  subject  of  "demand  rates"  will  he  discussed  in 
detail  in  the  next  and  last  article  on  "Standard  Meter 
Rates.") 
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Refrigeration  Study  Course — III.  The  Ammonia 

Compressor 


By  H.  J.  MACINTIRE 

Professor   Mechanical   Engineering,   University  of  Utah 


IN  THE  preceding  article  it  was  shown  that  a  re- 
frigerating cycle  was  much  like  a  steam-engine 
cycle,  only  that  it  was  a  cycle  with  the  events  in 
the  opposite  order.  Also,  it  was  shown  that  the  re- 
frigerating coils  acted  similarly  to  a  steam  boiler,  but 
that  the  capacity  of  the  coils  depended  on  local  con- 
ditions of  operation.  The  compressor  is  the  only  part 
of  the  machine  requiring  an  input  of  power.    Whereas 
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FIG.    1.      INDICATOR    DIAGRAM    FROM    AMMONIA 
COMPRESSOR 

inefficient  condensers  or  refrigerating  piping  might  pre- 
vent obtaining  capacity,  yet  the  compressor  alone  is  the 
place  where  economy  of  operation  may  be  looked  for. 

Comparison  with  the  Air  Compressor 

The  problem  of  compressing  ammonia  is  so  like  that 
of  compressing  air  that  the  same  machine  may  be  used 
for  either  substance  except  for  details  to  secure  tight- 
ness. This  is  especially  difficult  with  ammonia  because 
of  its  ability  to  pass  through  material  and  joints  that 
would  be  tight  for  compressed  air.  Another  diflFerence 
in  the  design  is  the  absence  of  mechanically  operated 
valves  for  refrigeration.  These  have  never  been  ap- 
plied to  ammonia  with  success  because  designers  do 
not  care  to  increase  the  number  of  possible  leaks,  as 
would  be  necessary  if  mechanically  operated  valves 
Vv'ere  installed  with  the  necessary  stuffing-boxes  into  the 
cylinder.  One  other  difference  is  to  be  found  in  that 
single-stage  compression  is  used  except  in  isolated  cases 
— although  one  may  venture  to  say  that  two-stage  com- 
pression will  be  used  more  in  the  future.  The  use  of 
the  single  stage  is  surprising  when  one  remembers  that 
in  air  compression  multistage  generally  is  employed  if 
ihe  discharge  pressure  is  70  lb.  or  more.  To  understand 
the  problem  of  compressing  ammonia  a  study  of  the 
valve  action  will  be  made,  as  shown  in  the  indicator 
diagram.  Fig.  1. 


The  reader  will  remember  that  the  indicator  diagram 
is  simply  an  indication  of  the  pressure  in  the  cylinder 
for  each  and  every  portion  of  the  piston.  By  means 
of  special  apparatus  we  are  able  to  record  to  a  special 
(known)  scale  the  pressure  inside  the  cylinder  during 
the  entire  cycle  of  suction,  compression  and  discharge 
of  the  gas.  If  the  entrance  into  the  cylinder  is  con- 
stricted, then  the  gas  will  have  difficulty  in  getting  in 
and  the  result  is  a  partial  vacuum  formed  during  the 
suction  stroke.  If  the  discharge  passages  are  con- 
stricted, there  will  be  difficulty  in  getting  the  gas  out  of 
the  cylinder  promptly,  and  in  forcing  it  out  the  piston 
has  to  increase  the  discharge  pressure.  Let  us  see  how 
these  points  are  represented  on  the  diagram,  remem- 
bering that  every  square  inch  of  area  on  the  indicator 
diagram  represents  a  certain  number  of  foot-pounds  of 
work  done  on  the  gas  by  the  piston,  and  so  by  the  en- 
gine or  electric  motor  driving  the  piston. 

Effect  of  Valves  and  Ports 

There  are  two  separate  indicator  diagrams  shown  in 
Fig.  1.  First  we  will  discuss  the  one  shown  by  the  let- 
ters ABCD.  This  diagram  represents  the  effect  of 
suction  and  discharge  valves  and  passages  that  are  too 
small  for  the  size  and  speed  of  the  piston.  The  am- 
monia gas  begins  to  enter  the  cylinder  at  the  point  D 
and  continues  to  the  end  of  the  stroke  represented  by 


fig.  2. 


THE  type  of  poppet  VALVE  SO  SUCCESSFULLY 
USED  ON  SLOW- SPEED  COMPRESSOR 


ihe  point  A.  On  the  return  stroke  the  suction  valve 
closes  and  the  entrapped  gas  is  compressed  along  the 
line  A  B  until  the  discharge  pressure  B  is  reached,  when 
the  discharge  valve  opens  and  the  compressed  gas  leaves 
the  cylinder  into  the  discharge  pipe  and  the  condenser. 
As  the  piston  begins  to  move  toward  the  right,  the  gas 
in  the  clearance  volume  expands  until  a  pressure  equal 
to  the  ammonia  pressure  in  the  suction  bends  is  reached 
cr  some  lower  pressure,  depending  on  conditions  that 
prevail.  This  point  is  shown  by  D  when  the  suction 
valve  again  opens  for  passage  of  a  new  volume  of  suc- 
tion ammonia. 

Now,  if  the  suction  gas  could  have  entered  freely  into 
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the  cylinder,  the  pressure  would  have  been  higher  and 
the  suction  line  would  have  been  HE.  Also,  if  the  dis- 
charge out  of  the  cylinder  could  have  been  free,  the 
exit  would  have  been  shown  by  FG.  In  each  case  the 
cross-hatched  area  DAEH  and  JBCG  is  unnecessary 
work,  but  has  to  be  supplied  to  get  the  gas  into  and  out 
of  the  cylinder.  In  addition  (as  the  suction  pressure 
v/as  less)  the  weight  of  ammonia  pumped  per  revolu- 
tion is  much  less,  as  shown  partly  by  the  length  of  the 
lines  GF,  GJ.  It  will  be  seen,  if  a  study  is  made  of  am- 
monia-compressor design,  that  the  main  differences  in 
each  design  (other  than  in  safety  of  operation)  are  in 
iiu  attempt  to  provide  as  free  and  unrestricted  passage 
into  and  out  of  the  cylinder  as  is  possible  for  the  type  of 
construction  that  is  used. 

The  Suction  and  Discharge  Valve 

By  far  the  most  successful  type  of  valves  used  in  re- 
frigeration has  been  the  so-called  poppet  valve  shown 
in  Fig.  2.  Both  suction  and  discharge  valves  have  de- 
vices to  prevent  more  than 
a  predetermined  travel. 
This  point  is  especially  im- 
portant for  the  suction 
valve  which  might  other- 
wise be  caught  in  the  cylin- 
der, thereby  causing  a  frac- 
ture of  the  cylinder  and  a 
release  of  the  ammonia 
charge.  Another  feature  is 
some  dashpot  arrangement 
generally  used  to  prevent 
pounding.  This  is  accom- 
plished, usually,  by  means 
of  a  dashpot  device — shown 
in  the  figure — which  pre- 
vents seating  of  the  valves 
with  a  shock.  The  poppet 
type  of  valve  is  reasonably 
safe,  remains  tight  for  a 
long  period  and  is  readily 
reground.  There  is  always 
a  helical  spring  provided  to 
assist  in  quick  closing.  The 
suction  valve  is  slightly  dif- 
ferent in  the  vertical  sin- 
gle-acting compressor. 

In  the  vertical  single-act- 
ing compressor  the  return 
gas  enters  the  crank  case 
or  the  space  between  the 
top  and  bottom  parts  of  the 
trunk  piston  as  shown  in 
Fig.  3.  The  valve  is  placed 
in  the  upper  face  of  the  pis- 
ton and  is  usually  so  ad- 
justed that  its  weight  is  just 
balanced  by  the  spring  and 
is  then  sensitive  to  any  dif- 
ference of  pressure  on  the  two  sides  of  the  piston.  On 
the  down  stroke  the  valve  opens  and  allows  the  return 
gas  to  pass  through  into  the  upper  part  of  the  cylinder. 
The  valve  itself  is  of  the  poppet  type,  and  is  popular, 
especially  in  the  small-size  compressors — say  up  to 
twenty  tons  of  refrigeration. 

Recently,  the  demand  for  high-speed  machines,  in 
order  to  secure  greater  capacity  of  direct  connection  to 
synchronous  motors  (in  the  larger  sizes  of  refrigerat- 
ing machines)  or  reciprocating  engines  of  moderate 
speed,  has  promoted  the  development  of  a  special  form 
of  valve  of  slight  inertia  and  of  large  valve  opening. 


These  valves  are  known  as  plate  valves  or  feather  or 
ribbon  valves.  The  feature  of  the  high-speed  valve  is 
small  inertia  (usually  of  thin,  special  steel,  ground  to 
the  seat)  and  they  are  flexibly  held  on  their  seats  by 
light  springs. 

Safety  Heads  for  Emergency  Use 

For  some  time  it  has  been  considered  that  clearance 
in  ammonia  compressors  must  be  kept  down  to  a  mini- 
mum, and  therefore  special  safety  provisions  must  be 
made  to  prevent  accident  should  liquid  ammonia  or  a 
broken  valve  get  into  the  cylinder.  By  clearance  is  un- 
derstood both  the  striking  clearance,  which  is  frequently 
;i^2  in.,  and  volumetric  clearance,  which  includes  all  the 
volume  o"^  entrapped  vapor  at  dead-center.  This  latter 
is  usually  less  than  ^  per  cent,  of  the  total  piston  dis- 
placement. The  dire  results  of  moderate  amounts  of 
clearance  as  affecting  economy  of  operation  have  been 
exploded  for  a  long  time,  but  the  small-clearance  ma- 
chines  still   retain  their  popularity,   particularly  in  the 


FIG.  3 


FIGS.   3  and  4. 


sectional  view  of  small  compressor  and  its  lantern  and 
stuffing-box 


twin  vertical  single-acting  compressors.  The  twin 
vertical  machines,  which  are  usually  designed  for  mod- 
erate and  sometimes  for  high  speeds,  lend  themselves 
best  to  the  construction  of  a  safety  head.  This  is  simply 
a  false  head,  shown  in  Fig.  3,  held  by  stiff  springs  and 
designed  for  use  only  in  cases  of  emerger.cy.  Should 
a  slu^  of  ammonia  come  over — like  water  in  a  steam 
engine — the  entire  head  is  expected  to  lift  quickly 
enough  to  relieve  the  pressure,  similar  to  the  relief 
valves  on  a  Corliss  engine.  At  present  no  provision  is 
made  to  apply  the  principle  to  the  horizontal  machine, 
which  almost  invariably  is  of  a  double-acting  design. 
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For  some  time  it  has  been  generally  conceded  that 
operating  engineers  have  been  much  too  liberal  with  oil, 
the  result  being  that  this  oil  passed  over  to  the  condenser 
and  finally  to  the  refrigerating  coils.  Oil  in  the  con- 
denser pipe  or  evaporating  coils  is  almost  as  bad  as 
oil  in  boiler  tubes — certainly  as  bad  so  far  as  transmis- 
sion of  heat  is  concerned.  The  result  has  been  that 
many  engineers  have  advocated  little  or  no  oil  feed  into 
the  standard  horizontal  machine,  believing  that  enough 
would  carry  over  from  the  stuffing-box.  The  vertical 
machines  of  the  inclosed  type  are  "splash"  lubricated, 
and  the  main  difficulty  with  this  form  of  design  is  to 
prevent  the  oil  from  passing  out  through  the  discharge 
and  leaving  the  crank  case  with  improper  oil  supply. 
The  higher  the  speed  the  greater  this  difficulty. 

Stuffing-Box  Packing 

For  a  machine  properly  erected,  metallic  packing  is 
far  the  best.  With  soft  packing  the  friction  is  much 
greater.  The  double-acting  machine  is  usually  con- 
structed with  a  "lantern,"  as  shown  in  the  figure.  On 
the  bottom  of  the  lantern  is  a  connection  to  the  oil  sup- 
ply, and  the  upper  is  connected  to  the  suction  heads. 
The  result  of  this  design  is  to  prevent  a  greater  pressure 
than  the  suction  on  the  last  part  of  the  stuffing-box. 

The  Frame  and  the  Bearings 

In  ammonia  compression  the  forces  developed  are 
severe  and  alter  so  as  to  give  repeated  stress.  The  re- 
sult is  that  the  material  entering  into  the  construction 
must  be  of  high  quality  and  liberal  in  weight.  The 
cylinders  should  be  capable  of  several  reborings.  The 
bearings  must  not  only  be  designed  for  low  bearing 
pressures  per  unit  of  projected  area,  but  should  be  ca- 
pable of  adjustment.  We  are  now  agreed  on  the  policy 
of  using  a  water  jacket  to  prevent  excessive  tempera- 
tures in  the  discharge  gas,  but  the  tendency  is  to  put 
them  in  the  cylinder  head  only  or  the  last  portion  of  the 
cylinder  barrel. 

The  manner  of  taking  up  the  heat  developed  during 
compression  was  at  one  time  a  matter  of  bitter  contro- 
versy, but  engineers  are  now  fairly  well  agreed  on  the 
subject.  Some  years  ago  it  was  the  usual  custom  to 
bring  back  wet  gas  to  the  cylinder  (ammonia  with  a 
certain  percentage  of  liquid,  similar  to  wet  steam),  and 
Ihis  liquid  was  expected  to  vaporize  during  compres- 
sion and  prevent  undue  rise  of  temperature.  Provision 
was  made  to  bleed  liquid  ammonia  in  the  suction  header 
so  as  to  secure  better  adjustment  of  conditions.  The 
other  method  was  to  provide  a  water  jacket  around  the 
entire  cylinder  barrel  and  to  hope  that  the  jacket  water 
would  prevent  excessive  discharge  temperatures,  as  well 
as  achieve  high  efficiency  of  compression.  We  know 
now  that  water-jacketing  in  parts  of  the  cylinder  barrel 
does  more  harm  than  good,  and  that  only  in  single- 
acting  machines,  where  the  jacket  is  placed  near  to  the 
end  of  the  cylinder  (the  third  last),  is  it  of  appreci- 
able value.  In  fact,  the  cylinder  head  is  the  only  place 
where  much  advantage  can  be  derived. 

The  reasons  for  the  foregoing  statements  can  be 
seen  by  studying  what  takes  place.  At  the  beginning  of 
compression  the  gas  has  a  temperature  around  zero 
degrees  F.,  and  it  is  not  until  after  midstroke  that  a  tem- 
perature above  that  of  the  cooling  water  is  obtained. 
The  end  of  the  stroke  is  where  the  high  temperature  is 
obtained,  and  that  is  where  the  water  jacket  can  make 
itself  useful.  In  wet  compression  (where  liquid  injec- 
t'on  is  used  for  cooling)  proper  control  cannot  be  main- 
tained. The  result  is  that  we  consider  now  that  best 
efficiency  is  obtained  by  bringing  back  dry  and  saturated 
gas  to  the  cylinder  and  using  a  water  jacket  where  it 
will  be  of  value. 


One  of  the  most  serious  considerations  that  icfrigcr- 
oting  engineers  have  to  remember  is  the  volumetric  effi- 
ciency of  the  compressor.  Not  only  must  one  remem- 
ber about  the  volume  of  a  unit  weight  of  ammonia  and 
how  this  increases  greatly  as  the  suction  pressure  is  de- 
creased, but  that  the  gas  caught  in  the  clearance  space 
will  expand  and  cause  a  piston  to  move  18  to  50  per 
cent,  or  even  more  before  a  new  supply  of  ammonia  is 
drawn  into  the  cylinder.  In  addition,  it  is  possible  that 
the  ammonia  at  the  end  of  the  suction  stroke  is  super- 
heated (like  superheated  steam)  and  therefore  occupies 
a  greater  vokune  than  it  should.  For  instance,  the 
volume  of  one  pound  of  dry  and  saturated  ammonia  at 
20  lb.  gage  pressure  is  8.01  cu.ft. ;  but  if  the  gas  returns 
at  the  same  suction  pressure  at  30  deg.  F.,  then  the 
volume  will  be  8.6  cu.ft.,  or  an  increase  of  7J/4  per  cent. 
Therefore,  as  useful  refrigeration  is  proportioned  to 
the  weight  of  ammonia  pumped,  then  the  piston  dis- 
placement will  have  to  be  increased  a  like  amount  or 
the  capacity  will  be  reduced.  This  shows  the  impor- 
tance of  bringing  back  the  ammonia  to  the  machine 
without  superheat.  Some  engineers  consider  that  the 
hot  metal  in  the  cylinder  heats  the  gas  during  the  suc- 
tion stroke,  but  on  account  of  the  low  temperatures  en- 
countered in  refrigeration,  the  low  coefficient  of  con- 
ductivity of  the  metal  because  it  is  dry,  and  the  short 
time  allowed  to  heat  in,  the  amount  of  this  superheating 
is  very  small.  Leaky  valves  and  piston  rings  are  much 
more  liable  to  cause  trouble.  The  follov/ing  table  of 
\olumetric  efficiencies  with  no  clearance  and  with  4  to 
6  per  cent,  clearance,  and  the  horsepower  per  ton  of 
refrigeration,  will  be  of  interest : 

horsepower  per  ton  of  refrigeration 

Condenser 

Pressure                                 . Suction  Pressure  Lb.  Gage 

Lb.  Gage                                 5  10  IS             20  25  30 

145 2.02  1.69  1.40  1.26  1.11  0.90 

155 2.11  1.76  1.48  1.38  1.19  1.05 

165 2.21  1.85  1.57  1.41  1.25  1.13 

175 2.34  1.94  1.65  1.482  1.34  1.18 

185 2.48  2.03  1.75  1,57  1.40  1.27 

195 2.55  2.14  1.84  1.67  1.48  1.33 

205 2.69  2.24  1.91  1.75  1.55  1.40 

volumetric  efficiency  of  ammonia  compressors 

Condenser 

Pressure,  • Suction   Pressure  Lb.  Per   Sq.   In.   Gage . 

Lb.  Gage  0                   10                 20                 30                40 

A.  0.77              0.83              0.87              0.89              0.91 

120              15.  0.60              0.70              0.77              0.81              0.84 

C.  0.52              0.65              0.72              0.77              0.80 

A.  0.74  0.80  0.83  0.86  0.88 

160  B.  0.54  0.65  0.72  0.76  0.80 

C.  0.44  0.58  0.66  0.72  0.7S 

A.  0.71  0.77  0.81  0.84  0.86 

200  B.  0.49  0.61  0.68  0.72  0.75 

C.  0.37  0.52  0.62  0.67  0.71 

A,   No   clearance.      B,   4   per   cent     clearance.      C,    6   per   cent   clearance. 

Precautions  To  Observe  When  Operating 

Gatf  s  at  a  Dam 

By  L.  W.  Wyss 
If  for  any  reason  a  gate  is  thought  to  be  frozen 
fast  or  some  other  obstruction  prevents  its  free  opera- 
tion, it  is  well  to  try  it  by  hand  control,  unless  the 
operator  is  sure  that  he  can  handle  the  situation  with 
the  power  without  causing  any  damage.  Hoisting 
cables  or  chains  may  become  kinked  or  twisted.  In  a 
case  where  two  chains  or  cables  are  used  on  a  heavy 
gate,  this  may  strain  the  gate  if  the  twisted  cable  or 
chain  carries  the  full  weight,  or  the  cable  or  chain  may 
break,  leaving  the  weight  on  the  other  side,  which  may 
also  strain  the  gate.  These  kinks  or  twists  are  usually 
caused  by  unnecessary  slack  when  the  gate  is  resting 
at  the  bottom  of  its  travel,  so  it  is  well  to  avoid  this 
slack.  It  is  sometimes  advisable  to  att'^ch  spar?  r'-ia'-^^  o  ■ 
cables  to  gates  in  order  to  recover  them,  in  the  event 
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of  failure  of  the  regular  hoisting  chains  or  cables.  This 
..-1  easily  done  and  may  save  unnecessary  wasting  oi 
water,  or  lowering  the  head-water  elevation  in  order 
to  recover  the  gate.  When  chain  or  cable-operated  gates 
are  raised  to  do  such  work  as  painting  the  gate  or  re- 
placing gaskets,  the  workmen  should  not  depend  on  the 
operating  chains  or  cables,  if  their  breaking  would  re- 
sult in  accident  or  loss  of  life.  This  is  because  the 
chains  or  cables  may  have  been  strained  at  some  time 
and  therefore  cannot  be  considered  dependable.  Props, 
blocking  or  extra  cables  and  chains  will  assure  safety- 
first.  When  working  on  an  electrically  operated  gate, 
where  moving  of  the  gate  might  result  in  accident,  tag 
or  lock  the  motor  switch.  This  is  especially  important 
where  gates  are  controlled  from  a  distant  point.  Ice 
in  exposed  gear  wheels  may  damage  hoists  if  not 
chopped  out.  If  no  limit  switches  are  provided  on 
power-driven  gates,  the  operator  should  be  careful  to 
prevent  overtravel,  which  may  result  in  damage,  and  if 
limit  switches  are  provided  it  is  well  to  inspect  them 
occasionally. 

Advantage  must  be  taken  of  favorable  load  and  wa- 
ter conditions,  when  work  such  as  painting  or  replacing 
gaskets  on  gates  is  done.  If  a  waste  gate  must  be 
raised  wide  open,  it  should,  of  course,  be  done  when 
water  is  plentiful,  while  if  the  head  water  must  be 
lowered,  it  should  be  done  at  some  period  when  the 
least  inconvenience  will  result.  The  load  dispatchers 
of  the  larger  systems  usually  supervise  such  matters 
if  the  station  capacity  will  be  affected. 

Dams  built  on  soil  foundations  generally  require 
more  care  than  those  built  on  rock.  The  correct  super- 
vision of  wasting  water  may  help  considerably  to  pre- 
vent undermining  or  washing  out.  If  the  gates  are  all 
opened  uniformly  during  flood  periods,  it  will  often  be 
advantageous  in  preserving  the  dam.  Then,  again,  at 
some  dams  there  may  be  a  certain  section  of  gates  lo- 
cated so  that  if  the  flood  water  is  discharged  through 
them  it  will  result  in  a  minimum  of  eddies  or  whirl- 
pools ;  this  will  also  help  preserve  the  dam.  Dams  on 
soil  foundations  often  have  tumble  bays  for  the  waste 
gates  to  discharge  into,  to  relieve  the  concrete  of  wear 
as  well  as  to  prevent  eddies. 

The  reservoir  capacity  may  often  serve  to  relieve  the 
dams  from  discharging  the  peak  of  a  flood  by  wasting 
enough  water  in  advance  of  the  flood  peak  to  lower 
the  reservoir  elevation  and  then  let  the  peak  of  the 
flood  bring  the  head  back  to  normal.  At  some  dams  no 
advantage  will  be  gained  in  doing  this,  but  at  others 
excessive  floods  wash  away  banks  and  endanger  the 
dam  structure,  while  at  still  others  the  spillway  is  not 
cabable  of  discharging  the  peak  of  a  flood,  or  the  high 
tail  water  may  flood  the  power  house.  The  foregoing 
method  of  handling  a  flood  may  also  be  used  to  benefit 
a  downstream  dam,  such  cooperation  being  valuable  re- 
gardless of  whether  the  ownership  is  allied  or  not. 

Paper  Beltiog  Made  in  Germany 

During  the  latter  part  of  the  late  war  considerable 
was  published  in  the  newspapers  regarding  the  scarcity 
of  leather  and  rubber  in  Germany  and  of  how  the  people 
were  wearing  paper  clothing.  Probably  these  news- 
paper reports  were  not  exaggerated,  as  would  seem  to 
be  indicated  by  the  two  samples  of  belting  that  have  just 
been  received. 

In  Fig.  1  is  shown  a  sample  of  a  25^-in.  "Sackolin" 
belting,  34  iri-  thick.  It  came  from  Carl  Scheip. 
Cologne,  on  the  Rhine,  who  operates  a  supply  house 
and  carries,  among  other  commodities,  rubber  articles, 
transmission  belts,  etc.  This  belting  is  made  up  of  six 
plies  of  spun  woven  paper  fiber.  Two  plies  are  stitched 
together  and  the  thickness  of  the  finished  belt  depends 


upon  the  number  of  these  double  piies.  The  belt  shown 
in  the  sample  is  made  up  of  three  tv.o-ply  thicknesses 
as  shown.  One  side  is  blackened  and  is  the  driving 
side.  According  to  printed  instructions,  this  kind  of 
belt  will  tran.smit  but  60  per  cent  of  the  load  that  a 
leather  belt  of  the  same  thickness  and  width  will,  other 
conditions  being  the  same.     It  cannot  be  tightened  as 
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nmch  as  a  leather  belt,  and  the  instructions  state  that 
it  is  "absolutely"  necessary  to  apply  often  the  belt  dress- 
ing called  "Tush  Durch"  to  the  pulley  side  of  the  belt. 
The  belt  shown  in  Fig.  2  is  of  wire-link  construction 
surfaced  with  twisted  fiber  windings,  as  shown.  Each 
metal  link  is  made  of  one  piece  of  wire  and  bent  in  a 
continuous  l^^-i"-  1'"^.  i"  ^^is  instance,  forming  a  belt 
section  5j4  in-  wide.     Through  the  center  of  each  link 
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FIG.   2. 


BELT  CONSTRUCTED  OF  WIRE  LINKS  AND 
TWISTED   PAPER   FIBER 


section  is  passed  a  paper  strip  about  -jV  in.  thick  and 
^  in.  wide,  around  which  the  twisted  paper  fiber  is 
wound,  each  winding  coming  between  two  of  the  hnk 
windings.  The  various  link  sections  are  secured  together 
by  a  stiff  wire  passing  through  the  ends  of  the  loop 
formed  by  the  link  winding.  The  outer  end  is  bent  par- 
allel with  the  edge  of  the  belt  and  then  bent  over  the  fol- 
lowing tiepin,  thus  tying  the  belt  together.  The  paper 
windings  are  for  the  purpose  of  providing  a  beVer  non- 
slipping  sin-face  than  would  be  atforded  by  the  v/irc  itself. 
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Explanation  and  Measurement  of  Power  Factor 


By  victor  H.  TODD 


FIG.    1.     SWITCHBOARD- 
TYPE  POWER-FAC- 
TOR METER 


Power  factor  is  defined.  Why  volts  time's  am- 
peres are  not  always  the  watts  in  an  alternat- 
ing-current circuit,  the  effect  of  low  power 
factor,  and  the  actual  measurements  of  power 
factor  in  single-phase,  two-phase  and  three- 
phase  circuits  are  discussed. 


IN  a  direct-current  cir- 
cuit only  two  instru- 
ments are  required  to 
measure  the  volts,  am- 
peres and  watts.  A  volt- 
meter will  indicate  the 
electromotive  force  in 
volts,  an  ammeter  will 
give  the  current  in  am- 
peres, and  the  product  of 
the  two  readings  will  rep- 
resent the  watts.  In  an 
alternating  -  current  cir- 
cuit, however,  this  is  not 
always  true,  as  it  is  neces- 
sary to  multiply  the  product  of  the  volts  and  amperes 
by  another  number,  called  the  "power  factor,"  in  order 
to  determine  the  watts.  The  power  factor  may  vary 
from  0  to  1,  or,  since  it  is  often  expressed  in  per  cent, 
from  0  to  100  per  cent.  As  will  be  shown  later,  the 
values  between  0  and  1  may  be  known  as  lagging  or 
leading  power  factor. 

The  simplest  way  to  determine  the  power  factor  of 
a  load  is  by  the  use  of  a  power-factor  meter  such  as  is 
shown  in  Fig.  1.  This  gives  a  continuous  indication, 
reading  directly  in  per  cent,  power  factor.  It  shows  if 
the  power  is  positive  (from  generator  to  load)  by  indi- 
cating in  the  upper  half  of  the  scale,  and  negative  (load 
Ao  generator)  by  indicating  in  the  lower  half,  and  if 
the  current  is  lagging  or  leading  the  voltage.  In  other 
Avords,  if  the  alternator  is  supplying  power  to  the  sys- 
tem, the  instrument  will  read  the  power  factor  on  the 
■upper  scale,  but  if  the  alternator  is  taking  power  from 
•other  generators  on  the  system  and  operating  as  a  syn- 
chronous motor,  the  meter  will  indicate  the  power  fac- 
tor on  the  lower  scale.  A  power-factor  meter  of  the 
portable  type  is  shown  in  Fig.  2.  This  reads  from  40 
per  cent,  lag  to  50  per  cent,  lead  and  includes  all  the 
values  commonly  met  in  commercial  practice.  Power- 
factor  meters  may  be  had  to  operate  on  single-,  two- 
<ind  three-phase  circuits.  They  are  generally  wound 
for  5  amperes  in  the  current  coil  and  110  volts  on  the 
potential  coil,  and  therefore  require  current  and  po- 
tential transformers  on  circuits  above  these  ratings. 

To  illustrate  the  use  of  power  factor  in  the  calcula- 
tion of  watts,  assume  that  a  single-phase  induction 
motor  is  run  from  an  alternating-current  source,  with  in- 
struments connected  as  in  Fig,  3.  Assume  that  the  volt- 
meter reads  110,  the  ammeter  9  and  the  power-factor 
meter  0.80.  The  product  of  volts  and  amperes  is  110 
X  9  ^  990,  but  this  is  not  watts ;  it  is  called  "apparent 
watts"  or  "volt-amperes."  The  power-factor  meter 
indicates  that  the  true  watts  are  only  80  per  cent,  of  the 
apparent  watts ;  so  in  this  case  990  X  0.8  =  792  true 
watts,  or  simply  watts.  This  would  be  the  amount  in- 
dicated on  a  wattmeter.  In  dealing  with  quantities  of 
sufficient  magnitude,   the   units   used   are   the  kilowatt 


(1000  watts)  and  the  kilo  volt-ampere  (1000  volt-am- 
peres). 

As  is  well  known,  the  voltage  and  current  values  of 
alternating  current  are  continually  varying  between  0 
and  maximum.  If  the  current  and  voltage  waves  pass 
through  the  values  of  0  and  maximum  at  the  same  in- 
stants, they  are  said  to  be  "in  phase"  and  then  the  watts 
are  equal  to  the  volt-amperes.  This  condition  is  shown 
graphically  in  Fig.  4,  where  it  will  be  seen  that  the  cur- 
rent wave  coincides  with  the  voltage  wave  in  both  0  and 
maximum  values.  This  is  the  case  when  the  power  fac- 
tor is  IOC  per  cent,  or  unity.  Under  these  conditions  the 
watts  at  any  instant  are  proportional  to  the  product  of 
the  instantaneous  values  of  current  and  voltage  at  that 
instant. 

In  an  inductive  circuit,  the  current  change  does  not 
follow  the  change  in  voltage  instantly,  but  "lags"  be- 
hind the  voltage.  This  condition  is  shown  graphically 
in  Fig.  5,  where  the  full  line  represents  the  voltage,  and 
the  dotted  line  shows  the  current  lagging  60  deg.  behind 
the  voltage.  Now,  the  current  and  voltage  are  said  to 
be  "out  of  phase"  and  the  angle  of  phase  difference  is 
60  degrees.  It  will  be  noticed  that  there  are  now  con- 
ditions when  the  voltage  is  in  one  direction  and  the  cur- 
rent is  in  the  opposite  direction,  and  the  product  of  these 
instantaneous  values  gives  what  is  known  as  negative 
power.  Negative  power  may  be  considered  as  power 
that  has  been  delivered  to  the  load,  but  is  returned  un- 
used from  the  load  to  the  generators  or  transformers, 
consequently  does  no  useful  work  and  only  adds  so 
much  more  load  to  the  system.  Obviously,  this  is  the 
objection  to  low  power  factor;  it  is  uneconomical  and 
inefficient  to  transmit  a  certain  amount  of  power  with  its 
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PIG.   2.     PORTABLE-TYPE  POWER-FACTOR  METER 

attendant  losses  in  line  and  transformer,  and  then  re- 
turn a  part  unused.  The  excess  of  positive  power  over 
negative  power  appears  as  useful  energy  in  the  load ;  it 
is  the  true  wattage  as  indicated  or  recorded  by  a  watt- 
meter or  watt-hour  meter.  A  60-deg.  phase  angle  be- 
tween the  voltage  and  current  is  equivalent  to  a  50  per 
cent,  power  factor. 

In  a  circuit  that  acts  as  a  condenser,  the  current  leads 
the  voltage,  but  as  far  as  the  effect  of  power  factor  on 
the  relation  of  watts  and  volt-amperes  is  concerned,  the 
result  is  the  same  with  either  a  lagging  power  factor  or 
a  leading  power  factor. 

Induction  motors,  arc  lamps,  alternating-current  weld- 
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ing  outfits  and  furnaces  are  examples  of  inductive  cir- 
cuits ;  synchronous  motors  and  converters  operating  with 
their  fields  overexcited,  and  unloaded  high-tension  trans- 
mission lines  are  examples  of  condensive  circuits. 

Fig.  6  shows  graphically  the  condition  of  a  circuit 
when  the  current  lags  90  deg.  behind  the  voltage.    The 


If  it  takes  100  amperes  to  transmit  a  given  load  at  100 
per  cent,  power  factor,  then  it  will  take  200  amperes  to 
transmit  the  same  power  at  50  per  cent,  power  factor, 
the  voltage  remaining  the  same.  Consequently,  the 
generator,  transformers  and  lines  must  be  larger  to  carry 
this  increased  current  safely.     The  losses  are  greater 
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Fia.     3.       VOLTMETER,     AMMETER    AND     POWER-FACTOR 
METER  CONNECTED  IN  A  SINGLE- PHASE  CIRCUIT 

positive  power  is  now  equal  to  the  negative  power ;  that 
is,  the  power  is  being  returned  from  the  receiving  circuit 
as  fast  as  it  is  delivered.  This  condition  is  called  0 
power  factor.  In  this  case,  no  matter  how  much  the 
voltmeter  and  the  ammeter  may  read,  their  product  when 
multiplied  by  0  power  factor  will  give  0  watts.  For  in- 
stance, in  our  first  example.  Fig.  3,  if  the  power-factor 
meter  had  indicated  0,  then  110X9X0  =  0,  and  a 
wattmeter  or  watt-hour  meter  connected  in  circuit  would 
not  indicate  or  record  irrespective  of  what  the  voltmeter 
and  ammeter  might  indicate.  This  condition  is  seldom, 
if  ever,  encountered  in  commercial  work.     About  the 
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nearest  approach  is  in  the  case  of  an  induction  motor 
running  unloaded,  when  the  power  factor  may  drop  to 
15  or  20  per  cent.,  but  never  to  0.  There  must  always 
be  enough  excess  of  positive  over  negative  power  to 
supply  the  running  losses  in  the  machine,  consequently 
the  power  factor  can  never  drop  to  zero  in  an  induc- 
tion motor. 
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7.        VOLTMETER,      AMMETER      AND      WATTMETER 
CONNECTED  IN  A  SINGLE-PHASE  CIRCUIT 


in  the  generators,  transformers  and  lines,  since  the  heat- 
ing loss  is  proportional  to  the  square  of  the  current,  re- 
gardless of  whether  the  current  is  "in  phase"  or  "out  of 
phase"  with  the  main  voltage.  Still,  tlie  watt-hour  meter 
will  not  record  any  more  in  the  second  case  than  in  the 
first,  although  more  expensive  generating  and  trans- 
forming apparatus  is  required,  and  the  loss  is  much 
greater  in  delivering  the  power  in  the  second  case  than 
in  the  first.  Evidently  the  customer  who  uses  a  certain 
load  at  a  low  power  factor  should  pay  more  than  a  cus- 
tomer who  takes  the  same  load  it  a  high  power  factor. 
In  some  cases  power  companies  penalize  the  customer 
for  low  power  factor  by  charging  a  higher  rate  per 
kilowatt-hour,  the  rate  increasing  as  the  power  factor 
decreases.  In  some  cases  the  customer  is  given  a  bonus 
for  keeping  a  high  power  factor,  the  rate  per  kilowatt- 
hour  decreasing  as  the  power  factor  increases.  Another 
method  is  to  meter  the  active  volt-amperes  (watts)  and 
the  reactive  volt-amperes  (returned  watts)  and  charge 
a  separate  rate  for  each,  explaining  to  the  customer  that 
the  reading  of  the  reactive  volt-ampere-hour  meter  is 
waste  and  can  be  eliminated  by  a  proper  manipulatiori 
of  load. 

The  power  factor  is  equal  to  the  cosine  of  the  angle 
of  phase-difference  between  the  voltage  and  current.  In 
commercial  work  it  is  seldom  necessary  to  know  the  act- 
ual angle  of  phase-difference,  as  the  power  factor  can  be 
calculated  from  the  readings  of  a  voltmeter,  ammeter 
and  wattmeter  or  read  directly  from  a  power-factor 
meter,  such  as  shown  in  Fig.  1  or  Fig.  2.  Power-factor 
meters  have  the  advantage  of  indicating  if  the  current 
is  lagging  or  leading,  as  this  cannot  be  determined  from 
the  voltmeter,  ammeter  and  wattmeter  reading  method. 
The  following  paragraphs  give  the  methods  of  deter- 
mining the  power  factor  of  various  circuits : 

Single-Phase,  Two-Wire:  A  single-phase  power-fac- 
tor meter  coimected  as  in  Fig.  3  will  indicate  the  power 
factor  of  the  circuit.  If  the  voltage  or  the  current  is 
above  the  capacity  of  the  meter,  select  a  voltage  trans- 
former that  will  give  about  110  volts  on  the  secondary 
and  a  current  transformer  that  will  give  between  1.5 
and  5  amperes  secondary  on  normal  load.  If,  after  con- 
necting, the  pointer  indicates  in  the  lower  half  of  the 
s:cale,  reverse  the  potential-coil  connections.  In  Fig. 
3,  if  we  substitute  a  wattmeter  for  the  power-factor 
meter,  as  in  Fig  7,  it  will  indicate  the  true  watts.    Then 

_  ,  true  watts  zvattmeter  reading 

Power  factor  =    -— = — — ; — - 

apparent  watts  volts  X  amperes 

Assume  that  the  meters  in  Fig.  7  read  110  volts,  9 
amperes  and  792  watts.     Then  110X9  gives  990  ap- 
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parent  watts ;  and  792  divided  by  990  gives  0.8,  which  is 
80  per  cent,  power  factor. 

Single-Phase,  Three-Wire:  In  this  case,  a  three-wire 
current  transformer  should  be  used.  This  has  two  pri- 
maries and  one  secondary ;  a  primary  should  be  con- 
nected in  each  outside  wire  of  the  circuit,  and  the 
secondary  to  the  wattmeter  and  ammeter  or  the  power- 
factor  meter.  The  voltage  should  preferably  be  taken 
across  the  outside  wires.  The  connections  are  shown 
in  Fig.  8. 

Two-Phase,  Four- Wire :  The  power  factor  may  be 
taken  on  either  phase  ^vith  a  single-phase  power-factor 
meter,  or  by  the  voltmeter,  ammeter  and  wattmeter 
method  in  exactly  the  same  way  as  for  a  single-phase 
circuit.  If  the  load  is  balanced,  such  as  in  the  case  of  a 
two-phase  motor  load,  the  power  factor  may  be  meas- 
ured on  one  phase  and  assumed  to  be  the  same  on  the 
other.  If  the  load  is  unbalanced,  the  power  factor  must 
be  taken  separately  on  each  phase.  In  reporting  the 
[)0\ver  factor  of  an  unbalanced  two-phase  load,  it  is  pref- 


phase  power-factor  meter  is  preferable  to  hnd  the  power 
factor  in  this  case.  If  a  single-phase  meter  is  used,  it 
must  be  specially  calibrated  so  that  it  reads  100  per  cent, 
when  the  current  and  voltage  are  30  deg.  out  of  phase, 
because  in  a  three-phase  circuit,  the  current  in  each 
wire  is  30  deg.  out  of  phase  with  the  voltage  as  meas- 
ured between  that  wire  and  either  of  the  others,  at  100 
per  cent,  power  factor.  Two  single-phase  wattmeters 
may  be  used  to  calculate  the  power  factor,  and  two 
single-phase  watt-hour  meters  may  be  used  to  calculate 
ihe  average  power  factor  for  a  long  period  of  time;  a 
month  for  instance.  If  two  single-phase  watt-hour 
meters  are  connected  as  in  Fig.  11,  they  will  record  the 
total  load.  At  100  per  cent,  power  factor  both  meters 
will  record  equal  amounts,  but  as  the  power  factor  de- 
creases, one  meter  will  record  more  than  one-half  the 
load  and  the  other  less.  At  50  per  cent,  power  factor, 
one  meter  stops,  while  the  other  records  the  full  load. 
Below  50  per  cent,  power  factor,  one  runs  backward, 
Vvhile  the  other  records  more  than  full  load.     The  total 


Voltmeter      Ammeter 


Wattmeter 


5;  J, 


Single  Phase 
Motors 


=^    r 


=50 


Wattmeter 


FlO.a 


Three-Phoise 
Motor 


Q>  O 


Neutral 


FIG. 10 

FIGS.  8  TO  11 


FIG.  II 

INSTRUMENT  CONNECTION  ON   DIFFERENT    CLASSES    OF    CIRCUITS 


erable  to  state  the  power  factor  of  each  phase  rather  than 
attempt  to  strike  an  average.  A  two-phase  power-fac- 
tor meter  will  not  give  the  average  power  factor,  on  an 
im]:>alanced  circuit.  They  are  designed  for  use  on  bal- 
;!nced  loads  only. 

Two-Phase,  Three-Wire:  In  this  the  power  factor 
is  determined  in  a  simitar  manner  to  the  single-phase. 
Care  must  be  taken  that  the  current  coil  is  inserted  in  an 
outside  wire,  not  the  common,  and  that  the  voltage  is 
trd<en  between  that  wire  and  the  common,  not  across  the 
outsi(!e  wires.  The  proper  connections  are  shov/n  in 
Fig.  9. 

Three-Phase,  Four-Wire:  If  the  neutral  of  a  three- 
phase  circuit  is  available,  the  current  coil  may  be  con- 
nected in  one  line  and  the  voltage  taken  from  that  linje 
to  the  neutral.  This  applies  to  either  a  single-phase 
j)Ower-factor  meter,  or  the  voltmeter,  ammeter  and  watt- 
meter method.  The  connections  are  as  shown  in  Fig. 
10.  If  the  load  is  unbalanced,  it  is  necessary  to  install 
three  single-phase  power-factor  meters.  A  three-phase 
])Ower- factor  meter  will  not  record  the  average  power 
factor  of  an  unbalanced  three-phase  load. 

Three-Phase,    Three- Wire     (Balanced)  :      A    three- 


kilowatt-hours  consumption  is  the  algebraic  sum  of  the 
two  readings  in  any  case. 

The  power  factor  is  determined  by  locating  the  ratio 
of  the  smaller  to  the  larger  reading  on  the  curve  in  Fig. 
12.  The  negative  side  of  the  curve  is  for  power  factors 
below  50  per  cent,  and  the  positive  side  for  power  fac- 
tors above  50  per  cent.  Assume  that  the  two  watt-hour 
meters  in  Fig.  11  both  start  at  0000.  At  the  end  of  a 
laonth's  time  assume  the  reading  on  one  meter  to  be 
4000  kilowatt-hours  and  the  other  2400.  Their  sum 
would  be  6400  kilowatt-hours,  which  represents  the 
total  power  consumption.  The  ratio  of  the  smaller  to 
the  larger  reading  is  0.6,  that  is,  2400  -^  4000  =  0.6.  As 
both  readings  are  positive,  it  shows  that  the  average 
power  factor  has  been  above  50  per  cent.  Locating 
where  the  0.6  line  in  Fig.  12  is  crossed  by  the  curve,  we 
hnd  that  the  point  is  93  per  cent.,  which  represents  the 
average  for  the  month. 

At  the  end  of  the  next  month  assume  that  the  first 
meter  reads  6000  and  the  other  1900.  As  the  second 
meter  reads  less  than  before,  we  immediately  know  that 
it  was  running  backward  and  that  the  average  power 
factor  was  below  50  per  cent.    The  first  meter  recorded 
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6000  —  4000,  or  2000  kilowalt-hours,  and  the  other 
lecorded  1900  —  2400,  or  —500  kilowatt-hours.  The 
total  consumption  for  the  month  would  he  2000-  500, 
or  1500  kilowatt-hours.  The  ratio  of  the  smaller  con- 
sumption to  the  larger  is  —  500  -=-  2000  =  —  0  25.  Lo- 
cating, on  the  negative  side,  where  the  curve  crosses  the 
0.25  line,  we  find  that  the  average  power  factor  for  the 
month  has  been  0.34,  or  34  per  cent.  It  is  very  impor- 
tant that  this  method  be  used  only  on  balanced  loads,  as 
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lime  an  "apparent  voltammetcr"  which  will  indicate  this 
quantity  on  a  three-phase  circuit,  thus  requiring  only 
two  instruments  to  determine  the  power  factor,  and  its 
calculation  will  then  be  as  simple  as  for  a  single-phase 
circuit. 

New    Wh^'thr  Auxiliary  TulM-FIate 

Condenser 

It  was  recently  brought  uj)  at  a  meeting  of  marine 
engineers  that  many  of  the  ships  now  in  service  are  ex- 
periencing trouble  with  leaky  condensers.  These  leaks 
have  been  almost  invariably  traced  to  the  stufting-box 
between  the  tube  and  the  tube  plate.'  It  has  been 
found  that  in  spite  of  the  kind  of  packing  used,  some 
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an  unbalancing  of  the  load  produces  similar  efifects  to  a 
varying  power    factor. 

Three-Phase,  Unbalanced :  The  power  factor  of  an 
unbalanced  load  may  be  defined  as  the  ratio  of  the  true 
v/atts  to  the  apparent  watts ;  but  the  apparent  watts  is  a 
very  elastic  quantity.  The  most  favored  definition  is 
that  the  apparent  watts  is^he  sum  of  the  apparent  watts 
of  each  phase,  and  the  apparent  watts  of  each  phase  is 
the  product  of  the  amperes  in  a  wire  and  the  voltage  be- 
tween that  wire  and  an  artificial  neutral. 

To  measure  this  properly  requires  the  use  of  three 
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LOAD  AND  METER  CONNECTIONS  ON  AN    UNBALANCED  T^ 

CIRCUIT 


voltmeters,  three  ammeters  and  a  polyphase  wattmeter 
with  connections  as  in  Fig.  13.  The  formula  is  as  fol- 
lows : 

Average  pozver  factor  =      b  X  A  +  DX  C  ■^- F  X  E 

Assume  IV  =  1500,  A  =  5,  C  =  6,  E  =  7,  B  =  100, 
D  =  110,  and  F  =  120 ;  then  substituting  in  the  formuk.. 

1500 
Average  power  /«'^^^^-=(ioOX5)  +  (  110X6) +  (120X7) 
:=  0.75  or  75  per  cent. 
Owing  to  the  importance  of  the  measurement  of 
power  factor  in  a  three-phase  four-wire  unbalanced 
circuit,  which  is  the  most  commonly  met  case  in  com- 
mercial work,  there  is  being  developed  at  the  present 


CONDENSER    WITH    ATX!LTARY    TUBF:    PL.VTK 

leakage  is  practically  unavoidable  owing  to  the  expan- 
sion and  contraction  of  the  tube  with  temperature 
change. 

The  illustration  shows  a  new  type  of  condenser  de- 
veloped by  S.  Morris  Lillic,  and  manufactured  by  the 
Wheeler  Condenser  and  Engineering  Co.,  Cateret,  X.  J. 

This  condenser  is  used  chief- 
Iv  in  connection  with  salt  cir- 
culating water  on  board  ship 
or  in  regions  where  the  water 
that  is  used  for  circulating 
purpi.^ses  would  be  bad  f-jr 
boiler  feed  in  case  of  leakage 
into  the  condenser  and  conse- 
quent mingling  with  the  c<in- 
(1  en  sate. 

The   tubes   are   lightly    ex- 
Ijandcd    into    the    right-hand 
I  ibe    plate,    which    eliminates 
the   possibility   of   leakage   at 
this   end.     At   the   other   end 
the   tubes   are   provided    with 
the     standard     ferrules     and 
condenser      packings.       T  h  c 
packing  permits  the  tubes  to 
expand    freely   and   yet   maintains    an    almost    leakless 
joint.     Ic  is  therefore  at  the  left-hand  end   that  leak- 
age occurs,   if  at   all. 

At  the  left  end  of  this  new  condenser  a  thin  auxiliar}' 
tube  plate  or  baffle  is  provided,  through  which  all  the 
tubes  are  passed.  The  holes  in  this  plate  are  of  such 
size  as  to  make  a  sliding  fit  with  the  tubes.  It  is.  ob- 
viously, not  necessary  that  these  joints  be  watertight. 

In  case  of  leakage  of  circulating  water  ilirougli  the 
ferrules  and  packing,  such  leakage  immediately  drops 
to  the  bottom  of  the  compartment  between  the  two  tube 
plates,  and  is  then  carried  off  by  the  drain  shon  n  at 
the  bottom,  to  which  is  attached  cMher  a  small  direct- 
acting  condensate  pump  or  a  vacuum  trap. 
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Boiler-Room  Instrument  Boards 

The  necessity  of  having  measuring  devices  for  the 
purpose  of  controlling  processes  is  gaining  recognition, 
but  much  uncertainty  still  exists  as  to  the  benefits  de- 
rived therefrom.  Obviously,  mere  possession  of  meas- 
uring and  indicating  instruments  is  not  sufficient  to 
secure  economic  operation.  Neither  can  reading  and 
recording  the  indications  possibly  improve  the  oper- 
ating efficiency  unless  the  indications  are  understood, 
the  effect  on  the  results  interpreted,  and  steps  taken  to 
adjust  the  operating  conditions  in  accordance  with 
established  relations  between  conditions  and  effects. 
Unless  the  management  is  prepared  to  make  proper  use 
of  the  instrument  equipment,  the  investment  in  such  is 
of  doubtful  value. 

The  careful  and  thoughtful  use  made  of  instrument 
equipment  invariably  produces  quick  and  gratifying  re- 
sults.   A  report  of  one  of  the  power  supervisors  on  the 


BOILER-ROOM    INSTRUMENT   AND   CONTROL   BOARD 

The  board  serves  two  separate  boiler  rooms.  Two  recording 
steam-flow  meters  are  on  the  left,  and  each  serves  a  main 
header  in  each  boiler  room;  of  the  four  recording  thermometers, 
top  row,  there  are  two  for  each  boiler  room,  where  one  serves 
the  heater  and  one  the  economizer.  Below  are  six  indicating 
steam-flow  meters.  Under  this  row  a  three-in-one  draft  gage 
serves  all  boilers  by  means  of  selective  valves  operated  by  press- 
ing any  lever  of  tlie  group  under  the  gage.  The  pyrometer  along- 
side the  draft  gage  is  used  for  the  exit  gases  in  the  same  way. 
The  stoker  and  fan  speed  controls  are  shown. 

effect  of  the  installation  of  some  instruments  permitting 
him  to  control  more  accurately  the  operating  processes 
i.'^  interesting,  as  it  is  typical  of  all  such  cases. 

.  .  .  it  is  evident  that  in  the  four  months  preceding  the 
installation  of  a  boiler-control  board,  the  savings  on  fuel  due 
to  various  steps  taken  averaged  $435  per  month,  while  in  the 
four  months  following  the  installation  of  the  instruments  the 
savings,  computed  on  the  same  basis,  averaged  $1,135.  In 
other  words,  the  increased  saving,  due  solely  to  the  intelligent 
use  of  instruments  on  the  boiler-control  board,  was  $710  per 
month,  or  $8;620  on  the  annual  basis,  which  means  that  the 
expenditure  of  $2,080.46  for  instruments  of  the  board  is  an 
investment  which  in  this  case  yields  over  400  per  cent,  return. 

The  illustration  shows  the  boiler-room  instrument 
and  control  board  as  devised  by  Walter  N.  Polakov, 
the  well-known  consulting  engineer.  In  passing  it 
should  be  noted  that  the  plant  in  question  is  a  com- 
paratively small  mill  boiler  house  consuming  between 
150  and  200  tons  of  coal  per  week. 

The  next  question  that  comes  up  in  connection  with 
means  for  investigating  existing  operating  efficiency  and 


development  of  better  methods  is:  What  insLrument 
equipment  is  necessary  and  sufficient  for  the  purpose? 
Evidently,  it  is  not  possible  to  specify  a  set  of  instru- 
ments that  meet  the  requirements  of  any  plant.  The 
character  of  generating  equipment,  its  layout,  service 
conditions,  specific  problems,  etc.,  determine  actual  selec- 
tion. In  a  paper  before  the  1918  spring  meeting  of  the 
A.  S.  M.  E.,  Mr.  Polakov  said: 

While  the  generation  of  power,  and  more  specifically  of 
steam,  is  the  domain  of  the  scientifically  trained  engineer, 
power-plant  practice  is  conspicuous  by  the  lack  of  accurate 
measurement  of  conditions  and  results. 

Unless  the  results  obtained  are  known,  no  opinion 
as  to  perfection  of  operation  can  be  sound;  further- 
more, the  practice  is  necessarily  wasteful  unless  means 
are  available  to  observe  the  conditions  under  which 
the  process  is  performed.  All  instrument  equipment  of 
the  boiler  house  can  therefore  be  grouped  into  two 
classes:  (1)  Recording  the  results;  (2)  showing  the 
conditions. 

A  plant  of  which  it  is  not  known  how  many  pounds 
of  coal  are  used  per  thousand  pounds  of  steam,  how 
the  load  is  distributed  among  the  units  and  through- 
out the  day,  etc.,  wastes  fuel  by  necessity.  The  knowl- 
edge of  these  data  does  at  least  open  the  eyes  of  those 
responsible  for  its  success,  and  further  progress  is  there- 
by made  possible. 

The  first  group  of  boiler-room  instruments  thus 
comprises :  Quantity — Recording  coal  scales,  record- 
ing steam  or  water  meters,  coal  calorimeter  and  moist- 
ure scales,  feed-water  thermometers,  steam  pressure 
gage  and  thermometer. 

The  second  group  of  instruments  is  intended  to  direct 
the  processes  by  controlling  conditions:  Flow  indica- 
tors, draft  gages,  flue-gas  thermometers,  flue-gas  an- 
alyzers. 

Any  investment  in  instruments  is  a  pure  waste  of 
money  and  leads  to  demoralization  unless  means  are 
provided  for  training  men  in  their  proper  use,  stimu- 
lation of  men  in  their  proper  use,  and  complete,  exact 
and  continuous  recording.  The  location  and  arrange- 
ment of  instruments  shall  be  such  as  to  permit  simul- 
taneous readings  and  their  comparison,  permit  plain 
view  of  units  from  instrument  board  and  reverse,  af- 
ford the  opportunity  to  use  one  instrument  for  diverse 
units,  eliminate  unnecessary  fatigue  of  observing  scat- 
tered instruments,  and  assure  ease  and  simplicity  for 
testing. 

These  requirements  are  combined  in  the  type  of  in- 
strument boards  shown  herewith.  A  fallacy  of  econ- 
omizing on  instrument  equipment  or  ignorant  attetnpts 
to  select  only  "the  most  important"  ones  has  only  one 
rival  in  absurdity — the  tendency  of  installing  instruments 
without  giving  the  employees  the  opportunity  to  use 
them  to  advantage.  Obviously,  the  operating  men  have 
no  time,  no  ability  for  research  work  and  little  induce- 
ment to  carry  out  investigations,  standardization  meth- 
ods and  set  tasks.  It  should  be  the  duty,  therefore,  of 
the  management  to  render  them  necessary  training  and 
to  assume  responsibility  for  results. 


The  Bhakra  Dam,  which  it  is  proposed  to  build  across 
the  Sutlej  River,  India,  in  the  Bhakra  Gorge,  about  forty 
miles  above  Rupar,  the  headworks  of  the  existing  Sir- 
hind  Canal,  will  be,  says  the  Madras  Mail,  395  ft.  high 
from  foundation  level  to  roadway,  and  will  be  the  high- 
est dam  in  the  world.  The  depth  of  water  in  front  of 
the  dam  will  be  about  375  ft.,  good  rock  for  the  founda- 
tion having  been  found  near  the  surface.  The  length 
of  the  top  of  the  dam  will  be  1,015  ft.  The  water  to 
be  stored  by  the  dam  in  the  month  of  August  annually 
will  be  2^/2  million  foot-acres. 
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Preventing  vs.  Correcting 
Low  Power  Factor 

NUMEROUS  surveys  of  industrial  alternating-cur- 
rent power  loads  have  found  power  factors  as  low 
as  forty-hve  per  cent  and  with  sixty-five  per  cent  as  a 
common  value.  Under  such  conditions  the  voltage  regu- 
lation is  most  seriously  affected,  owing  to  the  excessive 
line  drop  and  also  to  the  demagnetizing  effect  of  the 
lagging  current  upon  the  alternator  field  poles.  Poor 
voltage  regulation  at  the  motors  in  all  cases  causes  a  re- 
duction in  production  and  not  infrequently  also  lowers 
the  quality  of  the  product.  Therefore,  it  is  desirable 
that  the  voltage  be  maintained  as  constant  as  good  engi- 
neering dictates,  consequently  the  power  factor  of  the 
load  must  be  maintained  at  a  fairly  high  value. 

When  the  operating  engineer  considers  improving  the 
power  factor  of  the  system  in  his  charge,  he  has  two  di- 
rections in  which  to  turn  his  attention — the  preventing 
of  poor  power  factor  and  the  correcting  of  it.  Either 
one  or  a  combination  of  both  may  be  the  solution  of  the 
problem.  The  prevention  of  low  power  factor  is  ob- 
tained by  the  proper  application  of  motors,  while  power- 
factor  correction  is  brought  about  by  the  use  of  correct- 
ive means  such  as  synchronous  machines  used  under 
various  conditions,  or  by  the  installation  of  static  con- 
densers. One  of  the  most  serious  causes  of  low  power 
factor  is  over-motoring,  and  it  has  been  well  established 
by  many  power-load  survey's  that  a  large  percentage  of 
our  industrial  plants  are  over-motored.  Over-motoring 
in  the  past  has  no  doubt  been  due  largely  to  the  lack  of 
reliable  data  on  the  power  requirements  for  different 
classes  of  industrial  machinery,  and  motors  were  installed 
that  would  be  sure  to  do  the  work,  which  in  general  were 
anywhere  from  twenty-five  to  fifty  per  cent  too  large. 
However,  reliable  data  on  power  requirements  have  now 
been  obtained  on  most  standard  industrial  machinery,  and 
in  these  cases  there  is  no  engineering  reason  why  such 
machinery,  when  driven  individually,  should  not  be 
properly  motored.  Where  machines  are  driven  in  groups 
the  problem  takes  on  a  different  aspect.  If  the  motor 
has  capacity  sufficient  to  drive  all  the  machines  in  the 
group,  which  it  must  have  in  most  cases,  and  if  at  times 
only  a  small  portion  of  the  machines  are  operated,  the 
motor  will  be  operating  under-loaded.  Then  if  the 
motor  is  of  the  induction  type,  it  will  be  operating  at  a 
low  power  factor.  Here  is  probably  one  of  the  best 
arguments  for  the  use  of  synchronous  motors,  when 
they  can  be  properly  applied,  on  group  drives,  li  only 
unity  power-factor  motors  are  installed,  they  wall,  at  full 
load,  operate  at  one  hundred  per  cent  power  factor,  and 
even  under  this  condition  help  to  improve  the  power 
factor  of  the  industrial  load.  If  the  load  is  reduced  on 
the  motor,  it  will  then  begin  to  supply  to  the  system  a 
leading  current  that  will  help  improve  the  power  factor 
of  the  inductive  load.  Where  the  power  factor  of  the 
average  induction  motor  drops  to  about  sixty-five  per 
cent  lagging  at  forty  per  cent  load,  that  of  a  unity  power- 
factor  synchronous  motor  drops  to  fifty  per  cent  leading, 
the  latter  a  very  desirable  feature  in  most  power  sys- 
tems. 

Before  power-factor  corrective  means  are  adopted, 
every  effort  should  be  made  to  prevent  low  power  fac- 


tor, by  having  the  motors  properly  applied.  Where 
motors  of  too  large  capacity  have  been  installed,  a  power 
survey  will  frequently  indicate  how  they  can  be  ex- 
changed so  that  they  can  be  more  nearly  loaded  to  their 
full  capacity ;  especially  is  this  true  where  extensions  are 
being  made  to  the  plant.  Only  after  this  has  been  done, 
or  it  is  estrblished  that  the  low  power  factor  cannot  be 
prevented  economically  by  a  rearrangement  of  the  mo- 
tors, should  corrective  means  be  applied.  Although  the 
application  of  synchronous  motors  or  static  condensers 
will  improve  the  power  factor  of  the  system  as  a  whole, 
they  do  not  prevent  under-loaded  induction  motors  from 
operating  at  low  efficiency  and  low  power  factor,  both 
of  which  increase  power  costs. 

A  National  Society 
of  Engineers 

rHnHERE  is  every  likelihood  of  the  formation  in  the 
X  early  future  of  a  broad  national  society  which  shall 
mobilize  the  engineers  of  the  country  in  order  that  the 
engineering  and  allied  technical  professions  may  be- 
come a  more  active  national  force  in  economic,  indus- 
trial and  civic  affairs. 

The  progressive  element  in  the  four  great  professional 
societies  began  to  question,  under  the  spur  of  criticism, 
whether  organized  action  of  engineers  of  all  kinds  for 
the  public  good  and  their  own  welfare  could  not  be  car- 
ried to  a  greater  length  than  these  specialized,  exclusive 
and  professional  bodies  were  able  or  ready  to  go. 

A  Committee  on  Aims  and  Organization  was  ap- 
pointed by  the  Mechanical,  and  Committees  on  Develop- 
ment by  the  Civil,  Electrical  and  Mining  engineers,  out 
of  which  grew  a  Joint  Conference  Committee  composed 
of  representatives  of  the  four  societies  named.  This 
Joint  Conference  Committee  recommended  the  forma- 
tion of  a  single  comprehensive  organization,  the  pur- 
pose of  which  should  be  "to  further  the  public  welfare 
wherever  technical  knowledge  and  training  are  involved, 
and  to  consider  all  matters  of  common  concern  to  these 
professions." 

This  great  national  organization  of  engineers  is  to  be 
built  from  the  bottom  up,  the  plan  being  to  organize  a 
large  number  of  local  societies  to  which  anybody  who  has 
legitimate  interest  in  engineering  may  belong,  and  to 
tie  these  together  in  a  nation  d  body,  or  federation,  made 
up  of  representatives  from  the  local  bodies  and  from 
the  professional  and  regional  societies  which  are  too 
large  to  be  classed  as  locals.  The  relation  of  these  so- 
cieties, like  the  American  Society  of  Civil  Engineers,  the 
American  Institute  of  Electrical  Engineers,  the  Institute 
of  Mining  and  Metallurgical  Engineers,  and  the  Ameri- 
can Society  of  Mechanical  Engineers,  to  t;he  larger 
organization  should  logically  be  the  same  as  though  that 
more  heterogeneous  organization  had  been  formed  first, 
and  the  specialized  and  exclusive  institutes  and  societies 
crystallized  out  of  it;  but  previous  existence  gives  the 
present  societier  opportunities  that  will  make  their  rela- 
tions to  the  larger  body  more  parental  than  filial.  It 
should  be  through  the  activities  of  their  local  sections 
and  affiliates  that  the  constituent  locals  are  incited  into 
being  and  nurtured  through  their  formative  stages.  They 
may  need  to  finance  the   National  Association   in  its 
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early  stages,  although  a  moderate  per  capita  tax  upon 
the  upward  of  one  hundred  thousand  professional  and 
semi-professional  engineers  available  as  members  ought 
to  provide  ample  funds  for  ordinary  activities. 

For  the  first  time  in  history  the  governing  boards  of 
the  Four  Founder  Societies,  as  they  are  called,  met  in 
joint  session  on  Friday,  January  twenty-third,  approved 
the  recommendations  of  the  Joint  Conference  Commit- 
tee and  authorized  that  committee  to  proceed  to  bring 
the  national  organization  which  it  recommended  into 
being.  The  next  day  the  Council  of  the  American  So- 
ciety of  Mechanical  Engineers  approved  and  adopted  the 
report  of  the  Joint  Conference  Committee,  authorized 
the  society's  representatives  on  the  Joint  Conference 
Committee  to  take  the  necessary  steps  to  carry  out  the 
recommendations  of  the  report  and  voted  a  generous 
appropriation  for  the  use  of  the  committee.  The  Civil 
and  the  Electrical  engineering  societies  have  already  dis- 
cussed the  report  in  open  meeting,  and  the  Institute  of 
Mining  and  Metallurgical  Engineers  is  to  discuss  it  in 
February. 

All  of  the  Four  Founder  Societies  appear  to  be  com- 
mitted to  the  adoption  and  carrying  out  of  the  recom- 
mendation of  the  Joint  Conference  Committee  for  a 
National  Organization,  by  the  unanimous  joint  action 
of  their  governing  boards  on  January  twenty-third.  This 
joint  meeting  of  its  four  parent  societies  was  called  by 
Eiigineering  Council,  which  was  begotten  by  the  civil, 
mechanical,  electrical  and  mining  societies  out  of  United 
Engineering  Society,  which,  being  simply  a  holding 
C(jmpany  concerned  with  the  administration  of  the  build- 
ir:gs  and  property  owned  in  common  by  the  constituent 
societies,  was  not  thought  to  be  competent  to  undertake 
those  activities,  which  appeared  to  belong  to  or  to  afford 
opportunities  to  engineers  collectively  rather  than  to 
any  particular  society.  Council  proved  a  precocious  off- 
sprir^,  and  before  its  parents  realized  what  it  was  up 
to  had  committed  them  to  a  debt  of  twenty-five  thousand 
dollars  and  laid  out  a  program  for  the  coming  year 
which  it  would  cost  sixty  thousand  dollars  to  carry  out. 
The  family  consultation  was  to  increase  its  allowance  or 
curtail  its  activities. 

The  ultimate  effect  of  the  action  of  the  meeting  upon 
the  fate  of  Council  cannot  be  foretold.  As  a  medium 
for  impressing  the  engineer  upon  current  happenings, 
for  obtaining  recognition  of  the  profession  and  organ- 
izing opportunities  for  its  greater  service,  the  larger, 
more  democratic  organization  appears  to  offer  the 
greater  advantages.  There  may  still  be  some  functions 
that  the  more  rigidly  professional  societies  can  better 
exercise  in  common  through  Council. 

There  is  already  in  process  of  organization  an  engi- 
neering society  upon  the  broad,  democratic,  inclusive 
plan  under  discussion — the  American  Association  of 
Engineers.  In  a  comparatively  short  time  it  has  ac- 
quired a  membership  of  over  ten  thousand.  It  deals 
with  the  human  as  well  as  the  technical  side  of  the  pro- 
fession. Its  chapters  are  widely  distributed  geograph- 
ically. 

If  it  were  so  persuasive  and  convincing  as  to 
join  the  whole  engineering  profession  and  craft  under 
itr  banner,  it  would  be  the  big  national  society  toward 
v/hich  we  are  all  looking.  What  will  be  the  effect  of  the 
new  movement  upon  its  growth  and  fate?  Will  it  join 
the  other  societies  in  encouraging  the  members  of  its 
local  chapters  to  join  the  community  groups  and  through' 
them  the  rival  national  organization,  even  though  such 
a  course  imperils  its  own  existence?  It  has  already  in- 
vited the  co5peration  of  the  older  societies  in  a  way  that 
indicates  that  it  is  willing  to  do  its  part  in  the  evolution 
of  the  large  idea  and  the  carrying  out  of  the  larger 
purpose. 


Watch  the  Diesel 

SELDOM  has  there  been  assembled  on  this  side  of 
the  Atlantic  so  many  recognized  Diesel-engine  ex- 
perts as  were  seen  at  the  recent  meeting  of  the  Society 
of  Automotive  Engineers  in  Philadelphia.  That  the  dis- 
cussion lasted  over  four  hours  is  an  indication  of  the 
thought  being  given  to  the  subject,  and  it  is  quite  evi- 
dent that  engineers  are  fully  alive  to  the  possibilities 
of  the  oil  engine  for  certain  classes  of  service  and  that 
much  may  be  expected  in  the  near  future.  Although  the 
meeting  brought  out  differences  of  opinion  as  to.  details, 
there  was  general  agreement  on  the  more  important 
points.  For  instance,  it  was  conceded  that  for  some 
time  at  least  the  field  for  the  marine  Diesel  will  lie  in 
its  application  to  cargo  vessels  up  to  a  maximum  of 
twelve  or  thirteen  thousand  tons  with  speeds  up  to  about 
fourteen  knots.  The  popular  size  of  units  will  be  from 
one  thousand  to  fifteen  hundred  horsepower,  although 
where  necessary  they  will  be  built  up  to  twenty-five  hun- 
dred or  three  thousand  horsepower  for  the  larger  ships. 
The  four-cycle  engine  now  predominates,  although  it 
was  prophesied  that  American  designers,  profiting  by 
the  mistakes  and  experiences  of  European  builders,  were 
on  the  way  to  overcoming  certain  features  that  caused 
trouble  with  the  two-cycle  type  for  marine  service  and 
that  ultimately  this  type  would  come  into  its  own. 

It  seems,  also,  the  consensus  of  opinion  that  the  aux- 
iliaries should  be  independently  driven. 

War  conditions  gave  a  big  impetus  to  the  oil-fired 
marine  boiler  and  geared  turbine  drive.  Competition 
between  this  combination  and  the  Diesel  will  be  watched 
with  interest.  While  the  war  was  on  ships  were  needed 
in  a  hurry ;  there  were  a  number  of  firms  in  a  position  to 
turn  out  geared  turbine  sets  in  large  quantity ;  there  was 
no  time  for  experiment  or  development.  Besides,  the 
limited  capacity  of  our  Diesel-engine  builders  was  taxed 
to  equip  submarines.  But  now  that  condition  no  longer 
obtains  and  the  Diesel  builders  are  going  after  the  mer- 
cantile business. 

On  a  fuel-economy  basis  the  Diesel  will  have  an  ad- 
vantage at  the  start,  and  although  it  may  now  be  at  a 
slight  disadvantage  as  regards  first  cost  in  some  in- 
stances, this  will  disappear  when  standardization  and 
quantity  production  have  been  effected.  But  it  is  not  on 
fuel  economy  alone  that  the  decision  will  be  made ;  it  is 
the  greater  radius  of  action  and  increased  cargo-carry- 
ing capacity  afforded  by  the  Diesel  installations  that  will 
be  determining  factors. 

But  not  alone  in  the  marine  field  are  we  witnessing 
growth  of  the  oil  engine.  In  the  stationary  field  for 
mines  and  isolated  stations  in  the  South  and  Southwest, 
for  oil-line  pumping  and  irrigation  work,  and  for  many 
light  and  power  plants  of  limited  size  in  certain  sec- 
tions one  notes  increased  use  of  this  type  of  prime 
mover. 

For  land  service  consideration  is  being  given  also  to 
the  two-cycle  engine  and  efforts  are  being  made  to  in- 
crease the  efficiency  to  that  of  the  four-cycle  engine.  By 
reducing  the  excess  quantity  of  air  for  scavenging  and 
lowering  the  pressure  on  this  air  a  small  advance  has 
been  made,  bringing  the  efficiency  within  five  or  six  per 
cent  of  that  possible  in  the  four-cycle  engine.  In  either 
type  an  outstanding  feature  is  the  sustained  economy 
ever  wide  ranges  of  load. 


It  is  gratifying  to  note  that  the  governor  of  Oregon 
has  signed  the  bill  which  places  that  state  in  line  with 
the  thirteen  other  progressive  states  that  have  adopted 
the  Boiler  Code  of  the  American  Society  of  Mechanical 
Engineers. 


I-ebruary   10,   1920 
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Field  Winding  in  Opposition  Caused 
Motor  to  Flash  Over 

It  is  always  advisable  to  take  nothing  for  granted 
when  investigating  trouble  on  motors  or  their  control 
equipment,  as  the  following  example  will  show : 

A  3-hp.  direct-current  25O-V0lt  compound-wound 
motor  operating  a  paper  cutter  began  to  flash  over  be- 
tween the  brushes  on  the  commutator,  at  the  same  time 
blowing  the  fuse.  It  was  decided  that  the  motor's  field 
was  weak,  but  on  making  a  drop  test  with  a  voltmeter 
across  each  coil,  they  all  gave  an  equal  reading.  On 
examination  the  commutator  showed  signs  of  high  mica, 
as  it  had  the  usual  dark  streaky  marks  found  under 
this  condition.  Since  this  has  frequently  caused  flash- 
ing, especially  when  a  motor  is  overloaded,  or  when  ac- 
celerated too  quickly,  the  mica  was  undercut  with  a  file, 
the  commutator  sandpapered,  and  the  brush  position 
checked,  the  latter  being  found  to  be  correct.  This  re- 
duced the  sparking  when  the  machine  was  running  light, 
but  on  taking  a  cut  with  the  machine,  out  went  the  fuses 
again. 

The  indications  were  that  the  motor  was  overloaded; 
so,  in  order  to  test  it,  the  belt  was  taken  ofif  and  an 
ammeter  placed  in  the  circuit.    Holding  a  plank  against 


o"---"o„ 


Shunt 


FIG.   1.    COMPOUND-WOUND  MOTOR  SERIES-  AND  SHUNT- 
FIELD   WINDING   IN    OPPOSITION 

the  pulley  as  a  brake,  th.e  motor  showed  no  signs  of  dis- 
tress at  10  amperes,  which  was  the  full-load  current. 
At  16  amperes  the  sparking  was  considerable  but  not 
excessive,  and  the  flash  over  did  not  occur  until  about  28 
amperes  had  been  registered  on  the  meter,  representing 
an  overload  of  about  180  per  cent.  With  the  cutter  in 
operation  the  results  were  similar ;  running  light  the  cur- 
rent taken  by  the  motor  was  about  6  amperes,  but  on 


making  a  cut  with  the  machine  the  current  quickly  in- 
creased to  about  30  amperes,   when   the   commutator 
flashed  over  and  blew  the  fuses  before  the  cut  was  fin 
ished. 

After  spending  considerable  time  in  trying  to  find 
some  irregularity  in  the  cutter  to  cause  the  trouble,  it 
was  decided  that  probably  the  series-field  windings  of 
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FIG.   2.    COMPOUND-WOUND  MOTOR  SERIES- 
FIELD  WINDING  ASSISTING 


AND  SHUNT- 


the  motor  were  connected  in  opposition  to  the  shunt- 
field  coils,  as  in  Fig.  1.  On  making  the  change,  as  in 
Fig.  2,  the  results  were  satisfactory.  The  current  was 
reduced  to  24  amperes  on  taking  the  cut,  and  the  motor 
stood  up  to  this  momentary  overload  without  undue 
sparking  at  the  brushes.  H.  Wilson. 

Toronto,  Ont.,  Canada. 

[For  a  compound-wound  motor,  with  the  series-  and 
shunt-field  windings  connected  in  opposition,  not  to  flash 
over  until  subjected  to  a  loO  per  cent,  overload,  it  must 
have  a  very  small  percentage  of  compounding. — Editor.] 

Capacity  of  Steam   Pipe   with 
Superheated  Steam 

At  a  large  pulp  mill  the  temperature  of  the  steam 
was  originally  600  deg.  F.  at  the  point  where  it  is  used 
in  the  pulp  digesters.  The  pressure  in  the  boiler  house 
averaged  120  lb.  gage,  and  in  the  digester  house  105  lb. 
By  decreasing  the  heating  surface  of  the  superheater, 
the  steani  temperature  was  reduced  to  400  dog.  F.  The 
digesters  now  ^ake  the  same  total  quantity  of  heat,  al- 
though the  actual  weight  of  steam  consumed  is,  no 
doubt,  greater. 

I  figured  that  the  friction  loss  would  be  less  using  the 
less  superheated  steam,  but  actually  this  docs  not  seem  to 
be  the  case.  One  pound  of  the  600-deg.  steam  will 
occupy  more  space  than  the  same  weight  at  400  deg.,  but 
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of  course  more  of  the  latter  is  required.  As  the  re- 
sult of  my  calculation  of  the  friction  losses  in  each 
case,  I  came  to  the  conclusion  that  20  per  cent,  less  pres- 
sure drop  should  be  expected  after  the  superheater 
tubes  had  been  shortened. 

The  size  of  the  steam  pipe  is  10  in.,  extra-heavy,  the 
total  length  being  600  ft.,  with  two  globe  valves.  There 
are  no  elbows  or  other  fittings  to  restrict  the  flow.  The 
weight  of  steam  conveyed  by  this  pipe  was  70,000  lb.  at 
the  600-deg.  temperature.  The  pressures  given  were 
taken  on  the  10-in.  pipe,  and  the  drop  in  the  superheaters 
is  not  considered. 

Perhaps  some  readers  of  Power  will  throw  some  light 
on  this  subject.  B.  A.  Remol. 

Hawkesbury,  Canada. 

Non-Upsetting  Torch 

The  torch  shown  in  the  sketch  is  made  from  a  piece 
of  pipe,  any  size,  threaded  and  bent  as  shown,  capped 
at  one  end  and  an  elbow  and  nipple  screwed  on  the 
other  end. 

Before  the  cap  and  elbow  are  screwed  on,  cotton 
wicking   is    entered   by   means    of    a   wire   and   pulled 


TORCH  THAT  WILL  NOT  UPSET 

through  the  pipe  until  the  tail  end  is  about  as  shown. 
The  projecting  end  is  pulled  through  the  elbow  and 
nipple  before  it  is  screwed  on.  Oil  is  put  in  at  the 
end  B  and  the  end  capped. 

It  is  impossible  to  upset  the  torch,  it  is  easily  car- 
ried, and  it  can  be  hung  up  by  the  hook. 

Portsmouth,  Ont.,  Canada.  James  E.  Noble. 

That  ^^Woman  and  Machine"  Problem 

I  have  read  the  letter  of  Jessie  E.  Minor,  page  514,  of 
the  Sept.  23,  1919,  issue,  and  also  the  article  in  the  Aug. 
26  issue,  in  which  the  statement  was  made  that  certain 
work  could  be  done  by  a  woman  and  a  machine,  etc.,  but 
T  got  an  entirely  different  impression  from  the  one  ex- 
pressed by  the  woman  chemist.  Having  had  charge  of 
a  manufacturing  department  employing  about  75  men 
and  boys  and  50  women  and  girls  for  several  years,  this 
statement  was  to  me  merely  an  expression  of  the  classi- 
fication of  the  work — an  expression  of  fitness  and  not 
at  all  an  exclamation  of  the  simplicity  of  the  work  or 
the  inferiority  of  women  workers. 


In  our  regular  routine  work,  if  a  new  operation  came 
up,  we  would  classify  it  with  a  simple  statement :  "Give 
it  to  a  20-cent  girl,"  meaning  that,  in  our  estimation,  a 
girl  who  was  capable  of  earning  20  cents  an  hour  at 
other  work  was  capable  of  doing  the  work  in  question. 
I  would  say  just  as  quickly,  "This  work  can  be  done  by 
a  20-cent  man"  or  "That  job  should  be  given  to  a  50- 
cent  woman." 

It  is  obvious  that  each  person  has  work  for  which  they 
are  particularly  adapted,  and  each  class  has  its  particu- 
lar class  of  work.  For  instance,  inspecting  steel  ball 
bearings  is  a  girl's  work.  It  is  light,  easily  learned,  and 
would  be  monotonous  to  most  men  and  boys.  Still,  it  is 
important.  Most  girls  like  a  job  which  is  easily  learned 
and  which  repeats  itself  continually ;  its  monotony  never 
seems  to  pall,  and  they  resent  any  change  or  transfer  to 
new  work,  often  taking  it  that  the  reason  is  unsatisfac- 
tory worl:  and  never  thinking  that  the  "boss"  thinks 
they  may  be  getting  tired  of  its  monotony. 

Then,  on  the  other  hand,  straightening  cores  or  rivet- 
ing bases  of  autometers  is  work  much  less  important  and 
is  just  as  monotonous ;  but  it  is  best  done  by  a  man  or 
boy,  because  it  involves  the  use  of  a  hammer  and  this 
extra  physical  labor  seems  to  offset  the  monotony. 
Punch-press  work  is  usually  adapted  to  men  and  boys, 
but  if  we  had  a  punching  job  of  light  work  requiring 
accuracy  and  cleanliness — for  instance,  fiber  bushings 
— we  would  say,  "This  can  be  done  by  a  woman,"  mean- 
ing that  a  woman  could  do  it  better  than  it  could  be 
done  by  a  man  or  boy. 

I  recall  one  specific  instance :  On  one  operation  we  had 
a  number  of  refractory  girls  whom  the  man  in  charge 
could  not  control.  After  we  had  warned  him  several 
times  that  his  girls  were  not  up  to  standard  in  behavior 
or  in  quality  or  quantity  of  work,  I  remember  saying, 
"That  job  will  take  a  woman,"  and  consequently  we 
made  the  change  with  surprising  results.  I  could  go 
on  naming  many  operations,  some  requiring  initiative, 
some  skill,  some  accuracy,  some  reliability,  some  ex- 
perience, all  being  held  by  women  workers  with  wages 
on  a  par  with  those  of  the  men,  as  we  always  worked  on 
the  basis,  "equal  wages  for  equal  work,"  with  a  result 
that  much  of  our  work  was  done  by  women  and  girls 
receiving  greater  remuneration  and  doing  more  impor- 
tant work  than  many  of  our  men. 

Orange,  N.  J.  Victor  H.  Todd. 

Why  Does  the  Water  Lift  When 
the  Safety  Valve  Blows? 

The  letters  about  water  lifting  in  the  boiler  remind 
me  of  an  experience  v/ith  a  boiler  using  a  water  con- 
taining a  high  percentage  of  magnesia.  Popping  of 
the  safety  valve  or  a  sudden  increase  of  load  would 
start  the  water  to  foaming  violently  and  it  would  hump 
up  under  the  safety  valve  and  then  level  down  and  re- 
peat until  the  water  lowered  four  or  five  inches  in  as 
many  minutes. 

We  know  it  did  this,  because  we  would  open  the  sur- 
face blowofif  on  the  back  end  of  the  boiler.  At  the 
same  time  the  water  went  out  of  sight  in  the  glass,  the 
skimmer  at  the  rear  would  blow  steam ;  and  when  the 
water  came  back  in  the  glass,  the  skimmer  would  blow 
water. 

It  required  quick  work  to  keep  enough  water  to  pre- 
vent pulling  the  fire.  We  kept  a  couple  of  wheelbarrow 
loads  of  wet  ashes  handy,  and  when  the  foaming  started 
some  of  it  would  be  dumped  on  the  fire.  We  finally 
overcame  the  trouble.  It  was  good  water  in  one  way,  as 
it  formed  no  scale.  J.  O.  Benefiel. 

Anderson,  Ind. 
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Measuring  Small  Stack   Velocities 

I  see  from  the  article  entitled  "Experiments  on  Stack 
Performances,"  in  Power,  Sept.  16,  page  464,  that  the 
problem  of  measuring  small  gas  velocities  in  a  stack  is 
still  open  for  solution.  From  experiments  it  was  found 
that  a  vane  placed  perpendicular  to  the  flow  produces 
eddies  and  pulsations,  thereby  preventing  good  results. 

I  suggest  to  place  a  vane  in  the  direction  of  the  flow, 
the  vane  to  be  pivoted  and  provided  with  a  counter- 


VANE  FOR  MEASURING  STACK  GAS  VELOCITIES 

weight  to  keep  it  stable  in  a  horizontal  position.  Such 
a  vane  will  offer  scarcely  any  resistance  to  the  flow  of 
gas.  If  there  is  no  flow  of  gas  around  the  vane  in  the 
direction  of  the  arrow,  it  will  take  a  certain  amount  of 
energy  to  move  the  vane  from  its  horizontal  position  to, 
say,  about  five  degrees. 

If  the  vane  is  placed  in  a  current  of  gas,  it  will  take 
more  energy  to  move  it  the  same  angle  from  the  hori- 
zontal, and  the  energy  required  will  increase  with  the 
flow  of  gas.  Knowing  the  energy  required  will  make 
a  solution  of  the  velocity  possible.  O.  Janzen. 

Half  Way  Tree,  Jamaica,  B.  W.  I. 

When  Strikes  Come 

Mr.  Speaker,  Honored  Legislators  and  all  the  Lobby- 
ists within  the  reach  of  my  voice,  I  rise  to  interrogate: 
Just  where  does  labor  leave  off  and  capital  begin  ?  Who 
looks  after  the  rights  of  the  disorganized  you-an'-me 
proletariats  in  between.  I  belong  to  the  Majority  Party 
of  the  Men-Who-Pay-the-Bills,  and  I  am  getting  sore 
on  languid  labor  and  corpulent  capital.  I  don't  wear 
overalls  and  haven't  a  silk  hat!  I  can't  afford  to  own 
a  yacht,  and  I  can't  afford  to  go  on  a  strike,  although  I 
have  worked  hard  for  twenty  years. 

I  have  a  family  and  I  am  more  or  less  respectable.  I 
pay  my  bills  on  the  first  of, the  month,  likewise  I  pay 
town,  state  and  national  taxes.  I  have  never  been  con- 
fined in  a  jail  or  in  any  institution  supported  by  public 
funds.  I  am  American  born,  with  all  the  rights  of  citi- 
zenship, including  protection — especially  protection  at 
home.  I  want  to  know  what  the  Government  of  the 
U.  S.  A.,  apart  from  political  "necessities,"  offers  as  a 
permanent  and  orderly  cure  for  these  periodic  eruptions 
of  strikes.  If  capital  is  to  blame,  what's  the  remedy? 
If  labor  is  to  blame,  what's  the  remedy? 

Or  is  the  whole  system  rotten  ?  Does  the  one  squeeze 
•  he  other  when  the  opportunity  comes,  just  because  he 
can  ?  I'm  only  the  Man-Who-Pays-the-Bills.  Yet  I  know 


my  group  of  men  is  larger  ihan  the  other  two  groups 
combined.  I  also  know  I'm  the  season-after-season- 
goat  and  I  want  to  ask,  "Does  this  Government  know 
I'm  the  goat  and  what  are  you  going  to  do  about  it?" 

A  bunch  of  boomers  get  a  hold  on  the  natural  water 
resources  and  overcapitalize;  I  pay  twice  for  water. 
That's  capital.  When  the  weather  turns  cold,  some 
coal  miners  in  Pennsylvania  or  Colorado  decide  to  strike 
— I  don't  know  what  for — and  there  isn't  any  coal  and 
my  baby  gets  the  croup  and  nearly  dies.  That's  labor. 
•  I'm  not  jealous  of  what  they  get,  but  I  think  I  ought 
to  get  something  besides  the  honor  of  paying  the  bills 
and  suffering  the  inconveniences. 

I  want  to  know  when  this  Government,  conceived  in 
liberty,  will  give  me  a  chance  to  plan  my  life  just  a  little 
bit  on  a  permanent  basis.  I  can't  strike  for  a  raise  in 
pay — I  have  to  deserve  it.  I  haven't  accumulated  capi- 
tal enough  to  live  on  without  work,  and  I  want  to  know 
sure  what  the  price  of  eggs  will  be  tomorrow  morning. 

You  know  who  I  am.  I'm  the  Average  Man.  I  earn 
more  than  $1,300  a  year,  but  not  much  more.  I  spend 
my  salary  for  sane  and  sensible  living.  I  have  ambitions 
for  my  boy  and  girl,  maybe  a  college  education,  and 
about  every  thirty  days  these  two  highwaymen,  capital 
and  labor,  come  along  and  hold  me  up !  Whichever  one 
wins,  I  lose,  and  I  want  a  basis. 

I  say  economic  theories  are  all  hunkydory,  but  a  lit- 
tle common  sense  added  ain't  so  bad  at  that !  I  say  sym- 
pathy is  all  right  until  we  develop  professional  sym- 
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pathy  grabbers.  I  say  that  tl>:  unions  are  all  right  until 
they  become  offensive  instead  of  defensive. 

I  send  my  wife  and  kids  on  a  vacation.  Before  the 
vacation  is  half  over  I  have  to  wire  them  to  rush  back 
because  there  is  going  to  be  a  railroad  strike.  Their 
good  time  is  spoiled  because  they  might  be  injured  on 
the  way  back,  maybe  with  a  brick  or  a  derailment.  I 
have  to  spend  $100  to  go  to  meet  them.  One  hundred 
dollars — the  price  of  a  winter  suit  and  a  pair  of  socks. 
Why?  Because  this  country  knows  how  to  organize  a 
strike,  but  not  how  to  disorganize  one. 

And  that's  my  kick,  gentlemen.  I  want  to  know  what 
3'ou  are  going  to  'lo  for  us  fellows  who  own  the  cottages 
and  the  Fords  and  who  don't  belong  to  the  unions  and 
don't  wear  overalls  and  don't  own  any  banks.  We  buy 
what  labor  makes  with  capital's  profit  tacked  on,  an'  I 
want  to  know  where  we  get  a  square  deal. 

Rome,  Ga.  C.  V.  Young. 
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Loose   Bolts  Causetl  Induction 
Motor   to  Hum 

It  is  not  very  often  that  peculiarities  develop  in  a 
motor  from  mechanical  derangements,  which  to  all  ap- 
pearances seems  to  indicate  that  the  electrical  system  is 
at  fault.  When  such  conditions  develop,  they  are  not 
always  apparent  at  first,  sometimes  requiring  an  exten- 
sive investigation. 

A  440-volt  three-phase  induction  motor  driving  an 
air  compressor  gave  trouble  due  to  blowing  its  fuses. 
The  line  to  the  motor  ran  through  conduit  and  was  tested 
and  found  to  be  free  from  grounds.  Next,  the  winding 
was  inspected,  the  insulation  found  to  be  in  poor  con- 
dition, and  it  was  decided  to  have  the  motor  rewound. 
A  potential  of  600  volts  was  applied  between  the  wind- 
ing and  frame,  which  punctured  the  insulation  in  a 
number  of  places.  After  the  motor  was  wound  and 
placed  in  service  again,  it  ran  for  about  a  week,  when  it 
developed  a  loud  hum.  It  was  taken  apart  again,  and 
It  was  found  that  the  end  shield  bolts  on  both  ends  were 
not  as  tight  as  they  should  have  been,  but  no  attention 
was  paid  to  this  until  the  winding  was  inspected  and 
found  to  be  in  first-class  condition.  Assembling  the 
motor  and  tightening  the  end  shields  proved  that  the 
hum  was  due  to  the  loose  bolts.  C.  R.  Behringer. 

Greenville,  Penn. 

National  Engineers'  License  Law 

I  have  read  with  interest  the  many  discussions  in 
engineers'  magazines  on  the  subject  of  engineers'  license 
laws,  and  I  wish  to  say  a  few  words  as  one  who  holds  an 
engineer's  license  in  Massachusetts.  I  have  become  con- 
vinced that  it  would  be  advisable  to  have  a  law  through- 
out the  land  making  it  necessary  for  all  power-plant 
workers  to  pass  an  examination  and  obtain  licenses 
graded  according  to  their  knowledge  and  ability.  I  in- 
clude power-plant  workers,  because  I  do  not  believe  the 
law  should  include  only  engineers  and  firemen,  for  there 
is  practically  as  much  reason  why  operators  of  gas  en- 
gines and  hydro-electric  plants  should  also  be  licensed. 
Of  course,  laborers  and  helpers  should  be  allowed  to 
work  without  a  license,  or  they  would  have  no  practical 
way  to  get  enough  elementary  knowleds^e  to  secure  one. 

I  started  as  hundreds  of  engineers  have,  firing  in  a 
steam  sawmill,  and  worked  my  way  up  to  larger  plants. 
In  some  cases  I  had  to  wheel  my  own  coal,  fire,  run  the 
engine  and  do  my  own  repair  work  and  all  that  goes  with 
the  care  and  operation  of  a  steam  plant.  In  one  case 
I  fired  four  boilers  and  did  all  the  work  enumerated 
except  wheeling  the  coal.  I  tell  of  these  things  to  show 
conditions  as  I  have  found  them  in  states  where  there 
are  no  standards  of  efficiency  for  engineers,  and  the 
same  conditions  exist  in  that  plant  today  and  in  many 
others  of  which  I  know. 

I  held  that  job  a  couple  of  years  and  then  worked 
along  to  a  bigger  plant,  and  so  on  until  I  became  chief 
in  a  good-sized  plant.  I  have  held  some  fairly  good 
positions  in  that  capacity,  but  I  was  always  more  or  less 
dissatisfied,  owmg  to  the  fact  that  anyone  who  chose 
to  call  himself  an  engineer  could  be  one,  and  if  I  tried 
to  get  the  pay  I  deserved  I  was  usually  told  that,  while 
my  work  was  satisfactory,  there  was  someone  who 
would  take  the  job  as  it  was.  As  a  lot  of  plant  owners 
never  realize  the  difference  between  one  engineer  and 
another,  there  isn't  much  chance  for  an  argument  in 
such  a  case,  and  about  all  there  is  to  do  is  move  along. 

I  finally  decided  to  go  to  Massachusetts  and  see  if 
conditions  were  not  better  there.  Upon  finding  a  good 
location,  I  put  in  an  application   for  a  license,  but  I 


didn't  get  a  first  and  found  that  I  was  lucky  t^^  get  a  sec- 
ond, for  while  I  thought  I  had  been  studious  and  observ- 
ing, there  was  really  very  little  I  knew  well  enough  to 
be  sure  of,  and  no  apologies  are  accepted  by  the  board  of 
examiners. 

I  am  glad  that  I  came  to  a  license  state,  for  I  found 
how  little  I  knew  compared  with  what  I  had  supposed  I 
did.  I  also  discovered  that  the  time  I  had  spent  work- 
ing in  states  where  there  were  no  license  laws  was  about 
half  wasted.  The  real  trouble  in  my  case  before  coming 
here  was  the  same  as  in  a  lot  of  similar  ones — there  was 
no  real  incentive  for  me  to  get  right  down  to  the  very 
bottom  of  things  and  find  why  they  were  thus  and  so,  , 
and  I  had  therefore  neglected  to  do  so.  When  I  went  : 
up  before  a  board  composed  of  men  who  knew  their 
business  I  was  simply  stuck  and  was  ashamed  that  I 
had  claimed  to  know  enough  to  apply  for  a  license. 

The  only  ones  who  are  opposed  to  the  license  laws  in 
this  staiC  are  those  who  haven't  been  able  to  get  a  license 
as  big  as  they  think  they  ought  to  have,  and  also  a  cer- 
tain class  of  plant  owners  who  are  afraid  that  the  time 
is  coming  when  they  will  have  to  pay  power-plant  oper- 
atives what  they  are  worth. 

It  is  the  engineers'  own  fault  to  a  great  ctxent,  for  had 
they  stuck  together  as  they  should  have  done  and  helped 
one  another  to  get  a  better  education  by  belonging  to  an 
association  founded  upon  the  right  principles,  there 
would  be  a  different  state  of  affairs  in  the  engineers' 
world  today  and  every  state  would  have  a  license  law 
and  the  country  would  not  be  overrun  with  those  who 
will  work  for  what  is  offered  them  for  the  sake  of  being 
called  engineers. 

Unionism  will  bring  about  the  desired  conditions,  but 
not  the  kind  of  unionism  that  most  people  think  is  going 
to  do  it,  for  there  is  not  enough  of  the  educational  idea 
written  into  the  constitutions  of  the  labor  organizations 
in  this  country,  and  there  is  not  enough  Americanism 
either,  but  there  is  a  tendency  for  inefficient  men  to 
flock  into  the  unions  and  lean  on  those  who  are  efficient.' 
I  am  a  member  of  the  N.  A.  S.  E  and  am  a  firm  be- 
liever in  the  principles  of  the  organization,  and  it  is  due 
to  the  efforts  of  that  organization  that  we  have  an 
engineers'  license  law  in  this  state.  I  believe  that  if 
every  power-plant  operative  would  join  we  would  ac- 
complish more  for  the  benefit  of  our  trade  in  a  few 
years,  by  education  and  legislation,  than  has  been  accom- 
plished by  any  means  in  the  past.  There  is  nothing  in 
the  constitution  of  the  association  that  prevents  a  mem- 
ber from  belonging  to  a  labor  union  or  that  prevents  a 
union  man  from  joining  the  association,  so  there  is  no 
reason  why  they  should  not  get  together  and  work  as  a 
unit  for  the  betterment  of  all  concerned. 

There  are  those  who  may  be  opposed  to  an  engineers' 
license  law  because  they  doubt  their  ability  to  secure  a 
license,  but  a  provision  could  be  made  the  same  as  that 
which  was  made  in  this  state  when  the  license  law  was 
passed,  which  allowed  a  man  who  had  for  a  certain  length 
of  time  successfully  operated  a  plant  that  was  rated  as 
first-class  to  receive  a  first-class  license,  and  so  on  down 
to  the  firemen.  While  this  law  did  not  have  all  the  desired 
effect  at  once,  it  kept  outsiders  away  and  soon  began  to 
raise  the  plane  of  education  among  engineers  and  fire- 
men, and  at  the  present  time  the  laws  are  much  more 
rigid  and  a  man  has  to  pass  a  better  examination  to 
get  a  license  now  than  at  ha^^  tinie. 

Let  us  as  engineers  and  firemen  work  toward  the 
enactment  of  a  National  engineers'  license  law,  which 
will  be  the  greatest  step  we  could  take  toward  better 
educated  men  of  our  trade,  which  will  raise  our  standing 
and  lead  to  better  wages  and  conditions. 
Webster,  Mass.  Llewelyn  M.  Reed. 
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INQUIRIES 

OF  GENERAL 

INTEREST 


Height  of  Settings  for  Return-Tubular  Boilers — How 
high  above  the  grates  should  two  72-in.  x  18-ft.  return-tubular 
boilers  be  set  to  secure  the  best  combustion?  E.G. 

The  most  perfect  combustion  would  be  attained  with  the 
boiler  set  so  high  above  the  grates  that  they  would  absorb  no 
heat  from  the  fires  during  the  process  of  combustion.  But 
with  an  ordinary  return-tubular  boiler  setting,  the  greater  the 
height  the  greater  the  loss  of  heat  from  the  side  walls  and  less 
benefit  from  absorption  of  heat  by  direct  radiation  from  the 
fire  to  the  under  side  of  the  shelL  For  average  fuel  and  hand- 
firing,  the  best  over-all  fuel  economy  usually  is  obtained  for 
72-in.  boilers  when  set  30  to  36  in.  above  the  grates. 


Setting  Piston  Clearance  of  Compressor — In  which  end 
jf  the  cylinder  of  an  ammonia  compressor  should  the  piston 
rod  be  set  to  give  greater  amount  of  piston  clearance? 

M.   J.    U. 

The  end  of  the  cylinder  that  should  have  the  piston  set  with 
a  greater  amount  of  piston  clearance  depends  on  the  design 
of  the  connecting-rod.  If  taking  up  the  connecting-rod  brasses 
tends  to  lengthen  the  rod,  the  piston  should  be  set  in  the 
crosshead  so  there  will  be  a  greater  piston  clearance  in  the 
head  end  of  the  cylinder;  and  if  taking  up  tends  to  shorten 
the  connecting-rod,  the  piston  should  be  set  with  greater  pis- 
'on  clearance  in  the  crank  end  of  the  cylinder. 


Lame  Running  of  Duplex  Pump — What  causes  a  duplex 
pump  to  rtm  lame,  and  how  can  the  fault  be  remedied? 

W.  L.  G. 

If,  after  the  valves  have  been  set,  the  pump  runs  "lame," 
showing  an  inequality  in  the  length  or  time  of  the  strokes,  it 
may  be  because  the  resistances  of  the  water  cylinders  are  dif- 
ferent. They  should  be  examined  for  leaky  water  valves,  and 
right  packing  of  pistons  and  stuffing-boxes.  If  the  pump  con- 
tinues to  run  lame  after  such  faults  have  been  corrected,  the 
lost  motion  of  the  valves  must  be  readjusted  for  obtaining  the 
desired  equality  of  strokes,  bearing  in  mind  that  reducing  the 
lost  motion  obtains  more  throw  of  the  valve  and  provides 
vider  steam  and  exhaust  openings. 


Velocity  Acquired  by  Drop  of  Elevator  Cage — If  an 
elevator  cage  weighing  4,000  lb.  should  drop  ISO  ft.,  at  what 
speed  in  feet  per  second  would  it  be  traveling  and  how  long 
would  it  take  to  fall?  J.  A.  C. 

The  velocity  of  a  body  freely  falling  in  vacuo  and  the  time 
required  to  fall  are  independent  of  the  weight  of  the  body. 
The  velocity  freely  falling  in  vacuo  is  given  by  the  formula 
V  =  V  2gh,  where  v  =  the  velocity  acquired  in  feet  per  second ; 
g  =  the  acceleration  of  gravity,  usually  taken  as  32.2,  and  in 
freely  falling  in  vacuo  from  a  height  of  150  ft.  the  velocity 
would  be 

v=  V2X32.2X  150  =  98.3  ft.  per  sec. 

If  ^  =  the  number  of  seconds  in  falling,  then  the  time  oc- 
cupied   falling   freely   in   vacuo   is   given   by  the   formula 

h 

or  when  h  =  ISO  ft.,  the  time  would  be 


t  = 


'Ag' 


150 


=  3  sec. 


\  16.1 
The  velocity  acquired  by  an  elevator  cage  dropping  would 


be  less  and  the  time  required  would  be  greater  than  falling 
in  vacuo,  depending  on  the  frictional  resistance  of.  the  guide,' 
and  resistance  of  the  air. 


Testing  Quality  of  Steam  with  Separating  Calorimeter — 

For  determining  the  quality  of  steam  with  a  separating  calori- 
meter, the  graduated  glass  gage  showed  that  the  amount  of 
water  collected  was  0.21  lb.,  and  during  the  same  time  there 
was  2  lb.  3  oz.  of  condensate  added  to  the  condensing  water 
What  was  the  quality  of  the  steam?  A.  N.  F. 

Where  IV  represents  the  weight  of  water  that  the  calorimeter 
separates  from  the  steam,  and  IVi  represents  the  weight  of 
dry  steam  condensed  after  separation,  then  the  total  weight 
of  steam  tested  would  be  H^  +  IVi,  and  the  quality  q,  or  dry- 
ness, would  be  given  by  the  formula 
_  IV. 
^~   IV -^W, 

In  the  example,  Wi  =  2  lb.  3  oz.,  or  2t%  lb.  =  2.1875  lb.,  and 
W  =  0.21  lb.,  and  by  substitution  the  quality  is  found  to  be 
2.1875 


0.21  +  2.1875 


=^^0.912,  or  about  91  per  cent. 


Open  Connection  in  Transformer  Bank — Three  single- 
phase  transformers  arc  connected  delta  as  in  the  figure  and 
are  supplying  a  load  of  three-phase  induction  motors.     If  one 


-X 


1 ♦ * 


UmJ    UmiJ   iDopo. 
(w^   r(X56(n   ow^ 


To     Motor      Load 

of  the  connections  between  the  transformers  became  open  as  at 
X,  what  effect  would  ^t  have  on  the  operation  of  the  motors? 

E.  M.  W. 

With  an  open-circuit  at  X  transformer  B  ^  ill  be  cut  out  of 
circuit  and  transformers  A  and  C  will  be  connected  in  open 
delta.  Transformers  A  and  C  will  then  be  capable  of  supplying 
only  58  per  cent,  of  the  normal  capacity  of  the  three  transform- 
eis;  that  is,  if  the  bank  of  three  units  has  a  capaf-ity  of  100 
kv.-a.,  two  of  them  connected  open  delta  will  only  have  a  ca- 
pacity of  58  lc;.-a.  A.s  far  as  the  operation  of  -the  motors  is 
concerned,  it  will  be  about  the  same  with  the  open-delta  con- 
nection as  with  the  closed-delta.  However,  if  the  three  trans- 
formers were  operating  near  full  load  before  the  open  oc- 
curred, then  the  two  transformers  operating  open  delta  will  be 
overloaded  and  it  will  be  necessary  to  shut  some  of  the  motors 
down  to  relieve  the  overload  until  the  defect  is  repaired. 
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Excerpts  From  Elevator  Safety  Orders 
State  of  California 

By  EDWARD  A.    SMITH 

Mechanical  Engineer,  Otis  Elevator  Co.,  New  York,  N.  Y. 


1-^  XCERPTS  from  elevator  laws  of  the  State  of  California 
i  for  power-driven  passenger,  freight  and  sidewalk  ele- 
-J  vators,  effective  Oct.  1,  1916;  revised  Apr.  1,  1918.  For 
all  elevators  in  the  state  except  private  houses  and  United 
States  Government  buildings.  The  excerpts  are  from  the  laws 
pertaining  to  both  existing  and  future  installations.  Where 
the  law  is  for  future  installations  only,  it  is  not  quoted  except 
where  noted. 

Load:  Passenger— Passenger  capacity  limited  to  2ia  sq.ft. 
per  person,  provided  this  does  not  exceed  load  capacity. 

Speed:  Passenger— Not  to  exceed  600  ft.  per  min.,  except 
express  elevators  running  80  ft.  or  more  without  a  stop,  may 
run  800  ft.  per  min.  (First  stop  80  ft.  and  local  above). 
Freight— Same  a?  passenger,  except  without  a  regular  operator 
limited  to  100  ft.  per  min.,  but  does  not  apply  to  operatorless, 
push-button  or  outside  switch  control. 

Safeties  and  Governors:  Passenger— Over  150  ft.  per  min. 
gradual-operating  type  safety  with  speed  governor  at  top  of 
hatchway  to  trip  at  40  per  cent  above  normal  up  to  and 
including  550  ft.  per  min;  above  550  ft.  per  min.  trip  30  per 
cent  above  normal.  Speed  to  be  stamped  on  governor;  150  ft. 
per  min.  or  under,  instantaneous,  or  roll  safeties  with  gover- 
nor. Future  governor  to  be  equipped  with  device  for  cutting 
off  current  for  electric  machines  300  ft.  per  min.  or  over.  No 
safety  required  on  existing  elevators  rise  12  ft.  or  less.  In- 
stantaneous broken-rope  safeties  to  be  provided  on  counter- 
weight located  over  passageway  or  vault.  All  future  safeties 
to  be  under  platform  and  between  safety  plank.  Safety  drums 
to  have  twice  as  much  rope  as  required  to  operate.  Governor 
ropes  to  have  tension  frames.  Safe-lift  elevators  to  have  lock- 
ing device.  No  safeties  permitted  on  plunger  elevators. 
Freight— Same  as  passenger  except  broken-rope  safeties  al- 
lowed for  15  ft.  rise  or  less. 

Car  enclosures  and  platforms  and  slings:  Passenger— Grille 
covered  with  %-m.  wire  mesh.  No.  16  gage  on  outside.     En- 
closure to  be   bolted   or   screwed  to  car  floors  also  bolted   to 
sling.     Existing  grille  tops  to  be  made  solid  or  covered^  with 
^-in.    screen   No.    18  gage.     Two   openings   in   car   maximum 
number  allowed,  with  gate  farthest  from  operator  under  opera- 
tor's control   (hydraulic  elevator).     For  electric  elevators  gate 
contact  or  other  eqnal  device  required;  no  gate  is  required  for 
single  opening  car  except  push-button.     No  vertical  compart- 
ments permitted,  but  two  horizontal  permitted  with  access  to 
hatch  through  one  only.     Over-all  dimension  of  vertical  guide 
shoes  to  be  not  less  than  one-half  largest  car  dimension  except 
plunger  elevators.     No  mirrors  or  glass  permitted  in  car  con- 
struction,  except   for  covers   for  annunciators,  lamps  or  over 
certificates  and  36  sq.in.  maximum  mirror  for  operators.     Cars 
to  be  lighted.     Threshold  light  recommended  but  not  required. 
Push-button   elevator   gates   at    all    openings   with   contacts   on 
future  gates  3   in.  maximum   between  vertical   bars;    alternate 
bars  to  act  as  guides.    Future  clearance  between  car  and  sill  or 
gate,  or  door,  minimum  }i  in.,  maximum  VA  in.,  minimum  be- 
tween any  other  part  1/2  in.     If  impractical  to  maintain  15^  in. 
maximum,   semiautomatic  gates  must  be   furnished  on  landing 
or  gate  on  car  with  contact.    Freight— Wood  or  metal  6  ft.  high 
on  unused  sides,  solid  or  open  2-in.  mesh.     None  required  on 
uncounterbalanced    plunger    cars    rise    one    floor.      Opening    in 
side  of  car  enclosure  permitted  for  hand  rope.     No  gates  re- 
quired.    Tops   of  cars  to  be  wire  1-in.  mesh  No.  12  gage  or 
other  construction  of  equal  strength.     Cut  back  not  more  than 
6  in.  from  sill  at  entrance  and  hinged  not  less  than  18  in.     Car 
tops  not  required   for   following  conditions:     (1)    Where  trap 
doors    are   used :    (2)    where    semiautomatic    gates    extend    to 
floor,  except  at  lowest  floor;    (3)    where  hatchway  doors  are 
provided  opening   from  shaft  side  only  and  are  kept  closed; 
(4)   uncounterbalanced  plunger  elevator;    (5)    elevators  whose 
platforms  exceed  96  sq.ft.,  except  that  hinged  screens  must  be 


provided  4  ft.  back  and  extend  across  entrance.  No  mirrors 
or  glass  permitted  except  for  covers  for  annunciator,  lights 
or  certificates  and  a  36-sq.in.  mirror  for  operator.  No  vertical 
compartment  permitted,  but  two  horizontal  compartments  per- 
mitted with  access  to  hatch  through  one  only.  Car  to  be 
lighted.  Over-all  dimension  of  vertical  guide  shoes  to  be 
not  less  than  one-half  largest  car  dimension,  except  plunger 
elevator.  Minimum  clearance  54  in.  between  sill  and  car,  or 
gate,  or  door,  1^  in.  maximum.  Minimum  between  any  other 
parts,  Ij^  in.  If  impractical  to  maintain  1%  in.  maximum, 
semiautomatic  gates  must  be  furnished  on  landing  or  gate  on 
platform  with  contact.  Sidewalk — No  enclosure  required.  No 
light  required.  Bow  irons  required  or  some  automatic  means 
of  stopping  car  in  case  sidewalk  doors  refuse  to  open. 

Control :  Passenger  and  Freight — Centering  device  required 
where  hand  rope  is  on  opposite  sides  of  hatchway.  Electric 
car  switches  to  be  self-centering.  Push-button  must  have 
emergency  stop,  also  switch  control.  Car  switches  or  levers 
made  to  operate  alike  where  two  or  more  elevators  are  in- 
stalled. Sidewalk — Centering  ropes  not  required  on  hand  ropes, 
otherwise  same  as  passenger  and  freight. 

Hatchway  gates:  Passenger — Not  permitted.  Freight  and 
sidewalk — Gates  or  doors  to  be  furnished  at  all  hatch  openings. 
Semiautomatic  wood  or  metal  gate  to  stand  250  lb.  at  any  point 
without  springing  or  binding,  5  ft.  6  in.  high,  6  in.  under- 
clearance,  3-in.  space  between  vertical  members  or  wire  mesh. 
Where  future  hand-rope  operation  an  opening  3  ft.  long  and 

5  in.  wide  to  be  provided  in  5-ft.  6-in.  gates  only.     Gates  3  ft. 

6  in.  high  permitted,  if  above  impractical  due  to  bad  conditions, 
at  discretion  of  commissioner,  provided  telltale  chains  or  ropes 
4  ft.  long  and  5  in.  apart  on  platform  are  furnished.  Gates 
to  begin  to  close  before  car  moves  one  foot.  Double-blade 
gates  permitted  only  if  solid  panels  are  furnished  or  panels 
are  covered  with  fine  wire  mesh.  Full-automatic  gates  per- 
mitted at  terminal  landings  only  and  5  ft.  6  in.  high.  Manually 
operated  gates  to  have  contacts.  Horizontal  folding  gate  not 
permitted  except  at  discretion  of  commissioner.  Gate  counter- 
weight to  be  boxed  in  or  run  in  guides  to  be  closed  at  bottom 
to  prevent  counterweight  from  falling. 

Ropes :  Passenger — Iron  or  steel  permitted.  Steel  ropes  to 
be  labeled,  "Use  steel  cables  only"  on  metal  plate  on  crosshead 
and  top  counterweight.  Metal  tags  on  all  ropes  giving  date 
of  installation,  at  crosshead  and  counterweight.  Factor  of 
safety,  8  manufacturer's  list.  Future  minimum  size,  ^  in. 
Future  drum  machines,  2  ropes  to  a  car  and  each  counterweight 
lJ/2  turns  on  drum.  Future  traction  machines  require  4  ropes; 
2  ropes  on  progressive-groove  traction  machines.  Future  hy- 
draulic machines,  4  ropes  and  2  counterweights.  No  splicing 
of  hoist  or  counterweight  cables.  Governor  ropes  must  be 
iron  or  steel  H  in.  minimum  diameter  over  150  ft.  per  min. 
car  speed.  Manilla  or  hemp,  150  ft.  per  min.  or  under,  §^  in. 
minimum  diameter.  Ropes  to  drum  must  be  clamped  or  have 
tampered  sockets  inside  drum.  Ropes  in  socket  may  be  fas- 
tened by  "turned  in  method,"  "turned  out  method"  or  "straight 
method."  Hand  ropes  to  be  metal  tiller  J/2  in.  diameter,  with 
electro-mechanical  brake  ^  in.  permitted.  Counterweight  ropes 
passing  through  an  upper  counterweight  to  be  protected  from 
injury.  Freight — Same  as  passenger  except  factor  of  safety 
of  6  permitted.  Future  traction  freight  elevators  not  limited 
to  four  ropes  if  speed  is  150  ft.  per  min.  or  under.  Future 
hydraulic  freight  elevators,  2  hoisting  and  2  counterweight 
ropes.  Sidewalk — Same  as  freight  except  not  limited  to  mini- 
mum size  of  J/2  in.     Chains  not  permitted. 

Equalizers :  Passenger  and  Freight — Must  be  used  on  car 
and  counterweight  where  overhead  drum  machines  are  used, 
when  grooved  right  and  left  hand. 

Grating:  Passenger  and  Freight — Substantial  grating  2-in. 
mesh  or  bars  2-in.  centers  with  wire  screen  No.  20  gage,  ^-in. 
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mesh,  of  metal,  or  a  flooring  to  sustain  a  load  of  300  lb.  at  any 
point,  except  where  trapdoors  are  used.  Cover  entire  hatch 
if  50  sq.ft.  or  less,  otherwise  2  ft.  outside  of  all  sheaves  and 
machinery  with  baseboard  6  in.  high,  and  suitable  handrail  if 
space  between  grating  and  wall  exceeds  12  inches. 

Counterweight  Screens :  Passenger  and  Freight — Bottom 
screen  7  ft.  high,  fireproof  material  in  fireproof  shaft;  if  mesh 
J4  in.  by  No.  20  gage,  not  required  with  counterweight  chains 
or  cables.  If  counterweight  is  adjacent  to  door  opening,  screen 
to  extend  7  ft.  above  lowest  floor.  No  screen  required  for 
push-button  elevator  in  single  shaft  or  elevators  with  con- 
tacts on  basement  doors.  Sidewalk — Same  as  passenger  if 
counterweights  are  used. 

Stop  Motions  and  Shaft  Limits :  Passenger  and  Freight — 
Machine  limits  required  on  drum  machines.  Passenger  electric 
machines  (existing  and  future)  to  have  electric  shaft  limits 
and  future  freights.  Hand  ropes  to  have  stop  balls  to  stop 
machines  at  top  and  bottom.  Hydraulic  elevators  to  have  stop 
balls  on  hand  ropes  to  stop  machines  at  top  and  bottom. 
Sidewalk — Machine  limits  on  drum  machines  and  stop  balls  on 
hand  rope  or  chain. 

Interlocks :  t*assenger — Standard  No.  3  lock  or  Wells- 
VanAlstyne  or  equally  good  for  horizontal  sliding  doors  to 
be  used  on  all  push-button  operations.  All  future  electric 
passenger  elevators  to  have  contacts  on  doors  or  other  suitable 
interlocks  with  emergency  releases  in  car  under  glass  within 
easy  reach  of  operator.  Future  safe  lifts  to  have  locking 
device.  Freight  and  Sidewalk — Interlocks  required  on  manually 
operated  doors  or  electric  contacts.  Doors  arranged  to  open 
outside  of  hatch  by  means  of  key  only,  where  there  is  a  regu- 
lar operator,  permitted  provided  doors  have  contacts  or  equiva- 
lent devices. 

Emergency  Switches :  Passenger  and  Freight — Where  inter- 
locks are  used  (see  interlocks),  all  future  power-driven  switch- 
controlled  and  push-button-controlled  elevators  to  have  emer- 
gency switch  or  button  in  car  to  cut  off  current  independently 
with  potential  switches.  Proper  fuses  or  circuit-breakers  to 
be  furnished.  Breaking  or  holding-open  safety  circuit  not  to 
depend  on  springs  only.  Existing  and  future  passenger  and 
power  freight  elevators  (exceRt  with  existing  trapdoors  and 
then  gong  to  be  furnished)  to  have  signal  system  except  push- 
button and  serving  two  continuous  floors  only.  Slack-cable 
device,  covered  and  insulated,  furnished  on  all  drum  machines. 

Brakes:  Passenger — Electric  brakes  required  on  all  pas- 
senger elevators.  Mechanical  brakes  not  permitted.  Freight 
and  Sidewalk — Mechanical  brakes  permitted  only  on  existing 
freight  elevators  speed  75  ft.  per  min.  or  under. 

Rope  Locks :  Passenger  and  Freight — To  be  furnished  on 
car  for  all  hand-rope  operations. 

Hatchway  Enclosure:  Passenger — (See  local  laws  for  en- 
closures.) Enclosed  on  all  sides  at  least  6  ft.  high  and  full 
height  on  counterweight  portion.  Counterweight  enclosure 
may  be  solid  or  open  ^-in.  mesh.  All  unguarded  sides  inside 
of  hatchway  to  be  flush.  All  other  sides  flush  or  all  projections 
beveled  at  angle  of  60  deg.  with  horizontal.  This  applies  to 
future  and  existing  elevators,  since  Oct.  1,  1916,  or  other  cases 
considered  unsafe  by  accident  commission.  Safe  access  must 
be  provided  in  penthouse  and  lighted.  Freight — Same  as  pas- 
senger except  enclosure  only  on  unused  sides  6  ft.  high  and 
over  counterweight  to  run  to  ceiling  solid  or  ^-in.  mesh. 
Sidewalk — Enclosure  on  unused  sides  6  ft.  high.  Future  open- 
ings in  sidewalk  not  to  exceed  5  ft.  at  right  angles  to,  or  7  ft. 
parallel  to,  curb. 

Hatchway  Doors :  Passenger — Doors  must  be  furnished  at 
all  openings  in  accordance  with  fire  ordinances  in  locality  of 
installation.  Minimum  requirements  wood  or  metal  solid  3  ft. 
high  with  grille  above  2-in.  mesh  or  vertical  bars  2-in.  centers. 
Doors  to  be  hatched  on  shaft  side  and  lock  to  be  inaccessible 
from  outside  except  with  a  key,  push-button  elevators  excepted. 
Latch  of  door,  when  open,  to  be  free  and  accessible  to  operator. 
Floor  space  in  front  of  door  openings  on  future  installations 
to  have  non-slip  surfaces  20  in.  wide.  Doors  should  not  be 
opened  or  closed  unless  car  is  stationary  at  landing.  Freight — 
Semiautomatic  doors  or  gates  to  be  furnished  at  all  entrances. 
Manually  operated  doors  permitted  if  provided  with  inter- 
locking device.  Doors  arranged  to  be  opened  from  outside 
with  a  key  must  have  contacts  or  equivalent  and  a  regular 
operator.     Future  Peelle  type  doors  must  have  contacts.     Side- 


walk— Same  as  freight.  When  sidewalk  doors  arc  open,  must 
have  screen  or  gate  from  top  of  door  to  sidewalk,  .\ttendant 
must  be  posted  at  sidewalk  before  opening  doors. 

Motor-room  enclosure:  Passenger,  freight  and  sidewalk — 
For  penthouse,  see  paragraph  on  hatchway  enclosures.  Future 
machine-room  enclosure  of  size  to  give  free  and  safe  access 
to  all  machinery.  Existing  and  future  must  be  lighted,  ma- 
chinery to  be  guarded  according  to  general  safety  orders,  elec- 
tric machines  to  be  grounded. 

Operator:    No  regulation. 

Hydraulic  Tanks,  Valves,  Cylinders  and  Parts ;  \'alve  cham- 
bers to  have  means  of  removing  air.  Must  have  air-siphon  relief 
valve  on  discharge  pipe.  Future  vertical  traveling-sheave  straps 
to  be  made  of  two  structural  shapes,  no  "U"  straps  permitted. 
Existing  and  future  pressure  tanks  designed  so  that  air  will  not 
pass  to  cylinder.  Reciprocating  pump  to  be  equipped  with  water 
safety  valve  only  between  pump  and  pressure  tank  to  prevent 
increase  of  pressure  more  than  25  per  cent  when  pump  is  at  full 
speed.  Valve  to  be  piped  to  discharge  tank  al)ove  water  line. 
Existing  installations  may  be  discharged  into  pump  suction. 
Existing  and  future  steam  pumps  connected  to  air-pressure 
tanks  must  have  steam-pressure  regulators.  Electric  pumps 
must  have  automatic  pressure  regulator  controlling  motor  or 
with  automatic  bypasses.  Pumps  to  accumulators  other  than 
regulating  type  not  containing  air  to  have  automatic  shutoff 
valves  or  bypasses.  Installations  prohibited :  Belt  or  chain- 
driven  machines  prohibited  on  new  installations.  Power-driving 
mechanism  applied  to  hand  power.  Friction-gear  or  clutch 
mechanism  between  drum  or  traction  sheave  and  main  driving 
gear.  Worm  gear  cut  into  cast-iron  rim  not  permitted,  except 
dumbwaiter  and  for  freight  and  sidewalk  of  2,000-lb.  capacity 
or  under  and  75  ft.  per  min.  or  under.  Cast-iron  guide  rails 
prohibited.  Two  elevator  cars,  balancing  each  other  and  op- 
erated by  the  same  machine,  except  for  dumbwaiters  having 
terminal  landings  only.  Cast  iron  not  permitted  for  safeties 
except  drum.  Gripping  portions  of  safety  device  not  to  be 
used  as  guides  to  car.  The  use  of  control  systems  depending 
on  electric  batteries  for  interruption  of  operating  circuit.  Fu- 
ture mechanically  controlled  elevators  (except  dumbwaiters) 
opening  of  direction  switches  or  operating  valves  not  to  depend 
solely  on  sprockets  or  chains.  Existing  and  future  machine 
and  car  counterweights  not  independent  and  separated  pro- 
hibited. 

Repairs  and  alterations:  Changes  other  than  ordinary  repairs 
are  considered  new  installations  and  must  conform  to  above 
orders.  An  existing  elevator  moved  to  new  location  is  a  new 
installation. 

Tests :  Load  test  for  every  new  elevator.  Existing  and  fu- 
ture— Every  car  safety  to  have  drop  test  before  accepted  by 
commissioner.  New  installations  to  have  drop  tests  in  presence 
of  authorized  representative  of  industrial  accident  commission. 
Safety  devices  to  have  actual  running  test  at  full  load. 

Fifteen  Firms  Unite  in  Plant  Display 
at  Machinery  Center 

Service  to  the  prospective  buyer  of  construction  plants  was 
made  available  in  a  new  and  progressive  form  when  the 
Allied  Machinery  Center,  comprising  a  permanent  exhibit  of 
the  products  of  fifteen  noncompeting  manufacturers,  was  for- 
mally opened  by  the  Allied  Machinery  Company  of  America 
in  New  York  City.  The  new  center,  occupying  30,000  sq.ft.  of 
exhibition  and  office  space  at  Center  and  Walker  streets.  New 
York,  is  the  first  of  its  kind  to  be  established  as  part  of  an 
educational  and  sales-promotion  plan  in  the  field  of  heavy 
construction  plants.  It  is  comparable,  in  a  way,  to  the  depart- 
ment-store idea  of  merchandising  drygoods  oy  assembling  a 
variety  of  products  in  one  building  so  that  the  buyer  may 
supply  his  needs  without  the  inconvenience  of  journeying  to 
half  a  dozen  stores. 

But  the  idea  behind  the  machinery-center  project  i^  a  broader 
one  than  merely  making  it  easy  for  the  machinery  buyer  to  do 
his  shopping.  A  fundamental  aim  of  the  enterprise  is  the 
education  of  the  user  in  sound  construction  economics — in 
using  the  right  machine  and  particularly,  where  the  size  of 
the  job  warrants,  the  right  combination  of  equipment  for 
doing  the  work  with  the  maximum  of  economy  and  speed. 
This  feature  of  the  plan,  it  is  pointed  out,  has  a  special  signifi- 
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cance  at  present  when  the  cost  of  common  labor  has  soared 
to  heights  not  dreamed  of  half  a  dozen  years  ago. 

The  machinery  center  is  designed  to  serve  the  needs  both 
of  the  export  buyer  and  the  domestic  purchaser.  With  re- 
spect to  the  former  the  great  need  abroad  is  generally  conceded 
to  be  an  appreciation  of  the  results  obtainable  by  American 
construction  methods,  which  means,  of  course,  the  substitution 
where  practicable  of  machinery  for  hand  labor.  This  lesson 
is  still  to  be  learned,  a  fact  not  fully  appreciated  by  anyone 
who  has  not  actually  been  on  foreign  soil  and  studied  condi- 
tions at  first  hand. 

The  following  firms  are  represented  at  the  Machinery  Cen- 
ter: Austin  Manufacturing  Co.;  Austin- Western  Road  Ma- 
chinery Co.;  Barber-Greene  Co.;  Carbic  Manufacturing  Co.; 
C.  H.  &  E.  Manufacturing  Co.,  Inc. ;  Clyde  Iron  Works ;  Cook 
Motor  Co. ;  A.  B.  Farquhar  Co.,  Ltd. ;  Hydraulic  Pressed  Steel 
Co. ;  Lakewood  Engineering  Co. ;  Parsons  Co. ;  Sterling 
Wheelbarrow  Co. ;  Thew  Automatic  Shovel  Co. ;  Western 
Wheeler  Scraper  Co. ;  Wyoming  Shovel  Works. 

At  a  luncheon  given  Jan.  27  to  celebrate  the  opening  of  the 
Allied  Machinery  Center  the  speakers  included  Joshua  W. 
Alexander,  Secretary  of  Commerce;  Senator  Edge,  W.  L. 
Saunders,  George  Edward  Smith  and  former  Secretary  of 
Commerce  W.  C.  Redfield. 

Measuring  Flow  of  Water  by  Orifice* 

By  Raymond  E.  Davis  and  Harvey  H.  Jordan 

A  thin  plate  orifice  inserted  in  a  pipe  line  is  looked  upon  as 
a  temporary  or  field  device  for  measuring  the  flow  of  water, 
being  simple  to  construct  and  easy  to  install.  In  flanged  pipe 
systems  such  an  orifice  may  be  inserted  with  little  or  no  dis- 
turbance of  existing  piping,  and  in  long  pipe  lines  the  loss  in 
head  caused  by  the  orifice  will  be  inconsiderable  as  compared 
with   other  losses. 

An  orifice  causes  an  abrupt  change  in  conditions  of  flow. 
and  this  change  is  accompanied  by   a  drop  in   pressure  head 
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COEFFICIENTS  FOR  FINDING  LOST  HEAD  DUE  TO  ORIFICE 
IN  WATER  PIPE 

which  may  be  easily  measured  and  which  varies  with  the 
velocity  of  flow  in  the  pipe.  The  experiments  herein  described 
were  made  to  determine  (1)  the  positions  of  two  cross-sec- 
tions of  the  pipe  where  the  drop  in  pressure  head  may  be 
most  favorably  determined,  (2)  the  relations  between  this 
drop  in  pressure  head  and  the  rate  of  discharge  through  the 
pipe,  (3)  the  lost  head  caused  by  the  orifice,  (4)  the  eflfect 
of  small  deviations  from  what  may  be  called  standard  condi- 
tions, and   (5)  the  proper  size  of  orifice  for  given  conditions. 

This  method  of  measuring  flow  of  water  in  pipes  is  by  no 
means  new,  but  the  authors  have  aimed  to  use  methods  that 
are  applicable  to  ordinary  practice  rather  than  to  refined 
laboratory  practice. 

The  principal  tests  were  made  on  4-in.,  6-in.  and  12-in.  com- 
mercial steel  pipe  which  had  been  in  use  for  some  years,  so 
that,  owing  to  roughness  and  other  variations,  the  error  of 
measuring  diameters  was  perhaps  0.02  in.  Eight  orifices  were 
used  with  each  pipe  ranging  from  one-eighth  to  five-sixths  of 

•Abstract  from  Bulletin  No.  109,  Engineering  Equipment  Station,  Uni- 
Tcrsity   of   Illinois. 


the  pipe  diameter  and  the  eight  ratios  of  pipe  diameter  to 
orifice  diameter  for  the  4-in.  series  were  approximately  the 
same  as  for  the  6-in.  and  12-in.  series. 

To  determine  the  proper  cross-sections  of  the  pipe  at  which 
to  take  pressure  readings,  gage  connections  were  made  at  a 
number  of  positions  upstream  and  downstream  from  the  ori- 
fice. A  study  of  a  large  number  of  observations  leads  to  the 
conclusion  that  for  flow  measurement,  gage  readings  should 
be  taken  with  connections  at  the  section  of  the  beginning  of 
convergence  of  the  stream  and  at  the  section  of  greatest  con- 
traction of  the  jet.  These  points  were  determined  to  be  at 
eight-tenths  of  the  pipe  diameter  upstream  from  the  orifice  and 
at  four-tenths  of  the  pipe  diameter  downstream  from  the  orifice 
respectively.  It  was  also  shown  that  normal  flow  was  ^ain  re- 
sumed at  a  distance  of  three  or  four  pipe  diameters  down- 
stream from  the  orifice. 

Since  the  determination  of  the  rate  of  flow  is  made  from 
the  drop  in  head  between  the  points  eight-tenths  pipe  diameters 
upstream,  and  four-tenths  diameters  downstream  from  the 
orifice,  a  wide  range  of  tests  was  made  to  determine  the  rela- 
tions between  these  values.  The  theoretical  equation  far  the 
quantity  of  water  discharged  may  be  written  as  follows : 
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where  Q  =  the  discharge  in  cubic  feet  per  second,  A  =  the 
area  of  the  pipe  in  square  feet,  g  =  32.16,  h  =  the  drop  in 
pressure  head  in  feet  of  water,  D  =  the  diameter  of  the  pipe 
in  inches,  d  =  the  diameter  of  the  orifice  in  inches,  and  C  = 
the  coefHcient  of  discharge. 
This  equation  may  be  written  in  the  form 


2g 


Q  =  AK  V  h  where  K 


V 


c 


1 


The  value  of  K  to  which  the  authors  give  the  name,  "velocity 
modulus,"  is  seen  to  depend  on  the  ratio  of  pipe  to  orifice 
diameters  and  on  the  coefficient  of  discharge  C. 

From  the  results  of  these  tests  the  values  of  K  are  given 
in  Table  I  for  a  number  of  cases.  These  values  of  K  are 
based  on  value  of  C  for  a  pressure  drop  of  one  foot.     Now 

TABLE  I.     VELOCITY  MODULUS— /sT 


D 

d 

Velocity 

Modulus 

4-In. 

5-In. 

6-In. 

8-In 

10-In. 

12In. 

Pipe 

Pipe 

Pipe 

Pipe 

Pipe 

Pipe 

2.00 

1.275 

1.250 

1.240 

1.240 

1.240 

1.240 

2.10 

1.150 

1.123 

1.111 

1.110 

1.110 

i.no 

2.20 

1.030 

1.015 

1.010 

1.010 

1.010 

1.010 

2.30 

0.944 

0.930 

0.925 

0.925 

0.925 

0.925 

2.40 

0.865 

0.850 

0.845 

0.845 

0.845 

0.845 

2:50 

0.798 

0.785 

0.779 

0.779 

0.779 

0.779 

2.60 

0.736 

0.725 

0.720 

0.720 

0.720 

0.720 

2.70 

0.684 

0.672 

0.667 

0.667 

0.667 

0.667 

2.80 

0.635 

0.625 

0.620 

0.620 

0.620 

0.620 

2.90 

0.592 

0.583 

0.578 

0.577 

0  576 

0.576 

3.00 

0.553 

0.545 

0.540 

0.540 

0.539 

0.539 

3.25 

0.473 

0.465 

0.462 

0.461 

0.461 

0.461 

3.50 

0.405 

0.399 

0.395 

0.395 

0.395 

0.395 

3.75 

0.351 

0.345 

0.342 

0.342 

0.342 

0.342 

4.00 

0.310 

0.305 

0.303 

0.302 

0.302 

0.302 

4.50 

0.244 

0.240 

0.238 

0.237 

0.237 

0.237 

5.00 

0.197 

0.194 

0.192 

0.192 

0.192 

0.192 

S.SO 

0.165 

0.161 

0.160 

0.160 

0.160 

0.160 

6.00 

0.138 

0.136 

0.135 

0.13S 

0.135 

0.133 

since  C  was  found  to  decrease  slightly  as  h  increases,  the  valuer 
of  K  are  too  large  for  a  large  drop  in  head  and  slightly  too 
small  for  a  small  drop  in  head.  However,  the  practical  limit* 
for  h  seem  to  be  between  0.1  ft.  and  10  ft.,  and  between  these 
limits  the  errors  introduced  by  the  use  of  this  table  are  neg- 
ligible. 

Another  equation,  based  upon  the  observations  made,  is  sug- 
gested, namely: 

V  =  4.85 'l _-. 

\  d   \         {  D  \ 
where  V  is  the  velocity  in  the  pipe  in  feet  per  second  and  the 
other  letters  have  the  same  meaning  as  in  the  former  equation 
This   equation  has  the  advantage  that  the  variable  coefficient 
of  discharge   is  eliminated  and  will  give  practically  the  same 
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results  as  the  other  equation   when  values  of  -^  are  between 

a 

2  and  6. 

The  loss  of  head  due  to  the  orifice  is  the  difference  between 
the  pressure  head  where  the  flow  is  normal  upstream  from  the 
orifice  and  that  where  normal  flow  is  again  resumed  below 
the  orifice.  The  theoretical  equation  for  the  relation  between 
this  lost  head  and  the  drop  in  pressure  at  the  orifice  is  too 
complicated  for  general  use  but  the  authors  have  suggested 
the   simple   form 

ha  ^  J  h 
where  ha  is  the  loss  in  head,  /  is  a  coefficient  depending  on  the 
ratio  of  diameters,  and  h  is  the  drop  in  head  at  the  orifice. 
Values  of  /  may  be  obtained   from  the  accompanying  curve. 

The  choice  of  the  size  of  orifice  to  be  used  may  depend 
upon  four  factors :  The  rate  of  flow  in  the  pipe,  the  lost  head 
that  may  be  allowed,  the  desired  precision  of  discharge  meas- 
urement, and  the  maximum  drop  in  pressure  head  the  differ- 
ential gage  will  register.  In  general  it  is  best  to  use  an  orifice 
not  larger   than   half   the   pipe    diameter,   or   in    other    words, 

D 

-J-  not  less  than  2. 

Table  II  shows  approximate  values  of  drop  in  pressure  head 
and  lost  head  for  several  velocities  and  values  of  ~~r'- 

As  an  example  let  it  be  required  to  measure  the  rate  of  dis- 
charge through  an  8-in.  pipe  in  which  the  velocity  may  vary 


TABLE   II.      APPROXIMATE   VALUES    OF    DROP    IN    PRESSURE 

AND   LOST  HEAD 

h  —   drop  in  pressure  head  in  feet;  ha   =  lost  head  in  feet. 


K 


=  1.2 


=  1.5 


2.0 


=  2.5 


3.0 


4.0 


It        ha         h  ha        h  ha         h         ha  h         ha        h  ha 

0.2  0.43  0.39 

0.5  0.16  0.12  0.41  0.33  0.86  0.73  2.7   2.5 

1   0.17  0.09  0.64  0.46  1.6   1.3   3.4   2.9  10.8   9.8 

2   0.66  0.36  2.6   1.9   6.5   5.3  14    12    43    39 

3  0.37  0.12  1.5   0.8   5.8   4.2  15    12    31    26    


4  0.65  0.21  2.6  1.4  10 

5  1.0  0.3   4.1  2.3  16 

6  1.5  0.5   5.9  3.2  23 
10  4.1   1.3  17  9  64 


12 


26 

41 


21 
33 


55 


47 


59    48 


from  one  to  six  feet  per  second.     What  size  orifice  should  be 

used?    From  Table  II,  with  a  diameter  ratio -p  =  2,  the  lost 

a 

head  is  0.46  ft.  and  the  drop  in  pressure  head  0.64  ft.  for  a 
velocity  of  1  ft.  per  sec,  while  they  are  17  ft.  and  23  ft.  re- 
spectively for  a  velocity  of  6  ft.  per  sec.     An  orifice  with  a 

diameter  ratio  —  =1-5  gives  a  range  of  lost  head  from  0.09  to 

d 
3.2  ft.  and  of  drop  in  pressure  head  from  0.17  to  5.9  ft.  The 
first  orifice  gives  a  rather  high  lost  head  and  pressure  drop  at 
high  velocities,  while  the  second  one  gives  rather  low  values 
at  low  velocities  and  will  not  be  so  accurate.  Probably  an  or- 
ifice giving  -7—  =  1.6  or  1.75  would  be  advisable. 
a 

In  using  orifices  for  measuring  flow  of  water  in  connection 

with  the  data  given  here,  precautions  should  be  taken  to  limit 

the  avoidable   errors.     The   edges   of   the   orifices    should   be 

sharp  and  square.     While  these  experiments  were  made  with 

orifice  plates  A  in.  thick,  the  authors  think  no  error  would  be 

made  in  using  thinner  plates.    The  pipe  should  be  straight  and 

uniform    for   ten   pipe    diameters   or   more   above    the    orifice. 

Gage  connections  should  be  not  smaller  than  i^-in.  pipe,  and 

care  should  be  taken  to  remove  all  burrs  from  the  pipe*  and 

that  the  nipples  should  not  protrude  beyond  the  inner  surface 

of  the  pipe. 

D 
When  -^  is  equal  to  or  greater  than  two,  a  single  nipple  at 

each  section  will  be  sufficient  and  the  exact  location  of  the 
section   may  be  varied   slightly   from  the  positions   specified. 

When  -r  is  less  than  two,  however,  two  nipples  should  be  used 
a 

and  no  variation  in  their  location  should  be  allowed.    Provision 

should  be   made   for   removing  air   from   the   pipe  and   gage 

connections.      If    proper    precautions    are    taken,    the    authors 

claim  that  the  rate  of  discharge  as  measured  by  a  pipe  orifice 

should  be  accurate  within  2  per  cent. 


Throttling  the  gage  connections  was  found  to  help  only  in 
the  case  of  large  orifices  and  had  to  be  done  very  carefully. 
Small  eccentricity  in  the  location  of  the  orifice  had  no  effect 
on  smaller  orifices  and  could  be  taken  care  of  by  using  two 
gage  connections  when  using  the  larger  orifices.  The  co- 
efficient of  discharge  for  bevel-edged  orifices  is  much  more 
variable  than  for  square-edged  orifices,  and  the  use  of  bevel- 
edges  is  not  recommended.  In  general,  orifices  larger  than 
two-thirds  of  the  pipe  diameter  should  not  be  used  except  for 
very  rough  measurements. 

Western  Society  Foresees  Great 
Developments 

On  Jan.  28  the  Western  Society  of  Engineers  held  its  an- 
nual dinner  vt  Hotel  Morrison,  Chicago.  About  350  were  in 
attendance,  and  under  the  direction  of  Frederick  P.  Vose,  a 
very  capable  toastmaster,  the  event  was  a  great  success.  An 
orchestra,  community  singing,  the  Universal  Glee  Club  and 
Quartette  added  zest  to  the  meeting  and  kept  the  enthusiasm 
at  the  proper  pitch  to  enjoy  the  many  good  ihings  on  the 
program. 

Major  General  Leonaid  Wood  spoke  briefly,  referring  to 
the  constructive  engineer  and  the  sanitarian  as  the  principal 
aids  of  colonial  administration.  He  reviewed  the  work  they 
had  done  in  the  Philippines,  at  the  Panama  Canal  and  in 
Cuba.  In  the  territory  last  named,  an  independent  department 
of  public  works  had  been  formed  under  his  administration, 
and  it  did  all  work  under  a  fixed  budget.  It  was  the  speaker's 
opinion  that  a  similar  plan  would  be  a  good  thing  in  this 
country.  In  the  world  war  the  engineer  went  hand  in  hand 
with  the  sanitarian  and  the  doctor,  each  making  an  enviable 
record  in  his  particular  sphere.  The  general  was  especially 
interested  in  the  building  up  and  keeping  alive  of  the  Engi- 
neers Reserve  Corps,  so  that  such  an  important  branch  of 
the  service  would  be  ready  when  trouble  came,  and  in  times  of 
peace  the  various  units  could  prepare  plans  of  defense  for 
their  respective  cities  and  have  all  in  readiness  for  construc- 
tion when  the  occasion  arose.  A  defensive  alliance  with  the 
architects  was  desirable.  There  should  be  harmony  between 
the  two  professions,  and  the  combination  should  take  an  active 
part  in  public  affairs,  guiding  and  keeping  constructive  civic 
building  and  preventing  the  monstrosities  that  creep  in  when 
industrial  interests  are  allowed  free  reign. 

A.  Stuart  Baldwin,  retiring  president,  delivered  a  most  elo- 
quent and  inspiring  address,  dealing  in  particular  with  the 
broadening  field  of  the  engineer  and  his  great  work  of  the 
future  in  bringing  about  cooperation  and  coordination  between 
the  two  extremes  representd  by  capital  and  labor.  It  was  his 
opinion  that  there  would  soon  be  a  marked  development  of 
the  power  of  the  great  middle  class  in  exercising  control  over 
the  relatively  small  groups  of  capital  and  labor.  If  either  of 
the  latter  factions  ruled  implicitly,  then  civilization  would  fail. 
There  must  be  liberty,  equality  and  fraternity,  with  the  Golden 
Rule  as  the  guiding  spirit.  Lack  of  mutual  consideration  had 
been  the  chief  cause  of  the  growing  antagonism  and  unrest. 
Good  will  was  the  most  potent  and  practical  force  at  the  dis- 
posal of  the  engineer,  and  it  is  a  force  of  which  the  world 
is  in  desperate  need.  Its  recognition  and  acceptance  would 
lead  to  development  beyond  any  present  conception. 

During  the  year  the  society  had  trebled  its  membership  and 
had  obtained  an  excellent  representation  from  the  large  body 
of  engineers  in  the  great  industrial  center  about  Chicago. 
Organization  of  the  new  members  was  the  first  duty,  with  an 
engineering  building  in  the  background.  With  so  large  and 
so  diversified  a  membership  including  all  kinds  of  engineers, 
in  his  opinion  the  work  of  the  directors  must  be  decentral- 
ized and  assumed  more  by  the  chairmen  of  the  various  sec- 
tions, each  section  becoming  to  a  certain  extent  a  self-con- 
tained society,  but  all  cooperating  as  a  part  of  the  main  body 
If  each  section  were  the  local  branch  and  representative  of 
the  national  society  with  which  most  of  its  members  are  affil- 
iated, and  if  each  national  society  would  be  the  willing  asso- 
ciate of  the  section,  such  a  plan  would  strengthen  both  the 
sections  of  the  Western  Society  of  Engineers  and  the  national 
associations,  the  latter  having  need  of  greater  local  activities, 
which  they  would  gain  through  the  support  of  the  sections. 

In  his  inaugural  address  F.  K.  Copeland,  president-elect, 
touched  upon  future  lines  of  activity  for  the  society.     In  the 
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past  the  society  had  stuck  too  closely  to  technical  matters. 
The  recent  growth  indicated  that  it  had  a  place  to  fill.  In 
civic  affairs  the  society  should  take  a  part  equally  important 
as  the  Chamber  of  Commerce.  There  were  questions  of  city 
planning  and  zoning,  railway  terminals,  etc.,  in  which  the  engi- 
neer would  be  of  the  greatest  value.  To  promote  social  devel- 
opment the  speaker  urged  the  advantages  of  wider  acquaint- 
anceship through  meetings,  excursions,  noonday  luncheons  and 
in  particular  urged  the  engineers  to  be  more  sociable  among 
themselves  at  these  gatherings  The  younger  men  may  not 
think  that  they  can  spare  the  time,  but  it  was  to  the  advantage 
of  the  employer  to  encourage  them  to  make  use  of  these 
opportunities  of  mixing  with  the  older  men  of  wider  experi- 
ence. Each  man  must  think  what  he  can  do  to  improve  and 
take  his  full  quota  of  the  advantages  offered  by  the  society. 
The  many  new  members  must  be  made  to  feel  that  their  join- 
ing has  been  the  most  worthwhile  thing  they  have  done  for 
years.  The  officers  cannot  do  all.  It  is  their  plan  to  set  each 
and  every  member  to  work.  If  every  man  will  take  part  and 
carry  on,  the  society  has  before  it  a  most  successful  year. 

Announcement  was  made  of  the  following  incoming  officers : 
President,  F.  K.  Copeland ;  first  vice  president,  C.  F.  W.  Felt ; 
second  vice  president,  J.  L.  Hecht;  third  vice  president,  Linn 
White ;  treasurer,  F.  F.  Fowie ;  secretary,  Edgar  Nethercut ; 
trustee  for  three  years,  J.  H.  Libberton ;  Washington  Award 
Commission  for  three  years,  Albert  Reichman  and  Major  E.  W. 
Allen.  Chairmen  of  the  various  sections  are :  Hydraulic  and 
municipal, .  William  Artingstall ;  mechanical,  Arthur  L.  Rice ; 
bridge  and  structural,  A.  W.  Billing;  electrical,  A.  F.  Riggs; 
gas,  C.  C.  Borden.  Chairmen  have  yet  to  be  elected  for  the 
three  new  sections ;  telegraph  and  telephone,  industrial  and 
railway. 

Marine  Engineers  Hold  Annual 
Meeting 

The  Marine  Engineers  Beneficial  Association  held  its  forty- 
fifth  annual  convention  at  Washington,  D.  C,  during  the  week 
beginning  Jan.  19,  with  headquarters  at  the  New  Ebbitt  Hotel. 

There  were  present  160  delegates,  representing  231  votes. 
The  opening  session  took  place  at  ten  o'clock  on  Monday 
morning,  with  every  officer  at  his  proper  station.  The  large 
volume  of  business  transacted  made  it  necessary  to  hold  night 
sessions,  and  during  the  week  many  important  measures  tend- 
ing to  the  uplift  of  the  organization  were  discussed  and  voted 
upon.  The  report  of  Albert  L.  Jones,  the  treasurer,  showed 
that  the  association  is  on  a  sound  financial  basis.  During  the 
past  year  it  was  decided  by  a  referendum  vote  to  combine  the 
offices  of  secretary  and  treasurer. 

At  the  meeting  on  Monday  morning  the  delegates  were 
addressed  by  Darragh  de  Lancey,  Director  of  Docks  and  Indus- 
trial Relations  of  the  United  States  Shipping  Board. 


On  Tuesday  morning  the  convention  listened  tc  an  instruc- 
tive and  entertaining  address  by  George  Uhler,  Supervising 
Inspector  General  of  the  United  States  Steamboat  Inspection 
Service. 

Notwithstanding  the  inclement  weather  which  prevailed 
through  the  week,  there  were  theater  parties,  shopping  trips 
and  sight-seeing  auto  drives  for  the  ladies. 

On  Wednesday  evening  the  ladies  of  the  convention  were 
entertained  by  A.  Warren  France,  of  the  France  Packing  Co., 
in  his  suite  at  the  New  Ebbitt  Hotel.  Refreshments  were 
served  in  abundance.  The  entertainers  were  George  E. 
Andrews,  Bob  Jones  and  Jack  Armour. 

The  big  feature  of  entertainment  was  the  smoker  on  Friday 
night  tendered  the  delegates  by  the  Marine  Engineers  Supply- 
men's  Association  in  the  ballroom  of  the  New  Willard  Hotel. 
There  were  upward  of  500  in  attendance,  including  army  and 
navy  officers,  heads  of  the  various  departments,  and  engineers 
from  the  local  associations.  Briarwood  pipes,  tobacco  and 
cigarettes  were  distributed,  and  an  excellent  vaudeville  show 
was   furnished. 

At  the  afternoon  session  of  the  convention  on  Tuesday  the 
following  officers  were  reelected  for  the  term  of  three  years : 
William  S.  Brown,  president,  Buffalo;  John  S.  Purdie,  first 
vice  president,  San  Francisco ;  William  H.  Hyman,  second 
vice  president,  Baltimore;  Edward  C.  Killian,  third  vice  pres- 
ident, New  Orleans ;  George  A.  Grubb,  secretary-treasurer, 
Chicago.  The  National  Executive  Committee  comprises : 
Robert  Goalett,  Atlantic  Coast  District;  Charles  Tollett,  Pa- 
cific Coast  District ;  William  J.  Garrett,  Great  Lakes  District ; 
Charles  M.  Sheplar,  West  Rivers  District;  Edward  C.  Killian, 
Gulf  Coast  District. 

The  Marine  Engineers  Suppljmen's  Association  elected  offi- 
cers as  follows :  Andrew  Lauterbach,  president,  the  Lunken- 
heimer  Co.;  Charles  A.  Remsen,  vice  president,  Dearborn 
Chemical  Co.;  Bob  Jones,  secretary-treasurer,  France  Pack- 
ing  Co. 

At  the  final  meeting  of  the  supplymen,  Joseph  J.  Cirek,  the 
retiring  president,  was  presented  with  a  leather  traveling  bag. 

Automotive  Engineers  Discuss  the 
Diesel  Engine 

Diesel  engines  formed  the  topic  for  discussion  at  the  joint 
meeting  of  the  Pennsylvania  and  the  Metropolitan  (New 
York)  Sections  of  the  Society  of  Automotive  Engineers  at 
Philadelphia  on  Jan.  22.  Leaving  New  York  by  special  car 
in  the  morning,  the  Metropolitan  members  joined  the  Penn- 
sylvania members  at  the  Philadelphia  Engineers'  Club  for 
luncheon,  and  were  later  conducted  to  the  League  Island  Navy 
Yard  to  witness  a  run  on  one  of  a  pair  of  Diesel  engines 
recently  removed  from  the  German  submarine  U-117,  which  is 
there   being   tested    out.     After   a    supper   at    Kugler's    in    the 
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evening,  the  members  listened  to  an  instructive  paper  on 
"Modern  Practice  in  Heavy  Oil  Motor  Installations,  and 
Development  Possibilities,"  by  Hubert  C.  Verhey,  head  of  the 
Diesel  Engine  Unit,  Emergency  Fleet  Corporation.  Many 
prominent  Diesel-engine  men  were  present,  and  a  most  profit- 
able discussion  followed. 

The  submarine  U-117,  it  will  be  recalled,  was  the  one  which, 
early  in  1918,  operated  off  the  Atlantic  Coast.  The  engine 
tested  is  of  the  high-speed  (450  r.p.m.)  four-cycle  Augsberg 
design,  rated  at  900  b.hp.  in  six  cylinders,  and  presented  some 
ver}'  interesting  features.  For  instance,  the  housing  and  cylin- 
der jackets  are  of  cast  steel  with  cast-iron  cylinder  liners. 
Owing  to  the  scarcity  of  copper  in  Germany  during  the  war, 
all  the  piping  was  made  of  iron  and  many  of  the  connections 
welded.  The  compressor  is  a  four-stage  machine  driven  di- 
rect, and  all  auxiliaries  likely  to  give  trouble  are  in  duplicate ; 
there  are  also  two  fuel  valves.  Cross-connections  were  pro- 
vided between  the  two  engines,  so  that  if  certain  auxiliaries 
on  one  failed,  those  on  the  other  could  be  used  while  repairs 
were  being  made.  The  cylinder  diameter  is  17^  in.,  and  there 
was  no  taper  on  the  skirt  of  the  piston,  as  is  very  common 
practice.  The  stroke  of  1654  i"-  makes  a  low  engine,  which 
of  course  was  necessary  because  of  the  limited  headroom. 
Oil  cooling  is  employed  for  the  pistons  through  a  link  con- 
nection. It  is  not  known  how  many  miles  this  submarine  had 
cruised  in  the  hands  of  the  Germans,  but  it  has  cruised  over 
10,000  miles  since  this  country  took  it  over;  yet  upon  remov- 
ing the  pistons  from  one  of  the  cylinders  and  calipering  them, 
no  perceptible  wear  was  discovered.  Moreover,  the  engine 
ran  very  quietly,  with  practically  no  vibration,  as  all  of  the 
nuts  were  found  to  have  been  put  on  with  a  driving  fit.  The 
workmanship  throughout  showed  evidence  of  careful  attention 
to  every  detail,  which  was  characteristic  of  the  Germans. 

Diesel-Engine  Discussion 

Mr.  Verhey,  after  following  through,  by  the  aid  of  slides 
and  diagrams,  the  workings  and  complete  installation  of  a 
marine  Diesel  engine  outfit,  proceeded  to  discuss  the  relative 
merits  of  different  types  and  designs.  He  was  of  the  opinion 
that  although  the  four-cycle  engine  has  largely  displaced  the 
two-cycle  for  marine  purposes,  ultimately  the  two-cycle  design 
will  predominate,  because  American  engineers,  profiting  by  the 
experience  of  European  designers,  are  in  a  position  to  avoid 
the  pitfalls  of  their  predecessors  and  will  overcome  certain 
features  that  were  responsible  for  troubles  with  the  two-cycle 
design  in  the  past.  He  pointed  out  the  advantages  of  top 
scavenging  for  two-cycle  engines,  but  showed  that  certain  man- 
ufacturers were  now  bringing  out  designs  embodying  a  double 
scavenging  port,  which  would  obviate  the  objections  to  the 
former  method  of  port  scavenging.  He  also  referred  to  the 
advantages  of  the  auxiliary  exhaust. 

Referring  to  fuel  injection,  he  pointed  out  that  it  is  possible 
to  eliminate  an  air  compressor  entirely  by  injecting  the  fuel 
direct  into  the  working  cylinder  under  high  pressure  by  the 
so-called  solid  injection  system,  which  is  now  being  employed 
by  several  builders ;  but  with  this  system  one  is  likely  to  get 
smoke  and  incomplete  combustion,  with  resulting  carbon  when 
operating  under  light  load.  He  favored  very  strongly  inde- 
pendently driven  auxiliaries,  especially  for  marine  purposes, 
tor  with  this  arrangement  not  only  could  there  be  employed 
greater  duplication  in  auxiliaries,  but  the  main  engine  would 
not  be  shut  down  if  there  should  be  trouble  with  any  of  the 
auxiliaries ;  and  it  permits  continuing  the  circulating  water 
for  some  time  after  shutting  down  the  engine,  a  precaution  that 
maj'  save  cracked  cylinder  heads. 

Referring  to  the  immediate  field  for  the  marine  Diesel,  he 
believed  that  it  is  limited  at  present  to  the  propulsion  of  ves- 
sels up  to  13,000  tons  at  from  10  to  12  knots,  within  which 
limit  the  motor  installation  will  be  able  to  hold  its  own  under 
all  circumstances.  A  vessel  having  about  1,500  hp.,  carrying 
625  tons  of  fuel  oil,  can  attain  a  cruising  radius  of  about 
20,000  miles  with  oil  engines,  as  compared  with  8,400  miles 
when  equipped  with  steam-turbine  installation,  or  7,500  miles 
with  a  reciprocating  steam  installation.  Passenger  ships  of 
greater  tonnage  and  speed  would  not  receive  much  competition 
from  the  Diesel  engine,  but  would  be  equipped  with  gearcd- 
turbine  installations  for  the  time  being. 

Commenting  upon  the  plans  of  the  Emergency  Fleet  Cor- 
poration, Mr.  Verhey  stated  that  two  2,250-hp.  four-cycle  Bur- 


meister  &  Wain  engines  have  been  ordered  for  a  new  12,000 
ton  cargo  boat  that  is  now  being  built.  In  addition  to  this  there 
has  been  installed  a  750-hp.  Mcintosh  &  Seymour  engine  in 
one  of  the  smaller  boats,  and  another  engine  of  900  hp.  is  on 
order.  The  corporation  is  going  slowly  in  the  matter,  but  is 
making  very  definite  progress. 

In  the  discussion  which  followed  it  was  brought  out  that 
the  7S0-hp.  Mcintosh  &  Seymour  engine  referred  to  had  22-in. 
cylinders  without  piston  cooling,  and  was  of  the  trunk  piston 
type.  This  it  was  agreed  was  about  the  limit  that  one  should 
go  without  piston  cooling  and  without  resorting  to  a  crosshcad 

With  reference  to  the  merits  of  solid  injection,  it  was  pointea 
out  that  the  Vickers  Co.,  of  England,  are  putting  out  a  niew 
engine  using  solid  injection,  and  thereby  saving  10  per  cent 
of  the  compressor  work.  This  engine  is  provided  with  an 
accumulator,  ;  nd  so  far  has  shown  very  good  results.  It  was 
agreed  that  forced-feed  lubrication  was  desirable  with  a  cross- 
head  type  of  engine,  although  gravity  feed  was  permissible 
with  the  trunk  type.  The  crosshead  type  permitted  the  piston 
rod  to  pass  through  a  stuffing-box  and  thus  prevent  the  oil 
from  becoming  fouled  with  the  gases  leaking  past  the  piston. 

It  was  also  mentioned  that  less  trouble  is  experienced  from 
a  high-sulphur  oil  in  a  two-C3'cle  engine  than  in  a  four-cycle,  be- 
cause of  the  absence  of  exhaust  valves  in  the  former. 


The  building  of  a  large  hydraulic  electric  power  plant  at 
the  mouth  of  the  Chelan  River  is  now  regarded  as  almost 
certain.  Great  Northern  officials  have  been  spending  several 
days  at  Lake  Chelan  looking  over  the  final  details  preparatory 
to  the  installation  of  the  plant.  However,  no  definite  an- 
nouncements have  been  made  as  to  when  this  work  will  be 
commenced.  The  Great  Northern  was  ready  to  build  this 
plant  at  the  time  the  United  States  went  to  war.  It  is  pro- 
posed to  build  a  200-ft.  dam  25  feet  high  at  the  point  where 
the  Chelan  River  flows  out  of  the  lake,  :hus  raising  the  entire 
level  of  the  lake.  Between  40,000  and  50,000  hp.  is  to  be  de- 
veloped at  first  and  a  total  of  100,000  hp.  is  said  to  be  avail- 
able. 


It  is  said  that  salt  water  infiltration  in  some  oil  wells  in 
Louisiana  amounts  to  as  much  as  40  per  cent  and  affects  a 
considerable  portion  of  the  Homer  field,  and  tnat  some  wells 
have  stopped  flowing  and  others  have  been  pinched  in.  Water 
thus  far  affects  those  wells  in  the  deep  sand  and  in  a  south- 
easterly direction  from  fault  line  which  cuts  diagonally  through 
the  Homer  field  from  the  northeast  to  the  southwest.  Wells 
to  the  northwest  of  the  fault  line  in  shallow  sand,  it  is  asserted, 
have  not  been  affected  and  are  expected  to  be  of  much  longer 
life  than  those  in  deep  sand. 
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Personals 


Joseph  C.  Reagan,  who  has  been  superin- 
tendent of  the  Trumbull  Electric  Manufac- 
turing Co..  Plainville,  Conn.,  for  the  last 
three  years,  has  severed  his  connections 
with  that  company. 

Harry  Streik,  who  was  erecting  engineer 
for  Frick  Co..  the  world's  largest  manu- 
facturer of  ice-making  machinery,  for 
twenty-sev^en  years,  is  now  superintendent 
of  the  new  Russ  Bros,  plant  at  Harrisburg. 
Penn..  which  he  designed  and  erected  him- 
self. 

John  E.  Hubbell,  counsellor  at  law  and 
solicitor  of  patents,  formerly  of  Chambers 
&  Hubbell,  Philadelphia,  announces  that 
he  has  opened  offices  at  469  Fifth  Ave., 
New  York  City,  where  his  practice  will  be 
devoted  exclusively  to  patent  and  trade- 
mark matters. 

Louis  R.  Chadwick,  hitherto  branch  office 
ma-nager  of  the  Sullivan  Machinery  Co.  at 
Spokane,  Wash.,  has  been  appointed  man- 
ager of  the  company's  branch  at  30  Church 
St.,  New  Tork  City.  Robert  T.  Banks, 
who  has  been  the  company's  sales  engineer 
at  its  El  Paso  (Texas)  office  for  several 
years,  has  been  appointed  manager  at  Spo- 
kane to  succeed  Mr.  Chadwick. 

J.  W.  Ledoux,  who  has  been  connected 
with  the  American  Pipe  and  Construction 
Co.,  since  July,  1891.  has  resigned  to  en- 
gage exclusively  in  consulting  engineering 
on  his  own  account,  at  112  Xorth  Broad 
St.,  Philadelphia.  His  practice  will  em- 
brace designs,  supervision  of  construction, 
valuation,  rate-making,  arbitrations,  etc., 
particularly  on  water  works  and  water- 
power  lines. 

George  L.  Washington,  of  the  negotiation 
division  of  the  Westinghouse  Electric  In- 
ternational Co..  has  left  East  Pittsburgh 
for  Cuba,  where  he  will  be  located  as 
salesman  in  the  Havana  office  of  the  com- 
pany. Mr.  Washington  entered  the  employ 
of  the  export  department  of  the  Westing- 
house  Co.  in  May,  1917,  after  completing 
the  collesre  graduate  apprentice  course.  In 
-September,  1917,  he  entered  the  service  and 
was  discharged  Jan.  28.  1919.  when  upon 
his  return  he  was  placed  on  order  work  in 
the  International  company,  and  in  May 
was  transferred  to  the  negotiation  division. 

R.  H.  Ballard,  president  of  the  National 
Electric  Light  Association,  left  Los  Ange- 
les on  Jan.  11  for  another  tour  of  the 
East  in  the  interests  of  the  organization, 
and  to  perfect  arrangements  for  the  con- 
vention of  1920,  which  will  be  held  in  Pasa- 
dena, Cahf.,  May  18-21.  At  San  Francisco 
he  was  joined  by  John  A.  Britton,  chair- 
man of  the  Public  Policv  Committee,  who 
accompanied  him  on  his  trip.  Thev  were 
given  a  complimentary  dinner  bv  the 
Electrical  Development  League  of  that  citv 
on  Jan.  12,  which  was  attended  bv  the 
prominent  electrical  men  of  central  Cali- 
fornia. Much  enthusiasm  was  expressed 
concerning  the  convention  and  plans  were 
outlined  for  the  work  preparatory  to  the 
convention  which  will  be  carried  on  during 
Mr.  Ballard's  absence.  On  his  way  East 
Mr.  Ballard  will  attend  meetings  at  various 
places,  and  will  attend  several  company 
sections  before  his  return  home. 


Engineering  Affairs 


The  Material  Handling  Machinery  Manu- 
facturers' Association  has  found  it  neces- 
sary to  change  the  date  of  its  open  con- 
vention in  New  York  Citv  at  the  Waldorf- 
Astoria  hotel  from  Jan  29-30  to  Feb.  26-27. 

The  Mohawk  Valley  Engineers'  Club  was 
organized  on  Jan.  7,  at  a  dinner  given  at 
the  Hotel  Utica,  Utica,  N.  Y.,  at  which 
about  12.5  engineers,  architects  and  chem- 
ists were  gathered.  The  membership  in- 
cludes civil,  chemical,  electrical,  mechan- 
ical, mining,  textile,  heating  and  ventilat- 
ing, automotive  and  all  technical  engineers 
and  architects.  Regular  meetings  wnll  be 
held  on  the  first  Tuesday  of  each  month 
and  special  meetings  at  intermediate  times. 
The  officers  for  the  first  year  are:  Presi- 
dent, Byron  E.  WTiite,  engineer  of  Utica 
Gas  and  Electric  Co.;  first  vice  president, 
Hubert  E.  Collins,  consulting  engineer: 
second  \ice  president,  Roy  F.  Hall,  di- 
vision engineer.  State  Highway  Depart- 
ment; third  vice  president,  Horace  B. 
Sweet,  consulting  engineer;  secretarv,  F. 
E.  Beck,  engineer  of  Consolidated  Water 
Co.;  treasurer,  Clifford  Lewis,  Jr..  civil 
engineer.  The  territory  embraced  by  the 
activities  of  the  club  includes  a  radius  of 
40  miles  from  Utica,  and  it  is  expected  the 
membership  will  reach  above  the  200  mark. 


Business  Items 


The  Industrial  Engineering  Co.  is  now 
located  in  its  new  quarters  at  1536  Arcade 
Building,  St.  Louis,  Mo. 

The  Busch-Sulzer  Bros. -Diesel  Engine 
Co.,  St.  Louis,  Mo.,  announces  the  opening 
of  its  Eastern  sales  office  at  60  Broadway, 
New  York  City,  with  George  D.  Pogue  as 
Eastern  sales  agent  and  Stanley  Wright, 
assistant. 

The  Green  Fuel  Economizer  Co.,  Beacon, 
N.  Y.,  announces  the  opening  of  its  own 
office  at  1006  Finance  Building,  Philadel- 
phia, in  charge  of  W.  F.  Wurster,  assisted 
by  G.  E.  Kille.  The  company  was  formerly 
represented  in  this  territory  by  the  Baker- 
Dunbar-Allen   Co. 

The  Ohio  Body  and  Blower  Co.,  a  newly 
formed  corporation,  is  an  outgrowth  of  the 
old  and  well-known  Ohio  Blower  Co., 
of  Cleveland.  The  new  company  has 
taken  over  three  plants  fron^ .  the  older 
company,  providing  employment  for  over 
600  workers  in  150,000  sq.  ft.  of  floor  space. 
The  officers  of  the  older  company  will  as- 
sume the  same  standing  in  the  new  com- 
pany. 

The  General  Chemical  Co.  has  entered 
into  a  contract  with  the  J.  G.  White  Engi- 
neering Corp.  covering  the  future  design- 
ing, engineering  and  construction  work  in- 
cident to  improvements-  and  extensions  to 
existing  manufacturing  plants,  buildings  and 
other  property,  and  in  connection  with  any 
new  projects  or  developments  which  may 
be  undertaken  from  time  to  time.  Under 
this  arrangement  the  J.  G.  White  Engi- 
neering Corp.  will  handle  their  engineering 
and  construction  work. 

The  G.  M.  C.  Engineering  Co.,  Worcester, 
Mass.,  with  offices  in  the  Graphic  Arts 
Building,  has  taken  over  the  exclusive  sales 
of  Coppus  turbo-blowers  in  the  New  Eng- 
land States.  This  company  is  composed 
of  several  men  who  were  formerly  in  the 
employ  of  the  Coppus  Engineering  and 
Equipment  Co.  John  L.  Gallivan,  formerly 
sales  manager  of  the  company,  is  president 
and  treasurer  of  the  G.  M.  C.  Engineering 
Co.  Howard  Mason,  who  is  consulting  en- 
gineer for  McCleary,  Wallin  &  Crouse,  will 
also  act  in  the  same  capacity  for  this  com- 
pany. Its  service  department  will  be  at  the 
disposal  of  all  who  call  upon  it  for  infor- 
mation. 

Westinghouse    Electric    International    Co. 

has  recently  opened  a  new  office  in  the 
Royal  Bank  of  Canada  Building  in  Havana. 
This  was  found  necessar>'  because  of  the 
growing  use  in  sugar  mills  and  other  en- 
terprises in  Cuba  of  Westinghouse  electric 
equipment.  J.  W.  White,  who  has  been 
located  in  Cuba  for  some  time  past  as 
Westinghouse  representative,  will  be  in 
charge  of  the  new  office.  Mr.  White's  inti- 
mate knowledge  of.  and  close  relation  with, 
the  industries  in  Cuba  peculiarly  fit  him 
to  cope  with  all  the  problems  tha't  may  be 
encountered.  He  will  be  assisted  by  other 
special  engineers.  A  complete  stock  of 
catalogs  and  other  descriptive  matter 
will  be  maintained  in  the  new  office,  where 
for  the  asking-  can  be  obtained  complete 
information  on  everything  electric. 


Trade  Catalogs 


The  Cutter  Co.,  Philadelphia,  Penn.,  has 
just  issued  a  new  handbook  of  the  I-T-E 
circuit-breaker.  This  is  a  handsome  cloth- 
bound  book  of  352  pages,  6x9  in.  It  il- 
lustrates and  describes  many  of  the  largest 
or  most  significant  circuit-breaker  installa- 
tions in  the  country  and  is  of  more  than 
passing  interest  to  the  consulting  engineer 
and  to  those  responsible  for  the  successful 
operation  of  important  electrical  plants. 
Applications,  if  approved,  will  be  filled  in 
the  order  of  their  receipt,  if  made  upon  the 
applicant's  business  letterhead. 

"Westinghouse  Opportunities  for  Tech- 
nical Graduates"  is  the  title  of  a  32-page 
illustrated  pamphlet  recently  issued  bv  the 
Westinghouse  Electric  and  Manufacturing 
Co.  This  booklet  describes  in  considerable 
detail  the  plan  that  has  been  developed  by 
this  company  for  the  training  of  the  grad- 
uates of  technical  schools  at  all  of  its  va- 
rious works.  In  it  is  included  a  list  of 
prominent  Westinghouse  men  who  origin- 
ally entered  the  company  as  graduate  stu- 
dents, as  well  as  a  complete  list  of  schools 
from  which  over  5,000  students  have  entered 
the  employ  of  the  company.  Copies  of  the 
booklet  will  be  sent  to  anyone  interested, 
on  application  to  the  Educational  Depart- 
ment of  the  company  at  East  Pittsburgh. 


THE  COAL  MARKET 


BOSTON — Current  pricei  per  groM  ton  f.o.b.  Nen 
York   loading   ports: 

Aathraelt* 

Compauj 
Coal 

Egg     $8. 20@  J8.  «5 

Sci.ve    8.45@   CI. OS 

Chestnut      8.55®  9.05 

Pe?      7.05@  7.46 

Buckwheat      ...   3.60@  3.8» 

Bice    2.30®  2.5» 

Btrley 1.25 

Bltuminoui 

Cambrias  iot 
aearflelds      Somersets 

Fob.    mine*,    net  tons $2.85@S3.35  $3.15(3  $3. «• 

F.o.b.    Philadelphia,    gross   tona.  5.05®   5.60     5.35®  5.9» 

F.o.b.    Xew  Tork,    gross  tons...   5.40®  5.95     5.75®  6.2S 

Alongside    Boston    (water    coal), 

gross    tona     7.00®   7. 75     7.60®  8.0» 

Pocahontas    and    New    Hirer    are    practically    off    ths 

market     for    coastwise     shipment,     but     are    quoted    at 

J6.2.3@$7.00. 
N~E:W    TOBK — Current    quotations.     White    Ash,    per 

gross   t<«8,   f.o.b.    Tidewater,    at   the   lower   ports  are  a* 

follows : 

Anthraelt* 

Company 
Coal 

Broken     $7.80(3  Jg.  23 

Bk3     8.20®  8.65 

StuTC      8.45®   9.05 

Chestnut      8.55®   9.05 

Pea     7.05®  7.4« 

Buckwheat 5.15 

Eice     4.50 

Barley    4.85 

Boiler 4.g5 

Bituminous 

Government   prices  «t  mines:  Spot 

South    Fork    (best) $3.25@$3.5e 

Cambria     (best)      3.00®  3.25 

Cambria     (ordinary)     2.60®  2. 9» 

Clearfield    (best)    3.00®  3.25 

CTearfleld      (ordinary) 2.60®  2.9» 

ReynoldsTille     2.85®  2.9» 

Quemahoning     3.25®  3.50 

Somerset    (medium)     3.00®  3.25 

Somerset    (poor)     2.50®  2.75 

Western   Maryland    2.50®  2.75 

Fairmont     2.25®    2.50 

Latrobe     260®  2.90 

Greensburg     2.75®  3.00 

Westmoreland    %    in 3.40®  3.5» 

Westmoreland    run-of-mine 2.75®  3.01 

PHIliADEIiPHIA — Bituminous  coal  iirices  vary  ac- 
cording to  district  from  which  tney  are  mined.  For 
ordinary  slack  the  price  is  $2.45@$2.'i5:  lump.  $3.00® 
$3.35.    at   the   mines. 

BtrFFAIX) — 

Aathrmclts 

Oa  Cars.  At  Ctu^ 

Gross  Ton  Net  Ton 

Grate     $8.55  $10.80 

Egg     8.80  10.65 

Stove      ».00  10.8S 

Chestnut     9.10  10.83 

Pea     7.75  9.30 

Buckwheat     5.70  7.71 

Bituminous 

Allegheny    Valley    $4.80 

Pittsburgh      4.65 

No.     8    Lump 4.65 

Mine    Run    4.80 

Slack 4.10 

Smokeless     4.60 

Pennsylvania    Smithing    5.70 

CLEVULAND — Prices  of  coal  per  aet  too  delivered 
In   Cnevdand   are: 

Anthracite 

Egg     $12.25@$1140 

Chestnut     12.50®   12  70 

Grate      12.25®   12.40 

Stove    12.40®  12.60 

Pocahontas 

Mine-run     $7. 50 

Domestic    Bituminous 

West   Virginia    split $8.50 

No.    8    Pittsburgh $«.60@  6.90 

Massillon    lump     8.25®  8.50 

Coshocton    lump    7.16 

Steam  Coal 

No.    8    slack $5.25@$5.5« 

No.     8    slack 5.10®  5.50 

Toughloghenv    slack    5.25®  5.50 

No.    8    ^    in .5.70®  6.00 

No.    6    mine-run 5.25®  5.50 

No.    S    mine-nin 5.TJ 

Only  coal   available  is   mine-ran   Pocahontas. 

MIDDLE  WE.ST — Chicago  quotations.  F.o.b.  cars  at 
mine: 

Springfield. 
Carterville. 

Williamson.  Grundy, 

Franklin,  La  Salle, 

Saline,  Fulton.             Bureau, 

Harrisbtirg  Peoria                Will 

Lump      $2..-,5®$2.70  $i.95®$3.10     $.'?.25®$3.40 

Washed    2.75®   2.99      3.45®  3.60 

Mine   run    2.35®  2.50  2.75®  2.90       3.00®  3.15 

Screenings     2.059  2.20  2.35®  2.50       2.75®  2.N 
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New  Construction 


PROPOSED   WORK 

Me.,  Portland — J.  C.  and  J.  H.  Stevens. 
Archts.,  187  Middle  St.,  will  soon  receive 
bids  for  the  construction  of  a  4  story  man- 
ufacturing building  on  Forest  Ave.  for  A. 
S.  Hinds,  West  St.  A  low  pressure  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  J500,000. 

R.  I.,  Providence — C.  H.  Lockwood. 
Archt.,  171  Westminister  St.,  will  receive 
bids  for  the  construction  of  a  1  story,  96  x 
320  ft.  service  station  on  Reservoir  Ave. 
for  the  Federal  Truck  Sales  Co.  of  Rhode 
Island,  276  West  Exch.  St.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost.  $100,000. 

R.  I.,  Westerly— F.  P.  Sheldon  &  Sons, 
Engrs.,  1008  Hospital  Trust  Bldg.,  Provi- 
dence, plan  to  construct  plant  additions, 
including  a  4  stor>',  106  x  108  ft.  mill,  1 
story,  150  x  350  ft.  weave  shed  and  a  1 
story,  120  x  120  ft.  warehouse,  on  Mechanic 
St.,  for  the  Lorraine  Mfg.  Co.,  547  Mineral 
Springs  Ave.,  Pawtucket.  Steam  heating 
systems  will  be  installed  in  same.  Total 
estimated  cost.  $300,000. 

N.  Y.,  Albany — John  D.  Keeler,  c/o  War- 
ren &  Wetmore,  Archs..  10  East  47th  St., 
New  York  City,  is  having  plans  prepared 
for  the  construction  of  a  14  story  hotel  on 
B'way  and  Maiden  Lane.  A  steam  heating 
system  will  be  installed  in  same. 

N.  Y.,  Brooklyn — W.  Higginson,  Archt., 
18  East  40th  St.,  New  York  City,  will  soon 
award  the  contract  for  the  construction  of 
two  factorv  buildings,  one  5  story,  75  x  140 
ft.,  and  other  1  stor>-.  25  x  125  ft.,  a  2 
story.  45  x  50  ft.  garage  and  a  1  storj-,  25  x 
50  ft.  boiler  house,  for  the  Amer.  Safety 
Razor  Co.,  303  Jay  St.  A  steam  heating 
system  will  be  installed  in  same. 

N.  Y.,  Brooklyn — The  Kings  Co.  Hospital. 
Clarkson  St.,  is  having  plans  prepared  for 
altering  existing  hospital  buildings  and  for 
the  construction  of  an  addition  to  same.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $3,000,000. 
Helmle  &  Corbett,  189  Montague  St., 
Archts.    and   Engrs. 

N.  Y.,  Carthage— The  West  End  Paper 
Co.,  West  End  Ave.,  Carthage  Sulphide 
Pulp  &  Paper  Co.,  Front  St.,  Carthage  Tis- 
sue Paper  Co.,  Ryther  &  Prinyle  Mfg.,  ma- 
chinists, Carthage  Machine  Co.,  and  others, 
owning  power  rights  here,  plan  to  con- 
struct a  large  central  power  station  which 
will  yield  18-20,000  hp. 

N.  Y.,  Dunkirk — The  Niagara  &  Erie 
Power  Co..  Lamphere  St..  plans  to  con- 
struct a  second  3  ph.  60,000  volt  transmis- 
sion line  from  here  to  Athol  Springs  sub- 
station. 

N.  Y.,  New  York— Clinton  &  Russell, 
Archts.  and  Engrs.,  32  Liberty  St.,  are 
preparing  plans  for  the  construction  of  a 
108  X  115  ft.  ofnce  building  from  38th-39th 
Sts.,  near  5th  Ave.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost.  $2,225,000.  Owner's  name  with- 
held. 

N.  Y.,  New  York— The  New  York  Edi- 
son Co.,  Irving  PL,  will  soon  award  the 
contract  for  the  construction  of  a  3  storj-. 
45  X  75  ft.  transformer  station  at  421-423 
East  eth  St.  Estimated  cost,  $60,000.  W. 
Whitehill,  32  Union   Sq.,  Engr.   Noted  July  1. 

N.  Y.,  New  York — D.  Wortman,  Arch, 
and  Engr.,  114  East  28th  St.,  will  receive 
bids  about  Feb.  15  for  the  construction  of 
a  9  story,  50  x  100  ft,  storage  building  at 
108-110  West  107th  St.,  for  the  Chel- 
sea Fireproof  Storage  Warehouse.  Inc., 
426  West  26th  St.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost.    $125,000. 


N.  Y.,  Phelps- 
Mexieo,     plans 
warehouse    and 
here.      Two    100 
eouipment,   etc.. 
Total    estimated 


-The  Wilson  Canning  Co.. 
to     construct     a     factory, 

separate     office    building. 

hp.  boilers,  transmission 
will  be  installed  in  same. 

cost.    $15,000    to    $18,000: 


N.  Y.,  Rochester — The  city  will  soon 
award  the  contract  for  the  construction  of 
a  3  story,  304  x  321  ft.  Junior  High  School 
at  Wilson  Park.  An  indirect  radiation 
system,  including  boilers,  engines,  etc.. 
will  be  installed  in  same.     Total  estimated 


cost,  $1,500,000.  Address  J.  M.  Tracy, 
Supt.  of  Pub.  School  Bldgs.  Edwin  S. 
Gordon,  c/o  Gordon  &  Madden,  Sibley 
Block,   Arch. 

N.  Y.,  Rye — J.  E.  Bowman.  Hotel  Bilt- 
more,  ^s'ew  York  City,  has  awarded  the 
contract  for  the  construction  of  a  club  and 
hotel  building,  here,  to  George  A.  Fuller, 
175  5th  Ave.,  New  York  City.  A  steam 
heating  system  will  be  installed  in  same. 
Total   estimated   cost,   $2,000,000. 

N.  Y.,  Schenectady— The  Genl.  Electric 
Co.,  River  Rd..  has  engaged  Harris  & 
Richards.  Archs..  Drexel  Bldg..  Phila- 
delphia, to  prepare  plans  for  the  cdhstruc- 
tion  of  a  6  story,  50  x  200  ft.  office  build- 
ing. A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$300,000. 

N.  Y.,  Syracuse — The  Syracuse  Washing 
Machine  Co.,  507  East  Water  St.,  will  -»oon 
award  the  contract  for  the  construction 
of  a  4  story,  200  x  250  ft.  washing  machine 
factory,  including  an  80  x  100  ft.  moving 
picture  auditorium  for  employes,  on  Main 
St.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost,  $1.- 
000,000. 

N.  Y.,  Watertown- The  Brier  Hill  Elec- 
tric Light  &  Power  Co.,  Inc.,  St.  Law- 
rence Co.,  plans  to  construct  4  mi.  of  high 
tension  transmission  line  from  here  to 
Brier  Hill.     Estimated   cost,   $32,000. 

N.  J.,  Bayonne — The  Knights  of  Colum- 
bus, Star  of  the  Sea  Council,  c/o  G.  A.  Mc- 
Cabe,  Arch,  and  Engr.,  96  5th  Ave..  New 
York  City,  is  having  plans  prepared  for 
the  construction  of  a  clu^  house  on  Ave. 
C.  A  steam  heating  sys.em  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$250,000. 

N.  J.,  Verona  (Montclair  P.  O.) — The 
Eagle  Rock  Mfg.  Co.  is  having  plans  pre- 
pared for  the  constn.iction  of  a  2  stor>'. 
40  X  350  ft.  factor>'.  for  the  manufacture 
of  moving  picture  films.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $250,000.  Lockwood,  Green 
&  Co.,  101  Park  Ave.,  New  York  City, 
Archs.  and  Engrs. 

Pa.,  Allentown — The  Immanuel  Evangel- 
ical Congregation  plans  to  build  a  12  stor>-. 
50  X  100  ft.  church  on  Main  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $100,000. 

Pa.,  Chester — C.  W.  Brazer.  Arch,  and 
Engr.,  1133  B'way,  New  York  City,  will  re- 
ceive bids  about  May  1  for  the  construc- 
tion of  a  1  story  church  on  8th  and  Butler 
Sts.,  for  the  Trinity  Methodist  Episcopal 
Church.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$100,000. 

Pa..  Chester — The  Frohn  &  Robb  Asso- 
ciation, Archs.,  will  receive  bids  about 
May  1  for  the  construction  of  a  church  for 
the  First  Presbyterian  Church.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $125,000. 

Pa.,  Media — C.  W.  Brazer,  Arch,  and 
Engr.,  1133  B'way,  New  York  City,  will 
receive  bids  about  May  1  for  the  construc- 
tion of  an  office  and  bank  building  for  the 
Media  Title  &  Trust  Co..  11  South  St.  A 
steam  heating  system  will  be  installed  in 
same.      Total    estimated    cost,    $300,000. 

Pa.,  Philadelphia — G.  Edwin  Braum- 
baugh.  Arch.,  Real  Estate  Trust  Bldg.. 
will  receive  bids  until  Feb.  15  for  the  con- 
struction of  a  1  storv.  34  x  120  ft.  market 
house  at  1430  South  St..  for  Robert  Ven- 
turi  &  Bros..  1430  South  St.  A  steam, 
heating  system  and  a  refrigerating  planT 
will  be   installed   in   same. 

Pa.,  Philadelphia— The  Chestnut  Hill 
Hospital,  8815  Germantown  Ave.,  engaged 
J.  P.  Simms.  Arch..  1627  Sansom  St..  to 
prepare  plans  for  the  construction  of  a 
hospital  in  Chestnut  Hill.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal estimated  cost,  $100,000. 

Pa..  Philadelphia— H.  B.  AVeldon.  Arch.. 
Fuller  Bldg.,  is  preparing  plans  for  the 
construction  of  a  1  and  2  story.  ;0  x  160 
and  25  x  160  ft.  sales  and  service  buMding 
for  L.  J.  Kolb,  901  North  Broad  St.  A 
steam  heating  system  will  be  installed  in 
.^ame.      Total    estimated    cost,    $50,000. 

Pa.,  Pittsburgh — The  Mellon  Natl.  Bank, 
514  Smithfield  St.,  is  having  plans  pre- 
pared   for    the    construction    of   a    4    story. 


120  X  130  ft.  bank  and  office  building  or. 
Smithfield  St.  between  5th  Ave.  and  Olive 
St.  A  steam  heating  system  will  be  in- 
stalled in  same.  Trowbridge  &  Livings- 
ton. 527  5th  Ave.,  New  York  City,  Archa. 
and    Engrs. 

Pa.,  Plains  (Wilke«-Barre  P.  0.>— The 
Plains  School  Bd.  will  receive  bids  until 
Feb.  23  for  the  construction  of  a  2  story, 
70  X  130  ft.  school  on  Moffltt  St.  A  steam 
heating  system  will  be  installed  in  same 
Total  estimated  coat,  $150,000.  Austin 
Rielly,    Bennett    Bldg.,    Wilkes-Barre,  Arch. 

Pa..  Scranton — The  Scranton  Dress  Co., 
South  Webster  Ave.,  will  receive  bids  until 
Feb.  20  for  the  construction  of  a  3  story, 
100  X  125  ft.  dress  factory  on  South  Web- 
ster and  Hickor>-  Sts.  A  steam  heating 
system  and  electric  power  will  be  installed 
in  same.  Total  estimated  cost,  $150,000. 
F.   W.   Borgenicht,   Pree. 

Pa.,  Scranton — The  Ahavath  Sholem 
Congregation,  Providence  (Scranton  P.  O.), 
plans  to  build  a  15  storv  50  x  100  ft.  syna- 
gogue on  North  Main  Ave.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal   estimated   cost,    $100,000. 

Pa.,  Scranton — O.  D.  Dewitt  Auto  Co.. 
Wyoming  Ave.,  is  preparing  plans  for  the 
construction  of  a  2  storj-,  90  x  170  ft.  gar- 
age on  Wyoming  Ave.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated    cost,    $100,000. 

Pa.,  Wilkes- Barre — The  State  and  Lu- 
zerne Co.  are  having  plans  prepared  hv 
T.  H.  Atherton.  Arch.,  Coal  Exch.  Bldg'. 
for  the  construction  of  a  4  stor\-.  90  x  100 
ft.  armory  on  Market  St.,  along  the  Sus- 
quehanna River.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated  cost,    $350,000. 

Pa.,  Wilkes-Barre. — Geo.  Gildersleeve, 
Gildersleeve  St.,  will  soon  award  the  con- 
tract for  the  construction  of  a  2  stor>-.  45  x 
225  ft.  garage  on  South  Main  St.  A  steam 
heating  system  and  electric  power  will  be 
installed  in  same.  Total  estimated  cost. 
$100,000.  Thomas  Atherton.  Jr..  Coal  Exch. 
Bldg.,   Arch. 

Pa.,  Wilkes-Barre — George  S.  Welch, 
Arch..  Coal  Exch.  Bldg.,  will  receive  bids 
until  Feb.  24  for  the  construction  of  a  3 
stor>-,  200  X  225  ft.  silk  mill  for  the  Ehiplan 
Silk  Corp.  A  steam  heating  system  and 
electric  power  will  be  installed  in  same. 
Total  estimated  cost,   $500,000. 

Pa.,  Yeadon — S.  L.  Baraumbaugh.  Han- 
ison  Bldg..  Philadelphia,  has  engaged 
.Jesse  T.  Hoekstro.  Arch..  1713  Sansom  St.. 
to  prepare  plans  for  the  construction  of 
a  1  stor>-  ice  plant  at  Presser  Park.  Esti- 
mated   cost.    $10,000. 

Md.,  Baltimore — David  Garrett  &  Sons. 
1210  Bouldin  St.,  are  having  plans  prepared 
for  the  construction  of  a  1  stor>-.  37  x  75 
ft.  boiler  house  and  a  1  stor>-,  65  x  65  ft. 
garage  on  East  Ave.  near  Ellwood  St.  To- 
tal estimated  cost.  $35,000.  F.  Thomas. 
135   North   Kenwood   St.,   Arch. 

Md.,  Fairfield  (Baltimore  P.  O.) — The 
Globe  Shipbuilding  &  Dr>-  Dock  Co.  of 
Mar>land,  Fidelity  Bldg.,  Baltimore,  is  hav- 
ing plans  prepared  for  the  construction  of 
a  1  and  2  storj-  shipbuilding  and  ship  re- 
pair plant  along  the  water  fronC  Con- 
tract for  auxilian.-  powe'-  house  equipment 
will  be  sub-let.  Total  estimated  •'ost.  $5.- 
000,000.     B.   r    Cooke,    Pres. 

Va.,  Norfolk— The  Beth  El  Congregation 
c/o  Herts  &  Robinson.  Archs..  331  Mad- 
ison Ave.,  New  York  City,  is  having  plans 
prepared  for  the  construction  of  a  syna- 
gogue. A  steam  heating  s>stem  will  be 
installed  in  same.  Total  estimated  cost. 
$250,000. 

Va.,  Roanoke — H.  C.  Richards.  Arch.. 
1713  Sansom  St.,  Philadelphia,  will  soon 
award  the  contract  for  the  construction  of 
a  3  story  school,  here,  fc-  the  Bd.  Educ 
A  steam  heating  system  will  be  installed 
in   same.     Total   estimated  cost,    $175,000. 

N.  C,  Aberdeen — The  Bd.  Comrs.  wil) 
soon  award  the  contract  for  the  construc- 
tion of  a  waterworks  and  sewerage  sys- 
tem. Pumping  equipment  includes  an  oil 
engine,  deep  well  pumps,  etc.  Total  esti- 
mated cost.  $40,000.  J.  B.  McCrarv  Constr. 
Co..  3rd  Natl.  Bank  Bldg..  Atlanta,  Ga.. 
Ei.gr. 

Tenn.,  Knoxvllle — The  Anderson  Dulin  & 
A'arnell  Co.  plans  to  construct  a  10  stor>-. 
90  X  100  ft.  warehouse  on  Gay  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total   estimated  cost.   $200,000. 
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O..  Dayton— The  Delco  Light  Co.,  Bast 
1st  St.,  plans  to  construct  a  2  story  power 
Blant  on  Keowee  and  Pitt  Sts  Estimated 
cost.  $75,000.  A  Pressler.  329  East  1st  St.. 
Engr. 

O  Elyria— The  Elyria  Savings  &  Trust 
Co  is  having  preliminary  plans  prepared 
for  ihe  construction  of  a  12  story  bank 
and  office  building  on  Broad .  and  Court 
Sts.  Three  boilers  will  be  mstalled  in 
same  Total  estimated  cost,  $1,000,000. 
wXer  &  weeks.  1900  Euclid  Ave..  Cleve- 
land. Archs.  and  Engrs. 

Mich.,  Detroit— The  Bd.  of  Water  Com- 
missioners, 232  Jefferson  Ave.,  will  receive 
bids  until  Feb  17  for  the  construction  of 
Sie  sub-structure  for  a  low  lift  pumping 
station,  involving  about  24.000  lin.  ft.  of 
concrete  piles  and  6.000  cu  yds  of  rein- 
forced concrete.  Estimated  cost,  ?300.000 
to  $350,000.    T.  A.  Leisen,  Engr. 

Mich.,  Detroit— H.  S.  Koppin,  Brelt- 
meyer  Bldg.,  is  having  plans  prepared  for 
the  construction  of  a  2  story,  100  x  120  ft. 
theatre  on  Catherine  and  St.  Antome  Sts. 
A  steam  heating  plan.  Including  boiler  and 
ventilating  equipment,  will  be  installed  in 
same.  Total  estimated  cost,  $250,000.  C. 
H.  Crane  and  E.  G.  Kiehler,  Huron  Bldg., 
Archs. 

Mich.,  Detroit— C.  H.  Miles,  Miles  The- 
atre Bldg.,  Griswold  St.,  is  having  plans 
prepared  for  the  construction  of  a  2  story. 
120  X  163  ft.  theatre  on  Grand  River  and 
Roosevelt  Aves.  Steam  heating  system, 
with  forced  ventilation,  will  be  installed 
in  same.     Total  estimated  cost,   $1,000,000. 

Mich.,  Detroit— B.  F.  Mortenson,  1119 
Dime  Bank  Bldg.,  has  purchased  a  site 
and  plans  to  construct  a  4  story,  130  x  200 
ft  commercial  building  on  Lafayette  Ave. 
and  6th  St.  Steam  heating  equipment  will 
be  installed  in  same. 

Mich.,  Flint— The  Independent  Cold  Stor- 
age Co.,  120  West  Kearsley  St.,  plans  to 
construct  a  3  story  cold  storage  plant  on 
Industrial  Ave.  Electric  power  and  re- 
frigeration equipment  will  be  installed  in 
same.     Total  estimated  cost,   $300,000. 

Mich.,  Kalamazoo— The  Clarage  Fan  Co.. 
North  and  Porter  Sts.,  plans  to  build  a  1 
story,  28  x  170  ft.  and  66  x  70  ft.  addi- 
tions to  its  foundry  and  pattern  shop  on 
North  Sl.  Electric  motors  to  supply  power 
will  be  installed  in  same.  Total  estimated 
cost,   $100,000. 

Mich.,  Muskegon — The  Bd.  Bduc.  is  hav- 
ing plans  prepared  for  the  construction  of 
a  2  story  school  on  Acorn  St.  A  steam 
heating  plant,  including  boiler,  fan,  pump 
and  ventilating  system,  will  be  installed  in 
same.  Total  estimated  cost,  $145,000.  H. 
H.  Turner,  234  Division  Ave.  N.,  Grand 
Rapids,   Arch. 

Mich.,  Saginaw— The  Lufkin  Rule  Co., 
Hess  Ave.,  plans  to  construct  a  1  story, 
115  X  219  ft.  factory  on  Hess  Ave.  and 
Prescott  St.  Steam  heating  equipment 
will  be  installed  in  same.  Total  estimated 
cost,  $100,000.  Esselstyn,  Murphy  &  Han- 
ford,  810  Marquette  Bldg.,  Detroit,  Archs. 
and  Engrs. 

Mich.,  Three  Rivers — E.  H.  Andrews, 
Secy,  of  School  Dist.  No.  1,  will  soon 
award  the  contract  for  the  construction 
of  a  2  story  school.  A  stear.i  heating  sys- 
tem will  be  installed  in  same.  Total  es- 
timated cost.  $175,000.  R.  A.  LeRoy,  122 
Pratt   Blk.,    Kalamazoo.    Arch. 

Mich.,  YpsilantI— H.  X.  Wilder,  Secy, 
of  the  Bd.  Educ,  will  receive  bids  until 
Feb.  17  for  the  construction  of  a  2  story 
grade  school.  A  ster.m  heating  system  will 
be  installed  in  same.  Total  estimated,  cost, 
$150,000.  Robinson  &  Campau,  715  Mich- 
igan  Trust   Bldg.,    Grand   Rapids,    Archs. 

III.,  Chicago — Paul  Gerhardt,  Arch.,  64 
West  Randolph  St.,  will  soon  award  tne 
contract  for  the  construction  of  a  1  and  2 
story,  50  x  200  ft.  auto  sales  service  build- 
ing on  Sheridan  Rd.  and  Irving  Park 
Blvd.,  for  Hampton  Winston,  749  North 
Michigan  Ave.  A  steam  heating  system 
wfll  be  installed  in  same.  Total  estimated 
cost,  $100,000.  The  Oakland  Phillips  Motor 
Co.,   931  Wilson  Ave.,  Lessee. 

III.,  Chicago — The  Jackson  Express  & 
Van  Co.,  3611  West  22nd  St.,  is  having 
plans  prepared  for  the  construction  of  a  6 
story,  75  x  175  ft.  storage  warehouse  on 
Madison  St.  and  60th  Ave.  A  steam  heat- 
ing system  will  be  installed  in  same.     To- 


tal estimated  cost,   $150,000.     G.   S.  Kings- 
ley,   109   North  Dearborn  St.,   Arch. 

III.,  Chicago— D.  S.  Klafter,  Arch.,  64 
West  Randolph  St.,  will  soon  award  the 
contract  for  the  construction  of  a  4  story, 
50  X  125  ft.  auto  sales  building  at  2449 
Michigan  Ave.  for  C.  Schmalhausen,  2448 
Michigan  Ave.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $150,000. 

III.,  Chicago — The  Monighan  Machine  Co., 
2036  West  Carroll  Ave.,  is  having  plans 
prepared  for  the  construction  of  a  110  x 
504  ft.  manufacturing  plant  on  Augusta, 
Kilpatrick  and  Belleplaine  Aves.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $250,000.  Alfred  P. 
Weber,   111  West  Washington  St.,  Arch. 

III.,  Chicago— Henry  J.  Schlacks,  721 
North  Michigan  Ave.,  plans  to  construct 
an  8  story,  100  x  200  ft.  apartment  hotel 
on  Chestnut  St.  and  Delaware  PI.  A  steam 
heating  system  will  be  installed  in  same. 
Total   estimated   cost,    $2,000,000. 

Wis.,  Milwaukee— Cahill  {,  Douglas, 
Engrs.,  217  West  Water  St.,  are  receiving 
bids  for  the  installation  of  a  150  hp.  high 
pressure  tubular  boiler  and  a  100  ft.  steel 
stack,  for  the  Barnett  Woolen  Mills  Co., 
200  Muskego  Ave. 

Wis.,  Tomah — The  Bd.  Educ.  will  soon 
award  the  contract  for  the  construction  of 
a  3  story,  50  x  80  ft.  addition  to  the  high 
school  and  a  30  x  55  ft.  boiler  house.  To- 
tal estimated  cost,  $60,000.  C.  B.  Drowat- 
sky,  Clk.  H.  C.  Haeuser,  Colby-Abbot 
Bldg.,  Milwaukee,  Arch. 

Minn.,  HIbbIng — ^Victor  L.  Power,  Mayor, 
will  receive  bids  until  March  15  for  the 
construction  of  a  2  and  3  story.  200  x  300 
ft.  recreation  building  In  the  Central  Di- 
vision. A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$325,000.  Halstead  &  Sullivan,  Palladio 
Bldg.,  Duluth,  Archs.  and  Engrs. 

Minn.,  St.  Paul — The  Hamline  Univer- 
sity, Snell  and  Capital  Aves.,  is  having 
plans  prepared  for  the  construction  of  a  3 
story,  50  x  125  ft.  dormitory.  A  steam 
heating  system  will  be  installed  In  same. 
Total  estimated  cost,  $100,000.  F.  H.  El- 
lerbe,   Endicott  Bldg.,   Arch. 

Minn.,  Waseca — H.  C.  Gerlach,  Arch., 
Mankato,  will  receive  bids  until  Feb  17  for 
the  construction  of  a  2  stoiT,  60  x  100  ft. 
hospital  building.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $80,000.  Terry  Schulte  Eng. 
Co..  Endicott  Bldg.,  St.  Paul,  Engrs. 
Owner's  name  withheld. 

Neb.,  Gering— Scotts  Bluff  Co.  plans  to 
construct  a  3  story,  68  x  112  ft.  court  house. 
A  vacuum  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$190,000.  W.  N.  Bowman  Co.,  Central  Sav- 
ings  Bank  Bldg.,    Denver,    Colo.,    Archs. 

Neb.,  Omaha — John  Latenser  &  Sons, 
Archs.,  632  Bee  Bldg.,  will  soon  award  the 
contract  for  the  construction  of  a  3  story, 
12fi  X  136  ft.  warehouse  on  8th  and  Jack- 
son Sts.,  for  Trimble  Bros.,  11th  and  How- 
ard Sts.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$200,000. 

Neb.,  Omaha— Clark  G.  Powell,  2051 
Famam  St.,  is  having  plans  prepared  for 
the  construction  of  a  4  story,  45  x  132  ft. 
auto  supply  building  on  21st  and  Harney 
Sts.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
*$]  25,000  to  $140,000.  G.  L.  Fisher,  1604 
City  Natl.   Bank  Bldg..  Arch. 

Tex.,  Goose  Creek — The  Gulf  Production 
Co.  plans  to  construct  2  large  electric 
power  stations  and  transmission  systems 
in  the  Goose  Creek  oil  fields.  Proposed 
plant  will  furnish  electric  power  for  oper- 
ating the  pumps  of  all  of  :Ls  wells  in  the 
field.      Total    estimated   cost,    $500,000. 

Okla.,  Carnegie — The  City  Clerk  will 
receive  bids  in  two  or  three  months  for 
the  con.struction  of  a  100,000  gal.  surface 
reservoir  in  connection  with  the  proposed 
development  of  a  new  water  supply  from 
deep  wells.  Air  lift  and  motor-driven 
centrifugal  high  pressure  snvice  pumps 
will  be  installed  in  same.  The  city  voted 
$24,000  bonds  for  the  project.  V.  V.  Long 
&  Co..  1300  Colcord  Bldg..  Oklahoma  City, 
Engrs. 


Colo.,  Yuma — The  city  will  soon  award 
the  contract  furnishing  one  steel  smoke- 
stack, one  250  hp.  steam  engine,  one  125 
hp.  steam  engine,  two  200  hp.  steam  boil- 
ers, two  alternators  d.c.  to  above  engines, 
switchboard  and  instruments,  feedwater 
pumps,  feedwater  heater,  etc.  R.  D.  Salis- 
bury,   Denver,   Engr. 

Idaho,  Harrison — The  city  plans  an  elec- 
tion to  vote  on  $42,500  bonds  for  the  con- 
struction of  a  waterworks  system  and  in- 
stallation of  an  electric  lighting  plant. 

Wash.,  Vancouver  —  Rasmussen-Grace 
Co.,  Archs.,  Bates  Bldg.,  Portland,  Ore.. 
will  receive  bids  about  Feb.  15  for  the 
construction  of  a  2  story.  25  ton  capacity, 
cold  storage  plant,  here,  for  the  Columbia 
Dairy  Products  Co.  Estimated  cost, 
$75,000. 

Ore.,  Arlington — The  city  voted  $15,000 
bonds  for  the  construction  of  a  sewerage 
system  and  $5,000  for  the  extension  of  the 
electric  light   system. 

Ore.,  Chemawa — The  Supt.  of  Indian 
Schools,  Box  156,  received  an  appropria- 
tion of  $15,000  from  the  U.  S.  Government, 
Wash.,  D.  C,  for  the  installation  of  a  new 
heating  plant  at  the  Salem  Indian  Train- 
ing School,  here. 

Ore.,  Fossil — The  Butte  Creek  Land, 
Livestock  &  Lumber  Co.  plans  to  install  a 
water  system,  including  one  10  in.  centri- 
fugal pump,  dam,  etc.  Total  estimated 
cost,    $5,000. 

Cai.,  Davis — The  City  Trustees  will  soon 
receive  bids  for  the  construction  of  2 
drilled  wells  with  2  pumps  of  500  gals,  per 
min.,  operated  by  motors,  100,000  gal.  tank 
on  100  ft.  tower,  auxiliary  fire  pressure 
pump  of  1,000  gals,  per  min.,  25  fire  hy- 
drants, and  distributing  system  of  6  to  2 
in.  metal  pipe.  Total  estimated  cost,  $75,- 
000.  Galloway  &  Markwart,  First  Natl. 
Bank  Bldg.,   San  Francisco,  Engrrs. 

Cai.,  Salinas — Brown  Bros,  are  having 
plans  prepared  for  the  construction  of  a 
theatre  to  be  leased  to  Turner  &  Dahnken, 
San  Francisco.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $125,000.  A.  W,  Cornelius,  Mer- 
chants Natl.  Bank  Bldg.,  San  Francisco, 
Arch. 

Cai.,  San  Diego — The  Bureau  of  Yards 
&  Docks,  Navy  Dept.,  Wash.,  D.  C,  and 
Pub.  Wks.  Officers,  12th  Naval  Dist.,  Tim- 
ken  Bldg.,  San  Diego,  will  receive  bids  for 
furnishing  and  installing  complete  power 
plant  and  electric  generating  equipment, 
including  distribution  systems  for  electric- 
ity and  steam,  at  the  Marine  Corps  Base, 
here. 

Cai.,  Whittler — The  city  received  bids 
for  furnishing  and  erecting  boilers  and 
generator  as  follows:  Terry  &  Carpenter, 
Sterling  boilers,  $18,070;  Murray  pump, 
$48,893;  Kerr  turbine  and  AUis-Chalmers 
generator,  $16,911;  switchboard,  $2,400;  to- 
tal, $81,274.  Thomas  Haverty  Co.,  8th  and 
Maple  Sts.,  Los  Angeles,  Foster  boilers, 
$15,250;  Kerr  turbine  and  Allis-Chalmers 
generator,  $14,800;  Ludlow  engine,  $57,900: 
switchboard,  $2,321;  total,  $90,271.  This 
work  in  connection  with  proposed  water- 
Avorks  system. 

Cai.,  Whittier — The  city  received  bids 
for  furnishing  and  erecting  pump  and 
boiler  from  the  Byron  Jackson  Iron  Wks., 
336  East  3rd  St.,  Los  Angeles,  Thomas 
Haverty  Co.,  8th  and  Maple  Ave.,  Los  An- 
geles, $8,470;  C.  Terry,  $8,588.  This  work 
in  connection  with  the  proposed  water- 
works  system. 

Ont.,  Gait — The  city  engaged  H.  H.  An- 
gus, Consult.  Engr.,  23  River  St..  Toronto, 
to  prepare  plans  for  the  installation  of  a 
central  heating  plant  to  heat  the  4  build- 
ings at  the  hospital,  here.  A  by-law  ap- 
propriating $30,000  for  this  project  has  bfeen 
passed. 

Que.,  Montreal — The  Congregation  of  St. 
Augustine  plans  to  build  a  50  x  100  ft. 
church  in  the  north  end  of  the  city.  Con- 
tract for  heating  will  be  sub-let.  A  sum 
of  $200,000  has  been  raised  for  this  project. 

Que.,  Sherbrooke — The  Howard  Pulp  & 
Paper  Co.,  Montreal,  has  purchased  9^/^ 
acres  on  the  bank  of  the  San  Francis 
River  and  is  having  plans  prepared  for  the 
construction  of  a  wood  pulp  mill  on  same. 
A  3,500  hp.  power  development  will  be 
added.     Total  estimated   cost,  '$750,000. 
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CONTRACTS  AWARDED 

Me.,  Portland. — Hannaford  Bros.,  Com- 
mercial St.,  have  awarded  the  contract  for 
the  construction  of  a  refrigerator  plant  to 
the  Landers  Eng.  Co.,  102  Exch.  St.  Es- 
timated  cost,    $150,000. 

Conn.,  West  Haven — The  West  Haven 
School  Bd.  has  awarded  the  contract  for 
installing  a  steam  heating  system  in  the 
proposed  2  story,  45  x  137  ft.  school  on 
Noble  St.  to  Charles  W.  Neumann,  West 
Haven. 

Mass.,  Boston — The  New  England  Tele- 
phone &  Telegraph  Co.  has  awarded  the 
contract  for  the  construction  of  a  3  story, 
80  X  100  ft.  office  building  on  Essex  St.,  to 
I.  F.  Woodbury  &  Co.,  Summer  St.  A 
general  heating  system  will  be  installed  in 
same.     Total  estimated  cost,   $100,000. 

Mass.,  Fall  River — The  Hotel  Mohican, 
North  Main  St.,  will  build  a  4  story,  48  x 
120  ft.  addition.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $125,000.  Work  will  be  done  by  day 
labor. 

N.  Y.,  Brooklyn — The  Congregation  of 
Bikin  Cholem,  Fulton  St.  and  Shepard 
Ave.,  will  build  a  2  story,  50  x  85  ft.  syna- 
gogue on  Arlington  Ave.  and  Bradford  St. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $100,000. 
Work  will  be  done  by  day  labor. 

N.  Y.,  Brooklyn — The  Lincoln  Hygeia  Ice 
Co.,  95  William  St.,  New  York  City,  will 
build  a  2  story,  100  x  125  ft.  ice  plant  ad- 
dition on  Pacific  St.  and  Carlton  Ave.  Es- 
timated cost,  $100,000.  Work  will  be  done 
by  day  labor. 

N.  Y.,  New  York — The  New  York  Tele- 
phone Co.,  15  Dey  St.,  has  awarded  the 
contract  for  the  construction  of  a  4  story, 
100  X  145  ft.  telephone  exchange  on  Trout- 
man  Ave.  (Bronx  Boro.)  to  Gillies  & 
Campbell,  103  Park  Ave.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $200,000.  McKenzie,  Voor- 
hles  &  Gmelin,  1123  B'way,  Archts.  and 
Engrs. 

N.  Y.,  New  York— E.  J.  Nathan,  Jr.,  128 
B'way,  has  awarded  the  contract  for  the 
construction  of  a  2  story,  77  x  106  ft.  fac- 
tory and  store  building  on  7th  Ave.  and 
27th  St.,  to  G.  Richard  Davis  &  Co.,  30 
East  42nd  St.  A  steam  heating  system' 
will  be  installed  in  same.  Total  estimated" 
cost,   $850,000. 

N.  Y.,  New  York — The  Round  Hill  Mer- 
cantile Co.,  98  Bleeker  St.,  has  awarded 
the  contract  for  the  construction  of  a  10 
story  office  building  on  19th  St.  and  4th 
Ave.,  to  W.  Crawford,  7  East  42nd  St.  A 
steam  heating  system  will  be  installed  in 
same.      Total    estimated    cost,    $500,000. 

N.  Y.,  New  York— L.  K.  Schwartz,  110 
West  40th  St.,  has  awarded  the  contract 
for  the  construction  of  a  10  story,  41  x  98 
ft.  loft  building  at  41-43  West  28th  St.,  to 
Barney-Ahlers  Constr.  Co.,  110  West  40th 
St.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$250,000. 

N.  Y.,  New  York— The  Textile  Bldg., 
Inc.,  15  West  55th  St.,  has  awarded  the 
contract  for  the  construction  of  a  16  story, 
164  X  198  ft.  office  building  at  285-293  5th 
Ave.,  to  the  George  Backer  Constr.  Co., 
33  East  33rd  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,   $3,000,000. 

N.  J.,  Passaic — The  Passaic  Cotton  Mills, 
Brighton  Ave.,  have  awarded  the  contract 
for  the  construction  of  a  4  story.  100  x  700 
ft.  factory,  to  Fred  T.  Ley,  19  West  44th 
St.,  New  York  City.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  es- 
timated cost,  $750,000. 

N.  J.,  Woodbridge — The  Reliable  Chem- 
ical Co.,  c/o  Westinghouse,  Church,  Kerr 
&  Co.,  Inc.,  Engrs.,  37  Wall  St.,  New  York 
City,  has  awarded  the  contract  for  the 
construction  of  a  ftcory  and  storage  build- 
ing between  here  and  Rahway  to  Westing- 
house,  Church,  Kerr  &  Co,  Inc.,  37  Wall 
St.,  New  York  City.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated* cost,    $150,000. 

Penn.,  Chester — The  Cochrane  Estate 
has  awarded  the  contract  for  the  construc- 
tion of  an  18  story  office  building  to  Ward 
Bros.  Constr.  Co.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,   $450,000. 


Penn.,  Lock  Haven— The  Lock  Haven 
Trust  &  Safe  Deposit  Co.,  Ea.st  Main  St., 
has  awarded  the  contract  for  the  construc- 
tion of  a  1  story  bank  to  Hoggson  Bros., 
485  5th  Ave.,  New  York  City.  A  steam 
heating  system  will  bo  installed  in  same. 
Total  estimated  cost,  $300,000. 

Pa.,  Philadelphia— W.  S.  Barnes,  20th 
and  Erie  Sts.,  will  build  a  4  story,  100  x 
300  ft.  assembly  building.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal estimated  cost,  $200,000.  Work  will  be 
done    by   day   labor.  ' 

Penn.,  Philadelphia— The  Crescent  Ice  <^ 
Coal  Co.,  52nd  St.  and  Woodland  Ave.,  has 
awarded  the  contract  for  the  construction 
of  a  1  story,  100  x  145  ft.  ice  plant  on 
Powers  Lane  and  Island  Rd.  to  W.  F. 
Koelle  &  Co.,  26th  and  Oxford  Sts.  A 
steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,  $35,000. 

Penn.,  Philadelphia— The  West  Philadel- 
phia Catholic  High  School,  49th  and  Chest- 
nut Sts.,  has  av/arded  the  contract  for  the 
con.struction  of  a  3  story,  49  x  125  ft.  school 
to  Doyle  &  Co.,  1519  San.som  St.  A  steam 
heating  system  will  be  Installed  in  same. 
Total  estimated  cost,   $155,000. 

Penn.,  Pittsburgh— Alleghany  Co.  has 
awarded  the  contract  for  installing  heat- 
ing, ventilating  and  refrigerating  systems 
in  the  court  house,  jail  and  morgue  to  L. 
G.  Emery  Co.,  New  Castle,  at  $123,329. 

Va.,  Danville — The  Riverside  &  Dan 
River  Cotton  Mills  Co.  has  awarded  the 
contract  for  the  construction  of  a  4  storv, 
133  X  800  ft.  spinning  nill,  to  the  Abef- 
thaw  Constr.  Co.,  27  School  St.,  Boston, 
Mass.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost,  $2,- 
000,000. 

Va.,  Richmond — The  Rennie  Dairy  Co., 
7th  and  Leigh  Sts.,  has  awarded  the  con- 
tract for  the  construction  of  a  2  story,  45  x 
70  ft.  dairy,  including  cold  ."Storage  rooms, 
on  North  7th  St.,  to  J.  C.  Bea.slev,  North 
9th  St. 

Ala.,  Florence— The  IT.  S.  Bngr.'s  Office, 
War  Dept.,  Wash.,  D.  C,  has  awarded  the 
contract  for  the  installation  of  2  air  com- 
pressors to  the  Worthington  Pump  and 
Machinery  Corp.,  115  B'way,  New  York 
City,  at  $29,450. 

O.,  Canton — The  city  has  awarded  the 
contract  for  the  construction  of  a  1  storv, 
47  X  96  ft.  pumping  station  in  the  North 
End.  to  Keller-Huff  Co.  Estimated  cost, 
$24,900. 

O.,  Cleveland — The  Masonic  Temple 
Bldg.  Co.,  Rockefeller  Bldg.,  has  awarded 
the  contract  for  the  construction  of  a  6 
story.  130  x  300  ft.  masonic  temple  at  3515 
Euclid  Ave.,  to  Masters  &  Mullen  Constr. 
Co..  Electric  Bldg.  Motors  will  be  in- 
."tallpd  in  same.  Total  estimated  cost, 
$750,000. 

O.,  Cleveland— The  Eaton  Axle  Co.  has 
awarded  the  contract  for  the  construct'on 
cT  a  1  story,  300  x  450  ft.  factory  and  a 
40  X  80  ft.  power  house  and  heat  treating 
building  on  East  140th  St.  and  the  New 
York  Central  R.  R.  to  the  Crowell-Lundoff- 
Little-Bicknell  Co.,  5716  Euclid  Ave.  A 
steam  heating  system,  including  H.R.T. 
boilers,  will  be  installed  in  same.  Total 
ci^timated  cost,   $600,000. 

O.,  Cleveland— J.  S.  Kohn,  Engineers' 
Bldg.,  has  awarded  the  contract  for  the 
construction  of  a  3  story,  54  x  112  ft.  .=!how 
room  and  warehouse  on  East  14th  St.  to 
the  Bolton  Pratt  Co.,  Columbia  Bldg.  \ 
steam  heating  system  will  be  Installed  "n 
same.     Total  estimated  cost,  $100,000. 

O.,  Parma--The  Bd.  Educ.  has  awarded 
the  contract  for  the  installation  of  a  hot  air 
heating  system  in  the  proposed  three  1 
story.  60  x  118  ft.  school  buildines  to  the 
Amer.  Warminc:  &  Ventilating  Co.,  Rose 
Bldg.,    Cleveland. 

O.,  Salem — The  Mullens  Body  Co.  has 
awarded  the  contract  for  the  construction 
of  a  factory  to  Stone  &  Webster,  120 
B'way,  New  York  City.  A  steam  heatln<< 
."system  will  be  installed  in  same.  Total  es- 
timated cost,   $500,000. 

Mich.,  Detroit — The  Stroh  Products  Co 
253  Elizabeth  St.,  E..  has  awarded  the 
contract  for  the  construction  of  a  3  story, 
22  X  85  ft.  Ice  cream  plant  on  Hastings 
and  East  Elizabeth  Sts.  to  Pine  &  Mun- 
nicke,  Marquette  Bldg.  Circulation  pump, 
tanks,  etc..  will  be  Installed  in  same. 


Mich.,  Detroit— The  Studebaker  Corp., 
Biu.sh  and  Piquette  Sts.,  has  awarded  the 
contract  for  the  construction  of  a  4  story, 
200  X  250  ft.  automobile  factory  addition  to 
the  A.  J.  Smith  Const.  Co.,  Campau  Bldg. 
A  steam  heating  system  and  electric  mo- 
tors for  power  will  be  installed  in  same. 
Total  estimated  cost,  $300,000. 

III.,  Chicago— The  Boyle  Ice  Co.,  136  West 
Lake  St.,  has  awarded  the  contract  for  the 
construction  of  a  1  story,  125  x  175  ft.  ice 
plant  at  855  Larrabee  St.  to  the  Menke- 
Thielberg  Co.,  139  North  Clark  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $65,000. 

III.,  Chicago— The  Exel  Motor  Truck  Co., 
c/o  Henry  Raeder,  Archt.,  20  West  Jack- 
son Blvd.,  has  awarded  the  contract  for 
the  construction  of  a  1  story,  350  x  500  ft. 
factory  on  Menard  and  Dickens  Ave.  to  H. 
A.  Peters  Co.,  19  South  La  Salle  St.  A 
steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,  $300,000. 

III.,  Chicago— The  Bnai  Abraham  Zion 
Congregation,  c/o  A.  L.  Levy,  11  West 
Washington  St.,  has  awarded  the  contract 
for  the  construction  of  a  1  stor>',  85  x  110 
ft.  synagogue  and  a  2  story,  25  x  125  ft. 
community  house  on  Washington  Blvd. 
and  Karlov  Ave.,  to  Kadeshewitz  &  Buchel, 
1342  Independence  PI.  A  steam  heating 
system  will  be  installed  in  .same.  Total 
estimated  cost,   $225,000. 

111.,  Chicago— The  Shore  View  Hotel  Co.. 
c/o  Percy  Johnston,  Arch.,  1254  Pratt 
Blvd.,  has  awarded  the  contract  for  the 
construction  of  an  8  story,  60  x  145  ft 
hotel  at  4910  Sheridan  Rd.,  to  Olson-Car- 
son Co.,  7417  Rhodes  Ave.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal   estimated   cost,    $800,000. 

III.,  Springfield— The  Springfield  Marine 
Bank,  114  South  6th  St.,  has  awarded  the 
contract  for  the  construction  of  a  bank,  to 
Hoggson  Bros.,  485  5th  Ave.,  New  York 
City.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$500,000. 

Minn.,  HIbbIng— School  Dist.  18  has 
awarded  the  contract  for  installing  heat- 
ing and  plumbing  systems  in  the  proposed 
3  story,  74  x  150  ft.  addition  to  Ainslev 
School,  to  the  Schirmer  Plumbing  Co  , 
Hibbing,    at   $47,719. 

Wis.,    Hartford— The    city    has    awarded 
the   contract    for   furnishing   and    installing 
stokers  and  soot  blowers  to  the  Combustion 
Engineering    Co.,    38    South    Dearborn    St 
Chicago.     Estimated  cost,  $11,725. 

Wis.,  Rio— The  city  has  awarded  the  con- 
tract for  waterworks  improvements,  in- 
cluding the  construction  of  a  tank  and 
tower,  to  the  Wausaw  Iron  Works,  Wau- 
saw;  well,  to  W.  L.  Thorne,  Platteville: 
pump,  to  the  Wisconsin  Foundrj'  Co.,  Mad- 
ison.    Total  estimated  cost,  $30,000. 

Kan.,  Haven— The  Bd.  EcJuc.  has  award- 
ed the  contract  for  installing  heating  and 
plumbing  systems  in  the  proposed  2  stors' 
high  school  to  Stevens,  Gill  &  Co.,  Hutch- 
inson, at  $16,375. 

Kan.,  Galena — The  city  has  awarded  the 
general  contract  for  the  construction  of  a 
waterworks  extension,  to  Ray  &  Son,  $20,- 
940;  for  installing  pump  equipmant,  to  the 
Merkle  Machinery  Co..  508  Interstate  Bldg., 
$5,958. 

N.  D.,  Milton — The  city  has  awarded  the 
contract  for  the  constriiction  of  an  elec- 
tric light  plant  and  equipment,  to  H.  T. 
Lewis,  Milton,   at  $6,399. 

Mo.,  St.  Louis — The  Century  Electric 
Co.,  19th  and  Pine  Sts.,  has  awarded  the 
contract  for  the  construction  of  a  factors', 
to  Stone  &  Webster,  120  B'way,  New  York 
City.  A  steam  heating  s-'stem  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$500,000. 

Mo.,  St.  Louis— The  J.  H.  Forbes  Tea  & 
Coffee  Co.,  9th  and  Clark  Sts..  has  award- 
ed the  contract  for  the  construction  of  a 
5  story,  90  x  120  ft.  mercantile  building  at 
922  Clark  and  306  South  10th  Sts.,  to  S.  S. 
Callin,  Clayton.  A  steam  heating  svstem 
will  be  installed  in  same.  Total  estimated 
cost,    $200,000. 

Neb.,  Omaha— The  Burgess-Nash  Co., 
16th  and  Harney  Sts..  has  awarded  the 
contract  for  the  construction  of  an  8  stor>-, 
88  X  152  ft.  department  store  building  on 
17th  and  Harney  Sts.   to  James  Stewart  & 
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Co.,  30  Church  St.,  New  Yoik  City.  A 
steam  heating  system  will  be  Installed  in 
same.     Total  estimated  cost,  $900,000. 

Mo.,  St.  Louis — The  Halwe  Investment 
Co.,  3128  Locust  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  4  story, 
90  X  120  ft  mercantile  building  at  2805  Lo- 
cust St.  to  A.  D.  Gates  Constr.  Co.,  Chem- 
ical Bldg.  T\so  elevators  and  a  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  |250,000. 

Tex.,  San  Antonio — The  San  Antonio  Di- 
ocese has  awarded  the  contract  for  install- 
ing a  heating  system  in  the  proposed  3 
story,  100  x  155  ft.  theological  seminary 
near  Mission  Conception  to  Chalkley  Bros., 
312  Main  Ave.,  at  $12,000. 

Okla.,  Tahlequah — The  city  has  awarded 
the  contract  for  the  construction  of  a 
lighting  plant  to  A.  M.  Byrnes,  Fayette- 
ville.  Ark.,  $13,149;  for  the  installation  of 
steam  heating  system  and  furnishing  of 
electric  equipment  to  Smith  &  Whitney, 
Southwestern  Life  Bldg.,  Dallas,  Tex., 
$59,477;  distribution  system  to  the  Empire 
Electric  Co.,  419  West  Okmulgee  St.,  Mus- 
kogee, $39,200. 

Idaho,  Plummer — The  city  has  awarded 
the  contract  for  the  construction  of  a  14 
ml.  electric  transmission  line  from  here  to 
a  connection  with  the  line  of  the  Washing- 
ton Water  Power  Co.  at  Teko,  Wash.,  to 
R.  H.  Mercer,  Plummer,  at  $11,975. 

NEW     INSTALLATIONS     IN     POWER 

Conn.,  Hartford— Hotel  Garde,  Asylum 
and  High  Sts.,  is  in  the  market  for  equip- 
ment for  new  kitchen  apparatus  and  re- 
frigerating plant.  F.  C.  Walz,  348  Trum- 
bull St.,   Engr. 

N.  Y.,  Long  Island  City— H.  R.  Mallison 
&  Co.,  Woolsey  Ave.,  is  in  the  market  for 
power    house   equipment,    elevator,    etc. 

N.  Y.,  New  York— The  Amer.  Gas  & 
Electric  Co.,  30  Church  St.,  is  in  the  mar- 
ket for  second-hand  500,  600  and  750  hp., 
250  lb.  B.  &  W.  boilers,  also  some  750  hp. 
250  lb.  Sterling  boilers,  preferably  with 
superheat.      Address    N.    M.    Argabute. 

Pa.,  St.  Marys — The  St.  Marys  Electric 
Light  Co.  plans  to  construct  about  10  mi. 
of  22,000  volt  transmission  line.  W.  H. 
Brown,   Genl.   Supt. 

S.  C,    Walterboro — The  Walterboro  Water 
&  Light  Plant  plans  to  install  one  75  kva. 
direct     connected     engine     and     generator 
Cozart  Binns,  Supt. 

Ga.,  Albany — The  Georgia-Alabama  Power 
Co.  plans  to  construct  a  10,000  hp.  plant 
along  the  Flint  River  and  60  mi.  of  45,000 
volt  transmission  line.  L.  H.  Hardin,  Chf. 
Engr. 

Ga.,  Tallapoosa — The  Municipal  Electric 
Light  &  W^ater  Plant  plans  to  install  one 
150  kva.,  and  one  100  kva.  generators.  W. 
A.  Melvin^  Supt. 

Ga.,  Waynesboro — The  city  plans  to  in- 
stall a  250  kva.,  direct  conected  generator 
and  construct  3  mi.  of  transmission  line. 
L.   J.   Porter,   Chf.   Engr.   and  Supt. 

Tenn.,  Memphis — J.  J.  Ross.  Consult. 
Engr.  and  Contr.,  380  Randolph  Bldg.,  is  in 


the   market   for  one    small   hoisting   engine 
either  8  x  10  or  10  x  12  ft. 

O.,  Greenville — The  Franklin  Tractor  Co. 
is  in  the  market  for  seven  hundred  and 
fifty  30  hp.  4  cylinder  tractor  motors,  750 
magnetos,  750  complete  sets  transmission 
gears,  750  pressed,  split  steel  pulleys,  or 
power  take-off  systems  complete,  750  mo- 
tor fans  and  belts,  4,000  spark  plugs,  750 
carburetors  and  750  governors.  G.  Nills, 
Pres.   and  Genl.   Mgr. 

III.,  Biggsville — Henderson  Co.  Pub.  Serv. 
Co.  plans  to  construct  a  15  mi.,  33,000  volt 
transmission   line.     D.   W.   Lee,   Mgr. 

III.,  Casey — The  Municipal  Electric  Light 
Plant  plans  to  construct  5  mi.  of  trans- 
mission  line.     J.   C.   Pflster,   Supt. 

III.,  Chicago — The  Lincoln  Park  Comrs., 
Clark  and  Center  Sts.,  plan  to  build  a  sub- 
station. Work  involves  a  12,000  volt,  3  ph., 
60  cycle  transmission  line;  two  3,000  gal. 
64  lb.  centrifugal  pumps  driven  by  1,800 
r.p.m.,  4,000  volt,  3  ph.  induction  motors; 
two  300  kva.,  12,000-4,000-2,300  .'olt,  3  ph. 
transformers;  one  3  ph.,  4  amp.,  5,000  volt 
series  ckts;  storage  battery;  motor  gen- 
erator unit;  local  power  and  lighting  pan- 
els and  transformers,  probably  large  flood- 
lighting installations  and  concrete  post 
drive  lighting.  C.  H.  Shepherd,  Elec. 
Engr. 

III.,  Divernon — The  Municipal  Light 
Plant  plans  to  install  a  50  kva.  direct  con- 
nection generator  set.     J.   E.  Rigg,   Supt. 

III.,  Farmer  City — The  Municipal  Elec- 
tric Light  &  Power  Plant  plans  to  install 
one   150   hp.    boiler.     O.    B.   Osborn,   Supt. 

III.,  Marengo — The  Marengo  Pub.  Serv. 
Co.  plans  to  construct  several  miles  of 
transmission    lines.     R.    T.    Fry,    Pres. 

III.,  Marshall — The  Marshall  Ice  &  Power 
Co.  plans  to  construct  a  transmission  line 
from  here  to  W^est  Union.  G.  C.  Hall- 
aner,   Mgr. 

III.,  Noble — The  Noble  Electric  Light  & 
Power  Co.  plans  to  install  a  complete  25 
hp.  unit  and  2,300  volt  transformers.  H.  T. 
Flanders,    Pres.    and    Mgr. 

III.,  Peoria — The  Central  Illinois  Light 
Co.,  316-20  South  Jefferson  Ave.,  plans  to 
install  a  one  12,500  kva.  turbo-gene'-ator. 
L.  Owen,  Supt. 

III.,  Princeton — The  Municipal  Water  & 
Light  Dept.  plans  to  install  a  300-400  kva., 
2,300  volt,  3  ph.,  60  cycle,  3  wire  generator 
with  direct  connection  to  simple  engine. 
W.   N.   Remsbury,   Supt. 

III.,  Rankin — The  Rankin  Electric  Light 
Co.  plans  to  construct  about  an  11  mi. 
6,600  volt  transmission  line  from  here  to 
Bocton.      Charles   J.    Crump,    Chf.    Engr. 

III.,  Savanna — The  Peoples  Gas  &  Elec- 
tric Co.,  214  Main  St.,  plans  to  install 
boiler  and  generator  and  sub-station  equip- 
ment, also  construct  a  10  mi.  transmission 
line.     F.   P.   Bowen,   Engr. 

III.,  Vermont — The  Vermont  Municipal 
Electric  Light  Plant  plans  to  install  an  oil 
engine  and  generator.     P.  J.  Ting'ey,  Supt. 


III.,  Xenia — The  Village  plans  to  install 
a  25  hp.  oil  engine  and  a  20  kva.  gener- 
ator.    N.   T.    Pierce,   Mgr. 

Kan.,  Long  Island — The  Phillips  Co. 
Light  &  Power  Co.  plans  to  construct  a 
Ve  mi.,  2,300  volt  transmission  line  into  the 
farm   service.     Ira  C.   Toung,   Chf.   Engr. 

Neb.,  Lindsay — The  Lindsay  Electric 
Light  &  Power  Co.  plans  to  complete  the 
installation  of  50  hp.  units  and  remodelling 
of  present  building.     F.  W.  Edwards,  Mgr. 

Mont.,  Terry — The  Terr>-  Light  &  Power 
Co.  plans  to  install  a  new  generating  unit. 
A.   J.   Enteness,   Pres.   and  Mgr. 

Okla.,  Kingfisher — The  Kangfisher  Elec- 
tric &  Water  Plant,  City  Bldg.,  contem- 
plates the  installation  of  one  500  kw.  tur- 
bine generator  unit.     E.   Fisher,   Supt. 

Colo.,  Estes  Park — The  Stanley  Power 
Dept.  plans  to  install  a  new  water  wheel 
and  enlarge  generator  to  450  kva.,  also 
change  the  5  mi.  transmission  line  extend- 
ing from  power  house  to  village  from 
single  ph.  to  a  3  ph.  W.  C.  Humphreys, 
Genl.    Supt. 

Colo.,  Golden — The  Jefferson  Co.  Power 
&  Light  Co.  plans  to  construct  8  mi.,  6,600 
volt  transmission  line  to  Montdale  and 
Evergreen.     E.  A.  Phinney,  Pres.  and  Mgr. 

Colo.,  Grand  Junction — The  Grand  Junc- 
tion Electric,  Gas  &  Mfg.  Co.  plans  to  re- 
model its  boiler  house.  A.  E.  Anderson, 
Genl.   Supt. 

Colo.,  Gyssum — The  Casper  Schumm 
Electric  Light  &  Power  Co.  plans  to  con- 
struct transmission  line  extensions.  W.  C. 
Schumm,   Pres.   and  Mgr. 

Colo.,  Peetz — The  Municipal  Lighting 
Plant  plans  to  install  a  90  hp.  engine  and 
a  60  kv.  generator.  E.  G.  Ribble,  Chf. 
Engr. 

Idaho,  Weiser — The  Municipal  Water  & 
Light  Dept.  plans  to  rebuild  approximately 
2  mi.  of  4,000  volt,  3  ph.  transmission  line. 
Lyle  Wood,   Supt. 

Ore.,  Portland — The  Dept.  of  Pub.  Wks. 
plans  to  install  one  75  hp.  electric  motor 
at  the  bunkers.     P.   Mcintosh,   Purch.  Agt. 

Ore.,  Shady  (Roseburg  P.  O.) — The  Perk- 
ins Sand  &  Gravel  Co.  plans  to  replace 
electric  equipment  of  rock  crusher  plant 
with  machinery-  adapted  to  burning  oil. 
Estimated  cost,   $10,000. 

Ore.,  Tillamook — The  Coast  Power  Co. 
plans  to  install  a  1,000  kw.  turbine  gen- 
erator.     C.    J.    Edwards,    Pres.    and   Mgr. 

Cal.,  Avalon — ^The  city  plans  to  install 
one  200  kw.  generator.  A.  B.  Wadding- 
ham,    City   Mgr. 

Cal.,  Tehachapi — The  Municipal  Electric 
Light  Plant  plans  to  construct  a  2  ml., 
11,000  volt,  3_ph.  transmission  line  for  ag- 
ricultural purposes.  M.  P.  Evans,  Genl. 
Supt. 

Ont..  Guelph — The  Northern  Rubber  Co. 
is  in  the  market  for  a  new  or  used  motor 
generator,  4  kw.,  d.c.  voltage  110,  a.c.  volt- 
age 550,  3  ph.  or  110  single  ph.,  25  cycle. 
A.   Kennedy,  Engr. 
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Verthe7opmththeBoi7erJhom(kiew 

By  F/'an/ciand  Cheney 

Jim  Wright,  the  chief  of  the  Porpoise  Point  Power 
Co.,  tamped  the  tobacco  in  his  old  corn  cob,  put  his 
feet  on  the  desk  and  tilted  back  his  chair  with  a  con- 
tented sigh.  His  visions  of  earthly  joy,  however,  were 
soon  interrupted,  as  the  door  slid  open  and  in  walked 
the  boiler-room  crew.  A  husky  son  of  Erin  seemed 
to  be  the  acknowledged  spokesman,  and  he  was  not 
long  in  making  their  mission  known. 

"Chief,"  said  he,  "we  was  thinking  we  would  like 
to  have  a  raise." 

Jim  looked  them  over  for  a  second  or  two  and  de- 
cided the  chances  for  a  jolly  were  rather  slim. 

"Well,  boys,"  he  said,  "I'll  see  what  I  can  do  and 
will  let  you  know  in  a  day  or  two." 

The  men  thanked  him  and  filed  out  of  the  engine 
room.    Jim  sat  still  for  some  minutes,  wondering  just 
what  he  was  going  to  do.    The  Porpoise  Point  Power 
Co.  was  barely  paying  expenses  and  to  increase  the  wages  of  the  six  men  in  the  boiler  room  would  bring  a  roar 
from  the  management  that  would  put  the  turbines  out  of  balance.     But  something  had  to  be  done. 

As  he  straightened  up  in  his  chair,  his  eyes  rested  on  the  CO.  machine  in  the  corner  of  the  engine  room. 
This  machine  had  been  installed  for  more  than  a  year,  but  somehow  it  had  failed  to  come  up  to  expectations. 
A  bonus  had  been  offered  to  the  watch  delivering  the  highest  COg,  but  it  had  only  created  jealousy.  No.  2  watch 
with  a  constant  load  had  invariably  won  the  money,  and  after  the  third  week  the  others  lost  interest  and  refused 
to  make  an  effort.    Yet  the  chief  realized  that  a  raise  would  have  to  come  through  the  medium  of  this  machine. 

The  day  was  divided  into  three  eight-hour  shifts.  No.  1  watch,  from  12  to  8  p.  m.,  had  a  light  load.  The 
furnaces  were  all  thoroughly  cleaned  and  clinkered,  and  it  would  be  impossible  to  maintain  any  sort  of  COj  dur- 
ing this  time.  Watch  No.  3  were  on  duty  from  4  p.  m.  to  midnight.  The  load  on  this  run  began  to  fall  awa} 
around  8 :30  and  continued  to  drop  until  midnight,  when  it  reached  its  minimum.  This  being  the  case,  it  was  dif- 
ficult to  maintain  a  satisfactory  CO^,  during  the  latter  part  of  this  run.  The  men  of  these  two  watches  were 
efficient  and  capable  and  as  worthy  of  consideration  as  those  of  watch  No.  2,  where  a  constant  load  made  pos- 
sible a  very  high  CO._,  during  the  entire  watch.  A  fireman  and  helper  were  on  the  boiler-room  floor  during  each 
watch,  and  after  considerable  thought  the  chief  tacked  up  the  following  notice: 

Beginning  the  first  of  the  week  two  bonuses  will  be  regularly  offered  the  boiler-room  help.  The  first,  a  sum  of  nine  dollars, 
to  be  equally  divided  among  the  firemen.  The  second,  a  sum  of  six  dollars,  to  be  equally  divided  among  the  helpers.  The 
above  amounts  will  be  paid  each  week  providing  that  the  CO2  for  the  entire  week  will  average  10  per  cent.  The  daily  CO: 
charts  will  be  measured  by  a  planimeter  for  that  purpose. 

The  boiler-room  help  read  the  notices,  but  did  not  appear  to  grow  very  enthusiastic.  The  chief  waited  for 
the  idea  to  sink  in  and  then  summoned  them.  In  a  straight-from-the-shoulder  talk  iie  told  them  how  the  in- 
creasing cost  of  everything  had  affected  the  company ;  l;ow  the  stockholders  had  received  nothing  on  their  in- 
vestment for  a  year;  how  the  light  commissioners  had  refused  to. allow  them  to  raise  the  rates.  He  also  told 
them  that  he  realized  they  were  entitled  to  an  increase  in  salary  and  if  they  were  willing  to  do  teamwork  it 
could  be  squeezed  out  of  the  coal  pile.  He  urged  them  to  give  his  plan  a  trial,  telling  them  if  they  would  make 
an  honest  effort  for  two  months  and  were  still  dissatisfied,  he  would  make  a  fight  for  a  straight  raise  all  .iround. 
The  men  were  at  first  skeptical,  but  the  earnestness^  of  the  chief's  manner  won  them  over  and  they  finally 
agreed  to  give  it  a  trial.  The  first  two  days  the  planimeter  was  put  on  the  charts,  it  showed  an  average  of  less 
than  9;  the  third  day  it  jumped  to  10^  ;  at  the  end  of  the  week  the  average  for  the  seven  days  was  lO^^. 

In  going  over  his  back  records  the  chief  found  the  pounds  of  coal  per  kilowatt  had  been  from  3.2  to  3.5 
and  the  coal  consumed  each  day  had  ranged  from  59,000  to  64,000  lb.  For  the  week  just  ended  the  highest 
rate  had  been  3.3,  which  w^as  at  least  encouraging;  but  the  attitude  of  the  men  themselves  gave  the  most  satis- 
faction. At  the  end  of  the  first  month  the  charts  were  averaging  better  than  12  per  cent.  The  average  cost 
per  kilowatt  at  the  board  for  the  preceding  month  had  been  0.017;  for  the  month  just  ended  it  was  0.015.  Here 
was  something  real,  and  the  chief  determined  that  they  should  not  lose  interest  in  their  work.  As  the  second 
month  was  drawing  to  a  close,  the  old  notices  were  replaced  bv  new  ones  which  read: 

The  weekly  bonus  to  be  equally  divided  among  the  firemen  will  be  fifteen  dollars.     The  helpers'  bonus  will  be  ten  dollars. 
To  earn  the  above  reward  the  management  expects  a  weekly  average  of  12  per  cent  CO;. 
And  the  end  is  not  yet. 
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Model  Small  Ice  Plant  in  Cuba 


By  J.  KILIAN 


ALTHOUGH  the  climate  of  Cuba  is  tropical,  ice- 
making  and  refrigerating  plants  have  not  been 
introduced  in  the  smaller  communities  of  the 
Island  as  extensively  as  might  be  supposed.  It  is  true 
that  the  capital  city,  Havana,  has  a  number  of  large  ice 
plants,  but  in  the  interior  towns  they  are  few  and  far 
between.  However,  where  plants  have  been  installed, 
mvariably  they  have  proved  successful. 

During  the  war  the  Vuelta  Abajo  district  enjoyed  a 
period  of  great  prosperity  due  to  the  increased  demand 
for  tobacco  and  the  high  price  obtained,  and  with  im- 
proved conditions  there  arose  a  demand  for  ice  in  the 
City  of  Pinar  del  Rio,  which  is  the  capital  of  the  prov- 
ince of  the  same  name  and  the  trade  center  of  the  to- 
bacco-growing district.  The  matter  was  taken  up  by 
the  Hidro  Electrica  Pinarena,  and  after  investigation 
a  raw-water  plant  of  12  tons  daily  capacity  was  decided 
upon  as  being  of  sufficient  size  for  the  city,  which  has 
a  population  of  about  12,000. 

In  choosing  a  site,  it  was  desired  to  locate  the  plant 
as  near  a  source  of  water  supply  as  possible,  so  the 
building  was  placed  about  600  ft.  from  the  river,  which 
was  as  close  as  local  conditions  permitted.  The  building 
is  of  tile  construction,  one  story  high,  faced  with  a 
smooth  cement  finish.  It  is  designed  along  simple  lines 
and  presents  a  rather  pleasing  appearance.  The  hip  is 
supported  by  wooden  trusses  resting  on  pilasters  in  the 
walls,  with  a  row  of  columns  through  the  center  of  the 
building  for  additional  support.  The  floors  are  con- 
crete throughout.  There  are  no  interior  partitions  in 
the  manufacturing  room  and  large  windows  provide 
ample  light  throughout.  The  manufacturing  room  is 
76  ft.  9  in.  long  and  47  ft.  7  in.  wide,  inside  measure- 
ments, by  16  ft.  clear  height  under  the  trusses.  The 
ice-storage  room  is  34  ft.  7  in.  and  18  ft.  6  in.  by  10  ft. 
high,  and  the  shipping  room  is  18  ft.  6  in.  and  11  ft.  6  in. 
by  10  ft.  high.  The  building  is  laid  out  with  a  view  to 
doubling  the  capacity  of  the  plaiit  in  the  future,  space 
being  provided  for  duplication  of  all  equipment. 

The  ice  tank  is  insulated  with  pure  sheet  cork  for 
the  bottom,  the  sides  and  ends  being  insulated  with 
granulated  cork.  The  ice-storage  room  is  lined  with 
pure  sheet  cork  plastered  with  portland  cement.  This 
room  is  maintained  at  a  temperature  of  about  28  deg.  F. 
by  means  of  500  ft.  of  2-in.  ammonia  evaporating  pip- 
ing. This  piping  is  connected  to  the  ice-making  com- 
pressor and  also  to  a  small  vertical  compressor  provided 
to  maintain  the  temperature  when  the  ice  plant  is  not  in 
operation. 

In  the  ice  tank  are  180  standard  300-lb.  cans  in  which 
a  remarkably  fine  quality  of  clear  ice  is  obtained  from 
the  river  water  by  means  of  a  low-pressure  air  agitat- 
ing system  and  a  water  softener.  The  latter  is  neces- 
sary to  eliminate  the -objectionable  mineral  salts  present 


in  the  river  water  used.  The  ice  tank  is  35  ft.  long  by 
16  ft.  3  in.  wide.  A  temperature  of  16  deg.  F.  is  main- 
lained  by  ammonia  evaporating  piping  immersed  in 
brine.  Brine  circulation  is  effected  by  a  20-in.  horizon- 
tal propeller  and  a  suitable  tank  partition. 

From  the  river,  600  ft.  distant,  the  water  is  pumped 
into  a  15,000-gal.  storage  tank  by  a  70-g.p.m.  electrically 
operated  pump,  and  from  the  tank  it  is  distributed  to 
the  ammonia  condenser,  water  softener,  etc.,  as  re- 
quired. The  tank  is  always  kept  filled,  providing  a  four- 
hour  reserve  supply  in  case  of  stoppage  of  the  pump. 

All  the  machinery,  with  the  exception  of  the  small 
compressor,  is  motor-driven,  polyphase  low-tension  cur- 
rent being  used.  The  motors  are  of  Swedish  manulac- 
ture  and  were  secured  out  of  dealers'  stocks  in  Havana, 
it  being  next  to  impossible  to  obtain  shipment  of  Amer- 
ican motors.  The  main  motor  driving  the  compressor 
is  of  the  slip-ring  induction  type,  580  r.p.m.,  and  drives 
the  compressor  at  100  r.p.m.  through  a  double  leather 
belt.  The  smaller  motors  driving  the  auxiliaries  are 
of  the  squirrel-cage  type.  The  small  compressor  is 
driven  by  a  5-hp.  oil  engine,  an  independent  source  of 
power  for  this  service  being  considered  advisable. 

The  water  softener  is  of  the  intermittent  type,  the 
continuous  type  being  impractical  in  this  case,  owing 
to  the  water  supply  varying  in  quality.  This  apparatus 
treats  a  definite  quantity  of  water  with  a  definite  charge 
of  chemicals.  It  consists  of  two  treating  tanks  and  a 
chemical  tank'  with  necessary  connections.  While  one 
tank  is  treating  the  water  to  be  softened,  water  which 
has  already  been  treated  is  used  from  the  other  for  ice- 
making  purposes.  Each  tank  is  7  ft.  diameter  by  6  ft. 
high,  the  whole  equipment  being  mounted  on  a  platform 
in  the  machine  room.  Hydrated  lime  and  soda  ash  are 
the  chemicals  used.  The  lime  precipitates  the  calcium 
and  magnesium  bicarbonates  in  the  water  by  chemically 
combining  with  the  free  and  half-bound  carbon  dioxide 
gas,  and  converts  them  to  carbonates.  The  soda  ash 
reacts  with  the  magnesium  sulphates  and  forms  mag- 
nesium carbonate  and  sodium  sulphate,  the  whole  being 
precipitated  as  insoluble  sludge  to  the  bottom  of  the 
tank.  The  treated  water  is  removed  from  the  tanks  by 
means  of  a  floating  pipe  which  receives  the  water  from 
near  the  surface. 

No  expense  was  spared  to  make  the  plant  as  nearly 
perfect  and  permanent  as  possible,  and  the  ice  produced 
is  the  finest  to  be  seen  anywhere  in  Cuba.  The  plans 
were  prepared  for  the  Hidro  Electrica  Pinarena  by 
Lombard  &  Co.,  Havana,  and  the  entire  installation  was 
made  under  their  supervision.  While  no  speed  records 
were  made  in  the  building  and  equipment  of  the  plant, 
Its  complete  erection  was  accomplished  in  a  reasonable 
length  of  time,  and  in  the  face  of  conditions,  due  to  the 
world  war,  which  seemed  almost  insurmountable. 


PRINCIPAL    EQUIPMENT    OF    HYDRO- ELECTRIC  PINARENA  ICE  PLANT 
Kind  Siz;  Use  Operating  Conditions 

Simple,    double-acting. . ..  814    x    16    in Ice-making    and    cold 

,,      .     ,       .  storage     Motor-driven,    100    r.p.m. 

1    Compressor    ..Vertical,     single-acting.  ..  4   x    6    in Cold   storage    Oil-engine    driven,    200 

.  r.p.m 

nouble-pipe     .?    stands,    12    p.h Condense   ammonia  vapor 

Steel     35   x   16.25   x  4   ft Ice     making Ammonia    evaporating 

pipe   in   brine 


Equipment 
1   Compressor 


1    Condenser 
1   Ice    tank. 


1   Air-agitating 
System    .... 

1    Water   softener 

1    Motor    

1   Motor    

1    Motor    

1    Oil     engine.  .  .. 


Low-pressure     100  _cu.    ft.    free   air   per     Agitating   water    in    ice 

min.   at   3   lb cans     Blower    motor-driven .  .  . 

Intermittent     210   gal.    per    hr Water   purification    Precipitation    by    lime 

.  and    soda    ash 

Slip-nng     SO   hp Drive  large  compressor..  Polyphase,     low-tension, 

580     r.p.m 

-Sqnirrel-cage S    hp Drive  propeller  and  core    Polyphase,     low-tension, 

pump     940     r.p.m 

Squirrel-cage     S    hp Drive    blower Polyphase,     low-tension, 

1420    r.p.m 

Vertical     5    hp Drive   small   compressor..  Intermittent.    300    r.p.m. 


Maker 

Vilter  Manufacturing  Co. 

Vilter  Manufacturing  Co. 
Vilter  Manufacturing  Co. 

Vilter  Manufacturing  Co. 

Vilter  Manufacturing  Co. 
Wm.  Graver  Tank  Works 

Allmanna    Svenska 
>-Electriska   Aktiebolajet 
Vasteras,   Sweden 

Bolinder,    Sweden 
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FIG.  2  -  TP.E        EQUIP/AENT       IS        E.LECTE2ICALLY DRIVEN 


FIG .  3  -  VIEW      OF     TrtE       FREEZING       ROOIA. 
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Drying  Out  a  Generator^  Switchboard  and 
Motors  After  a  Flood 


By  KENNETH  A.  REED 


DURING  the  flood  through  the  Ohio  and  Indi- 
ana district,  some  years  ago,  a  large  number 
of  power  plants  were  flooded,  and  in  many 
cases  generators,  motors  and  switchboards  were  under 
water  for  a  week  or  longer.  Before  the  water  had  sub- 
sided, practically  all  of  the  large  manufacturers  had 
gotten  every  available  engineer  lined  up  awaiting  the 
call  from  their  customers  for  assistance  in  getting  these 
plants  back  into  commission.  Such  assignments  were 
not  enviable  ones  by  any  means.  Many  animals — such 
as  cats,  dogs,  rats,  etc. — had  been  drowned  in  the 
buildings,  and  the  sewers  had  filled  the  basements  with 
refuse,  so  that  the  air  was  very  foul  and  injurious. 

The  work  to  which  I  was  assigned  consisted  of  dr\'- 
ing  out   a   small   direct-current   engine-type  generator, 


ble  method,  inasmuch  as  the  floor  of  the  engine  room 
was  concrete;  and  it  had  the  additional  advantage  of 
providing  room  for  drying  one  motor,  thereby  greatly 
facilitating  the  total  time  required  to  dry  out  all  the 
apparatus.  Fig,  1  shows  the  general  plan  of  the  layout. 
The  openings  formed  by  the  corrugations  were  sufficient 
to  allow  the  moisture  to  escape  from  the  box. 

After  completing  the  house  and  drilling  holes  in  the 
top  for  ^-he  insertion  of  thermometers,  fires  were  built 
and  the  temperature  inside  raised  to  about  90  deg.  C. 
Arrangements  were  made  for  a  night  fireman,  who  v/as 
required  to  record  the  temperature  readings  every 
half  hour,  to  avoid  overheating  and  damage  to  the  ap- 
paratus. Practically  constant  temperature  was  main 
tained  in  this  housing  for  about  five  days  and  nights. 


KIG.    1.      IRON    BOX    AND    ARRANGEMENT    OF   EQUIPMENT  INSIDE  lOK  DRYING 


several  motors,  and  the  switchboard  and  cables  of  a 
plant.  Upon  looking  the  job  over,  I  found  that  the  ap- 
paratus, which  was  in  a  basement,  had  been  entirely 
under  water  for  several  days,  and  the  basement  floor 
was  still  covered  with  about  a  foot  of  water  and  six 
inches  of  mud  and  slime.  There  was  no  outside  source 
of  power  for  drying  out  the  generator  electrically,  ow- 
ing to  the  fact  that  the  city  light  plant  had  also  been 
flooded.  The  customer's  boiler  room  was  on  the  same 
level  as  the  power  plant,  therefore  it  was  impossible 
to  raise  steam  to  run  the  engine  and  dry  out  the  gener- 
ator by  the  short-circuit  method.  It  then  became  neces- 
sary to  devise  original  means  whereby  the  necessary 
heat  could  be  produced  and  properly  applied.  After 
discarding  several  schemes,  it  was  decided  to  build  a 
corrugated  sheet-iron  house  around  the  entire  engine 
and  generator,  and  place  two  wood-burning  stoves  in- 
side, with  openings  made  in  the  walls  of  the  house  for 
supplying  fuel  to  the  stoves.    This  was  an  entirely  feasi- 


At  the  end  of  this  time  the  generator  was  fairly  dry 
excepting  for  some  excessive  dampness  inside  the  com- 
mutator. During  this  time,  however,  all  the  motors  in 
the  plant  had  been  dried  out  by  placing  them  one  at  a 
time  in  the  oven  with  the  generator,  the  drying  of  the 
motors  of  course  proceeding  much  faster  than  that  of 
the  generator,  because  of  the  great  difference  in  size. 
Since  the  commutator  moisture  was  inside  the  V- 
rings,  external  heat  did  not  seem  to  have  much  eflfect 
on  eliminating  it,  and  heating  the  commutator  itself 
was  decided  upon.  This  was  done  by  running  the  gen- 
erator with  the  shunt  field  disconnected  and  the  arma- 
ture short-circuited  through  the  series  winding,  caus- 
ing a  heavy  current  to  flow  and  generating  a  large 
amount  of  heat  at  the  commutator.  The  voltage  under 
these  conditions  was  very  low,  consequently  there  was 
no  danger  of  the  machine  breaking  down  to  ground. 
However,  in  order  to  avoid  generating  sufficient  cur- 
rent to  damage  the  armature  coils,  a  portable  ammeter 
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was  placed  in  the  circuit,  as  in  Fig.  2,  and  the  current 
kept  at  a  safe  value  by  throttling  the  engine.  Blow- 
torches were  applied  to  the  commutator,  and  after  short- 
circuit  operation  for  about  a  day  and  a  half,  the  machine 
was  considered  to  be  in  serviceable  condition. 

While  the  generator  and  motors  were  being  dried  out, 
the  switchboard  was  stripped  of  all  equipment,  includ- 
ing the  switches,  instruments,  circuit-breakers,  etc.,  af- 
ter which  the  panels  were  washed  and  the  iron  frame- 
work given   a   coat  of  paint.     The  field   rheostat   was 


FIG.    2.      ARMATURE    SHORT-CIRCUITED    THROUGH 
SERIES-FIELD  WINDING 

cleaned  of  mud  and  slime  and  placed  on  top  of  the 
oven  over  the  generator  to  dry.  Upon  taking  the  cov- 
ers off  the  meters,  it  was  found  that  they  were  damaged 
beyond  repair  in  the  plant,  and  it  was  therefore  neces- 
sary to  return  them  to  the  manufacturer.  The  circuit- 
breakers  were  also  badly  damaged,  but  we  were  able  to 
put  them  in  shape  for  operation,  and  after  cleaning  and 
polishing  the  switches  and  busbar  copper,  the  board 
was  reassembled  in  practically  new  condition. 

The  cable  ducts  were,  of  course,  full  of  water,  and 
when  the  cable  was  pulled  out  the  insulation  was  found 
to  have  deteriorated  to  such  an  extent  that  it  would 
not  stand  being  pulled  back  into  the  ducts  after  drying. 
New  cable  could  not  be  secured  locally,  and  in  order  to 
avoid  delay  in  starting  up  the  plant,  the  old  cable  was 
run  across  the  floor  on  boards.  The  customer  was  ad- 
vised to  purchase  lead-covered  cable  for  the  new  leads, 
for  no  matter  how  much  we  might  swab  and  dry  out 
the  duct  lines,  there  would  remain  under  the  floor  foi 
a  very  long  time  a  considerable  amount  of  dampness, 
which  would  have  'proved  very  detrimental  to  braid- 
covered  cable. 

All  the  details  having  been  completed,  the  machine 
was  brought  up  to  speed  and  the  voltage  gradually 
raised.  Before  reaching  normal  voltage,  however,  severe 
sparking  developed  in  the  form  of  glowing  fire  around 
the  en>tire  commutator.  This,  obviously,  was  due  to 
short-circuits  between  bars,  and  when  the  machine  was 
shut  down  such  was  found  to  be  the  case.  About  twenty 
places  were  discovered  where  the  mica  had  been  oil- 
soaked,  but  not  bad  enough  to  break  down  until  after 
it  had  been  under  water.  These  places  were  carefully 
cleaned  out  until  good  clear  mica  was  reached  and  then 


filled  with  dentists'  cement,  which  sets  very  quickly. 
No  further  trouble  was  experienced  in  securing  normal 
voltage,  which  was  ascertained  by  means  of  a  portable 
voltmeter  borrowed  from  the  city  light  plant.  No-load 
and  full-load  voltage  points  were  marked  on  the  field 
rheostat,  as  there  was  no  other  means  of  determining 
the  voltage  until  the  instruments  were  received  from  trie 
manufacturer,  except  by  using  judgment  as  to  the  bril- 
liancy of  the  lights.  Full  load  was  put  on  the  machine 
Lhe  following  day,  and  all  the  apparatus  operated  satis- 
factorily. Nothing  remamed  to  be  done  except  to 
mount  the  meters  and  install  the  cable  when  received. 

Losses  in  Belt  Transmission 

By  Charles  H.  Herter 

Regarding  the  loss  of  power  occasioned  by  having 
driving  belts  either  slipping  or  tightened  too  much,  test- 
enable  the  writer  to  qualify  statements  that  the  los- 
through  slip,  under  ordinary  conditions,  ranges  from  a 
minimum  of  5  to  more  than  15  per  cent.  If  5  per  cent, 
and  more  was  the  loss  suffered  normally  in  a  belt  drive, 
leather  belting  would  not  be  tolerated  in  an  efficient 
power  plant.  Many  examples  can  be  cited  where  the 
loss  in  speed  change  from  one  shaft  to  the  other  does  nol 
exceed  1.1  per  cent.,  creep  and  slip  included.  When- 
ever the  combined  loss  exceeds  2  per  cent.,  there  is  some- 
thing wrong  with  the  drive.  So  many  misleading  horse- 
power formulas  exist  for  belt  transmission  that  in  many 
cases  insufficient  width  of  belting  is  provided,  compelling 
the  user  to  resort  to  excessive  tightening  to  get  the 
work  done.  To  correct  this  evil  wide-awake  leather 
belt  manufacturers  now  furnish  expert  advice  gratis  to 
intending  purchasers. 

Occasionally,  one  is  called  in  to  find  a  remedy  where 
the  speed  loss  is  great  enough  to  be  disclosed  by  a  cor- 
responding loss  in  production.  On  a  wire-cloth  loom  the 
slippage  was  found  to  be  4  per  cent.,  causing  the  mesh 
to  be  irregular,  the  tension  of  the  stiff  canvas  belt  fluctu- 
ating with  the  hygrometric  condition  of  the  atmosphere. 
A  good  waterproof  leather  belt  solved  the  problem.  In 
a  chocolate  factory  with  an  old  three-ply  leather  belt  23 
in.  wide,  the  slippage  reached  12  per  cent.  This  was 
remedied  by  cleaning  it  and  running  a  16-in.  heavy 
double  belt  independently  on  top  of  it.  In  an  ice  factory 
a  125-ton  ammonia  compressor  with  an  old  30-in.  double 
leather  belt,  saturated  with  oil,  ran  at  46  r.p.m.  when  it 
should  have  made  56  r.p.m.  The  loss  was  nearly  18  per 
cent.,  equivalent  to  $70  worth  of  ice  per  day.  This  was 
remedied  by  putting  on  a  new  belt.  The  belt  efficiency 
of  an  identical  unit  alongside  was  found  to  be  98.8  per 
cent. 

A  simple  way  for  checking  the  performance  of  a  drive 
is  to  ascertain  the  loss  in  speed  from  the  driving  shaft  to 
the  driven  shaft.  Suppose  we  have  an  air  compressor 
driven  by  belt  from  a  constant-speed  induction  motor, 
diameter  of  compressor  belt  wheel,  50  in. ;  of  motor  pul- 
ley, 10  in. ;  speed  of  motor,  according  to  name  plate. 
1,170  r.p.m.,  but  with  an  accurate  tachometer  or  speed 
counter  we  find  it  to  be  1,230  r.p.m.  at  the  time  of  test. 
The  belt  used  is  54  in-  thick.  Under  favorable  condi- 
tions and  with  sufficient  width  of  leather  belt,  the  speed 

of   air   compressor   should   be   equal   to    1230  X  TrT^ 

=  251  r.p.m.,  which  multiplied  by  0.988  to  allow  for 
creep  and  slip  equals  248  r.p.m.  net.  If,  by  actual 
count,  the  speed  of  the  compressor  is  found  to  be  only 

241  r.p.m.,  the  speed  loss  is^ft,  or  3.98  per  cent.,  show- 
ing that  the  belt  is  in  poor  condition,  or  probably  not 
large  enough  for  the  power  required.  A  flexible  idler 
properly  placed  will  rectify  the  trouble  and  avoid  the 
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need  of  excessive  tension.  A  thicker  belt  is  not  ad- 
visable because  it  would  not  wrap  well  around  the  small 
pulley,  the  outer  ply  would  be  overstretched,  its  circum- 
ference being  appreciably  greater  than  that  of  the  pulley. 
It  would  be  hard  on  the  cement,  which  is  expected  to 
hold  the  two  plies  together.  For  this  reason  it  is  good 
practice  to  have  a  belt  no  thicker  than  2  or,  at  most, 
3  per  cent,  of  the  diameter  of  the  smallest  pulley  used 
with  it. 

In  calculating  the  speed  change  from  one  shaft  to  an- 
other it  is  necessary  to  figure  always  from  the  driver  to 
the  driven,  and  to  add  one  belt  thickness  to  each  di- 
ameter. 

For  example,  a  4-in.  motor  pulley  at  1000  r.p.m.  will 
drive  a  40-in.  pulley  at  what  speed?  100  r.p.m.?  No. 
If  the  belt  is  0.25  in.  thick,  we  have 

4.25  in.  X  1000  r.p.m.       ,^^  ,      , 
40.25  in. =  1°^;^  ^•^""- 

If  the  40-in.  diameter  pulley  is  driving  at  100  r.p.m., 

will  the  speed  of  the  4-in.  driven  pulley  be  1000  r.p.m.? 

No.    It  will  be 

40.25  in.  X  100  r.p.m.        „,^_-      ^ 

• .  ^p   . =947.05  r.p.m. 

4.25  tn. 

The  pulleys  are  of  the  same  size  in  both  cases.  In  the 
first  case,  where  the  speed  is  being  reduced,  the  slip  may 
be  2  per  cent.,  giving  a  true  speed  of  105.6  X  0.98  = 
103.5  r.p.m.,  while  in  the  second  case  the  slip  may  be 
1  per  cent.,  the  elongation  of  the  belt  while  on  the  40-in. 
driving  pulley  being  less  than  on  the  4-in.  pulley  because 
of  its  greater  leverage  and  grip.  Therefore  the  true  speed 
of  the  4-in.  driven  pulley  will  be  about  947  X  0.99  = 
937  r.p.m. 

One  writer  (Mr.  Engler)  in  Power  of  July  8,  1919, 

cites  an  unusual  case  with  a  4-in.  double  leather  belt 

driving  a  fan.     He  says  it  was  at  first  so  tight  that  the 

.     ,         ^     22  amp.  X  440  volts 
power    mput    was    equivalent    to   ■ ■ 

=  12.98  hp.     With   a   supposed   6-in.   diameter   motor 

pulley  at  1200  r.p.m.  the  rim  velocity  is  6  in.  X  0.2618 

X  1,200=  1,885  ft.  per  min.     The  pull  per  inch  width 

^  K  u         1 ,  .1.      f       u      12.98  X  33,000         , ,  ^  ,, 

of  belt  would  therefore  be  ^  ,--^^   ^ .  .     ■=!  56.8  lb. 

1,885  ft.  X  4  m. 

One  is  astonished  to  learn  that,  "with  this  high  ten- 
sion on  the  belt  the  loss  through  slip  was  from  7  to  12 
per  cent."  The  belt  must  have  been  oily  and  slippery. 
After  it  had  been  put  in  better  condition,  it  was  found 
to  do  its  work  with  a  power  input  equivalent  to  only 
9.1  amp.  X  440  volts 


746 


5.37  hp.,  which  is  biit  41.4  per 

cent,  of  the  power  previously  expended.  Thus  the  pull 
per  inch  width  of  double  belt  dropped  to  56.8  X  0.414, 
or  to  23.52  lb.,  and  still  "the  slip  under  these  conditions 
was  from  2  to  5  per  cent." 

(The  use  of  the  factor  0.2618  =7^  saves  multiplying 

by  3.1416  and  then  dividing  by  12  to  find  velocity  in 
feet  per  minute.) 

These  observations  are  rather  at  variance  with  those 
made  by  others  who  find  that  by  keeping  the  excess  ten- 
sion down  to  40  lb.  with  single  belts,  or  60  lb.  with 
double  leather  belts,  the  loss  by  creep  and  slip  does  not 
exceed  1  per  cent. 

In  transmitting  5.37  hp.,  the  number  of  feet  of  double 
belt  1  in.  wide  per  minute  per  horsepower  figtn-es  out, 
tor  the  motor  pulley  assumed, 

1885  fi.  X  4  in.  double        ,  ,^,    , 

5.37  hp. =1.404//. 

which  certainly  is  sufficient  leather  to  secure  an  effi- 
ciency of  99  per  cent,  if  the  belt  is  in  normal  condition. 
In   every   plant   there   is   a   ])ossibility   of   losses   being 


suffered  in  the  transmission  of  power  by  belting,  but 
there  is  no  excuse  for  permitting  such  losses  to  con- 
tinue. By  simply  comparing  the  actual  speed  change  of 
tw^o  shafts  with  the  calculated  speed  change  as  indicated 
above,  the  efficiency  of  the  drive  can  be  easily  deter- 
mined and  brought  up  to  98  or  99  per  cent.  Thus  a 
substantial  saving  can  be  effected  at  a  slight  expense, 
because  properly  proportioned  leather  belt  drives  give 
satisfactory  service  for  periods  of  ten  to  forty  years. 

It  is  remarkable  how  well  the  advocates  of  direct- 
connected  motors  and  prime  movers  have  svicceeded  in 
cheating  a  wide  impression  that  belt  drives  are  only 
^xbout  85  per  cent,  efficient.  To  cite  but  one  convenient 
example,  in  a  paper  "The  Oil  Engineer  for  Ice  Plant 
Service,"  read  at  the  International  Engineering  Con- 
gress, San  Francisco,  September,  1915,  and  printed  in 
the  Journal  of  American  Society  of  Refrigerating  Engi- 
neers, September,  1915,  page  38,  it  is  recommended  that 
the  efficiency  of  the  belt  or  rope  drive  be  taken  at  85 
per  cent.  In  reality,  with  rational  design,  using  suffi- 
cient surface,  speed  and  leather,  the  efficiency  of  a 
single  drive  can  be  made  97  to  99  per  cent. 

Power  Plant  Built  in  Germany 
During  the  War 

The  photographs  on  the  opposite  page  are  of  a  128,- 
000-kva.  steam-power  plant  built  in  the  village  of 
Zoschovnewitz-Golpa,  near  Bitterfield,  in  Prussian  Sax- 
ony, 75  miles  southwest  from  Berlin.  This  plant  is  in 
the  center  of  the  lignite  district  and  was  put  in  opera- 
tion in  the  fall  of  1918.  At  present  it  is  supplying 
30,000  kva.  to  Berlin,  but  as  soon  as  the  necessary  trans- 
mission lines  are  completed  the  load  will  be  increased  to 
near  the  plant's  capacity. 

In  the  generator  room,  upper  right-hand  corner,  are 
eight  16.000-kva.  steam-turbine  driven  alternators,  sup- 
plied with  steam  from  64  boilers.  Draft  for  the  boilers 
is  obtained  from  eight  stacks  325  feet  high.  Coal  is  ob- 
tained from  the  Golpa  mine,  near  the  plant,  by  an  auto- 
matic system  of  cars,  as  shown  in  the  figure  across  the 
center  of  the  page.  The  arrangement  of  the  turbines 
inthe  power  plant  differs  from  American  practice  in 
that  the  machines  are  placed  end  to  end  down  the  center 
Oi  the  turbine  room,  while  in  American  plants  they  are 
usually  placed  crosswise.  The  frustum-shaped  towers, 
to  the  right  in  the  bottom  figure,  are  evidently  cooling 
towers  for  the  circulating  water.  The  German  govern- 
ment in  line  with  the  plans  for  the  socialization  of  the 
electric  industry  has  taken  over  the  stock  of  the  com- 
pany that  built  this  plant. 


Exports  of  American  coal  in  much  greater  quantity 
than  has  been  anticipated  is  expected  to  result  from  the 
determination  of  Denmark  and  Sweden  to  divert  im- 
portant portions  of  their  tonnage  to  the  American  coal 
trade.  This  action  on  the  part  of  two  of  the  European 
countries  is  thought  to  be  the  forerunner  of  similar 
action  by  others.  The  Shipping  Board  recently  called 
attention  to  the  tendency  on  the  part  of  some  European 
countries  to  keep  their  shipping  in  profitable  trade  routes 
despite  the  dire  need  in  Europe  for  coal  supply. 


During  the  entire  winter,  it  is  stated  by  Shipping 
]^>oard  officials,  the  vessels  in  the  New  England  coal 
irade  have  been  operated  at  a  loss.  In  order  to  make 
this  service  self-sustaining  an  increase  of  75c.  per  ton 
in  the  coal  rates  from  Hampton  Roads  and  Baltimore  to 
Boston  and  other  New  England  ports  has  been  put  into 
effect.  The  increased  rates  will  permit  of  no  profit  on 
these  vessels,  it  is  said. 
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Photos  from  Vorlil  Wide  Tliotos. 
EXTERIOR   AND   INTERIOR   VIEWS   OF   POWER-PLANT  NEAR  BITTERFIELD,   PRUSSIAN  SAXONY 
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Steam-Turbine    Governors — Shaft    Governors    of 

Terry  Turbines 


Describes  the  shaft  governor,  emergency  gov- 


JJescrioes  tfie  snap  governor,  emergency  c 
ernor  and  governor  valves  used  on  the  T( 
turbine.  Directions  are  given  for  their  adj 
ment  and  care. 


list- 


ing strength  of  spring.  These  may  be  obtained  from 
the  builder.  After, making  adjustments,  it  is  necessary 
to  move  the  governor  spring  yoke  H  back  to  a  central 
position  so  that  it  does  not  rub  on  the  shaft. 

Most  governor  troubles  can  be  avoided  by  keeping 


ALTHOUGH  the  Terry  Turbine  is  built  in  many 
sizes,  the  general  design  of  the  governing  mech- 
anism employed  is  the  same.  Greater  powers 
required  for  the  larger  frames  make  it  necessary  to  use 
larger  parts  throughout,  but  its  design  is  not  altered. 
The  shaft  governor  is  of  the  usual  flyball  type  and  is 
mounted  on  the  end  of  the  turbine  shaft  as  shown  in 
Fig.  1.  The  detail  structure  of  the  governor  itself  is 
shown  diagrammatically  in  Fig.  2.  Under  the  action  of 
centrifugal  force  the  governor  weights  A  tend  to  sep- 
arate. Rocking  about  the  knife-edges  B  the  weights 
push  against  the  governor  slide  /,  which  is  a  movable 
member  inserted  in  the  end  of  the  hollow  shaft.  Its 
motion  is  resisted  by  the  main  governor  spring  C  acting 
against  the  governor  spring  yoke  H,  the  yoke  pass- 
ing through  milled  slots  in  the  shaft  and  acting  against 
a  hardened  steel  pin.  The  motion 
of  the  governor  slide  /  is  transmit- 
ted through  a  ball  or  ball  race  to 
a  lever  or  series  of  levers  which 
operate  the  governor  valve.  The 
governor  slide  /  is  protected 
against  wear  from  the  governor 
weights  by  a  hardened  steel  shoe, 
which  is  secured  by  the  governor 
yoke  pin.  An  adjusting  nut  G  is 
provided  to  vary  the  compression 
of  the  spring  C. 


1.     SJOCTION  OF  TERRY  TURBINE  SHOV^ING   STANDARD   FORM   OF  GOVERNOR 
AND  GOVERNOR  VALVE 


By  altering  the  adjusting  nut  G  a  change  of  speed 
may  be  obtained — tightening  the  nut  increasing  the 
speed,  slacking  it  off  decreasing  it.  Adjustment  from 
the  nut  G  is  only  designed  to  alter  the  speed  within  the 
range  of  the  governor  capacity,  as  greater  changes  in 
speed  would  be  liable  to  tax  the  governor  weights  and 
spring  beyond  their  safe  limit  of  strength.  To  obtain 
greater  changes  in  speed,  it  is  therefore  necessary  to 
procure  heavier  or  lighter  weights  with  the  correspond- 


FIG.  2.  SECTION  OF  SMALL  TERRY  SHAFT 
GOVERNOR 

all  parts  of  the  governing  mechanism  clean,  properly 
lubricated  and  in  good  adjustment.  When  troubles 
occur,  they  can  usually  be 
classified  as  overspeeding  or 
as  hunting  (periodic  speed 
fluctuations).  Hunting  may 
be  produced  by  improper 
valve  setting  or  by  sticking 
or  lost  motion  in  some  part 
of  the  governor  mechanism. 
There  is  a  spring  provided 
to  take  up  lost  motion  in  the 
governor  mechanism, 
marked  "Governor  Valve 
Spring"  on  Fig,  5,  which 
may  be  tightened  by  turn- 
ing the  "Lower  Valve 
Spring  Seat,"  shown  in  the 
same  figure.  Sticking  in  the 
valve  or  stem  may  easily  be 
detected  by  pushing  in  on 
the  valve  stem  and  observ- 
ing if  it  moves  steadily.  The 
valve-stem  spring  should  readily  pull  the  valve  out 
again.  A  sticking  valve  or  stem  may  be  cau.sed  by  a 
bruise  or  a  bend  in  the  stem,  too  tight  valve-stem  pack- 
ing, the  presence  of  rust  or  scale  on  the  valve  itself,  or 
misalignment  between  the  valve  and  the  governor  lever. 
The  corrections  for  these  difficulties  are  obvious.  Stick- 
ing in  the  governor  is  usually  produced  by  a  gummy 
slide  or  by  the  rubbing  of  the  governor-spring  yoke 
against  the  shaft.     A  thorough  cleaning  with  kerosene 
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will  usually  eliminate  the  difficulty.  If,  when  running 
at  very  light  loads  with  all  the  jets  open,  the  governor 
valve  has  a  tendency  to  draw  shut,  the  governor-valve 
spring  shown  in  Fig.  5  should  be  tightened.  Over- 
speeding  at  very  light  loads  is  caused  by  a  poorly  set 


PIG.   3.     TERRY  EMERGENCY  GOVERNOR 

or  a  leaky  valve.    The  setting  of  the  valve  will  be  ex- 
plained later. 

Terry  emergency  governors  are  usually  set  to  shut 
off  the  steam  to  the  turbine  when  the  speed  reaches 
about  10  per  cent,  above  the  operating  rate.  The  form 
of  emergency  governor  used  on  smaller  Terry  turbines 
is  called  the  ring  type,  which  is  shown  in  Fig.  3.  The 
ring  A  mounted  on  the- back  of  the  governor  disk  is 
pivoted  at  B  and  is  limited  in  its  movement  by  the  stud 


FIG.   4. 


ANOTHER   TYPE  OF  TERRY  EMERGENCY 
GOVERNOR 


C.  Normally,  the  ring  is  held  concentric  against  the 
stud  C  by  the  spring  D.  As  the  ring  is  slightly  unbal- 
anced, centrifugal  force  tends  to  make  it  run  eccentric. 
When  the  centrifugal  force  becomes  great  enough  to 
overcome  the  compression  of  the  spring  D,  the  ring 
flies  out  to  the  limit  of  its  travel  and  runs  eccentric, 
hitting  the  trigger  E,  which  closes  the  emergency  valve. 
The  spring  is  held  in  position  by  a  projection  at  the 
center  which  rests  in  one  of  the  holes  (shown  dotted) 


on  the  hub  of  the  governor  disk.  To  lower  the  speed  at 
which  the  emergency  governor  will  operate,  move  the 
spring  toward  the  pivot  B  with  a  screwdriver,  and  to 
increase  the  speed  move  it  away  from  the  pivot. 

Another  type  of  emergency  governor  is  shown  in 
Fig.  4.  A  lever  A  is  pivoted  on  the  stud  B  and  is  lim- 
ited in  its  movement  by  a  pin  placed  at  the  point  C.  This 
pin  has  about  VV  ^^-  clearance.  When  the  speed  be- 
comes high  enough,  the  centrifugal  force  overcomes  the 
pressure  of  the  spring  and  the  lever  A  flies  out,  striking 
the  trigger  D,   which   closes   the  emergency  governor 


A    Va/yi  ^ferr,  Stuffing  Box 

B    Va  've  Sushi na 

C    Valva  Bushino  Washer 


Goi/ernor  Lever 
:  Upp^rHi/ye  5fnn<y 

\  Lower  yalve 


■  Lock  Nut 

•Valve  Stem 
Spring  Holder 

■  OovernorYalveSprin? 


Valve  Stem  Sprinq  ^*^^v  v/.   ,.    ,   .,.     ,y.'/ 

Spnn,HolJtlut        Oov^rnar^^^^y^^-V^'r  'f— 
^       '         ■■      •^        valve  Bonnet        °ack'no        JOvV-''vyBj'ji, 

FIG.  5.     .STANDARD  TYPE  OK  TERRY  GOVERNOR  VALVE 


valve.  This  governor  may  be  adjusted  by  altering  the 
pressure  of  the  spring  with  the  adjusting  screw  £.  A 
setscrew  F  is  provided  to  lock  the  adjusting  screw. 

Emergency  valves  are  of  the  butterfly  type  and  are 
operated  by  a  strong  spring  when  released  by  the  emer- 
gency governor.  It  is  important  that  the  packing  in  the 
stuffing-box  be  well  lubricated  and  the  stem  always  free 
to  move. 

Once  a  week,  if  the  turbine  is  shut  down  that  often, 
trip  the  emergency  governor  by  hand.  The  turbine 
should  stop  or  slow  down  considerably  with  the  throttle 


FIG.    6.      THE   TERRY    SHAFT  GOV]:i;XOi; 
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another  mark  on  the  valve  stem  opposite  the  stuffing- 
box  nut.  The  distance  between  these  marks  gives  the 
valve  opening  and  may  be  adjusted  by  turning  the  valve- 
stem  in  the  valve-stem  spring  holder,  being  sure  to 
readjust  the  locknuts  at  each  end  of  the  spring  holder. 
Always  be  sure  that  the  governor  valve  closes  tight  when 
the  governor  weights  are  all  the  way  out.  This  is  im- 
portant with  any  governor. 

The  general  appearance  of  a  Terry  shaft  governor  is 
shown  in  Fig.  6,  and  a  small  turbine  for  generator  drive 
with  motor  connection  to  the  governor  for  independent 
speed  control  is  shown  in  Fig.  7. 

Governing  Turbine-Driven  Pump 

Turbine-driven  centrifugal  pumps,  particularly  for 
boiler  feed,  such  as  Fig.  8,  are  widely  used.  The  gov- 
ernor valve  is  on  the  steam  line  to  the  turbine,  is  actu- 
ated by  the  pressure  in  the  pump  discharge  Hne,  and 
acts  on  the  turbine  as  a  throttling  governor.  In  addi- 
tion, the  turbine  is  provided  with  the  usual  fiyball  gov- 
ernor, which  is  set  for  higher  than  maximum  normal 
pressure.     This  protects  the  turbine  against  overspeed. 


FIG.  7.  ANOTHER  FORM  OF  TERRY  SHAFT  GOVERNOR 

wide  open.  The  trigger  should  clear  the  governor  lever 
A,  Fig.  4,  or  ring  A,  Fig.  3,  by  not  more  than  ^V  i"- 
when  the  turbine  is  turned  over  by  hand. 

The  governor  valve  now  used  on  all  Terry  turbines 
is  known  as  the  bushing  type  (see  Fig.  5).     The  con- 
struction is  such  that  it  permits  removal  of  the  valve 
and   seats   for  inspection  or 
repairs     without     removing 
the   steam    connections.       A 
strainer    is    always    supplied 
to  prevent  solid  matter  from 
injuring  the  turbine  nozzles 
and  wheel.     Its  principle  of 
operation     can     be     readily 
seen    from    the    figure    and 
needs    no    further    explana- 
tion. 

All  Terry  governor  yalves 
should  be  so  adjusted  that 
their  maximum  travel  is 
one-eighth  of  the  valve  di- 
ameter; that  is,  a  3-in.  valve 
should  have  a  ^-in.  maxi- 
mum opening.  To  check 
this  travel,  push  in  on  the 
valve  stem  until  the  valve 
seats  when  the  turbine  is  not 
running.  Make  a  mark  on 
the  valve  stem  opposite  the 
edge  of  the  stuffing-box  nut, 
then  pull  out  on  the  stem 
as  far  as  the  governor  mech- 
anism will  permit  and  make 


By  a  ruling  of  the  Industrial  Board,  Department  of 
Labor  and  Industry,  Commonwealth  of  Pennsylvania, 
Harrisburg,  Penn..  adopted  Jan.  13,  1920,  and  operative 
Feb.  12,  1920,  no  person  shall  be  allowed  to  carry 
matches  or  other  flame-producing  device  into  any  work- 
room or  other  portion  of  a  building  wherein  people  are 
employed  and  where  ether  is  manufactured,  rectified  or 
handled  daily  in  quantities  exceeding  one-half  gallon. 
In  such  places  where  there  is  a  possibility  of  ether 
vapor  being  present,  electrical  or  other  apparatus, 
such  as  switches,  motors,  etc.,  capable  of  giving  ofif 
sparks,  shall  not  be  permitted.  Electric  lighting  systems 
shall  be  placed  in  conduits  with  vapor-proof  globes. 
Open  flames  of  any  kind  shall  also  be  prohibited. 


It  is  estimated  that  the  output  of  the  central  stations 
in  the  United  States  in  1919  was  approximately  30,300,- 
000  kw.-hr.  The  total  revenue  is  estimated  at  approx- 
imately $601,000,000.  This  is  an  increase  of  2.1  per 
cent  in  output  and   13  per  cent  in  income  over  1918. 


FIG.  8.     STEAM  TO  TURBINE  GOVERNED  BY         FEED-WATER  PUMP  GOVERNOR 
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litis  is  the  third  and  last  of  three  articles  on 
standard  rate  forms  and  deals  with  the  second 
group  of  standard  rate  forms,  knotvn'  as  demand 
rates.  Four  different  standard  demand-rate  sys- 
tems arc  discussed.  Examples  are  given  to  show 
how  these  rates  arc  applied  in  calculating  bills. 


UNDER  the  subject  of  "demand  rates,"  there  are 
four  different  standard  rate  systems  in  general 
use,  these  being  (1)  flat  demand  rate,  (2) 
Wright  demand  rate,  (3)  Hopkinson  demand  rate,  and 
(4)  Doherty,  or  three-charge  rate.  These  will  be  con- 
sidered in  the  order  noted.  As  mentioned  in  a  previous 
article,  the  definitions  given  are  those  as  approved  by 
the  Rate  Research  Committee  of  the  National  Electric 
Light  Association.  The  term  "demand  rate"  is  ap- 
plicable to  any  method  of  charge  for  electric  service 
that  is  based  on  the  maximum  demand  during  a  given 
period  of  time.  The  demand  is  expressed  in  such  units 
as  kilowatts  or  horsepower.  Maximum-demand  indi- 
cators or  graphic  meters  are  used.  The  demand  rate 
has  its  basis  in  the  customers'  installations  or  maximum 
requirements  in  a  certain  period  of  time.  It  deals  with 
the  matter  of  connected  load  on  the  job. 

Flat  Demand  Ratr 

The  term  "flat  demand  rate"  is  applicable  to  any 
method  of  charge  for  ekctric  service  that  is  based  on 
the  consumer's  installation  of  energy-consuming  de- 
vices, or  on  a  fixed  sum  per  customer.  This  rate  is 
usually  arranged  on  a  basis  of  so  much  per  watt  or 
kilowatt,  per  month  or  for  a  longer  term.  Again,  this 
type  of  rate  is  developed  frequently  at  so  much  per 
consumer  per  month  or  per  year,  segregating  the  dif- 
ferent classes  of  consumers  into  unit  groups,  each  group 
covering  a  certain  character  and  extent  of  service.  The 
estimated  demand,  or  the  quantity  of  electric  energy  to 
be  used,  is  an  important  consideration  in  the  establish- 
ment of  the  flat  rates.     No  meters  are  used. 

The  history  of  the  flat-rate  charge  system  dates  back 
to  tlie  beginning  of  commercial  electric  service,  for  the 
first  rates  were  arranged  on  this  basis.  For  house  and 
residence  service  a  certain  charge  was  made  per  16-can- 
dlepower  lamp  per  month,  varying  in  different  local- 
ities, as  40,  50  and  60  cents,  and  with  minimum  bill  to 
be  one  dollar.  As  to  be  expected,  many  difficulties  were 
encountered  in  the  use  of  this  type  of  rate  in  a  general 
way.  Careless  people  would  allow  their  lights  to  burn 
continuously  and  beyond  the  point  of  needed  utility ; 
dishonest  persons  woulc;!  burn  more  lamps  than  enti- 
tled to  under  their  contract  with  the  utility  company; 
while  in  the  matter  of  motor  and  other  industrial  serv- 
ice, like  conditions  prevailed.  The  fundamentals  of 
operation  dealt  with  the  consumer  being  thoroughly  fair 
and  honest,  but  this  wasn't  always  so. 

Thus,  when  meters  were  introduced,  the  employment 
of  flat  rates  decreased,  and  for  a  number  of  years  they 
were  almost  in  discard.  The  flat  demand  rate,  however, 
is  now  regaining  considerable  popularity  and  is  being 
used  particularly  for  small  consumers,  such  as  residence 
and  similar  service.  The  type  of  rate  makes  it  applic- 
able to  modification  with  the  use  of  the  "step"  or 
"block"  method  of  computation,  as  discussed  in  the  is- 
sue of  Feb.  10.    A  typical  schedule  from  under  the  flat 


demand  rate  would  be  worked  out  along  the  following 
lines:  $1  per  month  for  each  50  watts  of  installation 
connected,  applying  primarily  to  small  consumption ; 
$30  per  year  for  each  horsepower  of  connected  load  ; 
$45  per  year  per  kilowatt  for  each  of  the  first  25  kw. 
of  maximum  demand;  $35  per  year  per  kilowatt  for 
each  kilowatt  in  excess  of  25. 

Taking  a  typical  example  to  show  the  method  of  cal- 
culating, assume  that  a  consumer  has  a  connected  load 
of  400  watts.  Under  the  flat  rate  of  $1  per  month  for 
each  50  watts  of  installation  connected,  the  monthlv 
charge  would  be 

400  X  $1         ^o 
50         ~~  ^ 
Considering  another  instance,   assume    a    maximum 
demand  of  50  kw.  per  year  for  an  installation,  on  the 
basis  of  $45   and  $35,   previously  noted.      This   would 
work  out 

25    X    45    =   $1,125. on 
25    X    35    =         875.00 


Yearly   total   $2,000.00 

An  example  of  a  modification  of  the  flat  demand  rate 
by  the  use  of  the  "step"  system  is  afforded  in  the  pres- 
ent plan  of  lighting  service  of  a  Middle  West  central 
station.  The  basis  of  operation  is  as  follows:  For  the 
first  30  hours'  use  of  the  customer's  demand,  a  charge 
of  8c.  net  per  kilowatt-hour ;  for  the  next  60  hours'  use 
of  the  customer's  demand,  a  charge  of  6c.  net  per  kilo- 
watt-hour; for  all  further  use  of  the  customer's  de- 
mand, the  rate  is  3c.  per  kilowatt-hour. 

The  customer's  demand  is  based  on  the  number  of 
lamp  outlets,  the  first  10  lamp  outlets  being  rated  at  30 
watts  each,  the  next  20  lamp  outlets  at  20  watts  each, 
and  all  other  outlets  at  10  watts  each.  An  an  illustra- 
tion, the  demand  for  a  house  with  35  lamp  outlets 
would  be  750  watts,  and  if  100  hours'  use  was  made  of 
this  demand,  the  total  charge  would  be  as  follows : 


Hours'  U.se  Watts  Demand  Kw. 

30  X             750        =  22.5 

60  X             750       =  45.0 

10  X             750        =  7.5 


Cents  Per  Kv.-.-Hr. 
at         8 
at  6 

at  3 


Total 
$1.70 
2.70 
0.225 


rota!    ....100  75  ?4V,2^ 

^Accordingly,  on  the  foregoing  basis  a  consumption  of 
/,->  kw.-hr.  would  average  6.16c.  per  kilowatt-hour. 

Wright  Df.maxd  Rate 

The  term  "Wright  demand  rate"  applies  to  that 
method  of  charge  in  which  a  maximum  price  per  unit 
is  charged  for  a  certain  amount  of  electric  energy,  and 
one  or  more  reduced  prices  per  unit  are  charged  for 
the  remainder,  on  the  block  principle,  in  accordance 
with  a  schedule  based  on  the  use  of' the  maximum  de- 
mand. This  method  of  charge  was  developed  bv 
Arthur  Wright  and  has  come  into  extensive  use  for 
general  lighting,  commercial  lighting,  retail  power  and 
wholesale  lighting  and  power.  It  is  baaed  on  making 
a  charge  according  to  the  number  of  hours'  use  of  the 
maximum  demand  requirements.  In  other  words,  for 
ihe  first  hour's  use  per  day,  or  aggregating  365  hours 
per  year  of  maximum  demand,  the  consumer  pavs  a 
higher  rate  than  for  electric  energy  used  in  exces's  of 
the  maxinmm.  The  Wright  maxTmum-demand  meter 
has  become  popular  with  central  stations  in  connection 
v/ith  this  now  standard  rate  form.  This  method  of 
rate  computation  in  graphical  form,  plotted  for  a  rate 
variation  of  from  9c.  to  3c.,  is  shown  in  Fig.  1.  This 
curve  is  based  on  the  following  schedule: 
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For  electric  energy  used  equivalent  to  or  less  than 
the  first  30  hours'  use  per  month  of  maximum  demand, 
9c.  per  kw.-hr.  For  consumption  equivalent  to  or  less 
than  the  next  30  hours'  use  per  month  of  maximum 
demand,  5c.  per  kw.-hr.  And  for  all  electric  energy 
used  per  month  in  excess  of  the  equivalent  of  60  hours' 
use  of  the  maximum  demand,  3c.  per  kilowatt-hour. 

As  an  example,  assume  that  a  consumer  has  a  total 
connected  load  of  1000  watts,  with  a  demand,  estimated 
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KIG.    1.      GRAPHICAL   REPRESENTATION   OF   WRIGHT 
DEMAND   RATE 

or  measured,  of  800  watts.  On  the  basis  of  30  hours' 
use  of  this  demand  (800  watts),  the  total  is  800  X  30 
=  24,000  watt-hours  or,  24  kw.-hr.;  this  is  the  full 
amount  to  be  charged  for  at  the  9c.-  and  5-c.  maxi- 
mum-demand rates.  Say  that  the  monthly  consumption 
IS  60  kw.-hr.,  the  charge  would  be  calculated  as  follows : 

24  kw.-hr.  @  9c.  —  $2.16 
24  kw.-hr.  @  Sc.  —  1.20 
12   kw.-hr.    @    3c.    =      0.36 

60    kw.-hr.        Total. .  ..$3.72 

The  average  rate  equals  total  cost  in  cents  divided 
by  total  kilowatt-hours  or,  in  this  problem,  equals 
372 -=- 60  =  6.2c.  per  kw.-hr.  These  values  are  indi- 
cated in  Fig.  1  by  the  dotted  lines.  One  of  the  prom- 
inent advantages  of  this  method  of  rate  calculation  is 
found  in  the  fact  that  it  tends  to  encourage  greater 
hours'  use  of  the  maximum  demand,  as  the  energy  ex- 
cess charges  are  low. 

HoPKiNSON  Demand  Rate 

The  term  "Hopkinson  demand  rate"  applies  to  that 
method  of  charge  which  consists  of  a  "demand  charge," 
(a  sum  based  on  the  demand  either  estimated  or  meas- 
ured, or  the  connected  load)  plus  an  "energy  charge" 
(a  sum  based  on  the  amount  of  energy  used).  This 
comes  under  the  term  of  a  "two-charge  rate."  This 
rate,  officially  defined,  is  applicable  to  any  method  of 
charge  for  electric  service  in  which  the  price  per  unit 
of  metered  electric  energy  for  each  bill  period  is  based 
(jn  both  the  actual  or  assumed  quantity  of  electric  en- 
ergy consumed  and  the  actual  or  assumed  capacity  or 
demand  of  the  installation. 

The  Hopkinson  rate  takes  its  name  from  Dr.  John 
Hopkinson,  who  presented  its  possibilities  in  1892,  after 
extensive  central-station  investigation  and  covering 
practically  every  phase  of  operation  and  expense.  He 
lield  to  the  theory  of  the  necessity  for  a  fixed  charge  to 
be  defrayed  by  the  consumer,  and  according  to  his  de- 


mand for  power  to  cover  the  "readiness  to  serve"  cost 
of  production  and  distribution.  The  value  of  Dr.  Hop- 
kinson's  work  can  be  fully  appreciated  when  it  is  stated 
that  the  majority  of  rate  forms  in  use  today  are  based, 
either  in  whole  or  in  part,  on  his  basis  of  assumption 
and  computation. 

In  the  Hopkinson  demand  rate  the  "demand  charge" 
or  the  "energy  charge,"  or  both,  may  be  of  the  block- 
rate  type.  The  diagram.  Fig.  2,  sets  forth  this  rate 
basis,  taking  6,  4,  2  and  Ic.  per  kilowatt-hour,  for  re- 
spective amounts  of  consumption. 

Considering  a  practical  example  of  the  method  of 
figuring  rates  under  this  system,  assume  a  "demand 
charge"  and  an  "energy  charge"  as  follows: 

Demand  charge — $2.50  per  month  per  kilowatt  for 
the  first  50  kw.  of  maximum  demand  in  the  month;  $2 
per  month  per  kilowatt  for  the  excess  of  maximum  de- 
mand over  50  kilowatts.. 

Energy  charge — 6c.  per  kw.-hr.  for  the  first  1000 
kw.-hr.  used  per  month ;  4c.  for  the  next  2000  kw.-hr. ; 
2c.  for  the  next  2000  kw.-hr. ;  and  Ic.  per  kilowatt- 
hour  for  excess  over  5000  kw.-hr.  used  per  month. 

Now,  assume  that  the  consumer  has  a  demand  of  100 
kv/.  and  uses  a  total  of  8000  kw.-hr.  in  a  month,  the  bill 
would  be  calculated  as  follows : 


$225- 


210 


50 
50 

kw. 
kw. 

X 
X 

$2.50 
2.00 

= 

$125 
100 

100 

Total  demand  charge 

1000  kw. 
2000  kw. 
2000  kw. 
3000  kw. 

-hr. 
-hr. 
-hr. 
-hr. 

X 
X 
X 
X 

6c. 
4c. 
2c. 
Ic. 

=: 

$  60 
80 
40 
30 

8000  kw.-hr. 


Total  energy  charge 

Total   bin 

The  average  rate  is  43,500^8000: 


.$435 

=  5.437c.,  and  is 
indicated  with  the  other  items  on  the  curves.  Fig.  2,  by 
dotted  lines.  As  will  be  understood,  the  "demand 
charge"  holds  at  the  same  figure  from  month  to  month, 
or  as  long  as  the  maximum  demand  remains  unchanged. 


FIG.  2. 
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The  "energy  charge"  is  the  fluctuating  element,  varying 
fiom  month  to  month  in  accordance  with  consumption. 
The  term  "three-charge  rate"  is  applicable  to  any 
method  of  charge  for  electric  service  in  which  the 
charge  made  to  the  consumer  for  each  bill  period  con- 
sists of,  (a)  a  sum  based  on  the  quantity  of  electric 
energy  consumed,  (b)  a  sum  based  on  the  actual  or 
assumed  capacity  or  demand  of  the  installation,  and  (c) 
a  charge  per  consumer. 
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Accordingly,  a  definition  of  the  Doherty  or  "three- 
charge"  rate  would  be:  That  method  of  charge  which 
consists  of  a  "customer  charge,"  or  a  charge  per  cus- 
tomer per  meter;  plus  a  "demand  charge,"  a  sum  based 
on  the  demand,  either  estimated  or  measured,  or  the 
connected  load;  plus  an  "energy  charge,"  a  sum  based 
on  the  quantity  of  electric  energy  used.  This  rate  may 
be  expressed  in  either  the  "block"  or  the  "step"  form, 
terms  that  have  been  previously  explained.  •  As  will  be 
noted,  this  system  adds  a  customer  charge,  or  meter 
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charge,  to  the  demand  and  energy  charges,  which  are 
covered  in  the  Hopkinson  demand-rate  schedule. 

The  Doherty  charge  was  developed  by  Henry  L.  Doh- 
erty, New  York,  and  presented  before  the  National  Elec- 
tric Light  Association  in  1900,  and  has  become  useful  for 
certain  phases  of  power  service.  The  first  two  charges 
enforced,  "customer  charge"  and  "demand  charge,"  are 
designed  to  cover  the  cost  of  "readiness  to  serve,"  while 
the  third,  or  "energy  charge,"  provides  for  the  actual 
consumption.  Again,  in  further  explanation,  the  cus- 
tomer and  demand  charges  cover  the  average  cost  of 
service  connections  to  the  central  station. 

The  typical  curves  in  the  diagram,  Fig.  3,  show  the 
basis  of  the  Doherty  rate,  at  5c.  and  3c.  per  kilowatt- 
hour  for  amounts  of  consumption  as  expressed  in  the 
following  example;  the  curve  covering  the  average  rate 
per  kilowatt-hour  indicates  effectively  the  decrease  in 
charge  as  the  consumption  increases. 

The  method  of  figuring  a  bill  under  this  rate  is  very 
similar  to  that  used  for  the  Hopkinson  rate,  previously 
described,  simply  adding  another  established  charge  to 
the  form.     Taking  a  typical  example: 

Customer  Charge-— $1  per  month  per  meter. 

Demand  Charge— $2.75  per  month  per  kilowatt  for 
the  first  40  kw.  of  maximum  demand  in  the  month; 
$2  per  kw.  for  excess  of  maximum  over  40  kilowatts. 

Energy  Charge — 5c.  per  kw.-hr.  for  the  first  1000 
kw.-hr.  used  per  month ;  3c.  per  kw.-hr.  for  excess  over 
1000  kw.-hr.  used  per  month. 

On  this  rate  basis  assume  that  the  consumer  has  a 
demand  of  100  kw.  and  uses  a  total  of  4000  kw.-hr.  in 
a  month,  the  bill  would  be  computed  as  follows : 

$     1.00     Customer  charge 
40  kw.  X    $2.75   =  $110.00 

60  kw.  X      2.00   rr      120.00 


100 


1000  kw.-hr.    X 
3000  kw.-hr.   X 


230.00     Total   demand  chaige 


So.    =        50.00 
3c.    —        90.00 


The  first  two  charges  noted  are  uniform  from  month 
to  month  unless  a  change  is  made  in  the  installation 
and,  consequently,  in  the  maximum  demand.  The  last 
charge  varies  from  month  to  month  as  the  total  amount 
of  electric  energy  fluctuates. 

For  additional  explanation  of  the  reason  for  the  de- 
mand and  energy  charges  brought  out  in  the  Hopkinson 
and  Doherty  rate  schedules,  it  should  be  noted  that 
these  cover  specific  functions  of  central-station  opera- 
tion. The  demand  charge  represents  the  return  on  the 
necessary  investment  to  carry  the  maximum  load  that 
the  consumer  will  have.  It  does  not  include  any  charge 
for  the  actual  electric  energy  used.  On  the  other  hand, 
the  energy  charge  is  a  charge  proportional  to  the  kilo- 
watt-hours, horsepower-hours  or  lamp-hours,  consumed ; 
it  does  not  contain  any  investment  charge  or  overhead 
commercial  charge,  but  such  items  as  labor,  fuel  cost 
and  supplies. 

Season  Fluctuations  in  Boiler  Industry 

It  may  surprise  many  to  know  that  there  are  seasonal 
fluctuations  in  the  boiler  business,  but  such  appears  to 
be  the  case  from  statistics  compiled  by  A.  G.  Pratt,  vice 
president,  Babcock  &  Wilcox  Co.,  and  recently  pre- 
s -nted  before  the  meeting  of  the  American  Boiler  Manu- 
facturers' Association  in  New  York.  The  data,  as 
shown  by  the  accompanying  chart,  cover  water-tube 
boilers  for  the  years  1907  to  1913,  inclusive,  this  cover- 
ing a  period  of  normal  or  nearly  normal  business  activ- 
ity throughout  the  country.  Any  figures  for  1914-15-16 
would  show  the  effects  of  the  war  in  Europe,  and  1917- 
18  would,  of  course,  be  extremely  abnormal,  as  boilers 
for  war  purposes  were  required  in  excess  of  the  maxi- 
mum production  of  the  manufacturers.  Sales  during 
1919  were  not  included,  as  that  year  was  considered  ab- 
normal ;  in  the  first  five  months  general  business  condi- 
tions were  unsettled,  and  practically  no  buying  of  any 
character  was  done ;  during  the  last  seven  months  busi- 
ness was  extraordinarily  good,  due  to  returning  confi- 
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140.00     Total  energy  charge 


Total    bill $371.00 
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AVERAGE    MONTHLY    SALES    OF    WATER-TUBE    BOILERS 

FOR  1907  TO  1913,  INCLUSIVE,  EXPRESSED  IN 

PER   CENT    OF    N0R:MAL   SALES 

dence  in  the  business  situation.  The  figures  were  taken 
not  only  from  the  sales  of  the  Babcock  &  Wilcox  Co., 
but  from  several  other  large  boiler  manufacturers. 

The  sales  for  each  month  of  each  of  the  years  in 
question  were  listed  and  divided  by  the  number  of  years 
considered,  which  gave  the  average  for  each  month. 
From  this  the  ratios  between  the  actual  and  the  average 
monthly  sales  for  the  entire  period  were  found  and 
plotted.  The  figures  plotted  on  the  chart  show,  first, 
that  the  sales  were  equal  to  or  above  normal  from 
February  through  July  and  again  in  December;  second, 
that  sales  were  below  normal  in  January  and  from 
August  through  November ;  third,  that  sales  in  different 
periods  vary  from  a  maximum  of  120  per  cent  to  a  mini- 
mum of  70  per  cent  normal. 
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POP'S 

WATER-POWER 

COURSE 

tJohrt  S.  Carpenter 


"W 


I^LL,"  announced  Pop  as  he  walked  into 
Jimmy's  room  and  threw  his  hat  on  the 
bed  and  himself  in  the  softest  rocker, 
"we're  fired  !"  l^he  old  chief  let  his  lower  jaw  hang 
to  give,  as  the  advertising  men  say,  "atmosphere"  to 
his  scene. 

"Fired?  What  do  you  mean?"  blurted  Jimmy. 
"Well,  we're  fired  outa  the  ol'  steam  plant,  an'  to- 
morrer  we  goes  up  the  creek  an'  we  takes  the  new  hydro 
plant  in  hand.  They's  also  the  mere  trifle  of  a  fivespot 
a  week  raise  in  it  for  you."  Po])  put  his  thumbs  under 
his  suspenders  while  he  watched  the  effect  on    Jimmx . 


FIG.  1.     PRINCIPLE  OF  MOD- 
ERN   PILOT   VALVE 


FIG.  2. 


Connects  in  0// 
Pressure  litie 


VIEW  OF  BYPASS 
VALVE 


"y\s  yer  might  expect,  Pm  gonna  be  the  boss  an'  you 
the  feller  wot  does  the  work!" 

"Whi^h  means,  Popsic,  that  in  about  a  year  Pll  be 
boss !" 

Pop  hurriedly  changed  the  subject,  as  things  were 
not  taking  the  proper  path. 

"We'll  git  busy  while  th'  gittin's  good.  We  was 
a-talkin'  the  last  time  about  pilot  valves  an'  such  like. 
I  made  a  skitch  of  a  pilot  valve  simplified  so  that  you 
could  git  th'  idee  easy.  Now,  here  (refer  to  Fig.  1) 
is  a  drawrin'  that  I  made  which  shows  the  principle  of 
the  modern  valve.  Now  git  me  when  I  says  that  this 
one  ain't  the  only  pebble  on  the  beach,  nor  is  it  the  only 
way  or  style  that  they  can  be  made  in.  The  fundy- 
mental  idee  of  a  pilot  valve  is  that  a  dingus  that  must 
be  delicate  an'  easily  operated  in  order  not  to  jim  the 
sensitiveness  of  the  governor  flyballs,  moves  a  little 
an'  in  so  doin'  calls  into  action  a  larger  valve  which  has 
the  necessary  valve  area  to  distribute  the  oil  to  the 
servomotor  without  excessive  friction.  There  it  is  in  a 
nutshell." 

Jimmy  fixed  his  gaze  on  Fig.  1,  and  a  dozen  possible 
cycles  of  operation  passed  through  his  mind. 


"Now  it  works  this  way,"  resumed  the  old  chief.  "In 
the  center  of  the  drawrin'  is  located  the  exhaust  port, 
which  couldn't  be  shown  very  plain.  On  the  left-hand 
side  is  the  pressure-oil  port.  So,  now,  you  sees  that  I 
ihas  two  litttle  grooves  cut  in  the  body  of  the  valve  casing 
above  and  below  the  floating  piston.  Their  purpose 
is  to  keep  pressure  oil  always  on  both  sides  of  the 
Hoatin'  piston  so  that  it  is  balanced  an'  therefore  easily 
movable.  The  same  ports  "or  grooves  helps  keep  the 
pilot-valve  stem  balanced  although  the  balancin'  idee 
ain't  carried  out  in  my  design.  To  be  right,  the  valve 
.si em  should  be  of  the  same  size  where  it  passes  through 
the  valve  body  at  the  top,  an'  the  lower  end  ought  go 
through  the  valve  body,  too.  Then  you  has  no  end  pres- 
sure on  the  valve  stem  an'  the  thing  is  balanced,  seein' 
as  how  the  side  pressures  neutralize  themselves  all 
around  the  valve  stem. 

"The  floating  piston  has  a  few  small  grooves  cut  in 
the  extreme  faces  in  order  to  let  the  pressure  oil  git  to 
the  upper  an'  lower  faces  to  carry  out  the  balancin'  idee, 
or  otherwise  the  thing  might  settle  down  at  the  bottom 
of  the  valve  body  an'  fergit  they  was  a  job  to  do.  When 
the  speed  is  normal,  both  valves  assumes  a  central  po- 
sition as  shown  on  the  drawrin'.  As  soon  as  a  change 
in  speed  occurs,  let's  say  that  some  load  has  gone  ofif 
the  unit  an'  that  the  turbine  is  now  runnin'  too  fast, 
then  the  pilot-valve  stem  will  move  downward,  in  the 
(leerection  of  the  arrow.  When  that  happens,  the  hol- 
low space  at  the  top  of  the  floating  piston  is  uncovered 
an'  the  pressure  oil  that  was  in  that  space  rushes 
through  the  small  port  B  an'  drains  into  the  exhaust. 
This  produces  a  severe  case  of  what  steam  engineers 
calls  wiredrawrin'  at  the  little  grooves  marked  A  an' 
a  unbalanced  condition  of  pressure,  the  oil  pressure  bein' 
still  workin'  full  on  the  bottom  of  the  floating  piston 
an'  a  huH  lot  less  on  the  top.  The  result  is  that  the 
floating  piston  is  forced  to  the  top  of  the  valve  body  an' 
the  trapped  oil  passes  through  the  port  B  to  the  exhaust. 
In  so  movin'  to  the  top  of  the  valve  body,  the  port 
marked  'to  open  gates'  is  connected  with  the  exhaust, 
an'  the  other,  marked  'closing  side  of  servomotor,'  is 
connected  with  the  pressure  oil  port.  The  turbine  gates 
is  then  moved  an'  the  restoring  mechanism  returns  the 
[.»ilot  valve  stem  to  its  proper  place,  which  reverses  the 
condition  of  affairs  an'  returns  the  floatin'  piston  to  its 
normal  place." 

"1  must  admit  that  I  understood  that,  only  I  guess 
that  the  actual  work  is  done  in  about  one-tenth  of  a 
second,"  said  Jimmy. 

"Yep,  I  reckon  as  how  it  don't  take  more  then  a  dern 
small  part  of  a  second  to  do  the  hull  thing." 

"I  suppose,"  commented  Jimmy,  "that  those  pilot 
valves  have  to  be  made  just  so  to  keep  down  leakage 
.uid  that  it  takes  very  accurate  work  to  produce  a  satis- 
factory valve.     It  seems  to  me  that  if  the  leakage  was 
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much  more  on  one  side  of  the  floating  piston  than  on 
the  other,  it  would  tend  to  make  the  governor  act  with- 
out the  flyballs  getting  in  on  the  deal  at  all." 

"Yep,  that  could  happen.  Pilot  valves  an'  floatin' 
pistons  is  usually  ground  to  the  exact  size,  an'  the  clear- 
ance ain't  usually  more  than  two  or  three  thousandths 
of  an  inch.  In  most  governors,  the  pilot  valves  has  the 
ports  for  the  pressure  oil  an'  the  exhaust  ports  chipped 
to  a  jig  so  that  they  comes  in  the  right  place,  'cause 
foundry  work  might  make  the  ports  come  too  much 
either  one  way  or  t'other.  The  valve  stem  is  usually 
made  of  steel  which  has  about  3^  per  cent  of  nickel 
which  gives  it  great  toughness,  an'  the  floating  piston 
an'  valve  body  is  often  made  of  Govamint  bronze,  the 
same  bein'  88  parts  copper,  10  tin  an'  2  zinc,  which  is  a 
good  mix  an'  lasts  long  under  the  throttlin'  an'  wire- 
drawrin'  that  must  an'  does  occur  in  sich  a  valve." 

"You  said  something  about  there  being  a  gear  pump 
to  these  governors.  Is  there  any  particular  reason  that 
the  builders  prefer  them  to  piston  or  plunger  type 
pumps  ?" 

"Yep,  they's  quite  a  few  reasons.  One  is  that  a  gear 
pump  is  a  small,  compact  thing  that  can  be  driven  at 
high  speed,  an'  when  they  is  made  good  they  has  good 
mechanical  an'  tightness  "efficiencies.  Another,  which 
kinder  follows  from  the  first,  is  that  they  are  easy  to 
get  into  the  small  spaces  that  people  thinks  governor 
pumps  should  occupy  an'  that  they  can  be  made  quite 
cheap,  although  don't  git  the  idee  that  them  gears,  which 
is  usually  made  o'  3^  per  cent  nickel  steel  an'  has  cut 
teeth,  comes  free." 

"What  gets  me  is  how  they  can  get  those  gears  tight 
enough  so  that  they  won't  leak  half  the  oil  that  they 
pump." 

"Oh,  that's  toler'ble  easy.  Them  gears  is  turned 
about  three  or  four  thousandths  less  than  what  the  gear 
case  is  bored,  an'  the  side  clearance  is  usually  made 
two  thousandths  on  each  side.  When  the  clearances  is 
less  than  what  I  told  yer,  they  is  a  strong  tendency  for 
the  pump  to  heat  up.  If  the  heatin'  continues  long,  the 
oil  is  liable  to  break  down  an'  lumps  of  carbon  be  de- 
posited in  the  pipes,  jes'  the  same  as  carbon  will  be 
deposited  in  fuel-oil  headers  if  the  oil  gits  too  hot." 
"But  governor  oil  is  refined,  isn't  it?"  insisted  Jimmy. 
"True  enough !  That  don't  prevent  it  from  boiling  if 
it  gits  too  hot,  does  it?" 

"S'pose  not.  I  suppose,  though,  like  water,  that  the 
fact  of  the  oil  being  under  pressure  raises  its  boilin' 
point  and  that  the  decomposition  point  must  be  some- 
where near  there." 

"I  don't  know  about  that,  son.  All  I  knows  is  what 
I  told  yer,  that  the  oil  does  break  down  after  long  use 
at  high  temperatures  an'  high  pressures.  The  use,  it- 
self, at  high  pressures  ain't  so  bad ;  but  it's  the  high  tem- 
peratures that  kills  it  purty  quick." 

"That  brings  back  a  thing  I  wanted  to  have  thrashed 
out — how  do  they  know  how  large  to  make  these  servo- 
motor cylinders?" 

"It  depends  how  you  wants  me  to  answer  that  ques- 
tion. If  you  wants  to  know  just  what  force  it  takes  to 
move  them  turbine  gates  at  any  point,  I'm  afraid  that  I 
can't  answer  it.  The  problem  of  the  pressures  on  the 
front  an'  back  sides  of  a  gate  is  a  deep  one.  Most 
builders  uses  an  empirical  formula  which  has  enough 
leeway  to  it  that  they  is  safe.  Their  rule  is  about  like 
this: 

"Multiply  the  horsepower  of  the  turbine  by  40  if  the 
turbine  has  inside  gate  mechanism  an'  divide  the  prod- 
uct by  the  square  root  of  the  head.  This  gives  the  foot- 
pounds of  energy  that  the  governor  cylinder  should 
Have.     If  the  governor  handles  a  unit  with  outside  gate 


mechanism,  that  meanin'  one  with  the  governor  connec- 
tions out  of  the  water,  use  a  constant  of  50  instead  of 
40." 

"The  capacity  of  the  governor  in  foot-pounds  is  the 
area  of  the  cylinder  in  square  inches  times  the  oil  pres- 
sure in  pounds  per  square  inch,  times  the  stroke  in  feet, 
ain't  it?" 

"Certainly.  You  got  it  that  time,  Jimmy.  They  is  a 
small  loss  due  to  friction,  but  it  don't  amount  to  much. 
"Now  I  wants  you  to  take  a  look  at  Fig.  2.  This  is 
a  bypass  valve.  The  idee  is  to  lighten  the  work  on  the 
motor  that  drives  the  oil  pump,  or  whatever  source  of 
power  is  u<^ed.  When  the  pump  has  generated  suffi- 
cient pressure  to  overcome  the  leakage  in  the  different 
joints,  if  no  bypass  valve  is  used  the  pump  pressure  will 
build  up  an'  increase,  taking  a  lotta  power  for  no  good 
use.  Just  as  soon  as  the  right  pressure  exists  in  the 
pipe  from  the  pump  to  the  pilot  valve,  the  bypass  valve 
is  opened  an'  the  oil  passes  back  into  the  sump  tank, 
relievin'  the  pump  of  all  the  extra  work  that  it  would 
git  from  havin'  the  pressure  build  up  on  it.  You  see 
that  the  tension  on  the  spring  can  be  changed  by  screwin' 
up  on  the  setscrew  an'  the  pressure  changed  accord- 
ingly." 

"Now  tell  me  what  that  little  port  that  is  drilled 
through  the  setscrew  is  for." 

"Nothin'  more  than  a  hole  to  let  the  trapped  oil  get 
through  when  the  valve  opens.  They's  always  some 
little  oil  gits  through  the  valve-stem  clearance  up  into 
that  space,  an'  that  hole  is  jes'  a  drain." 

"Now  why  couldn't  the  whole  thing  be  done  elec- 
trically ?  I  mean  the  governing  of  the  unit  and  all  that 
sort  of  thing?"  Jimmy  was  getting  pretty  deep  into 
one  of  his  inventive  moods. 

Pop  leaned  back  in  his  chair  and  gazed  steadily  at 
something  that  was  not  where  he  gazed.  "I  heerd  tell 
o'  somethin'  like  that  an'  Til  tell  yer  about  it.  They 
once  was  an  engineer  feller  who  invented  one  o'  them 
critters,  an'  I  has  the  patent  specifications  down  in  my 
carpetbag  some  place.  One  of  the  engineers  of  a  promi- 
nent turbine  company  said  that  to  his  best  knowledge 
and  belief  the  thing  was  divided  into  three  parts.  One 
part,  the  first,  was  quite  simple  to  understand  to  the 
ordinary  mechanical  engineer  with  about  ten  or  twelve 
degrees  after  his  name  an'  who  was  born  on  the  31st 
of  February.  The  second  part,  along  with  the  first,  was 
understandable  to  the  inventor  an'  the  Lord,  but  beyond 
any  other  human  bein'.  The  last  part  the  Lord  has'long 
since  given  up  in  despair,  an'  the  inventor  only  had  a 
shadowy  idee  of  it  himself.  They  never  was  any  gov- 
ernor made  after  his  specification,  an'  they  most  likely 
never  will  be." 

"But,  Popsie,  can't  it  be  done?"  insisted  Jimmy. 
"It  would  seem  that  it  can  be  done,  son,  but  the  time 
don't  seem  to  be  ripe  now.  It  seems  to  me  that  it  will 
be  done  that  way  some  time  in  the  future,  and  maybe 
it  will  be  some  solenoid-operated  critter  which  will 
exert  a  pull  or  thrust  proportional  to  the  current  flowing 
in  the  circuit.  That  might  be  connected  to  the  gates  in 
some  way  an'  like  a  voltage  regulator  it  may  be  the 
right  trick." 


The  French  Alpine  regions  of  Dauphiny  and  Savoy 
have  become  the  centers  of  electric-stec'  making:  1045,- 
000  hp.  is  supplied  by  the  French  Alps  today,  against 
70,000  in  1890.  This  hydraulic  power  represents  the 
equivalent  of  6,270,000  'tons  of  coal.  Of  this  total, 
metallurgical  operations  absorb  303,000  hp.,  chemical 
operations  255,000,  while  the  remainder  is  divided  be- 
tv/een  other  industries  and  light  and  traction  service. — 
Iron  Trade  Review. 
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Dispatching  Method  of  Operating 
Boiler  Plant 

When  the  quantity  of  steam  required  varies  greatly 
from  time  to  time,  the  rate  of  producing  steam  cannot 
be  changed  quickly  enough  in  a  plant  with  numerous 
large  boilers  to  insure  an  adequate  supply  at  highest 
boiler  efficiency.  Furthermore,  steam  required  for  any 
load  curve  can  be  produced  by  various  combinations  of 
boilers  at  different  ratings,  and  the  selection  of  the 
best  combination  is  important. 

To  enable  advantageous  operation  of  boilers  on  a 
load  which  is  subject  to  wide  differences  in  daily  re- 
quirements for  energy,  a  plan  has  been  developed  for 
the  Ashley  Street  plant  of  Union  Electric  Light  and 
Power  Company,  of  St.  Louis,  which  is  as  follows : 

The  need  was  felt  for  a  unit  which  was  common  to 
both  prime  movers  and  boilers  and  the  name  "kilber" 
was  devised  to  stand  for  1,000  lb.  of  steam  per  hour 
(450  kg.  per  hour).  It  is  a  combination  of  "kilo"  (one 
thousand)  and  "lb."  (pounds)  with  the  euphonic  ab- 
breviation "er"  representing  "per  hour."  Since  the 
adoption  of  this  name  the  terms  "kilowatts"  and  "boiler- 
horsepower-hours"  are  seldom  heard  in  the  boiler  room. 
The  steam-flow  meters  are  now  calibrated  to  read  di- 
rectly in  "kilbers." 

The  system  load  dispatcher  forecasts  the  load  require- 
ments   and    instructs    the    steam-plant    operator    what 


FIG. 


1.      BOILER-ROOM   DISPATCHING   BOARD   AT 
OPERATOR'S    CONTROL   DESK 


The  number  of  "kilbers"  shown  on  the  "kilberscope"  here  and 
on  the  one  in  the  boiler  room  is  regulated  by  the  handwheel 
under  the  instrument.  The  illuminated  fignre  near  the  top  of  the 
board  gives  the  time  when  the  "kilbers"  will  be  required.  The 
framed  tabulations  to  the  left  give  the  number  of  "kilbers" 
required  for  any  load  with  different  turbo-generator  combina- 
tions. 

load,  in  kilowatts,  will  be  required  from  that  plant 
cne-half  hour  later.  The  quantity  of  steam  in  "kilbers" 
which  will  be  needed  for  that  load  with  different  com- 
binations of  turbo-generators  is  shown  by  a  glance  at 
the  chart  at  the  left  in  Fig.  L  The  operator  then 
orders  from  the  boiler  room  the  proper  number  of  "kil- 
bers" for  delivery  at  a  designated  future  time. 

The  apparatus  for  signaling  orders  and  acknowledg- 
n!ents  between  the  switchboard  gallery  and  the  boiler 


room  is  simple  and  effective.  A  circuit,  containing  a 
rheostat,  runs  from  the  operator's  control  desk  to  the 
boiler  room  and  connects  two  illuminated  dial  volt- 
meters graduated  in  "kilbers."  These  "kilberscopes," 
as  they  are  called,  are  mounted  near  time  indicators 
which  have  twenty-four  separately  illuminated  compart- 
ments numbered  to  correspond  with  the  hours  and  half- 
hours. 

The  operator's  control  desk,  the  rheostat  wheel  be- 
low the  kilberscope  and  the  time  indicator  above  this 
instrument  are  shown  in  Fig.  L  When  this  photograph 
v/as  taken  340  kilbers  had  been  ordered  for  nine  o'clock. 
Having  set  the  "kilberscopes"  at  the  desired  reading, 
the  operator  closes  a  circuit  which  illuminates  a  com- 
partment of  the  distant  time  indicator  and  actuates 
a  claxon  alarm  in  the  boiler  room.    The  alarm  continues 


FIG.    2.      SIGNALING   BOARD   IN   BOILER   ROOM 

The  "kilberscope"  and  time  indicator  are  similar  to  those  in 
Fig.  1.  The  chart  here  gives  the  output  in  "kilbers"  from  boilers 
in  each  of  two  groups  when  operated  at  different  percentages  of 
their  rated  capacity. 

to  sound  until  the  boiler-room  attendant  closes  a  cir- 
cuit which  illuminates  a  corresponding  compartment 
for  the  time  indicator  at  the  control  desk,  thus  ac- 
knowledging the  order.  The  apparatus  shown  in  Fig.  2 
is  installed  in  the  boiler  room.  The  illustration  shows 
that  265  kilbers  will  be  required  at  11  :30.  The  chart 
shown  in  the  illustration  gives  the  "kilber"  output  of 
the  boilers  in  each  group  when  operating  at  different 
percentages  of  their  rated  capacity. 

This  system  eliminates  the  use  of  an  unnecessary 
number  of  boilers  under  bank  or  operating  at  reduced 
capacity.  It  reduces  the  probability  of  misunderstand- 
ing between  boiler  room  and  turbine  operators,  and  is 
a  convenient  means  of  placing  the  load  dispatcher  in 
more  effective  control  of  results.  The  economies  pro- 
duced have  been  important  and  have  stimulated  the 
plant  employees  to  greater  efforts  to  add  to  their  bonus 
earnings  by  effecting  further  economies  with  the  use  of 
this  new  tool. 


A  deposit  of  coal  has  been  discovered  at  La  Union  in 
Chile.  It  contains  40,000,000  tons  of  good-quality  fuel. 
Veins  have  also  bef'n  struck  at  Mailef,  near  Valdivia. 
and  in  the  Castro  district,  and  these  are  being  exploited. 
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The  Uniflow  Engine 


THERE  are  certain  large  losses  in  the  steam  engine 
which  cannot  be  overcome,  but  almost  from  the 
beginning  two  losses  have  been  known  which  can 
at  least  be  greatly  reduced.  These  are  the  loss  due  to  in- 
comi)lete  expansion  of  the  steam  in  the  cylmder  and  that 
occurring  when  the  steam  enters  the  cylinder  which  has 
been  cooled  below  the  temperature  of  the  entering  steam 
during  the  expansion  and  exhaust  stroke.  This  loss  is 
known  as  initial  condensation. 

The  cooling  of  the  cylinder  is  brought  about  largely 
by  reevaporation  from  the  hot  surfaces  of  moisture  that 


FIG.     1.       UNAFLOW-ENGINE    INDICATOR    DIAGRAM 

has  been  deposited  upon  them,  and  as  most  of  this  re- 
evaporation  takes  place  during  the  exhaust  stroke,  heat 
is  directly  transferred  by  it  from  the  higher-temperature 
level  to  the  condenser  or  atmosphere  without  doing  use- 
ful work.  The  heat  so  abstracted  must  be  restored  by 
the  incoming  steam,  which,  if  it  is  not  superheated,  can 
give  up  heat  only  at  the  expense  of  condensation. 

A  convincing  demonstration  of  the  cooling  effect  of 
evaporation  may  be  had  by  standing  before  a  hot-air 
register  when  you  emerge  from  your  bath.  The  current 
of  air,  which  appeared  so  hot  to  your  dry  skin  before, 
has  now  become  a  chilly  draft.  Its  temperature  is  the 
same,  but  the  rapid  abstraction  of  heat  from  the  body  by 
the  evaporation  of  the  film  of  moisture  upon  it  produces 
the  sensation  of  cold.  Artificial  refrigeration  is  pro- 
duced by  the  evaporation  of  ammonia  and  other  volatile 
fluids.  In  tropical  countries  water  is  cooled  in  jars  from 
the  wetted  felt  covering  of  which  moistvire  is  evaporated 
by  the  heated  atmosphere. 

The  loss  due  to  incomplete  expansion  is  reduced  by 
cutting  off  the  steam  in  the  cylinder  before  the  end  of 
the  stroke;  the  shorter  the  cutoff  the  less  this  loss,  but 
the  shorter  the  cutoff  the  greater  the  loss  due  to  initial 
condensation.  In  the  ordinary  type  of  engine,  on  ac- 
count of  the  greater  cooling  effect  due  to  increased  ex- 
pansion, this  latter  loss  equals  the  gain  at  about  one- 
quarter  cutoff,  so  that  there  is  no  econom}'  in  shortening 
the  cutoff  beyond  this  point. 

Builders  soon  learned  that  by  making  two  cylinders 
of  different  diameters  and  exhausting  from  the  smaller 
into  the  larger,  initial  condensation  was  greatly  reduced, 
as  the  difference  between  the  initial  and  exhaust  temper- 
atures in  each  cylinder  was  cut  in  two,  and  as  the  total 
number  of  expansions  is  the  product  rather  than  the  sum 
of  the  expansions  in  all  the  cylinders,  the  steam  was  ex- 
hausted at  a  low  terminal  pressure,  so  the  loss  due  to 
incomplete  expansion  was  also  reduced — hence,  the  com- 
pound engine. 


It  might  be  reasoned  that  by  putting  a  large  number  of 
cylinders  in  series,  initial  condensation  could  be  reduced 
to  that  occurring  in  one  of  the  cylinders,  and  this  is 
theoretically  true,  but  there  is  a  loss  in  getting  the  steam 
from  one  cylinder  into  the  next.  The  more  cylinders  in 
series  the  greater  this  loss,  so  that  this  would  in  time 
offset  the  gain  by  getting  rid  of  initial  condensation. 
This,  combined  with  the  extra  cost,  has  precluded  the 
use  of  more  than  four  cylinders  in  series,  and  there 
were  very  few  of  these.  In  fact,  excepting  in  marine 
and  pumping  engines,  there  are  few  compounds  of  more 
than  two  cylinders. 

The  compound  engine  was  the  only  known  way  of  get- 
ting high  degrees  of  economy  in  a  steam  engine  up  to 
1908,  when  Prof.  Johannes  Stumpf  of  Charlottenburg, 
conceived  the  "Una-Flow"  engine  with  only  the  inlet 
end  jacketed.  This  design  practically  eliminated  in- 
itial condensation  so  that  the  steam  might  be  cut  off  ver>' 
short,  permitting  of  a  great  deal  of  expansion  in  one 
cylinder,  with  consequent  low  terminal  pressure.  This 
reduced  the  incomplete  expansion  loss,  saved  the  loss 
due  to  the  transfer  of  steam  from  one  cylinder  to  the 
other,  and  the  greater  radiation  loss  due  to  a  multiplicity 
of  cylinders  inherent  in  the  compound  engine. 

Professor  Stumpf  started  with  the  idea  of  isolating 
so  far  as  possible  the  par^s  of  the  engine  heated  by  the 
incoming  steam  from  the  parts  kept  cool  by  the  com- 
paratively cool  exhaust,  and  from  the  exhaust  steam 
itself,  in  order  that  there  might  be  a  minimum  of  trans- 
fer of  heat  that  did  no  work.  Much  of  the  superior 
economy  of  the  four-valve  over  the  single-valve  engine 
is  due  to  the  use  of  a  separate  exhaust  valve,  instead  of 
leading  the  incoming  steam  through  a  port  and  over 
surfaces  that  had  just  been  bathed  by  the  cool  and  moist 
exhaust.  He  adopted  the  idea  which  had  been  tried  by 
Eaton  in  this  country  in  1857,  and  Todd  in  England  in 
1885,  of  taking  the  steam  into  the  cylinder  at  the  ends 
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FIG.  2.     SECTION  THKOl'GH  UNAFI.OW-nNOINF  CYLINDER 

and  exhausting  it  at  the  center,  in  order  that  there  should 
be  no  back-flow  of  cold  exhaust  steam  across  the  hot  in- 
let end.  It  was  this  unidirectional  flow  which  gave  to 
this  type  of  engine  the  name  of  Uniflow.  or  "Una-Flow," 
as  the  Stumpf  people  write  it. 

Neither  Eaton  nor  Todd  made  a  commercial  success 
of  his  engine  and  it  was  evident  that  something  was 
lacking.  This  missing  link  was  supplied  by  Stumpf, 
who  heated  the  inlet  end  of  his  engine  by  means  of  live- 
steam  jackets. 

The  result  of  this  heating  was  the  forcing  of  the 
moisture  caused  by  converting  heat  into  work  during 
expansion  to  the  cold  end  of  the  cylinder,  so  that  it 
would  be  wiped  out  of  the  cylinder  when  the  piston 
uncovered  the  exhaust  port.  The  most  important  effect 
of  this  is  that  the  inlet  end  of  the  cvHnder.  beins:  drv 
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when  the  drop  in  temperature  takes  place,  does  not  give 
off  its  heat  by  evaporation  and  so  does  not  have  to  be  re- 
heated later.  It  will  part  with  its  heat  but  slowly  by 
radiation  and  convection  to  a  surrounding  atmosphere 
of  dry  steam,  while  it  would  be  rapidly  chilled  by  evap- 
oration if  surrounded  by  a  moist  content.    A  good  illus- 


FIG.    3. 


UNAFLOW-ENGINE    DIAGRAM     AS  IT  WOULD  APPEAR  WITH  CYLINDER 
LONG  ENOUGH   FOR   COMPLETE   EXPANSION 


tration  of  this  action  is  seen  in  every  blacksmith  shop, 
where  a  piece  of  hot  iron,  if  sprinkled  with  water,  cools 
immediately,  while  it  would  retain  its  heat  in  a  dry  at- 
mosphere for  a  long  time. 

With  the  foregoing  facts  clearly  in  mind  the  Stumpf 
cycle  can  easily  be  followed.  Referring  to  the  indicator 
diagram,  Fig.  1,  steam  enters  at  A,  the  valve  remaining 
open  until  the  piston  reaches  the  point  B,  when  it  closes 
and  cutoff  occurs.  From  B  to  C  the  steam  expands, 
dropping  in  pressure  and  acquiring  moisture,  due  to  the 


conversion  of  heat  into  work.  The  cylinder  head  being 
kept  hot  and  dry  by  the  steam  jacket,  the  moisture  is 
greatest  nearest  the  piston.  Fig.  2,  so  that  when  the  pis- 
ton uncovers  the  exhaust  port  at  C,  this  moisture  will  be 
swept  out  by  the  flow  of  exhaust  steam.  At  this  time  the 
inlet  head,  being  dry,  does  not  give  off  its  heat,  so  that 
when  the  piston  covers  the  ex- 
liaust  port  on  its  return  stroke, 
there  being  no  moisture  nor 
cold  cylinder  head  to  absorb 
the  heat  of  compression,  and 
heat  being  added  from  the  head 
jacket  durmg  compression,  the 
temperature  of  the  steam  re- 
maining in  the  clearance  at  the 
end  of  the  compression  stroke 
•  .     will  be  higher  than  the  temper- 

ature of  the  boiler  steam. 
When  the  piston  moves  away 
at  the  beginning  of  the  next 
stroke,  the  high-pressure  steam 
will  enter  a  cylinder  which  is 
at  a  higher  temperature  than 
its  own,  hence  there  will  be  no 
initial  condensation.  Fig.  3 
shows  what  the  diagram  in 
Fig.  1  would  be  like  if  the 
enough  to  carry  the  expan- 
The  shaded  por- 


cylinder  were  long 
sion  down  to  the  exhaust  pressure, 
tion  shows  the  loss  due  to  incomplete  expansion.  Unfor- 
tunately, the  diagram  does  not  show  the  loss  due  to  in- 
itial condensation,  but  from  it  can  be  computed  the 
amount  of  steam  that  would  be  required  to  fill  the  cylin- 
der up  to  the  point  of  cutoff  if  there  were  no  condensa- 
tion; and  if  actual  consumption  is  known,  the  difference 
is  an  approximate  measure  of  condensation  up  to  that 
point.     This  difference  is  rarely  below  20  per  cent. 


Calculations  From  a  Flue -Gas  Analysis 


By  H.  M.  BRAYTON 


In  this  article  the  author  shows  in  a  simple 
way  how  to  calculate  combustion  losses  easily. 


THERE  are  two  principal  losses  in  the  furnace: 
First,  the  loss  due  to  incomplete  combustion, 
and  second,  that  due  to  excess  air.  The  first 
of  these  was  taken  up  by  the  writer  in  a  previous  arti- 
cle in  Power.  The  reason  for  this  loss  was  pointed  out. 
Jn  addition  an  analytic  and  a  graphical  method  were 
given  for  actually  determining  this  loss.  It  was  pointed 
out  that  a  small  percentage  of  CO  would  cause  a  seri- 
ous loss.  It  was  explained  that  the  formation  of  this 
harmful  CO  could  be  largely  prevented  by  admitting 
sufficient  air  through  the  fuel  bed  and  by  keeping  the 
brick  walls  well  sealed,  thus  preventing:  cold  air  from 
seeping  through  and  cooling  the  hot  gases. 

Every  engineer  knows  that  he  must  admit  an  excess 
of  air  through  the  fuel  bed  to  get  good  results.  This  is, 
unfortunately,  necessary,  because  much  heat  would  be 
saved  could  we  get  results  by  adding  just  the  theoretical 
quantity  of  air.  The  reason  why  we  cannot  do  this  is 
that  the  air  does  not  go  through  the  fuel  bed  evenly. 
Some  parts  will  get  too  much  air  and  others  not  enough. 
Holes  will  develop  in  the  bed  through  which  air  will 
flow  and  practically  never  come  in  contact  with  hot  car- 
bon. Many  designs  of  boilers  aim  to  thoroughly  mix  the 
gases  as  they  leave  the  fuel  bed. 


The  greater  the  excess  of  air  given  the  furnace  the 
lower  the  efficiency  will  be.  The  excess  air  merely  car- 
ries off  heat  from  which  there  is  no  return.  The  engi- 
neer is  continually  called  upon  to  balance  the  draft  be- 
tween these  two  sets  of  losses.  If  he  does  not  add 
enough  air,  the  CO  will  run  high ;  if  too  much  air,  the 
loss  due  to  the  excess  will  be  prohibitive. 

The  previous  article  gave  the  methods  of  determining 
the  loss  due  to  incomplete  combustion.  In  this  article 
the  writer  wishes  to  show  in  as  simple  a  way  as  possible 
how  the  loss  due  to  excess  air  may  be  determined.  This 
procedure  is  not  difficult,  and  little  theory  is  involved. 
Every  practical  engineer  should  know  how  to  do  this. 
He  will  find  that  it  comes  in  handy,  and  a  knowledge  of 
all  these  things  tends  toward  the  bigger  pay  envelope. 

To  carry  out  the  calculations,  we  need  a  certain  amount 
of  data.  As  in  the  case  of  incomplete  combustion  we 
shall  have  to  know  the  analysis  of  the  flue  gases.  This 
should  consist  of  the  percentage  by  volume  of  COj,  CO 
and  O,.  The  amount  of  nitrogen  can  be  found  by 
subtracting  the  sum  of  these  substances  from  100.  There 
v.mII  always  be  some  water  vapor  or  steam  in  the  flue 
gases  as  well  as  some  of  the  inert  gases,  ,but  the  volume 
is  too  small  to  receive  practical  consideration. 

In  addition  to  the  foregoing  information  we  must 
know  the  ultimate  analysis  of  the  coal  used.  By  ultimate 
analysis  is  meant  the  actual  percentage  of  each  of  the 
elements,  such  as  carbon,  oxygen,  hydrogen,  etc.,  which 
the  coal  contains.     In  contrast  to  this  we  have  what  is 
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known  as  the  proximate  analysis,  which  gives  the  per- 
centage of  moisture,  volatile  matter,  fixed  carbon  and 
ash  which  the  coal  contains.  These  values  may  be  de- 
termined by  a  competent  chemist,  or  for  rough  work, 
which  would  be  good  enough  for  practical  purposes, 
they  may  be  taken  from  a  bulletin  issued  by  the  United 
States  Geological  Survey  and  which  appears  in  many 
books  for  engineers.  These  tables  also  give  the  heat  of 
combustion  of  the  various  coals,  a  value  that  is  essen- 
tial in  all  calculations  pertaining  to  this  work. 

Several  empirical  formulas  have  been  developed  for 
the  determination  of  the  heat  of  combustion  from  the 
ultimate  analysis  of  the  coal.  It  will  not  be  out  of  place 
to  give  them  here  because  the  engineer  might  have  the 
analysis  and  not  the  heat  of  combustion.  These  formu- 
las are  not  exact  by  any  means,  and  yet  they  check  well 
with  experimental  determinations.  Dulong  proposed  the 
following: 

O 

Total  heat  =  14,650  C  +  62,100  (H )  (B.t.u. ) 

8 
in  which  C  is  the  per  cent,  of  carbon,  H  the  per  cent, 
of  hydrogen  and  O  the  per  cent,  of  oxygen  in  the  coal 
by  weight. 

Mahler  has  proposed  the  following  formula : 

Total  heat  =  14,650  C  +  62,100  H  —  5400  (O -{- N) 
(B.t.u.) 
in  which  N  is  the  per  cent,  of  nitrogen  by  weight  and 
the  other  letters  have  the  same  significance  as  above. 

Air  Needed  for  Combustion 

The  moisture,  carbon  dioxide,  argon,  etc.,  in  the  air 
are  too  small  in  amount  to  be  considered  in  a  practical 
calculation.  Neglecting  these,  air  is  made  up  of  the  fol- 
lowing by  weight :  Oxygen,  23.2  per  cent.,  and  nitro- 
gen, 76.8  per  cent. ;  and  By  volume :  Oxygen,  20.94  per 
cent.,  and  nitrogen,  79.06  per  cent.  An  easy  way  to 
remember  the  ratio  between  these  two  elements  in  the 
air  is  to  think  of  air  as  a  real  compound  (which  it  is 
not)  and  represented  by  the  formula  N4O,  which  means 
four  parts  of  nitrogen  to  one  part  of  oxygen. 

With  this  information  it  is  easy  to  calculate  the  air 
required  to  burn  a  coal  or  fuel  of  known  composition. 
To  illustrate  this  point:  When  carbon  burns  to  CO2,  it 
requires  two  parts  of  oxygen.  The  atomic  weight  of 
oxygen  is  16  and  that  of  carbon  is  12.  One  pound  of 
carbon  will  therefore  require  32  -^  12  =  2.67  lb.  of 
oxygen.  But  air  is  23.2  per  cent,  oxygen  by  weight, 
so  that  one  pound  of  carbon  requires  2.67-^0.232  = 
11.5  lb.  of  air.  This,  of  course,  is  for  complete  com- 
bustion  to    COn- 

The  same  line  of  reasoning  applies  to  the  hydrogen 
content  in  the  coal.  The  atomic  weight  of  hydrogen  is 
1.  One  pound  of  hydrogen  will  require  16-^2  =  8  lb. 
of  oxygen,  and  8  -ir-  0.232  =  34.5  lb,  of  air.  This  hydro- 
gen burns  to  HgO,  which  is  common  water,  and  passes 
off  in  the  form  of  superheated  steam. 

The  foregoing  mav  be  stated  in  a  single  equation, 

0 

Lb.   of  air  per  lb.   of  fuel  =  U.S  C  +  34.S  (H ) 

8 

The  calculation  given  does  not  consider  the  fact  that 
most  coals  contain  some  oxygen.  This  action  naturally 
reduces  the  amount  of  air  needed  for  complete  combus- 
tion. Most  coals  contain  around  8  per  cent,  of  oxygen. 
On  this  basis  the  air  required  per  pound  of  coal  will  be 
reduced  to  about  10.  The  equation  takes  care  of  this 
in  the  last  term. 

Assume  the  analysis  of  a  certain  coal  and  go  through 
the  calculation  on  this  basis.  Suppose  we  have  Poca- 
hontas, a  semibituminous  coal  with  the  following  an- 
alysis :  Carbon,  82.73  per  cent. ;  hydrogen,  4.63  per 
cent.;  nituogen,  1.31  per  cent.;  oxygen,  4.42  per  cent. 


The  i)ercentages  of  sulphur  and  ash  are  usually  given, 
but  are  neglected  here,  as  their  effects  are  uncertain 
and  small  at  the  most. 

From   the  atomic  weights   we   determine  that   each 
pound  of  carbon  will  yield  3.67  lb.  of  CO2  and  each 
pound  of  hydrogen  will  yield  9  lb.  of  H.,0.     We  shall, 
therefore,  have  from  the  above  analysis: 
3.67  X  0-8273  =  3.04  lb.  of  CO, 

9  X  0.0463  =  0.42  lb.  of  H^O;  that  is,  steam 
To  get  the  air  required  for  combustion  with  this  coal 
we  shall  have  to  apply  the  equation  given  above  thus : 

0 

Lb.  of  air  per  lb.  of  /wd  =  11.5  C -f  34.5  (// ) 

8 

Lb.  of  air  per  lb.  of  //<^/=l  1.5X0.83+34.5  (0.046— 
0.044 
)=11.33 

8 
The  air  contains  76.8  per  cent,  of  nitrogen  by  weight, 
so  that  the  total  weight  of  nitrogen  in  this  case  would  be 
0.768X11-33  =  8.7.  The  coal  contains  0.013  lb.  of 
nitrogen,  so  we  have  a  total  of  8.7  +  0.013  =  8.713  lb. 
of  nitrogen. 

Specific  Heat  Defined 

The  specific  heat  of  any  substance  is  that  amount 
of  heat  that  must  be  added  to  one  pound  of  it  to  raise 
its  temperature  one  degree  F.  Any  of  the  good  hand- 
books will  give  a  table  showing  the  specific  heats  of  all 
ihe  common  elements  and  substances.  The  value  for 
CO2  gas  is  0.217,  which  means  that  this  many  B.t.u. 
must  be  added  to  one  pound  of  CO,  gas  to  increase  its 
temperature  1  deg.  F.  Similarly,  the  specific  heat  of 
steam  (H,0)  is  0.481,  nitrogen  0.244,  and  air  0.238.  If 
any  CO  is  present  its  specific  heat  mav  be  taken  at 
0.245. 

Fifty  Per  Cent.  Excess  Air 

Suppose  we  assume  that  the  flue  gases  show  50  per 
cent,  excess  air.  Then  calculate  on  this  assumption. 
With  this  much  excess  air  it  is  doubtful  if  there  would 
be  any  CO.  If  the  analyis  showed  any  CO,  then  we 
would  merely  have  to  figure  its  weight  and  multiply 
this  value  by  the  specific  heat  of  CO. 

Heat  Carried  Off  by  Flue  Gases 

The  following  calculation  is  for  the  several  com- 
ponents : 

B.t.u. 

Carbon   dioxide    (CO2)    3.04    X  0.217  =  0.660 

Steam    (H2O)     0.42     X  0.481  =  0.202 

Nitrogen     8.713  X  0.244  =  2.130 

Air   for   dilution   50   per   cent 6.09     X  0.238  —  1.450 


Total 


.4.442 


The  figures  given  consider  that  there  is  no  CO  in  the 
flue  gas.  There  should  be  none  with  this  amount  of 
excess  air.  If  there  is  any,  it  shows  poor  firing.  If 
CO  is  present,  simply  treat  it  the  same  way  and  add  it 
into  the  total. 

Now  suppose  the  temperature  of  the  external  air  is 
50  deg.  F.  and  that  you  have  ascertained  the  tempera- 
ture of  the  flue  gases  at  the  base  of  the  stack  to  be  550 
deg.  F.  The  diiference  is,  of  course,  500  deg.,  and  the 
heat  in  the  chimney  gases  above  the  temperature  of  the 
air  becomes  500  X  4.442  =  2221  B.t.u.  The  value  4.442 
represents  th';  amount  of  heat  necessar}'-  to  raise  one 
pound  of  the  flue  gas  1  deg.  F. 

Dulong's  formula  gives  the  heat  of  combustion  in 
B.t.u.  of  this  coal  to  be : 

O 

Total  heat  =  14,650  C  +  62,100  {H ) 

8 

Total  heat=14,650X0.8273+62, 100 (0.0463  —  ^^^  ^ 

o 
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Total  heat  =  12,150  -f  2330  =  14,480  B.t.u.per  pound, 
which  checks  closely  with  the  actual  calorimeter  test. 

It  is  customary  to  assume  in  this  work  that  10  per 
cent,  of  the  heat  of  coal  is  lost  in  radiation  through  the 
walls  of  the  furnace.  The  2221  B.t.u.  which  are  allowed 
to  pass  up  the  chimney  are  also  a  loss,  making  the 
total  loss  of  heat  2221  +  1448  =  3669  B.t.u.  There  will 
then,  remain  to  be  transmitted  to  the  water  in  the  boiler 
14^480  — 3669  =10,811  B.t.u.  The  efficiency  of  the 
furnace  with  the  50  per  cent,  excess  of  air  would  then 
be  10.811  ^  14,480  =  75  per  cent. 

One  Hundred  Per  Cent.  Excess  Air 

Suppose  now  we  have  100  per  cent,  excess  of  air. 
The  amount  of  CO2,  steam  and  nitrogen  would  remain 
the  same.  The  air  for  dilution  would  be  increased  from 
6.09  to  12.18,  and  the  heat  carried  off  into  the  chimney 
gases  by  this  constituent  would  be  doubled.  The  total 
heat  carried  off  would  then  be  500  X  (4.442  +  1.450) 
=  2946  B.t.u.  per  lb.  of  coal. 

The  heat  of  combustion  of  the  coal,  14,480  B.t.u.,  and 
the  10  per  cent,  loss  by  radiation  remain  the  same.  The 
amount  of  heat  available  for  the  water  then  becomes 


Boiler-Feeding   System  for  Paper  Mills 

Paper  manufacturers  have  experienced  considerable 
difficulty  in  removing  water  and  air  from  their  driers, 
which  prevents  the  circulation  of  steam  through  the 
driers  and  causes  uneven  drying.  To  eliminate  this 
trouble  a  new  system  has  been  developed  by  the  Farns- 
worth  Co.,  Conshohocken,  Penn. 

A  high  steam  velocity  through  the  driers  is  effected 
by  a  forced  steam  circulation  system  which  eliminates 
all  water  and  air  and  provides  a  constant,  even  temper- 
ature through  the  driers.  By  means  of  a  closed  loop 
boiler- feeding  system  the  condensation  from  the  paper 
machine  and  all  other  heating  apparatus,  and  makeup 
water  as  well,  is  held  under  pressure  and  returned 
directly  into  the  boilers  at  a  high  temperature. 

The  paper  machine  is  divided  into  two  sections,  one 
of  these  sections  to  have  75  per  cent  of  the  driers  and 
the  other  the  remaining  25  per  cent.  The  steam  and 
return  headers  between  the  two  sections  are  cut,  and  a 
steam  separator  A  is  placed  on  the  end  of  the  return 
header  for  the  dry  end  section  which  separates  the  con- 
densation from  the  steam  which  has  blown  out  into  this 
portion  of  the  return  header.    This  steam  is  passed  over 
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14,480— (2946  +  1448)  =  10,086  B.t.u.  per  lb.  of  coal. 
The  efficiency  of  the  furnace  becomes  10,086 -f- 14,480 
=  70  per  cent.,  which  is  a  loss  of  5  per  cent,  due  to  this 
excess  of  air. 

It  is  highly  necessary  that  the  engineer  keep  the  ex- 
cess of  air  low.  The  right  way  to  handle  this  problem 
is  to  balance  the  loss  due  to  excess  air  against  the  loss 
c'.ue  to  CO.  The  two  are  directly  opposed.  If  the  ex- 
cess of  air  is  cut  too  low,  CO  will  appear.  The  engineer 
should  take  the  analysis  of  the  flue  gases  and  run 
through  the  foregoing  calculation.  If  the  loss  seems 
liigh,  cut  down  the  excess  air  until  CO  makes  its  ap- 
jjearance.  Then  determine  the  loss  due  to  this  CO  as 
outlined  in  a  previous  article.  Try  to  find  a  point  where 
this  loss  is  a  minimum. 

The  problems  outlined  in  this  and  a  previous  article 
are  vital  ones  in  any  power  plant.  The  up-to-date  engi- 
neer will  know  how  to  handle  them.  If  he  does  not 
learn,  the  other  fellow  will,  and  he  will  soon  find  him- 
self in  a  minor  position.  Keep  the  furnace  efficiency 
high,  as  the  whole  manufacturing  world  now  has  its 
tye  on  the  power  plant. 


to  supply  the  steam  header  for  the  remaining  driers  on 
the  wet  end.  On  the  end  of  the  return  header  for  the 
wet  end  driers  is  placed  at  5  a  duplex  condensation 
I'Ump,  condenser  vacuum  type.  It  has  cold-water  sprays 
m  the  top  of  the  tank  for  condensing  the  vapors  in  the 
return  line,  producing  a  forced-steam  circulation. 

If  insufficient  steam  should  pass  through  the  steam 
separator  to  maintain  the  required  pressure  in  the  wet- 
end  section,  steam  is  bypassed  through  a  reducing  valve 
D  and  the  proper  amount  is  supplied. 

The  condensation  which  is  collected  in  the  simplex 
condensation  pump  C  and  in  the  duplex  condensation 
pump  B,  V,  pumped  automatically  to  the  receiving  cham- 
ber of  the  duplex  boiler  feeder  E. 

The  condensation  from  all  high-pressure  traps  is  dis- 
charged directly  into  the  line  leading  to  the  receiving 
chamber  of  the  boiler  feeder  E.  The  condensation  from 
all  low-pressure  heating  systems,  fan  coils,  etc.,  is 
drained  into  the  pumps  5  or  C  and  is  forced  up  to  the 
receiving  chamber  of  the  boiler  feeder  E  by  the  appli- 
cation of  live  steam  on  the  surface  of  the  condensate  in 
the  tank  while  it  is  in  the  receiving  position. 
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On  a  Paying  Basis 

IT  will  be  generally  conceded  that  many  power  plants 
are  operated  less  efficiently  than  might  be  expected. 
As  to  the  causes,  the  one  fault  that  really  covers  all  the 
others  is  careless  operation,  and  more  often  than  other- 
wise this  originates  with  the  owner  or  management. 
Too  often  the  management  does  not  realize  the  impor- 
tance of  the  service  rendered  by  the  power  plant  and 
has  not  grasped  the  idea  that  it  is  not  merely  a  neces- 
-sary  evil  that  must  be  endured,  but  is  in  a  sense  a  manu- 
factory taking  coal  and  water  as  raw  material  and  turn- 
ing out  a  finished  product  or  service  that  is  necessary 
to  the  establishment  served  by  the  plant  and  must  be 
purchased  elsewhere,  usually  at  a  higher  cost,  if  not 
made  on  the  premises.  Think  what  would  happen  if 
Ihe  power  plant  in  a  hotel  failed  to  function.  There 
would  be  no  lights,  no  heat,  no  elevator  service,  no  hot 
or  cold  water,  and  every  department  in  the  hotel  would 
be  paralyzed.  Purchasing  the  service  from  an  outside 
source  does  not  help  matters,  for  it  only  shifts  the  re- 
sponsibility to  others  over  whom  there  is  no  control. 

As  the  plant  manufactures  various  products,  it  should 
be  considered  as  a  revenue-producing  department 
worthy  of  more  attention  than  it  usually  receives,  and 
should  be  run  on  the  same  general  principles  as  other 
departments.  The  same  attention  to  checking  up  re- 
sults should  be  given  to  power-plant  performances  as 
to  restaurant  operation.  It  is  perhaps  more  difficult  to 
check  results  in  the  plants  than  in  the  kitchen  or  store- 
room, for  measurements  must  be  made  of  intangible 
substances  by  the  use  of  suitable  instruments.  Some  of 
these  are  simple  and  inexpensive,  while  others  are  com- 
plex and  cost  considerable  money.  These  instruments 
should  be  considered  as  observers  more  accurate  than 
a  human  could  be,  and  their  wage  is  the  interest  and 
depreciation  on  the  amount  they  cost.  Looked  at  in 
this  way,  they  are  not  really  expensive  compared  with 
ihe  wages  of  a  man,  who  at  best  could  only  guess  at 
what  was  going  on.  The  wage  of  this  man  should  pay 
I  he  interest  cost  on  several  thousand  dollars'  worth  of 
recording  instruments. 

Use  of  these  instruments  and  the  readings  they  give 
will  show  whether  the  plant  equipment  is  operated,  or 
is  capable  of  being  operated,  at  a  fair  efficiency ;  or  the 
indications  may  be  that  different  apparatus  should  be 
used  or  that  different  methods  of  operation  should  be 
adopted.  Without  a  reliable  meter  there  is  no  way  of 
knowing  how  much  steam  is'  being  generated,  and  if  the 
coal  is  not  weighed  as  it  is  fired,  the  evaporation  of 
water  per  unit  of  coal  cannot  be  checked.  Analysis  of 
the  flue  gases  and  their  temperatures  reveals  the  rea- 
sons for  the  high  efficiency  obtained  or  the  lack  of  it. 
Temperature  readings  and  water  measurements  show 
the  amount  of  refrigeration  done.  Indicator  diagrams 
show  plainly  whether  steam  engines  and  pumps  are 
wasting  steam.  Electrical  instruments  are  required  to 
check  up  the  current  output  and  energy  consumption  of 
the  various  devices  operated  by  electricity.  Given  the 
necessary  means  of  determining  the  points  mentioned, 
equipment  adapted  to  the  work  and  a  demand  from  the 
management  for  the  reports  of  operation,  a  credible  effi- 
ciency must  result. 


It  has  been  said  that  one  of  the  requirements  for  eco- 
iKMnical  operation  is  machinery  adapted  to  the  work. 
.\dd  to  this  a  place  adapted  to  the  machinery.  Too  often 
the  architect  and  others  allow  inadequate  space,  and  it 
becomes  necessary  to  install  apparatus  that  is  adapted  to 
the  space  rather  than  the  service.  The  logical  method 
is  first  to  determine  the  service  requirements,  then 
select  equipment  best  suited  to  the  work  and  provide  a 
proper  space  for  it.  Any  mistake  made  in  this  respect  is 
hard  to  remedy. 

In  one  of  the  largest  buildings  in  Chicago  plans  were 
completed  and  the  building  well  under  way  before  it 
was  discovered  that  no  space  had  been  allowed  for  boil- 
ers. Space  was  found  and  the  boilers  were  installed  in 
such  a  location  that  the  plant  is  permanently  handi- 
capped and  the  mistake  is  evident  every  time  a  coal  bill 
is  presented.  It  is  important  to  arrange  the  equipment  so 
that  it  may  be  cared  for  easily,  because  then  it  will  be 
best  cared  for.  This  is  important,  for  unless  constant 
attention  is  given  and  repairs  promptly  macie,  a  well- 
designed  plant  will  degenerate  and  give  poor  results. 

Summarizing  the  requirements,  it  is  essential  to  give 
the  engineer  the  proper  equipment  to  work  with,  locate 
it  in  suitable  space,  and  check  up  his  records.  The  plant 
will  then  show  a  percentage  of  profit  that  will  compare 
favorably  with  any  other  branch  of  the  business. 

Co-operation  Between  Educational 
Institution  and  Industry 

REFERENCE  was  made  in  a  recent  issue  of  Power 
to  the  new  plan,  devised  by  the  Massachusetts  In- 
stitute of  Technology,  for  cooperation  with  the  indus- 
tries. As  further  details  of  the  plan  are  made  public, 
its  importance,  not  only  to  the  Institute  but  to  all  other 
technical  schools  and  to  the  manufacturers  of  the  coun- 
try, becomes  more  and  more  obvious. 

One  of  the  big  handicaps  of  the  engineering  schools 
l:as  been  the  difficulty  of  maintaining  close  contact  be- 
tween the  instructing  staff  and  the  industrial  world. 
Industry's  problems  have  reached  the  schools  slowly 
and  often  only  after  they  had  ceased  to  be  problems. 
On  the  other  hand,  research  work  inside  the  col- 
leges was  often  devoted  to  problems  which,  while  of 
value,  were  far  from  helping  the  immediate  needs  of 
industry.  This  same  lack  of  intimacy  was,  of  course, 
reflected  in  the  type  of  education  provided  and  was  re- 
sponsible for  many  of  the,  often  unjust,  criticisms  of 
the  technical  man. 

Another  great  difficulty  confronting  the  colleges  is 
the  financial  problem.  Much  has  been  said  of  the  dif- 
ficulty of  keeping  the  best  men  on  the  college  faculties 
at  the  salaries  the  institutions  could  aflford  to  pay.  It 
was  the  serious  financial  situation  at  the  Institute  which 
led  to  the  proposal  of  the  "Technology  Plan." 

This  plan  provides  for  a  contract  signed  by  a  manu- 
facturing concern  and  the  Institute.  A  definite  sum, 
annually,  for  a  certain  number  of  years  is  agreed  upon, 
for  which  the  Institute  agrees  to  place  its  staflF.  equip- 
ment and  libraries  at  the  disposal  of  the  manufacturer 
for  advice  and  aid  in  the  solution  of  his  technical  prob- 
lems. A  new  division  of  industrial  service  has  been 
formed  and  placed  under  the  direction  of  Prof.  William 
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H.  Walker,  head  of  the  Research  Laboratory  of  Ap- 
plied Chemistry. 

'  The  success  of  the  plan  seems  assured.  Already  over 
one  hundred  and  fifty  contracts,  aggregating  more  than 
a  million  dollars,  have  been  signed.  The  list  includes 
many  of  the  leading  manufacturing  concerns  in  the 
country. 

On  the  side  of  the  Institute  the  selection  of  Doc- 
tor Walker  as  director  of  this  part  of  the  work 
assures  a  capable  administration.  He  is  probably  best 
known  to  the  public  as  the  man  who,  as  a  colonel  dur- 
ing the  war,  successfully  commanded  the  Edgewood 
Arsenal  and  developed  it  into  the  largest  poison-gas 
plant  in  existence. 

Can  this  idea,  brought  forward  to  meet  a  crisis  in  a 
single  institution,  be  broadened  to  apply  to  others?  Un- 
doubtedly it  can. 

The  larger  manufacturers  have  long  since  recognized 
the  need  for  research  and  have  met  it  with  their  ex- 
pensive laboratories  and  high-salaried  investigators. 
The  smaller  manufacturer  sees  the  need,  but  cannot 
afford  extensive  investigations.  Under  this  new  plan 
he  will  be  able  to  turn  to  the  technical  school  and  will 
have  access  to  men,  apparatus  and  records  he  could 
never  hope  to  make  wholly  his  own,  but  which  can  serve 
him  as  fully  as  the  need  requires.  On  the  other  hand, 
the  large  corporation  will  probably  retain  its  private 
laboratory,  but  will  supplement  it  by  that  of  the  uni- 
versity. 

This  plan,  in  addition  to  assuring  the  technical  school 
of  an  adequate  income,  also  affords  it  an  excellent 
means  of  keeping  in  touch  with  the  outside  world  and 
bridging  the  gulf  between  education  and  industry. 

The  Year  1919  Encouragiag 
Regarding  Power  Costs 

WITH  coal,  labor  and  other  materials,  except  capi- 
tal, that  enter  into  the  production  of  power 
soaring  to  undreamed  of  prices,  it  is  believed  by  many 
that  the  cost  of  power  must  increase  considerably  above 
prewar  rates.  Already  increases  have  been  granted  in 
some  cases  to  help  meet  the  higher  operating  expenses 
of  central  stations.  Just  what  the  future  holds  in  re- 
gard to  the  rate  per  kilowatt-hour  cannot  be  predicted 
at  this  time.  However,  the  results  of  the  last  year 
hold  forth  some  encouragement.  An  investigation  made 
by  the  Electrical  World  (the  findings  of  which  were 
published  in  its  January  thirty-first  issue)  to  obtain  an 
accurate  idea  of  the  distribution  of  the  gross  income  of 
central  stations  between  manufacturing  and  distribu- 
tion expenses  and  income  available  to  pay  interest  and 
dividends,  shows  that  after  a  gradual  decrease  in  net 
income  for  nearly  ten  years,  reaching  its  lowest  in  1918, 
in  the  last  year  the  net  income  per  unit  has  increased 
twelve  per  cent.  Increased  output,  higher  rates  and  a 
more  efficient  use  of  coal  have  no  doubt  had  a  big  influ- 
ence in  this  increase.  Although  the  total  effect  of  in- 
creasing the  wages  of  central-station  company  em- 
ployees is  not  reflected  in  this  figure,  the  outlook  is 
nevertheless  encouraging,  and  gives  promise  that  the 
cost  of  power  may  still  be  maintained  somewhere  near 
prewar  figures. 

In  this  investigation  steam  plants  were  divided  into 
tv/o  classes — those  of  twenty-five  hundred  kilowatts 
capacity  and  over,  and  those  under  twenty-five  hundred 
Idlowatts.  Where,  in  1919,  thirty-five  per  cent  of  the 
gross  income  of  stations  of  twenty-five  hundred  kilo- 
watts and  over  was  available  for  paying  dividends  and 
interest  on  indebtedness,  the  net  income  decreased  to 


only  thirteen  per  cent  in  stations  of  less  capacity.  Ap- 
parently, this  is  a  strong  argument  against  the  small 
independent  central  station,  and  undoubtedly  it  favors 
the  concentration  of  central-station  power  generation  in 
large  efficient  units.  This,  however,  should  not  be  con- 
fused with  the  independent  industrial  plant,  since  the 
former,  besides  the  cost  of  producing  power  at  the 
sv/itchboard,  has  the  additional  cost  of  doing  business, 
which  the  latter  does  not  have. 

Keeping  Out  of  the  Rut 

THE  letter  "Keeping  Out  of  the  Rut,"  by  Thomas 
M.  Gray,  published  in  this  issue,  is  worthy  of 
serious  consideration  by  every  Power  reader.  What 
Mr.  Gray  has  encountered  has  been  the  experience  of 
many  ot-hers ;  they  have  found  themselves  growing  stale 
on  the  routine  work  of  their  jobs.  This  is  one  of  the 
most  critical  periods  of  an  engineer's  career;  his  future 
depends  very  largely  upon  the  way  in  which  he  meets 
this  condition. 

If  he  takes  the  course  chosen  by  Mr.  Gray  and 
searches  out  the  cause  of  his  negligence  in  his  work  and 
then  applies  some  remedy,  his  success  is  assured.  On  the 
other  hand,  if  he  allows  himself  to  drift  alqng  wi4;h  the 
current,  he  will  soon  find  that  his  services  around  a 
power  plant  are  not  required. 

In  every  power  plant  a  considerable  part  of  the  work 
must  of  necessity  be  routine;  nevertheless,  in  every 
plant,  whatever  the  job  may  be,  there  is  room  for  initi- 
ative and  resourcefulness  to  a  degree  that  will  give  op- 
portunity to  exercise  the  skill  and  ingenuity  of  anyone 
who  will  take  full  advantage  of  his  work.  In  keeping 
power-plant  records,  it  is  one  thing  to  record  the  read- 
ings of  the  various  instruments  and  events  about  the 
plant  and  a  far  different  thing  to  correctly  analyze  and 
interpret  them ;  and  unless  those  who  are  entrusted 
with  the  keeping  of  these  records  are  capable  of  analyz- 
ing them,  they  are  surely  not  making  the  best  of  their 
position. 

In  the  industrial  power  plant  there  are  so  many  condi- 
tions affecting  economic  operations  that  the  engineer 
who  is  looking  for  an  opportunity  to  develop  his  engi- 
neering talent  can  always  find  it.  Not  only  does  such 
study  make  the  work  more  interesting,  but  also,  as  Mr. 
Gray  discovered,  it  leads  to  talking  the  language  of  the 
chief  and  opens  the  road  to  advancement.  Mr.  Gray 
has  apparently  struck  a  keynote  that  should  appeal  to 
every  operating  engineer.  No  doubt  the  experiences  of 
many  other  engineers,  of  how  they  have  made  their 
work  more  more  interesting,  would  be  instructive  to 
others,  and  Pozver  correspondence  columns  are  open  for 
a  discussion  of  the  subject. 


Give  the  youngster  a  chance.  Besides  running  er- 
rands; helping  with  the  ashes  and  grooming  the  engine 
and  boiler,  let  him  go  through  all  the  motions  of  start- 
ing and  stopping  your  engine.  He  may  not  do  every- 
thing exactly  right  the  first  time,  but  don't  forget  that  if 
he  had  your  experience  he  would  be  holding  your  job, 
or  perhaps  a  better  one.  There  are  numerous  instances 
Vvhere  men  have  grown  up  in  pov.^er  plants  and  for  want 
of  a  little  encouragement  always  remained  too  timid  to 
'ask  for  instruction.  Looking  back  on  your  early  ex- 
perience, you  must  remember  your  own  shortcomings, 
your  ambitions  and  the  reasons  for  your  advancement. 
Undoubtedly,  you  cherish  and  respect,  more  than  all 
else,  the  tips  received  from  your  superior.  It  will  be 
pleasant  to  contemplate  that  at  some  future  time  you 
may  look  back  with  the  satisfaction  that  you  did  as 
you  would  be  done  by. 
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Why  Does  Water  Lift  When  the 
Safety  Valve  Blows? 

The  lifting  of  water  in  a  boiler  when  a  safety  valve 
blows  is  due  to  the  expansive  force  of  the  steam  that 
is  released  from  the  body  of  water  in  the  boiler  when 
the  pressure  is  reduced  by  the  opening  of  the  safety 
valve.  The  dry  steam  in  the  steam  space  rushes  to  the 
valve  opening  ahead  of  the  pent  up  steam  bubble  in  the 
water,  otherwise  water  would  come  out  with  the  steam 
whenever  the  safety  valve  lifted. 

When  a  boiler  is  operating  under  normal  condition, 
there  are  several  elements  working  harmoniously,  but 
Vv'hen  the  valve  lifts  there  is  a  sudden  interference  and 
the  water  is  driven  into  the  current  of  steam  flowing 
through  the  safety  valve.  The  steam  bubble  pent  up 
within  the  body  of  water  can  be  compared  to  tiny  com- 
pressed coiled  springs  submerged  in  a  body  of  water, 
which,  when  released,  would  throw  the  water  upward. 
Water  contained  in  a  steam  boiler  has  a  tremendous 

force  stored  up  ready  to  act  when  the  right  condition 
prevails,  which  is  brought  about  when  the  safety  valve 
suddenly  releases  the  pressure.  The  operation  of  a 
cofifee  percolator  gives  a  good  illustration  of  the  action 
of  heat  within  a  body  of  water.  The  expansive  force 
of  steam  generated  in  the  water  space  forces  the  water 

to  the  top  of  the 

small  tube  when 

the     steam     ex- 
pa  ndsand  ^ 

throws  water  to 

the   top   of   thie 

percolator. 
The    remedy 

for  lifting  water 

is  to  provide  as 

large    a    liberat- 
ing surface  and 

steam    space   as 

is  practical.  The 

place    to     sepa- 
rate water  from 

the   steam    is   in 

the   boiler    if    it 

is     possible. 

Among   the   de- 

wlces     employed 

are      perforated 

or  slotted  pipes, 

and  baffle  plates, 

the   latter   being 

the    most    satis- 
factory  and   ef- 


fective device.  It  prevents  the  straight  lifting  of  the 
water  under  the  steam  opening  and  also  catches  the 
water  that  may  creep  up  the  sides  of  the  shell.  It  is 
easily  attached  to  the  boiler,  is  readily  inspected  and 
kept  in  proper  condition,  and  is  not  expensive  to  attach. 

An  important  factor  concerning  this  question  is  the 
si/e  of  the  safety  valve  and  the  lift.  If  a  boiler  re- 
quires a  large  safety  valve  in  order  to  relieve  it  of  all 
the  excess  steam  it  is  capable  of  making,  two  or  more 
valves  of  small  size  should  be  used.  Experience  shows 
that  a  4-in.  valve  is  not  too  large. 

Sioux  City,  Iowa.  J.  M.  Shea. 

Locating  Defective  Field  Coils 

There  are  several  ways  of  using  a  telephone  receiver 
instead  of  a  millivoltmeter  to  detect  and  locate  faults 
other  than  those  in  an  armature.  As  an  example,  some 
time  ago,  in  an  isolated  plant  operating  a  mine,  a 
150-kw.  550- volt,  six-pole  direct-current  generator  failed 
to  maintain  its  voltage  on  full  load.  The  speed,  shunt 
excitation,  etc.,  were  the  same  as  before  the  trouble. 
It  was  decided  the  difficulty  was  in  the  compotmd  wind- 
ing or  probably  part  of  a  shunt-field  short-circuited. 

A  set  of  batteries  and  a  buzzer  were  taken  from  a 
Ford  car,  and  a  telephone  receiver  was  taken  off  a 
near-by  telephone.    The  buzzer  and  batteries  were  con- 
nected  in   series 
-,^  with     the    com- 

pound winding, 
and  each  series 
coil  was  bridged 
with  the  receiv- 
er, as  in  the  fig- 
ure. One  failed 
to  make  the  re- 
ceiver vibrate, 
indicating  that 
the  coil  was 
short  -  circuited. 
The  shunt-field 
coils  were  also 
tested  in  the 
same  manner, 
and  it  was  found 
that  a  defective 
shunt  coil  had 
short  -  circuited 
part  of  the  se- 
ries coil  that 
was  on  the  same 
polepiece. 

W.  A.  Darter. 
Brenha*!.     Tex. 
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Scale  Formed  in  Safety  Valve 

In  the  Sept.  16,  1919,  issue,  page  477,  Thomas  M. 
Gray  relates  his  experience  with  scale  forming  in  safety 
valves.  This  letter  called  to  my  mind  trouble  experi- 
enced along  similar  lines  from  the  safety  valves  scaling 
on  a  high-pressure  economizer  installation. 

In  this  case  the  water  was  forced  through  the  econ- 
omizer under  a  pressure  of  160  lb.  and  from  the  econ- 
omizer was  fed  to  the  boilers.  No  pressure  regulators 
were  used  on  the  pumps  feeding  the  economizer,  and 
the  feed-water  regulation  to  the  boilers  was  done  by 
hand,  the  firemen  looking  after  the  water  on  their  boilers. 
The  ten  boilers  were  of  the  vertical  water-tube  type, 
each  of  300-hp.  capacity.  The  load  was  variable  and  at 
times  the  plant  was  run  at  225  per  cent,  rating.  The 
stokers,  forced-draft  underfeed  type,  could  maintain 
this  rating  continuously  for  a  number  of  hours,  and  as 
ihe  peak  loads  were  frequent,  dropping  to  less  than  100 
per  cent,  rating,  water  regulation  by  hand  was  far  from 
.satisfactory. 

With  poor  regulation  of  the  pumps  and  water  to  the 
boilers,  the  pressure  on  the  economizer  varied  frequently, 
hence  the  entire  feed-water  lines  depended  for  safety 
on  the  proper  functioning  of  the  four  economizer  safety 
valves,  each  3-in.  diameter  connections,  and  the  valves 
for  a  long  time  performed  this  work  well. 

The  valves  were  placed  on  the  discharge  header.s  of 
the  economizer  and  a  3-in.  common  drain  header  was 
run  from  the  3-in.  discharge  openings  of  each  valve  and 
a  5^-in.  drain  line  was  run  from  the  >^-in.  drip  of  valve 
as  shown  by  Fig.  1  into  a  3-in.  header  at  the  tee.  The 
vvaste  water  was  run  into  the  blowoff  drain  leading  to 
the  sewer. 

The  water  used  at  this  plant  was  drawn  from  a  river 
seldom  c^ear  of  mud.  Even  at  its  best  it  contained  much 
incrusting  materials,  and  as  the  economizer  was  really 
the  first  stage  of  heating  the  water  and  settling  before 
it  reached  the  boilers,  it  was  not  surprising  that  after 
six  months'  service  one  section  of  tubes  and  headers 
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FIG.   1.     ORIGINAL   PIPING  OF   WATER   CONNECTIONS 

gave  way,  owing  to  a  failure  of  the  safety  valve  to  re- 
lease the  excess  pressure  on  that  section  of  the  econom- 
izer. 

When  the  accident  occurred,  this  economizer  was  cut 
out  of  service  and  inspected.  It  was  found  that  hard 
scale  had  built  up  considerably  in  all  tubes  and  that  the 
two  safety  valves  on  tliis  section  {^A  and  B,  respectively) 
had  become  practically  solid  with  scale  around  the  seats 
and  springs,  and  the  discharge  pipe  was  at  least  two- 
thirds  full  of  scale. 

After  cleaning  the  section,  making  repairs  to  the 
headers  and  overhauling  the  safety  valves,  the  section 


was  filled  and  cut   into   service.     Section   2  was  then 
overhauled. 

In  order  to  remedy  the  trouble  as  far  as  the  safety 
valves  were  concerned,  I  had  the  drain  and  discharge 
piping  changed,  as  shown  in  Fig.  2,  and  run  in  such  a 
manner  that  inspection  could  be  readily  made  every  day. 
Furthermore,  a  system  of  regularly  cleaning  the  econ- 
omizer was  followed  and  safety  valves  were  removed  for 
cleaning  and  internal  inspection  not  less  than  once  in 
three  months,  as  it  was  practically  demonstrated  that 
the  safe  limit  of  operation  had  been  reached  in  that 
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time  under  the  existing  operating  condition.  A  further 
improvement  was  made  by  placing  regulators  oi:  the  feed 
pumps,  so  that  excess  pressure  and  undue  lifting  of  the 
safety  valves  were  stopped.  After  applying  regulators 
lo  the  pumps,  the  safety  valves  were  lifted  daily  by  hand 
to  insure  operation  and  to  see  that  they  were  tight. 

In  this  plant  the  twin  safety  valves  on  all  boilers  were 
allowed  to  blow  through  straight  pipes  run  out  through 
the  side  of  the  boiler  house  instead  of  running  the  safety 
valve  discharge  in  a  vertical  line  through  the  roof.  This 
precaution  was  taken  to  prevent  similar  trouble,  as  ex 
plained  by  Mr.  Gray.  Paul  R.  Duffev. 

Hagerstown,  Md. 

Keeping  Out  of  the  Rut 

Readers  of  Power  have  lately  exhibited  an  interest 
in  meter  readings.  Several  good  examples  have  been 
offered  for  solution.  Would  the  following  comments 
be  of  any  interest  on  the  subject? 

Given  a  specific  problem  in  meter  reading,  no  matter 
how  complicated,  and  in  the  majority  of  cases  the  an- 
swer will  be  made  correctly  by  the  experienced  meter 
reader.  That,  however,  is  no  test  of  the  ability  of  the 
individual.  The  real  test  comes  when  one  has  to  read 
meters  daily.  It  would  be  surprising  to  note  the  num- 
ber of  mistakes  that  will  crop  up.  One  may  ask  why .' 
There  are  two  reasons :  First,  the  human  element,  and 
secondly,  the  carelessness  that  is  due  to  routine  nature 
of  the  work. 

Mistakes  are  bound  to  happen  in  a  power  plant.  How- 
ever conscientious  one  may  be  in  doing  his  work,  sooner 
or  later  something  goes  wrong.  This  cannot  be  regarded 
as  intentional ;  it  is  simply  the  human  equation  and  in 
the  majority  of  cases  cannot  be  avoided.  Carelessness 
may  be  due  to  lack  of  interest  or  to  the  fact  that  the 
work  has  become  routine.  Lack  of  interest  in  the  work 
is  inexcusable  and  ought  not  to  be  allowed  under  any 
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circumstance.  The  person  is  at  fault  and  the  remedy  is 
self-evident.  Now  take  the  case  where  the  work  be- 
comes routine.  The  monotony  of  reading  meters  day 
in  and  day  out  has  driven  more  than  one  good  man  out 
of  the  business.  There  has  to  be  an  incentive,  and  no 
one  can  supply  it  except  the  man  himself.  Something 
new  has  to  be  injected  into  his  work.  The  following 
tells  my  own  experience,  which  may  be  of  interest : 

One  of  my  duties  when  working  in  a  central  station 
was  to  get  the  midnight  readings  of  the  different  me- 
ters in  the  plant.  There  were  not  many  instruments,  but 
after  awhile  errors  cropped  up  and  the  matter  would  be 
called  to  my  attention  by  the  chief.  For  a  while  things 
would  go  smoothly,  and  then  again  errors  would  occur. 
That  duty  was  getting  to  be  routine.  No  matter  how 
hard  I  tried,  there  were  times  when  the  meters  would 
get  barely  a  glance  and  the  reading  would  be  jotted  on 
the  daily  log.  It  made  things  look  bad  for  me,  and  it 
was  not  pleasing  to  the  powers  above.  Who  can  blame 
them? 

When  it  becomes  necessary  for  the  chief  to  check 
up  the  work  of  one  his  subordinates,  the  latter  is  going 
to  fall  very  shortly.  I  faced  that  dilemma  and  planned 
how  to  remedy  the  fault.  There  was  one  way,  namely, 
to  keep  one's  own  records  in  order  that  daily  readings 
could  be  checked  up.  From  simply  checking  up  daily 
readings  it  was  a  slight  step  until  these  records  included 
water  rate,  coal  and  other  cost  data.  In  a  short  time 
I  had  a  new  incentive.  These  records  showed  another 
side  of  the  operation  of  the  plant,  which  proved  inter- 
esting and  instructive.  I  was  brought  closer  in  touch 
with  the  chief,  as  I  could  talk  the  same  language.  The 
records  were  kept  for  a  number  of  years,  and  although 
this  meant  a  lot  of  extra  work,  I  consider  that  it  was 
worth  while.  .        Thomas  M.  Gray. 

Bayonne,  N.  J. 

Remedy  for  Present  Valve  Setting 

The  indicator  cards  submitted  by  S.  L.  Gilliam,  in 
the  Sept.  23  issue  of  Power,  from  an  18  x  30  double- 
eccentric  engine,  seem  to  show  that  the  head  end  is  tak- 
ing steam  too  early.  It  is  hard  work  to  prescribe  for 
an  engine  from  a  distance,  but  from  the  information 
at  hand  I  would  proceed  as  follows: 

First,  make  sure  that  the  eccentric  rod  and  reach  rod 
are  properly  adjusted  to  give  equal  wristplate  travel  on 


FIG.   1.     DIAGRAM   FROM  ENGINE  AS   FOUND 

both  sides  of  center,  then  put  the  engine  on  head  center 
and  move  the  steam  eccentric  back  till,  with  the  head- 
end link-rod  threads  about  halfway  out,  the  valve  is 
open  about  yV  i"-  Lock  the  eccentric,  then  put  the 
engine  on  crank-end  center  and  check  up  the  steam  valve 
on  this  end,  giving  it  the  same  lead.  An  indicator  card 
should  now  show  whether  the  load  is  equal  on  both 
ends  of  the  cylinder,  also  whether  admission  is  suffi- 
ciently early. 

If  the  card  shows  improvement  but  still  does  not  suit, 
change  the  adjustment  slightly  to  give  the  desired  effect. 


The  fact  that  new  valves  have  been  fitted  may  be  the 
cause  of  the  trouble,  so  make  sure  that  the  marks  on 
the  ends  of  the  valves  correspond  with  the  valve  edges, 
also  that  the  edges  of  the  ports  line  up  with  the  marks 
on  the  ends  of  the  valve  chambers. 

I  would  not  disturb  the  exhaust-valve  setting  unless 
necessary  for  quiet  running,  although  the  head-end  ex- 


FIG.  2.     DIAGRAM  FROM  ENGINE  AS  CHANGED 

Iiaust  valve  would  stand  a  trifle  earlier  opening. 
Syracuse,  N.  Y.  A.  H.  Bullard. 

[The  cards  referred  to  in  this  letter  are  reproduced 
herewith  as  Fig.  1  and  Fig.  2. — Editor.] 


In  any  double-eccentric  gear  the  exhaust  valves  oper- 
ate the  same  as  with  a  single-eccentric,  with  the  excep- 
tion that  better  results  can  be  obtained  by  using  the  best 
setting  for  any  particular  case  regarding  release  and 
compression  percentages.  The  exhaust  lines  on  Mr.  Gil- 
ham's  diagrams  are  not  entirely  correct  or  equalized,  but 
the  valve  setting,  although  deranged,  is  not  enough  so  to 
cause  serious  trouble.  The  steam  valves  and  the  steam 
eccentric  need  adjustment,  and  there  seems  to  be  exces- 
sive leakage  on  the  steam  valves. 

Double-eccentric  steam  gears  differ  considerably  from 
single-eccentric  gears.  With  the  wristplate  on  the  center 
the  valves  are  open,  but  to  what  extent  depends  on  the 
design  of  the  valves,  the  valve  travel  and  the  range  of 
cutoff  to  be  obtained.  The  most  important  question  :^ 
liow  much  seal,  or  lap,  the  valves  have  when  they  are  on 
the  extreme  closed  position.  In  multiported  valves  for 
high-speed  Corliss  engines  the  seal  is  never  very  liberal 
and  there  is  danger  of  the  valve  being  partially  open 
when  in  the  extreme  closing  position. 

Possibly  when  new  valves  were  supplied  for  Mr. 
Gilliam's  engine  they  were  made  wrong  and  do  not 
match  the  ports.  It  is  evident  from  the  diagram  that 
the  head-end  steam  valve  is  open  all  the  time,  for  when 
the  exhaust  valve  closes  the  pressure  rapidly  rises,  and 
on  the  steam  line  and  expansion  curve  the  evidence  is 
that  the  steam  continues  to  pass  into  the  cylinder 
throughout  the  stroke.  A  sharp  reversal  of  the  pressure 
after  exhaust  closes  causes  the  head  end  to  pound.  The 
crank  end  has  excessive  lead,  and  the  expansion  curve 
at  the  crank  end  indicates  a  lealcv'  exhaust  valve  or 
piston. 

Referring  to  the  head-end  diagram,  why  is  it  so  much 
higher  than  the  crank-end  diagram  and  why  does  not 
the  steam  line  rise  above  the  admission  line,  showing 
the  discharge  of  steam  from  the  cylinder  to  the  steam 
chest?  It  is  possibly  due  to  leaky  exhaust  on  this  end. 
It  is  possible  that  ,vhen  the  crank-end  steam  valve  is 
open  for  admission  and  the  head-end  valve  is  open  or 
leaking  severely,  the  admission  pressure  on  the  crank 
end  is  reduced  by  a  lowering  pressure  in  the  steam 
chest.  F.  Jones. 

Cincinnati,  Ohio. 
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Care  of  Pipe-Line  Valves 

When  valves  become  hard  to  open  and  close,  some 
engineers  use  a  wrench  or  bar  without  any  thought  of 
locating  and  correcting  the  defect.  In  the  first  place, 
the  packing  should  be  kept  lubricated  and  should  be  re- 
newed often  enough  to  prevent  leakage.  Many  high- 
pressure  gate  valves  can  be  packed  when  wide  open  and 
under  pressure. 

The  stems  of  rising-stem  valves  should  be  given  an  ap- 
plication of  graphite  and  cylinder  oil  at  regular  inter- 
vals. If  this  attention  does  not  correct  the  trouble,  the 
stem  may  be  binding  at  the  threads.  To  overcome  this, 
the  threads  should  be  given  an  application  of  valve- 
grinding  compound,  and  the  valve  should  be  opened  and 
closed  a  few  times.  The  grinding  compound  should 
then  be  cleaned  off  with  kerosene. 

Gate  valves  sometimes  work  hard  on  account  of  bind- 
ing between  the  wheel  hub  or  nut  and  the  yoke.  The 
nut  should  be  removed  from  the  yoke  and  cleaned  and, 
if  necessary,  dressed  off  with  a  file.  Before  being  re- 
placed, the  nut  should  be  coated  with  graphite  and  cup 
grease.  For  positive  assurance  against  the  trouble  oc- 
curring again,  drill  an  oil  hole  in  the  yoke  or  put  on  a 
grease  cup.  The  engineer  who  keeps  the  valves  in  his 
care  in  good  condition  will  have  less  hard  work  and 
will  have  made  life  and  property  safer  in  his  plant. 

Providence,  R.  I.  C.  P.  Lawton. 

Maximum   Length  for  Longitudinal 
Joints 

It  is  with  temerity  that  one  would  venture  to  criticize 
an  opinion  on  boiler  matters  when  given  by  such  an  em- 
inent authority  as  the  chief  engineer  of  the  Manchester 
Steam  Users'  Association.  Steam  engineers  in  America 
have  felt  greatly  indebted  to  Mr.  Stromeyer  for  the 
good  work  he  has  done  in  connection  with  boiler  design 
and  construction.  However,  some  of  the  statements  he 
makes  in  the  article  on  page  626  of  the  Oct.  21,  1919, 
issue  of  Poxver  would  seem  to  need  further  explanation 
unless  they  are  to  be  questioned  by  many  practical  engi- 
neers. 

It  may  be  true,  as  is  stated,  that  the  stress  in  the  solid 
plate  of  an  adjoining  course  near  the  end  of  a  longitu- 
dinal joint  is  eight  times  that  in  the  solid  plate  away 
from  the  joint,  so  long  as  the  maximum  stress  concerned 
is  within  the  elastic  limit  of  the  material.  But  it  would 
seem  to  be  evident  from  practice  that  this  ratio  between 
the  stresses  at  the  two  points  mentioned  must  undei'go 
some  marked  change  before  the  yield  point  or  even  the 
elastic  limit  of  the  material  is  reached. 

It  has  been  customary  in  this  country  to  build  nearly 
all  shell  boilers  of  any  size  in  two  or  more  courses. 
These  boilers  have  generally  operated  at  calculated  fac- 
tors of  safety  of  from  4  to  5,  with  quite  a  few  at  a  less 
factor  than  4.  Such  safety  factors,  so  far  as  the  shell 
is  concerned,  are  based  on  the  calculated  stresses  as- 
sumed to  exist  in  the  longitudinal  joints. 

If  the  relation  between  the  stresses  at  these  joints  and 
in  the  solid  plate  and  opposite  their  ends  were  such  as 
Mr.  Stromeyer's  test  would  indicate,  the  metal  at  the 
highest  stressed  points  would  fail.  It  would  also  ap- 
pear from  practical  experience  with  boilers  that  the 
sc'lid  plate  at  the  points  specified  cannot  be  stressed  to 
or  in  any  event  beyond  the  elastic  limit.  The  reason 
for  making  this  statement  is  that  wherever  a  portion  of 
a  boiler  structure  is  excessively  stressed,  grooving  or 
other  form  of  corrosive  action  generally  occurs.  As  far 
as  the  writer's  own  experience  has  gone,  or  from  the 
experience  of  many  other  inspectors  with  whom  he  has 
been  associated,  he  has  never  heard  of  anj^  particular 


tendency  to  corrode  at  the  location  in  question.  From 
the  behavior  of  boiler  shells  under  hydrostatic  test 
it  would  be  surprising  if  a  shell  built  in  courses  did  not 
fail  first  at  a  longitudinal  seam  near  the  center  of  a 
course  when  placed  under  sufficient  pressure  to  destroy 
it.  Granted  that  this  is  so,  it  would  appear  that  at  some 
time  between  the  first  application  of  the  pressure  and 
the  final  rupture  of  the  cylinder,  the  point  of  maximum 
stress  would  have  to  shift  to  the  joint. 

It  is  noted  that  reference  is  made  to  an  unpublished 
destructive  test  experiment  made  by  the  Manchester 
Steam  Users'  Association  on  a  full-sized  boiler  in  the 
year  1874,  the  solid  plate  rupturing  at  the  same  time 
as  the  longitudinal  seam  failed,  if  the  writer  has  prop- 
erly interpreted  the  statement.  Surely,  Mr.  Stromeyer 
does  not  intend  to  take  the  result  of  a  single  test  of  this 
kind  to  establish  his  theory !  It  is  true  that  in  boiler 
explosions  the  fractures — aside  from  the  initial  rupture 
— do  not  follow  the  lines  of  the  greatest  weakness,  but 
generally  occur  in  the  solid  plate.  This  result,  however, 
has  been  assumed  to  be  due  to  the  fact  that  aside  from 
the  initial  rupture  the  other  breaks  in  the  structure  are 
supposed  to  be  caused  by  water-hammer  action  pr';- 
Guced  by  the  rapid  generation  of  steam  throughout  the 
mass  of  water,  which  is  supposed  to  occur  upon  the  sud- 
den release  of  pressure. 

It  is  stated  in  the  article  that  no  boiler  with  a  factor 
of  safety  of  5  has  ever  exploded.  This  certainly  cannot 
be  true  in  the  United  States,  and  it  would  be  interesting 
to  learn  what  factors  of  safety  existed  in  the  few  cases 
where  boilers  have  exploded  in  England. 

From  Mr.  Stromeyer's  statement  about  the  superior- 
ity of  acid  steel  over  that  made  by  the  basic  process, 
it  would  seem  high  time  that  the  laws  and  rules  govern- 
ing boiler  construction  in  this  country  were  being  mod- 
ified. If  prohibiting  the  use  of  basic  steel  and  the 
application  of  a  safety  factor  of  5  in  the  construction 
of  boilers  will  absolutely  prevent  boiler  explosions,  it 
is  time  we  were  getting  on  that  basis.  The  safety  factor 
of  5  is  an  accomplished  fact  now.  It  would,  therefore, 
seem  proper  to  use  the  right  material  and  secure  the 
same  nearly  100  per  cent  immunity  from  boiler  explo- 
sions that  our  English  cousins  enjoy. 

As  to  the  address  which  is  referred  to  as  read  by  an 
American  engineer  who  qualifies  as  a  boiler  expert, 
owing  to  the  fact  that  he  has  been  present  at  a  dozen 
boiler  explosions  and  has  experienced  as  many  hair- 
breadth escapes,  Mr.  Stromeyer  can  rest  assured  that  an 
engineer  with  such  experience  would  be  just  as  much  of 
a  curiosity  in  America  as  he  would  be  in  England. 
There  have  been  a  few  explosions  staged  in  this  coun- 
try for  experimental  purposes  and  some  wrecks  pro- 
duced for  movie  thrills,  but  the  audience  in  such  cases 
has  been  amply  protected.  While  it  is  possibly  not 
polite  to  suggest  it,  it  may  be  that  this  American  was 
trying  to  put  over  a  joke  that  his  English  audience 
would  appreciate  and  made  it  a  little  too  obvious. 

It  would  seem  to  be  futile  to  try  to  compare  the 
number  of  boiler  explosions  in  England  and  the  United 
Slates  without  some  idea  as  to  the  total  number  of 
boilers  in  operation  in  the  two  countries.  However,  it 
is  likely  true  that  there  are  fewer  explosions  per  thou- 
sand boilers  in  England  than  in  the  United  States.  While 
better  construction,  which  certainly  must  exist  in  the 
case  of  the  average  English  boiler,  may  account  in  a 
measure  for  such  differences,  it  would  seem  most  likely 
tiiat  operating  conditions  were  largely  responsible  for 
many  of  the  explosions  in  this  country.  The  lack  of  in- 
telligent attention  in  the  case  of  many  boilers  that  are 
being  operated  in  this  country  is  appalling.  No  doubt 
the  same  may  be  said  of  many  English  plants. 


Hartford,  Conn. 


S.  F.  Jeter. 
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Averaging  Pressure  Charts 

On  page  669  of  the  Oct.  28-Nov.  4,  1919,  issue  of 
Power,  a  method  of  averaging  circular  charts  by  the 
polar  planimeter  is  related  by  Mr.  White.  This  method 
•  consists  in  finding  the  area  of  such  a  chart  in  square 
inches  and  then  determining  the  radius  of  a  circle  of 
equal  area.  This  radius  is  laid  off  on  the  chart  from 
the  center  to  locate  the  average  chart  reading. 

The  method  is  only  approximate,  by  the  following 
reasoning:    Let 

Yo  =  Correct  average  radius  of  chart  in  inches. 
fj,  r,,  ^3,  etc.  =  Various  radii  at  different  times. 

n  =  Number  of  radii  taken  to  get  an  average. 
r  =  Average    radius    as    obtained    by    polar 
planimeter. 
Now,  obviously  the  correct  average  radius  is 

^1  +  ^2  +  ^3  + r„ 


r.,- 


And 

Area  of  chart  =  -n  I  — ~ — I =— 

\    n  n  H 

By  the  method  described  by  Mr.  White, 

Area  of  chart  =  Trr^ 
Comparing  the  last  two  equations, 


->/^ 


+  r^  +  r/  + 


r,r) 


and  is  not  equal  to  ro  as  given  in  the  first  equation.  In 
other  words,  this  method  gives  the  square  root  of  the 
mean  of  the  squares  of  the  radii  instead  of  the  arith- 
metical mean. 

The  method  is  good,  however,  as  an  approximation. 
Ir  should  be  observed  that  the  less  the  variation  of  the 
charted  quantity  the  more  nearly  true  is  the  result  by  the 
approximate  method.  If  the  variation  is  very  wide, 
the  method  should  not  be  used. 

On  page  260  of  the  Aug.  19,  1913,  issue  of  Poiver, 
the  writer  gave  some  figures  to  show  the  percentage 
of  error  involved  when  getting  mean  values  by  the  polar 
planimeter  according  to  the  system  outlined  by  Mr. 
White.  Julian  C.  Smallwood. 

Baltimore,  Md. 

Boiler-Room  Essentials 

In  the  interesting  article  by  H.  F.  Gauss,  entitled 
"Boiler-Room  Essentials," page  589,  of  the  Nov!  22,1919, 
issue  of  Power,  the  author  made  some  statements  about 
CO2  equipment  which  lead  me  to  suspect  that  he  has 
not  had  experience  with  at  least  one  of  the  efficient 
modern  types  of  CO,  recorders.  Perhaps  his  experience 
was  with  early  models,  which  admittedly  do  not  com- 
pare with  recent  instruments  in  simplicity  of  operation 
and  general  satisfactory  performance.  Mr.  Gauss  ap- 
pears to  be  laboring  under  the  mistaken  impression  that 
CO2  recorders  involve  extra'  labor,  whereas  my  ex- 
perience has  been  that,  next  to  fuel  saving,  their  princi- 
pal advantage  is  in  reducing  the  labor  of  the  engineer 
and  fireman,  thus  giving  them  more  time  to  devote  to 
other  duties. 

Mr.  Gauss  says:  "In  many  cases  the  hand  Orsat  is 
more  desirable  than  the  CO2  recorder,  when  the  engi- 
neer on  watch  is  required  to  make  gas  analyses  at  least 
once  an  hour  and  is  required  to  see  that  these  analyses 
show  reasonable  percentages  of  CO,.  That  is,  if  he 
makes  an  analysis  and  finds  the  CO,  low,  he  must  at 
once  determine  the  cause,  have  it  corrected  and  secure 
the  normal  analysis.  In  large  plants  operating  10  to  20 
boilers,  this  is  not  practicable  and  the  recording  ap- 
pr;ratus  must  be  resorted  to  with  an  expert  devoting  his 
entire  time  to  the  instruments  in  the  boiler  room." 


Evidently,  Mr.  Gauss  believes  that  the  engineer  should 
take  CO,  readings  every  hour  when  using  an  Orsat.  At 
that  rate  there  would  be  little  time  left  to  devote  to 
other  duties;  in  fact,  taking  readings  so  frequently 
would  almost  seem  to  require  one  man  to  devote  his 
v/hole  time  to  flue-gas  analysis.  Even  then  the  lime 
elrpsing  between  the  withdrawal  of  the  gas  sample  and 
the  completion  of  the  analysis  would  prevent  the  engi- 
neer from  correlating  tliC  information  furnished  by  the 
analysis  with  the  operating  condition  of  the  furnace. 
Tor  instance,  the  CO,  in  the  exhaust  gases  might  be  only 
7  per  cent  at  the  instant  that  the  gas  is  withdrawn  and 
12  per  cent  a  few  minutes  later  when  the  analysis  is 
completed.  A  CO,  recorder,  on  the  other  hand,  fur- 
nishes the  information  continuously,  thus  enabling  the 
fireman  and  the  engineer  to  cooperate  in  keeping  the 
percentage  of  CO,  high  all  the  time.  The  CO..  recorder, 
working  every  second  of  the  day  and  night,  analyzes 
the  gases  better  and  cheaper  than  the  engineer  can  do 
i*.,  working  in  hourly  periods. 

The  actual  time  required  for  attending  to  the  CO2 
recording  instruments  with  which  I  am  familiar  amounts 
to  three  or  four  minutes  daily  per  unit,  and  less  than 
one-half  hour  once  a  week  for  changing  absorbent  car- 
ton^  and  checking  readings.  The  salary  of  a  man  re- 
quired to  attend  an  Orsat  would  pay  for  the  installa- 
tion and  operation  of  an  automatic  recorder  >everal 
times  over  in  the  course  of  a  year. 

Mr.  Gauss  states  further  that  CO,  recording  equip- 
ment "must  be  resorted  to"  in  large  plants  operating  ten 
to  twenty  boilers,  in  which  case  an  e.cpert  must  be  en- 
gaged to  devote  his  entire  time  to  the  instruments.  This 
statement  is  inaccurate  so  far.  as  the  successful  types 
of  instruments  are  concerned.  Modern  recorders  are 
sturdy  in  construction  and  are  no  more  difficult  to 
use  and  keep  in  order  than  other  types  of  boiler-room 
equipment.  Ordinarily,  they  operate  for  years  w^ithout 
oiher  attention  than  occasional  cleaning,  say  once  or 
twice  a  year,  and  any  mechanic  can  attend  to  this  by 
following  simple  instructions.  Far  from  requiring  an 
expert,  the  successful  modern  types  of  CO,  equipment 
are  designed  to  avoid  the  necessity  of  expert  attention. 
Any  man  who  can  understand  and  run  a  steam  engine 
and  its  auxiliaries  should  have  no  difficulty  with  COj 
equipment. 

Mr.  Gauss  quite  rightly  approves  of  the  use  of  the 
recording  pyrometer.  However,  as  the  percentage  of 
CO,  fluctuates  much  more  violently  than  the  flue-gas 
temperature,  the  argument  in  lavor  of  using  recording 
equipment  is  even  stronger  in  the  case  of  CO,  equip- 
ment than  in  the  case  of  pyrometers.        C.  T.  Schmid. 

New  York  City. 

Difference  in  Heating  Systems 

In  answer  to  Mr.  Molloy's  letter  on  page  716  of  the 
Nov.  11-18,  1919,  'ssue  of  Power  in  regard  to  my  heat- 
ing-system letter  in  the  June  3  issue,  I  will  say  that  the 
radiators  were  controlled  by  a  thermostat,  which  oper- 
ated the  radiator  valves  by  compressed  air.  The  vacuum 
was  held  steady  after  the  building  was  once  warmed  up 
aiul  the  thermostats  were  operating. 

The  reason  the  pumps  were  set  so  high  above  the  re- 
turn main  of  the  system  was  for  show  purposes  only. 
This  plant  is  used  10  furnish  power,  heat  and  light  to  a 
laige  manual-training  school.  Part  of  the  course  in 
training  is  operating  engineering,  and  these  pumps  were 
put  on  the  engine-room  floo'-  just  for  looks.  This  was 
a  big  mistake,  which  has  been  admatted  since. 

For  the  benefit  of  Mr.  Downham  I  wish  to  say  that 
I'll  agree  that  the  remedy  would  be  to  place  the  pumps 
in  basement  below  the  return  main.         L.  B.  Shiflds. 

Chicago,  ill. 
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Size  of  Pipe  for  Boiler  Feed 

I  have  had  considerable  experience  with  boiler-feed 
lines  in  connection  with  the  installation  of  a  certain  type 
of  boiler-feed  regulator,  and  it  has  been  my  experience 
that  it  is  the  usual  custom  to  keep  the  velocity  of  water 
in  the  feed  pipes  below  2CX)  ft.  per  min. 

Answering  Mr.  Craft's  question,  page  781  of  the  Nov. 
25,  Dec.  2-9,  1919,  issue,  if  a  4-in.  pipe  is  used,  a  dis- 
charge of  60,000  lb.  per  hour  will  be  equivalent  to  a 
velocity  of  183  ft.  per  min.,  which  is  within  the  required 
allowance.  If  the  pipe  line  is  short  and  does  not  con- 
tain many  fittings,  it  is  possible  that  even  a  3-in.  pipe 
with  a  velocity  of  325  ft.  per  min.  might  be  used.  This 
would  be  especially  true  if  feed-water  regulators  hav- 
ing constant  feed  characteristics  were  used. 

If  an  intermittent  type  of  feed  regulator  or  hand 
feeding  is  used,  there  are  likely  to  be  times  when  the 
feed  is  greatly  in  excess  of  the  average,  and  the  friction 
loss  with  the  pipe,  which  will  then  be  too  small,  will  be 
considerable.  Since  this  friction  loss  increases  as  the 
square  of  the  velocity,  it  is  evident  that  the  discharge 
through  the  feed  line  should  be  kept  as  near  as  possible 
to  the  average.  The  best  way  is  to  install  a  regulator 
which  feeds  continuously  in  proportion  to  the  load,  and 
sometimes  in  inverse  proportion  to  the  load,  depending 
upon  conditions.  This  tends  to  reduce  the  friction 
losses  in  the  pipe  and  admits  of  a  smaller  pipe  being 
used  for  supplying  the  boiler, 

Erie,  Penn.  V.  V.  Veenschoten. 

What  Happens  When  a  Synchronous 
Motor  Is  Caused  to  Pull  Out? 

I  have  read  with  pleasure  the  interesting  and  in- 
structive papers,  by  Will  Brown,  treating  of  the  charac- 
teristics of  the  synchronous  motor.  The  analogies  are 
very  clear  and  should  enable  the  reader  to  readily  com- 
prehend the  fundamental  features  both  of  construction 
and  operation.  There  is  one  important  point,  however, 
which  Mr.  Brown,  as  well  as  others,  touches  upon  very 
lightly,  I  may  say  even  "gingerly."  In  his  article  in 
Power,  issue  of  Sept.  2,  1919,  he  says : 

The  force  holding  together  the  poles  of  the  stator  and 
the  poles  of  the  rotor  suddenly  snaps  like  a  brealcing  rub- 
ber band,  and  the  rotor  stops,  while  the  magnetic  poles 
of  the  stator  continue  on  at  constant  speed.  This  is  what 
happens  when  a  synchronous  motor  is  overloaded  and  pulls 
out  of  step,  and  is  called  the  motor's  pull-out  point.  Of 
course,  in  actual  practice  the  circuit-breakers  will  gener- 
ally disconnect  the  line  from  the  motor  before  it  reaches 
this  point,  because  of  the  enormous  current  that  the  motor 
would  be  pulling  from  the  line. 

He  says  further  in  the  issue  of  Sept.  23 : 

In  Fig.  4  the  load  has  literally  pulled  the  rotor  poles 
away  from  the  stator  poles.  As  soon  as  the  point  is  reached 
where  the  north  pole  of  the  stator  opposes  the  north  pole 
of  the  rotor,  the  pull  of  the  line  snaps  like  a  rubber  band 
and  the  rotor  is  brought  to  a  dead  stop  by  the  heavy  pull 
of  the  load. 

Now,  it  is  known  that  something  more  than  this 
really  happens.  It  has  been  conceded  by  the  electrical 
engineers  of  the  two  largest  manufacturers  of  electrical 
equipment  that  there  is  a  decided  buck  at  this  point, 
which,  for  the  purpose  of  identification,  we  may  call 
the  "pull-out  buck." 

It  is  acknowledged  by  the  electrical  engineers  be- 
fore mentioned,  that  under  certain  conditions  of  line 
and  load,  which  may  and  do  occur  in  practical  opera- 
tion, this  pull-out  buck  can  take  place  at  a  point  inside 
a  reasonable  setting  of  the  circuit-breaker,  say  150  to 
175  per  cent  of  full-load  rating;  that  under  these  con- 
ditions the  circuit-breaker  cannot  anticipate  the  pull-out. 


and  because  the  buck  is  "instantaneous,"  the  circuit- 
breaker  does  not  relieve  the  reactive  kick  until  too 
late;  that  the  electrical  "pile  up"  will  be  from  eight  to 
ten  times  the  rated  capacity  of  the  motor;  that  the  me- 
chanical reactive  stress  impressed  upon  the  cores  on 
the  periphery  of  the  rotor  will  be  from  six  to  eight 
times  the  rated  capacity  of  the  motor. 

Now  this  is  of  very  great  moment  if  it  is  true,  and 
because  no  one  seems  to  know  just  what  does  take  place, 
it  is  of  the  utmost  importance  that  the  matter  should  be 
demonstrated  to  a  conclusion  that  can  be  depended 
upon.  Testing  devices  are  being  developed  for  this 
purpose  and  we  may  expect  definite  information  on 
these  points  in  the  near  future.  In  the  meantime  let  us 
go  over  the  "mechanics  of  the  thing,"  which  we  can 
readily  do,  and  see  what  may  be  the  result.  Let  us  take, 
for  example,  a  600-hp.  synchronous  motor,  with  a  bad 
line  swing,  low  voltage,  a  heavy  load  and  a  flywheel  out 
of  proportion  for  the  conditions. 

Now  let  us  apply  shock  by  introducing  a  liquid  or  a 
piece  of  metal  into  the  compressor  cylinder,  and  we 
have  conditions  under  which,  it  is  conceded,  we  may 
and  do  get  an  electrical  angularity  which  will  result  in 
the  motor  "pulling  out"  inside  the  setting  of  the  circuit- 
breaker.    We  will  then  have  a  pull-out  buck. 

Let  us  take  the  word  of  these  electrical  engineers 
and  assume  that  the  electric  pile-up  is  ten  times,  and  the 
electric  reaction  delivered  across  the  air  gap  to  the  rotor 
is  eight  times  the  rated  capacity  of  the  motor.  We  then 
have  at  this  instant  a  mechanical  reactive  stress  at  the 
"rim  of  the  rotor,"  expressed  as  4,800  hp.,  which  is 
transmitted  to  the  spokes  of  the  rotor,  thence  through 
the  hub  and  key  to  the  shaft,  then  along  the  shaft, 
through  the  key,  hub  and  spokes  to  the  rim  of  the  fly- 
wheel, where  it  is  opposed  by  the  inertia  here  provided, 
plus  the  compressor  load. 

It  goes  without  saying,  of  course,  that  the  initial 
stresses  begin  in  the  stator  and  are  primarily  impressed 
upon  the  "feet"  and  holding-down  bolts.  Now,  then,  if 
there  is  a  weak  link  in  this  chain,  and  particularly  if  it 
is  in  the  flywheel  rim  or  spokes,  something  serious  is 
bound  to  take  place. 

It  is  certainly  not  good  engineering  to  let  this  matter 
drift  along  until  we  have  an  "accident"  which  may  re- 
sult in  the  loss  of  not  only  dollars  and  cents,  but  also 
human  life.     In  the  meantime  it  seems  to  me  that  we 
should  anticipate  by  means  of  proper  design  and  con- 
struction the  stresses  that  may  be  logically  expected.    I 
want    to    say   in   this    connection    that    I    consider   the 
flywheel  an  element  of  danger  as  well  as  expense,  when 
used  in  conjunction  with  a  direct-connected  synchronous 
motor,  and  that,  for  the  reason  that  it  is  entirely  un 
necessary,  it  should  be  eliminated   from  synchronovis- 
motor  drives.     This   can  be  accomplished  with   entire 
success  if  proper  attention  is  given  to  rotor  design. 
F.  L.  Fairbanks,  Chief  Engineer, 
Quincy  Market  Cold  Storage  and  Warehouse  Co. 

Boston,  Mass. 

Reboring  Corliss  Valve  Chambers 

I  have  had  quite  an  argument  regarding  the  proper 
method  of  reboring  Corliss  valve  chambers.  When 
doing  this  work,  should  not  the  chambers  first  be  lined 
up  to  show  how  much  they  are  worn  or  out  of  line,  and 
then  have  the  boring  bar  set  so  as  to  rebore  the  cham- 
bers and  bring  them  into  line  with  the  cylinder  instead 
of  just  setting  up  the  boring  bar  on  the  bonnet  studs 
and  calipering  to  bring  the  boring  bar  central  ? 

How  would  readers  of  Power  go  about  finding  how 
much  the  valve  chambers  were  out  of  line  with  the  cylin- 
dei,  and  how  would  they  set  the  boring  bar? 

New  York  City.  Michael  J.  Murt\iv. 
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Left-Hand   Adjusting   Screw   of  Monkey   Wrench — Why 

are  monkey  wrenches  usually  provided  with  left-hand  adjust- 
ing screws?  T.  W. 

A  left-hand  adjusting  screw  affords  greater  convenience  in 
closing  up  the  jaws  of  the  wrench  by  operation  of  the  milled 
collar  with  the  thumb,  while  the  wrench  is  held  in  the  grasp 
of  the  fingers  of  the  right  hand. 


Poor  Circulation  in  Radiator  of  Vacuum  System — In   a 

vacuum  heating  system  that  supplies  heat  for  two  houses, 
there  is  heating  up  of  only  about  one-third  of  the  number  of 
sections  of  a  radiator  in  the  building  farther  removed  from 
the  boiler.    What  may  be  the  cause  and  remedy?  R.  A. 

The  cold  sections  probably  remain  airbound  due  to  insufficient 
vacuum.  If  it  is  not  possible  to  obtain  a  better  vacuum  at 
the  return  while  the  steam  supply  is  open,  the  air  might  be 
dislodged,  sufficiently  for  starting  operation  of  all  sections,  by 
exhausting  the  radiator  with  the  best  vacuum  obtainable  for 
ten  or  fifteen  minutes  prior  to  admission  of  steam. 


Percentage  Improvement 'in  Coal  Economy  per  Kilowatt- 
Hour — Our  fuel  consumption  for  October  was  1,960,010  lb. 
of  coal  costing  $7.44  per  ton  of  2,240  lb.  for  an  electrical 
output  of  524,270  kw.-hr.  For  December  the  fuel  consumption 
was  1,746,445  lb.  of  coal  costing  $7.44  per  ton  of  2,240  lb.,  and 
690,260  lb.  of  screenings  costing  $1.50  per  ton  of  2,000  lb.  for 
an  electrical  output  of  574,040  kw.-hr.  What  was  the  per- 
centage of  improvement  in  coal  economy?  G.  A.  E. 

For  October  the  fuel  cost  was 
1,960,010  X  $7.44 
^ -22^ '^  524,270  =  $0.01242  per  kw.-hr. 

For  December  the  fuel  cost  was 
rl, 746,445  X  $7.44        690,260  X  $1.50 


+ 


^  574,040  =  $0.01101 
per  kw.-hr. 


L  2,240  '  2,000  J 

Hence  for  December  the  improvement  in  coal  economy  over 
that  for  October  was 

($0.01242  — $0.01101)  X  100        ,_, 
001242 ^"-^^  ^'^  ''"'■ 


Direction  of  Setting  Globe  Valve — What  is  the  proper 
way  to  place  a  globe  valve,  to  have  the  pressure  under  the  disk 
or  on  top  of  the  disk?  H.  P. 

For  most  situations,  especially  for  large  globe  valves  or  for 
high  pressures,  it  is  preferable  to  have  the  pressure  under  the 
disk,  as  that  method  permits  packing  the  valve  when  closed  and 
prevents  the  accident  of  the  valve  stem  pulling  out  of  the  disk 
when  the  valve  is  opened  under  pressure.  Another  advantage 
of  having  the  pressure  under  the  disk  is  that  the  direction  of 
flow  results  in  less  abrasion  of  the  valve  seat.  The  principal 
advantages  of  having  the  pressure  on  top  of  the  disk  are  that 
the  pressure  holds  the  disk  to  its  seat;  also  that  when  the  line 
is  allowed  to  cool  down  with  the  valve  closed,  the  lost  motion 
between  the  disk  and  the  spindle  permits  the  disk  to  follow  up 
the  contraction  of  the  valve  body  and  when  steam  is  again 
turned  into  the  line  the  valve  is  as  tight  as  before,  whereas 
with  steam  reintroduced  on  the  seat  side  of  the  valve,  there  is 
leakage  until  the  valve  has  become  reheated  and  rcexpanded  to 
its  former  dimensions,  and  to  close  the  valve  down  tight  before 
it  is  warmed  up  makes  it  harder  to  open  after  the  expansion 
has  taken  place. 


Reactive  Factor — What  is  the  reactive  factor  of  an  alter- 
nating-current system,  how  is  it  determined,  and  what  relation 
has  it  to  the  power  factor?  M.  O.  W. 

The  reactive  factor  of  an  alternating-current  circuit  is  the 
sine  of  the  angle  of  lag  or  lead  between  the  current  and  volt- 
age. If  the  power  factor  is  read  from  an  instrument  or  calcu- 
lated by  dividing  the  watts  by  the  volt-amperes,  reference  can 
be  made  to  a  table  of  natural  sines  and  cosines  and  find  the 
sine  of  an  angle  corresponding  to  the  cosine  that  is  the  power 
factor.  For  example,  if  the  power  factor  is  0.86,  this  is  the 
cosine  of  a  30-deg.  angle  and  the  sine  of  30  deg.  is  0.5,  there- 
fore the  reactive  factor  is  0.5  when  the  current  is  out  of  step 
with  the  volts  by  30  degrees.  When  the  current  and  volts  are 
in  phase,  the  power  factor  is  1.00  where  the  reactive  factor  is  0. 
Another  way  of  determining  the  reactive  factor  is  hy  the 
formula : 


Reactive  factor  =-^}\ 


ll'atts 


I  Volt- Amperes 
The  volt-amperes  times  the  power  factor  equals  true  watts, 
where  the  volt-amperes  times  reactive  factor  equals  the  reac- 
tive component  of  the  volt-amperes  or,  the  volt-amperes  that 
is  being  transmitted  back  and  forth  through  the  circuit  doing 
nc  useful  work. 


Determining  Size  of  Feed  Pump — What  size  feed  pump 
should  be  supplied  for  a  100-hp.  boiler?  E.  A. 

A  standard  boiler  horsepower  is  the  equivalent  evaporation  of 
34.5  lb.  of  water  from  and  at  212  deg.  F.  per  hour,  and  as  the 
actual  conditions  usually  are  such  that  the  equivalent  transfer 
of  heat  is  accomplished  by  evaporation  of  a  less  quantity  of 
water  per  hour,  under  normal  conditions  it  will  be  on  the  side 
of  safety  to  assume  feed-pump  capacity  on  the  basis  of  34.5  lb. 
But  to  cover  operation  of  a  boiler  50  per  cent  beyond  its  rated 
capacity,  and  extraordinary  demands  in  case  of  low  water  or 
other  emergencies,  the  rated  capacity  of  the  pump  should  be 
not  less  than  90  lb.  of  water  per  hour  per  rated  horsepower  of 
the  boiler,  and  the  pump  capacity  should  be  rated  at  no  greater 
piston  speed  than  about  50  ft-  per  minute. 

At  ordinary  temperatures  2  cubic  foot  of  water  weighs  62.3 
lb.,  so  that  a  boiler-feed  pump  should  have  a  displacement  ca- 

,  1728  ^90  ,         ,^       . 

pacity  of  ,^  ^   '^  77)  ^^  about  42  cu.m.  per  mm.  per  rated  boiler 

horsepower  capacity,  and  the  pump  piston  speed  of  50  ft.,  or 

42 
600  in.  per  min.,  would  require  ttj--  ==  0.07  sq.in.  of  vater-piston 

area  per  rated  boiler  horsepower.  Hence,  for  a  100-hp.  boiler 
the  required  area  would  be  100  X  0.07  =  7  sq.in.,  and  neglect- 
ing the  area  occupied  by  the  piston   rod  this  corresponds  to 


V 


0.7854 


2.98,  or  practically  3  in.  diameter  for  a  single  pump, 


3.5 


and  7 -^  2  =  3.5  sq.in.,  which  corresponds  to  v'    -„c.    — 2.11,  or 
practically  2  in.  diameter  for  water  cj'linders  of  a  duplex  pump. 


[Correspondents  sending  us  inquiries  should  sign  their  com- 
munications with  full  names  and  post  office  addresses.  This  is 
necessary  to  guarantee  the  good  faith  of  the  communications. — 
Editor.] 
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Electrically  Operated  Pumping  Plants  in  Indiana 


ACCORDING  to  available  records  there  are  206  public 
water-works  systems  in  the  State  of  Indiana.  Seventy- 
six  of  these,  more  than  one-third,  are  operated  partly 
or  wholly  by  electricity.  During  the  past  winter  and  spring 
twenty-seven  of  those  plants  were  visited  by  members  of  the 
Engineering  Experiment  Station  staff  of  Purdue  University 
with  a  view  to  ascertaining  the  present  status  of  electrical 
operation  of   such   plants. 

The  plants  visited  supply  water  to  communities  ranging  in 
population  from  500  to  25,000  and  were  found  to  be  operating 
under  a  variety  of  conditions.  Fifteen  plants  used  some  form 
of  elevated  storage — tank,  standpipe  or  reservoir;  six  were 
provided  with  compression  tanks,  the  pressure  being  auto- 
matically controlled  by  pressure  gage  relays,  while  the  remain- 
ing six  had  no  provision  for  storage  but  maintained  direct 
pressure  by  continuous  operation  of  the  pumps.  This  probably 
represents  in  a  general  way  the  distribution  as  to  types  of 
plant  over  the  state  as  a  whole. 

About  20  per  cent  of  the  plants  visited  made  use  of 
deep-well  pumps — air  lift  or  displacement.  The  remainder 
used  surface  pumps,  though  in  many  cases  the  pumps  were 
placed  in  pits  from  4  to  15  ft.  below  ground  level  in  order  to 
reduce   the    suction    Hft. 

The  most  commonly  encountered  source  of  water  supply 
was  the  drilled  well,  6  to  10  in.  in  diameter,  and  from  100  to 
300  ft.  deep.  In  a  few  cases  the  supply  came  from  streams 
of  spring-fed  reservoirs,  but  these  were  exceptional.  The 
water  from  wells  appears  to  be,  in  general,  clear  and  pure ; 
requiring  no  outlay  for  purification  equipment.  In  most  local- 
ities the  water  stands  from  10  to  20  ft.  below  ground  level, 
but  in  a  few  places  it  flows  to  the  pump  under  sufficient  head 
to  eliminate  entirely  the  necessity  for  priming. 

Centrifugal  pumps  and  triplex  displacement  pumps  were 
encountered  in  about  equal  numbers  and  the  plant  that  con- 
tained neither  of  these  types  was  exceptional.  One  rotary 
pump  was  observed,  handling  the  second  stage  of  a  two-stage 
system;  and  the  City  of 'LaFayette  has  three  direct-connected 
motor-driven  propeller  pumps  forming  the  first  stage  of  a 
two-stage  system,  the  second  being  handled  by  steam  pumps. 
These,  however,  are  held  for  emergency  use,  the  first-stage 
pumping  being  normally  done  by  air-lift.  Also  in  one  case 
the  first  stage  was  handled  by  motor-driven  deep-well  pumps 
and  the  second  stage  by  steam  pumps.  In  75  per  cent  of  the 
plants   inspected,   however,   the   single-stage   system    was   used. 

Alternating-current  energy  was  utilized  in  practically  all 
cases,  either  because  direct  current  was  not  available  or  be- 
cause the  alternating-current  motor  is  cheaper,  more  rugged 
and  requires  less  attention.  Various  types  of  alternating-cur- 
rent motors  were  foimd  to  be  in  use,  however,  the  choice 
depending  chiefly  upon  the  type  of  pump  to  be  driven.  In 
most  cases  the  available  energj'  supply  is  60-cycle  three-phase 
current,  and  the  choice  lies  between  the  squirrel-cage  and  the 
wound-rotor  types  of  induction  motor,  the  former  being  used 
for  driving  centrifugal  pumps  where  the  starting  load  is 
light,  and  the  latter  for  driving  displacement  pumps  where  the 
starting  load  is  relatively  heavy.  Exceptions  were  noted,  how- 
ever, to  this  general  rule,  and  in  one  case  synchronous  motors 
were  found  giving  very  satisfactory  service.  Single-phase, 
25-cycle  motors  were  encountered  in  one  plant,  the  energy 
being  obtained  from  an  interurban  railway  transmission  line 
which  passed  through  the  town. 

For  domestic  service  the  pressures  in  use  were  found  to 
range  from  25  to  90  lb.  per  sq.in.,  the  average  being  about  40 
lb.,  corresponding  to  a  head  of  93  ft.  In  many  cases  provision 
is  made  for  raising  this  pressure  for  fire-fighting  purposes  to 
90  or  100  lb.  by  cutting  off  the  storage  and  bringing  a  special 
high-pressure  unit  into  service.  It  is  not  uncommon  to  find 
steam  pumps  used  for  securing  the  extra  pressure  needed  for 
fire  service,  though  the  motor-driven  fire-service  pump  is 
popular  in  localities  where  auxiliary  steam  equipment  would 
be  expensive  to  provide  and  maintain.  There  appears  to  be  a 
growing  sentiment  in  favor  of  securing  the  extra  pressure  by 

•Presented  at  the  annual  meeting  of  Indiana  Engineering  Society  in 
Indianapolis,  Jan.  23-24,  by  G.  C.  Blalock,  instructor  in  electrical  en- 
gineering,  Purdue  University,   LaFayette,   Ind. 


using  a  portable  pump  at  the  location  of  the  fire,  rather  than 
by  boosting  the  pressure  over  the  whole  system,  thereby  mak- 
ing both  mains  and  plumbing  liable  to  damage  or  even  com- 
plete failure  at  a  time  when  such  failure  would  be  most  serious. 
This  method  also  eliminates  the  extra  demand  for  water  at 
service  connections  during  the  high-pressure  periods  when  the 
greatest   possible   supply   should   be   available   for   fighting  fire. 

For  domestic  service  the  average  pump  capacity  provided 
was  about  200  gal.  per  min.,  per  1,000  population,  but  this 
figure  is  not  of  great  .value  since  the  capacity  required  de- 
pends largely  upon  local  conditions  and  may  vary  widely  for 
towns  of  the  same  population.  Also,  the  system  used  has 
considerable  influence  upon  the  pump  rating.  A  direct-pres- 
sure system  must  have  sufficient  capacity  to  supply  the  peak 
of  the  load,  while  in  a  storage  system  the  pump  needs  to 
supply  only  the  average  demand,  anything  above  this  being 
drawn  from  the  storage.  The  tendency  is  to  provide  too 
much  rather  than  too  little  capacity,  in  order  to  be  on  the 
safe  side  and  to  provide  for  future  requirements.  The  pump- 
ing units  designed  for  special  fire  service  average  about  250 
gal.  per  min.  pump  capacity  per  1,000  population.  These  units 
also  provide  reserve  capacity  for  abnormal  demands  other 
than   for   fire   service. 

Officials  and  operating  men  expressed  themselves  almost 
unanimously  as  well  pleased  with  the  results  obtained  through 
use  of  electrically  operated  equipment.  Appreciation  of  the 
greater  convenience  and  decreased  operating  expenses  was 
especially  marked  in  places  where  the  pumps  were  previously 
steam  driven.  One  plant  was  visited  in  which  steam  operation 
had  been  resumed  after  a  trial  of  electric  operation,  but  no 
one  available  at  the  time  could  give  an  adequate  reason  for 
the   dissatisfaction   with   the  electric  drive. 

Another  case  was  encountered,  where  a  direct-connected 
motor-driven  centrifugal  pump  was  giving  unsatisfactory 
service,  though  no  blame  was  placed  upon  the  motor  itself. 
The  pump  was  obviously  not  designed  for  the  conditions  under 
which  it  was  working,  and  the  result  was  an  energy  con- 
sumption greatly  out  of  proportion  to  the  work  done.  Plans 
were  being  made  to  replace  the  centrifugal  with  a  triplex 
.  pump,  though  it  appears  likely  that  a  change  in  impellers 
would  have  accomplished  the  same  result.  This  serves  to 
emphasize  the  necessity  for  using  great  care  in  specifying  a 
centrifugal  pump  for  a  given  application,  in  order  that  its 
characteristics  may  be  suited  to  the  work  it  is  expected  to  do. 

Numerous  cases  of  minor  troubles  with  the  equipment  were 
reported.  Of  these  directly  chargeable  to  electric  operation 
the  only  ones  of  serious  import  were  those  due  to  lack  of 
adequate  protective  devices  between  motor  and  line.  Some  of 
them  involved  no  serious  consequences^  while  others  involved 
considerable  expense  and  inconvenience,  as  well  as  fire  risk. 
It  would  appear  that  the  necessity  for  adequate  protection  of 
the  motor  and  control  circuits  is  not  generally  appreciated. 
The  cost  of  such  protective  apparatus  is  not  great  and  will 
soon  be  repaid  through  decreased  repair  bills  and  greater 
reliability  of  the  equipment.  Troubles  were  reported  due  to 
lack  of  reliable  low  voltage  and  no-voltage  cutouts  and  also 
to  lack  of  proper  protection  against  lightning.  Good  lightning- 
arrester  equipment  properly  installed  is  essential  where  power 
is  secured  from  a  transmission  line  and  is  the  only  means  of 
preventing  darnage  from  this  source,  which  may  vary  all  the 
way  from  a  breakdown  of  insulation  in  one  or  more  coils  to 
destruction  of  the  entire  electrical  equipment. 

Next  to  having  the  apparatus  itself  it  is  of  importance  that 
attendants  should  understand  the  significance  of  the  pro- 
tective devices.  One  plant  was  visited  where  no  voltage  pro- 
tection was  provided,  but  a  former  attendant  had  decided  that 
by  wedging  the  starting  handle  in  the  full-on  position  he 
could  start  the  pump  from  the  power  station  and  save  himself 
a  half-mile  walk.  Unfortunately,  the  motor  windings  did  not 
survive  the  initial  experiment,  but  had  to  be  entirely  replaced. 

Other  than  electrical  the  most  frequent  source  of  trouble 
appeared  to  be  due  to  freezing  in  severe  winter  weather. 
Bursting  of  pump  cyhnders  was  reported  in  numerous  in- 
stances.    In    some   cases   these   breaks    had   been    repaired    by 
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welding;  in  others  the  cyHnder  had  to  be  replaced.  Troubles 
from  this  source  can  be  charged  only  to  neglect  in  providing 
some  means  of  keeping  the  temperature  sufficiently  high  to 
prevent  freezing. 

The  installation  of  cheap  equipment  invariably  results  in 
troubles  due  to  excessive  wear  and  breakage;  and  poor  judg- 
ment in  the  selection  and  use  of  equipment  augments  the 
difficulties  along  this  line.  In  one  plant  the  first  stage  was 
handled  by  an  air  lift  and  the  second  by  a  cheap  rotary  pump. 
The  latter  was  driven  at  such  high  speed  that  it  handled 
water  faster  than  the  air  lift  could  supply  it,  so  a  portion  was 
bypassed  and  pumped  over  again.  In  addition  the  wear  on  the 
impeller  was  so  great  as  to  necessitate  its  renewal  two  or 
three  times  each  year. 

Troubles  due  to  flooding  sometimes  occur  in  plants  having 
the  pumps  located  in  pits.  Unless  the  motor  windings  have 
been  thoroughly  waterproofed,  they  are  sure  to  be  more  or 
less  permanently  damaged,  with  consequent  shortening  of 
their  useful  life,  although  the  damage  may  not  be  such  as  to 
require   immediate    rewinding. 

Improper  alignment  of  pump  and  motor  causes  undue  wear 
and  results  in  decreased  efficiency  and  increased  maintenance 
cost.  The  same  cause  sometimes  results  in  broken  rods  in 
case  of  deep-well  pumps.  Corrosion  and  rjipid  wear  due  to 
sediment  in  the  water  being  pumped  were  reported  in  one  or 
two  instances. 

Only  six  of  the  towns  visited  had  provision  for  metering 
the  pump  discharge,  despite  the  obvious  advantage  of  having 
this  means  of  checking  the  performance  of  the  pump  and 
motor.  With  a  watt-hour  meter  on  the  input  side  of  the  unit 
and  a  water  meter  and  pressure  gage  on  the  output  side,  the 
duty  and  over-all  efficiency  may  be  determined  readily  at  any 
time  and  any  marked  drop  detected  and  accounted  for.  A 
centrifugal  pump  particularly  needs  to  have  its  performance 
checked  to  avoid  the  marked  drop  in  efficiency  that  occurs 
when  the  impeller  is  not  properly  designed  for  the  conditions 
under  which  it  is  working.  The  substitution  of  an  impeller 
of  slightly  different  design  piay  effect  a  saving  that  will  pay 
for  both  meters  and  impeller  within  a  comparatively  short 
time. 

Plant  Operating  Records  and  Costs 

It  was  found  rather  difficult  to  obtain  accurate  records  of 
plant  operation  and  costs,  particularly  in  the  smaller  towns. 
Combined  power  and  pumping  plants  frequently  do  not  pro- 
vide separate  meters  for  measuring  the  energy  supplied  to 
the  pump  motors  nor  divide  the  operating  costs  equitably 
between  the  power  and  pumping  departments  of  the  plant. 
Where  energy  is  obtained  from  sources  not  owned  or  con- 
trolled by  the  interests  operating  the  pumping  plant,  the  meter 
provided  often  includes  the  energy  used  for  street  lighting, 
station  lighting  and  heating  or  other  purposes ;  and  as  previ- 
ously mentioned,  it  is  not  often  that  provision  is  made  for 
measuring  and  recording  the  amount  of  water  pumped.  The 
data  obtained  therefore  involve  estimates  in  many  cases  and 
should  be  considered  as  indicating  plant  performance  in  a 
general   way   only. 

Data  for  calculating  energy  consumption  per  1,000  gal.  of 
water  pumped  were  obtained  for  fourteen  towns.  In  kilo- 
watt-hours per  1,000  gal.  this  energy  consumption  ranged 
from  a  minimum  of  0.20  to  a  maximum  of  3.28,  giving  an 
average  value  for  the  fourteen  towns  of  1.31. 

Since  there  is  considerable  variation  in  the  total  head 
against  which  these  pumps  are  working,  a  better  measure  of 
performance  may  be  obtained  by  reducing  the  figure  given 
for  each  plant  to  a  basis  of  100  ft.  total  head.  This  gives 
values  ranging  from  0.125  to  1.96  with  an  average  of  0.90 
kw.-hr.   per   1,000  gal.   per   100-ft.   head. 

The  operating  cost  per  1,000  gal.  was  found  to  range  be- 
tween 0.88  and  16.83c.,  with  an  average  value  of  4.97c.  Re- 
duced to  a  basis  of  100  ft.  head  this  average  becomes  3.74c. 
per    1,000   gal. 

Test  Data  from  Specific  Plants 

Two  plants  equipped  with  meters  for  measuring  the  pump 
discharge  were  selected,  and  tests  were  run.  with  two  objects 
in  view :  First,  to  determine  the  duty  and  over-all  efficiency 
of  the  pumping  unit,  thus  obtaining  a  basis  for  figuring  energy 
costs  per  unit  discharge;  and  second,  to  determine  the  nature 


of  the  power  demand  and  thereby  establish  the  degree  of 
desirability  of  pumping  loads  from  the  central-station  point 
of  view.  The  test  in  each  case  extended  over  a  period  of  24 
hours,  and  in  addition  to  kilowatt-hour  and  water  meters  a 
graphic  recording  wattmeter  was  used  for  measuring  and 
recording    the    power    demand. 

In  the  first  plant  the  unit  tested  consisted  of  a  2^-in. 
single-stage,  175  gal.  per  min.  centrifugal  pump,  driven  by  a 
15-hp.  squirrel-cage  type  induction  motor,  pumping  contin- 
uously against  the  direct  pressure  of  the  mains.  A  total 
pumpage  of  11,900  cu.ft.  was  observed — an  average  rate  of 
61.8  gal.  per  min.  against  a  pressure  of  40  lb.  per  sq.in.  with 
an  input  of  9.38  hp.,  giving  an  over-all  efficiency  of  16.7  per 
cent.  Estimates  based  upon  pipe-friction  tables  give  about 
10  ft.  loss  of  head  in  elbows,  valves,  meter,  etc.,  between  the 
pump  intake  and  the  point  at  which  the  pressure  gage  was 
attached  to  the  main.  Including  this  loss  of  head  raises  the 
efficiency  about  2  per  cent.  This  still  gives  a  low  over-all 
efficiency,  but  it  should  be  noticed  that  the  pump  is  discharging 
but  little  more  than  one-third  of  its  rated  capacity,  this 
resulting  in  the  motor  running  at  considerably  less  than  its 
normal  rating.  Neither  pump  nor  motor  can  therefore  be 
expected  to  show  good  efficiency.  It  is  evident  that  this  unit 
is  not  operating  under  the  conditions  for  which  it  was  de- 
signed,  resulting  in  high  energy  consumption  per  unit  output. 

In  the  second  plant  the  unit  tested  consisted  of  a  4-in.  two- 
stage,  380  gal.  per  min.,  centrifugal  pump,  driven  by  a  25-hp. 
squirrel-cage  type  induction  motor,  pumping  to  mains,  with 
standpipe  storage.  The  frequency  and  duration  of  pumping 
periods  were  regulated  by  a  pressure-gage  relay  and  an 
automatic   motor   starter. 

Three  runs  of  approximately  two  hours  each,  at  an  average 
pressure  of  55  lb.  per  sq.in.,  gave  a  pumping  rate  of  350  gal. 
per  min.  with  an  input  of  32.25  Lp.,  showing  an  over-all 
efficiency  of  38  per  cent.  Estimated  loss  in  head  due  to  fric- 
tion amounts  in  this  case  to  about  35  ft.,  and  inclusion  of  this 
loss  as  part  of  the  total  head  raises  the  efficiency  about  10 
per  cent.  The  over-all  efficiency  checks  closely  with  manu- 
facturers' estimates  for  this  size  and  type  of  unit  and  the 
unit  is  evidently  well  adapted  to  its  work. 

The  conclusions  arrived  at  as  a  result  of  investigation  and 
study  of  the  present  status  of  electricity  in  the  pumping  plants 
of  the  state  may  be  summed  up  as  follows : 

1.  Where  local  conditions  have  been  carefully  considered, 
the  type  and  capacity  of  pump  and  motor  which  best  suits 
those  conditions  intelligently  selected,  electrically  driven 
pumps  have  proved  highly  satisfactory ;  they  have  been  found 
to  be  easily  handled,  convenient,  reliable  and  economical. 

2.  While  the  motor  itself  is  unlikely  to  give  trouble,  and 
transmission  lines  have  proved  quite  reliable,  it  appears  advis- 
able to  provide  some  auxiliary  source  of  power.  The  auto- 
mobile-type gasoline  engine  seems  particularly  well  suited  to 
this  purpose. 

3.  The  energy  consumption  in  properly  designed  plants  may 
be  expected  to  vary  from  0.2  to  2  kw.-hr.  per  1,000  gal.  per 
100  ft.  head,  with  1  as  a  fair  average. 

4.  The  operating  expense?  for  an  electrically  operated  plant 
are  low — considerably  below  those  for  a  steam  plant  and 
appreciably  below  those  for  an  internal-combustion  engine 
plant. 

5.  The  pumping-plant  load  is  a  desirable  one  from  the 
central  power-station  point  of  view. 


Peter  Cooper  Hewitt  has,  says  the  Springfield,  Ohio,  Sun. 
developed  a  new  machine  which,  he  claims,  will  do  even  more 
than  the  required  performances  to  win  the  $100,000  prize  of- 
fered by  the  Michelin  Co.  for  a  machine  that  will  rise  straight 
into  the  air  without  a  preliminary  run  and  will  land  in  a 
space  30  ft.  square.  According  to  Mr.  Hewitt,  with  his  new 
propeller  it  will  be  possible  to  reverse  the  plane  while  in 
flight  without  reversing  the  engine  or  turning  about.  It  can 
also  be  made  to  ^eap  or  drop  like  a  flying  boat.  These  un- 
usual movements  are  made  possible  by  the  odd  propeller  which 
may  be  pointed  in  any  direction,  and  the  entire  force  of  the 
blades  is  applied  to  lifting.  Once  in  the  air,  the  shaft  is  pointed 
forward  and  the  machine  moves  ahead  with  a  speed  that  equals 
the  best  attained  by  other  machines.  At  any  time  during  the 
flight  the  position  of  the  propeller  may  be  changed. 
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'No   Kut"    Pump  Valve 
Richardson-Phenix   Co.,   Milwaukee.   Wis. 
"Power" 

A  new  pump 
*r  valve  desigmed  to 
eliminate  leakage 
and  slippage.  The 
metal  valve  disk 
seats  on  a  metal 
surface.  The 
valve  disk  is  fit- 
ted with  a  com- 
position sealing 
ring  around  its 
outer  edge  and 
one  around  the 
valve  stem. 
These  sealing 
rings,  being  flex- 
ible, are  forced 
against  the  valve 
seat  by  the  pres- 
sure of  the  liquid 
as  the  valve 
closes.  The  great- 
er the  pressure  of  the  liquid  the  tighter  the  valve  is  seated. 
Owing  to  the  composition  of  which  they  are  made,  the  sealmg 
rings  are  durable,  and  no  matter  how  badly  the  seatmg  surface 
of  the  valve  becomes  worn,  scarred  or  scored,  the  rings  keep  the 
valve   tight. 


Engine,   Bannon    Rotary  Steam 
Bannon  Rotary  Motor  Co.,  324  Linz  Building,  Dallas,  Tex. 

"Power" 
The  Bannon  rotary  steam 
engine    has    but    three    mov- 

I  ing  parts:  An  eccentric  pis- 
ton keyed  to  the  driveshaft, 
and  two  sliding  gates  which 

1  operate  with  their  ends 
forming  a  contact  with  the 
periphery  of  the  piston.  On 
the  shaft  of  the  two-cylinder 

I  engines     there     are     two     of 

i  these   eccentric   systems,    set 

[  180  deg.  apart,  which  bal- 
ance the  shaft  and  elimi- 
nate the  possibility  of  dust 
on  the  bearing  surface.  The 
principle  of  the  lever  is  em- 

1  ployed  by  having  the  steam 
expand  against  a  re'-olving 
eccentric  system  so  that  the 
leverage  of  the  system 
greatly   multiplies  the   steam 

energy.  Each  impulse  of  steam  drives  the  shaft  three-quarters 
of  a  revolution,  and  as  there  are  two  impulses  per  revolution 
in  each  cylinder,  an  overlap  of  90  deg.   results.     The  engine  can 

I  be  coupled  directly  to  the  lineshaft. 


Holes,  Stine  Screw 
Stine  Screw  Holes  Co..  Waterbury,  Conn. 
"Power" 
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Metal  screw  holes,  tapped  for  either 
machine  or  wood  screw  threads,  are 
driven  into  wood.  To  drive,  a  head  is 
screwed  into  the  hole  piece,  ana  after 
boring  a  hole  where  desired,  the 
screw  hole  is  driven  into  place  flush 
with  the  surface  of  the  wood.  The 
head  is  then  removed,  and  the  hole  is 
ready  for  the  insertion  of  either  type 
of  screw.  The  advantage  of  this  is 
that  a  screw  can  be  put  in  or  removed 

as   often    as    desired    without    enlarging    the    hole.      These    screw 

holes  can  also  be  molded  in  any  material. 


Cock,   Double- Packed  Stop 
y\.  H.   Treadwell  Co.,   Inc. 


,   140  Cedar  St.,   New  York  City. 
"Power" 


t  This  stop-cock  is  packed 
I  on  top  with  asbestos, 
sprinkled  with  graphite,  both 
ends  of  the  packing  rings 
fitting  close  together.  The 
top  gland  is  then  tightened 
so  that  the  plug  will  barely 
turn,  after  which  the  bottom 
is  packed  in  the  same  man- 
ner, the  packing  being  drawn 
tight  enough  to  release  part 
of  the  pressure  at  the  top. 
This  equalizing  of  tlie  pres- 
sure will  enable  the  stop- 
cock to  turn  freely.  It  is 
built   for   high   pressure. 


Valve,   Dielmore  Automatic  Drain   and   Relief 

Dielmore  Valve  Co.,   Box  674,   Tacoma,   Wash. 
"Power" 


To  Sfeam  Chest 


To  Waste 


This  valve  is  designed  to 
automatically  take  care  of 
the  condensation  in  engine 
and  pump  cylinders  after 
the  steam  has  been  shut  off 
at  the  throttle  valve.  It  is 
connected  to  the  two  ends  of 
the  cylinder  and  at  the  top 
to  the  steam  chest.  It  con- 
tains a  valve  disk  and 
spring.  The  pressure  from 
the  steam  chest  closes  the 
valve  against  the  pressure 
of  the  exhaust.  Wlien  the 
throttle  valve  is  closed,  the 
pressure  from  the  steam 
chest  is  removed  and  the 
spring  opens  the  valve  to 
allow  the  water  to  escape 
from  the  cylinder. 


I  Union,   Codd    Double- Bronze   Seated 

I      The  Codd  Tank  and  Specialty  Co.,   406  W.   Camden   St.,  Balti- 

1  more,   Md. 

I  "Power" 


This  malleable-iron  pipe  union  is 
made  with  two  bronze  seats.  One 
seat  is  fitted  in  the  main  body  of 
the  union  and  the  other  is  in  the 
nut,  thus  giving  a  double  security 
against  leakage.  The  two  bronze 
seats  are  compressed  into  recesses, 
as  shown. 


Regulator,   Improved  Copes 

Northern  Equipment  Co.,  Erie,  Penn 
"Power" 


The  new  control  valve  used  with 
the  Copes  regulator  has  abandoned 
the  reciprocating  stufRng-box  and 
in  its  place  is  a  horizontal  shaft 
which  rotates  slightly,  the  fric- 
tional  resistance  having  been  re- 
duced as  much  as  6  to  IG  lb.  The 
valve  is  of  the  balance  type,  and 
the  weight  of  the  valve  lever  exerts 
a  constant  closing  force  of  50  lb. 
on  the  valve  piston.  A  weight  is 
used  instead  of  a  spring.  The 
thermostat  tubing  is  hollow,  the 
water  level  corresponding  to  that 
i  1  the  boiler  acts  on  the  tempera- 
ture of  the  rod,  thus  lengthening 
and  shortening  the  tube  as  the 
water  rises  and  falls,  the  expan- 
.sion  .Tctuating  a  control  valve. 


Valve,   Nordstrom    Lubricated   Plug 
Merrill  Metallurgical  Co.,  121  Second  St.,  San  Frajicisco,  Calif. 
"Power" 


I  The  special  feature  of  this  valve  is  that 
'  it  is  lubricated,  the  lubricant  beirig  placed 
1  at  the  top  of  the  plug.  It  is  forced  out 
I  through  the  grease  ducts  by  the  lubricating 
I  screw  shown  in  the  center  of  the  plug 
'  head.  As  the  grease  is  forced  out  of  the 
I  grease  ducts,  it  is  also  forced  into  the 
I  grease  chamber  at  the  bottom  and  the 
I  plug  is  thus  lubricated. 


Patented  Aug.  20.  1Q18 


February  17,  1920 
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Sierra  and  San  Francisco  Properties 
Leased 

The  California  Railroad  Commission  has  approved  the  lease 
by  the  Sierra  &  San  Francisco  Power  Co.  of  its  properties  to 
the  Pacific  Gas  and  Electric  Co.  The  lease  is  to  run  for  a 
period  of  15  years,  dating  from  Jan.  1,  1920.  In  addition  to 
paying  all  taxes  and  governmental  charges,  providing  for 
special  funds  created  by  the  lease  and  setting  aside  2  per  cent 
of  the  gross  revenues  received  from  the  leased  properties  for 
depreciation,  the  gas  company  is  to  pay  a  rental  of  $50,000  a 
year  for  two  years,  $100,000  for  the  third  and  $150,000  for 
each  of  the  remaining  years  of  the  lease. 

Pointing  out  that  for  nearly  two  years  the  Sierra  &  San 
Francisco  Power  Co.  has  been  unable  to  sell  its  bonds  and 
thus  handicapped  has  not  been  able  to  install  very  necessary 
power  plants  and  transmission  lines.  Commissioner  Irving 
Martin,  who  wrote  the  opinion  accompanying  the  order  of 
approval,  calls  attention  to  service  improvements  that  will 
follow  as  a  result  of  the  lease.     He  says : 

"Considerable  preliminary  work  has  been  done  toward  tlic 
installation  of  the  so-called  Spring  Gnp  plant  on  the  Stanislaus 
River.  Material  has  been  ordered  for  a  second  transmission 
circuit  from  Port  Marion  to  Salinas  in  order  to  improve  the 
service  conditions  in  Salinas  and  other  territory  served  by 
the  Coast  Valleys  Gas  and  Electric  Co.,  which  buys  its  energy 
from  the  Sierra  company.  Material  has  been  ordered  to 
strengthen  the  line  from  Manteca  to  Modesto,  thence  inter- 
connecting from  Modesto  to  Newman,  with  provisions  for  an 
additional  line  to  Turlock.  Work  has  already  been  started  by 
the  Sierra  company  on  an  additional  pipe  line  to  its  Stanislaus 
plant.  The  estimated  cost  of  these  projects  is  in  excess  of 
$1,000,000." 

The  Sierra  &  San  Francisco  Power  Co.  sells  and  distributes 
water  in  Tuolumne  County  and  electric  energy  in  the  "Mother 
Lode"  district  of  Tuolumne  and  Calaveras  counties;  in  Stanis- 
laus, San  Joaquin,  Contra  Costa,  Alameda,  Santa  Clara,  San 
Benito  and  Monterey  counties  and  the  City  of  San  Francisco. 
It  supplies  power  to  the  United  Railroads  of  San  Francisco;  62 
per  cent  of  its  earnings  form  the  sale  of  electricity  coming 
from   the   street-railroad   company. 

Sampling  Atmosphere  by  Airplane 

In  the  investigation  of  the  atmospheric  conditions  and  the 
smoke  problems  of  Salt  Lake  City  progress  is  reported  by 
Osborn    Monnett,    who    has    had    direct    charge    of    the    work. 


FIG.   1. 


FIELD    EQUIPMENT    FOP.    SO2    DETERMINATION    IN 
ATMOSPHERE 


The  fuel  survey,  begun  in  September,  has  been  completed, 
together  with  Ringelmann  chart  readings  of  the  various 
classes  of  plants  giving  out  smoke.  Laboratory  experiments 
with  household  equipment  have  been  carried  on  throughout 
the  winter.  The  information  obtained  therefrom  is  to  be 
used  in  personal  instruction  of  householders  in  the  operation 
of  their  furnaces.  A  house-to-house  canvass  of  the  city  has 
been  made  by  the  Boy  Scouts  in  cooperation  with  the  Fed- 
erated Women's  Clubs,  and  the  number  of  diflferent  types  of 
heating  equipment  used  in  the  city  is  being  tabulated  to 
facilitate    the    work    of    instruction. 


In  connection  with  the  examination  of  the  atmosphere  with 
respect  to  the  influence  of  the  smelter  gases,  the  airplane  has 
been  used.  This  is  the  first  time  on  record  where  the  heavier- 
than-air  machine  has  been  used  for  this  purpose.  Samples 
are  collected  at  the  3,600- ft.,  2,200-ft.  and  1,000-ft.  levels,  and 
these,  in  connection  with  samples  taken  on  the  roofs  of  the 
buildings  and  at  the  street  level,  will  give  determinations  at 
the  various  levels  affecting  the   situation. 

J.  J.  McKetteridge,  an  engineer  from  the  United  States 
Hureau  of  Mines  Station  at  Minneapolis,  has  been  temporarily 


FIG.   2. 


CHEMIST   WITH    FIELD   KIT    READY    TO   TAKE 
SA.MPLES  AT  HIGHER   LEVELS 


transferred  to  the  Salt  Lake  Station.  He  is  an  expert  do- 
mestic boiler  and  furnace  man  and  will  be  used  to  organize  the 
work  of  personal  instruction  to  owners  of  domestic  equipment. 
During  the  month  of  February  engineers  of  the  Salt  Lake 
.Station  are  conducting  a  campaign  of  demonstration  of  smoke- 
abatement   possibilities   in    large   heating   plants. 

Future  Organization  for  ^"^Welfare" 
Activities  of"  Engineering  Societies 

By  whom  and  how  shall  the  "lA^elfare"  activities  of  Amer- 
ican engineers  be  conducted  henceforth?  This  question  has 
been  much  debated.  For  several  months  the  report  of  the 
Joint  Conference  Committee  of  the  Founder  Societies  (Civil, 
Mining,  Mechanical,  Electrical)  has  been  before  the  societies 
as  the  answer.  Decision  will  vitally  affect  the  Engineering 
Council. 

The  Engineering  Council  at  its  meeting  Oct.  16,  1919,  re- 
ceived the  Joint  Conference  report,  and  voted  unanimously 
that  Council  indorses  the  general  plan  for  a  national  Engi- 
neering Council  as  therein  outlined.  Nevertheless,  the  Council 
as  now  constituted  must  "carry  the  torch"  until  taken  by  the 
next  runner.  The  torch  must  be  kept  burning.  The  Council, 
in  the  desire  to  further  the  interests  of  engineers  and  to 
remove  difficulties  in  its  own  operations,  invited  the  governing 
bodies  of  its  member  societies  to  a  conference.  Members  of 
the  Joint  Conference  Committee  and  the  Trustees  of  United 
Engineering  Society  also  were  invited. 

This  conference  met  in  Engineering  Societies  Building,  New- 
York,  Jan.  23,  from  ten  in  the  morning  until  five  in  the  after- 
noon. It  was  the  first  time  that  the  members  of  the  governing 
bodies  of  these  national  societies  had  been  brought  together. 
It  was  an  educative  and  otherwise  profitable  meeting.  Its  dis- 
cussions were  made  effective  in  the  resolutions  copied  below, 
it  being  understood  that  these  actions  were  in  the  nature  of 
recommendations   to   the   societies. 

Resolved,  That  the  amount  contributed  for  Engineering 
Council  by  each  founder  society  shall  be  $5,000  for  the  year 
1920,  in  place  of  $3,000  as  now  provided,  and  by  the  American 
Society   for  Testing  Materials,  $1,000,  instead  of  $600. 

IVhereas,  The  American  Society  of  Mechanical  Engineers 
and  the  American  Institute  of  Electrical  Engineers  have 
adopted  in  principle  the  essential  recommendations  contained 
in  the  report  of  the  Joint  Conference  Committee  of  the  four 
founder   societies;   and 

IVhereas,  It  appears  probable  that  the  other  founder  societies 
will  shortly  also  adopt  the  principles  of  this  report;  and 

IVhereas.   It    would   be   most   unfortunate   to   permit    certain 
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welfare  measures  of  importance  alike  to  engineers  and  to  the 
public,  to  be  interrupted  through  lack  of  necessary  immediate 
financial    support ;    be   it 

Resolved,  By  this  joint  conference  of  the  governing  bodies 
of  the  American  Society  of  Civil  Engineers,  the  American 
Institute  of  Mining  and  Metallurgical  Engineers,  the  American 
Society  of  Mechanical  Engineers,  the  American  Institute  of 
Electrical  Engineers,  and  the  American  Society  for  Testing 
Materials  that  appeals  for  cr.rributions  of  $2  per  person  for 
the  support  of  such  wek'are  work  during  the  interval  before 
the  recommendations  of  the  Joint  Conference  Committee  shall 
have  been  made  effective,  be  sent  at  their  discretion  by  the 
governing  boards  of  the  societies  represented  at  this  confer- 
ence, to  members  of  all  grades,  except  juniors  and  student 
members ;  and  be  it  further 

Resolved,  That  the  appeal  make  clear  the  fact  that  unless 
engineers  lend  financial  support  immediately,  the  public  wel- 
fare work  of  engineers  will  be  seriously  discredited;  and  be 
it  further 

Resolved,  That  if  the  amount  received  by  each  society  in 
response  to  the  appeal  be  in  excess  of  its  appropriation  voted 
for  Engineering  Council,  such  excess  shall  be  appropriated  by 
each  society  to  Engineering  Council  or  its  successor. 

Whereas,  This  Conference  of  national  engineering  societies 
has  considered  the  recommendations  of  the  Joint  Conference 
Committee  of  the  four  Founder  Societies;  therefore,  be  it 

Resolved,  That  the  Conference  adopts  in  principle  that  re- 
port and  requests  the  Joint  Conference  Committee  to  call, 
without  delay,  a  conference  of  representatives  of  national, 
local,  state  and  regional  engineering  organizations  to  bring 
into  existence  the  comprehensive  organization  proposed. 

Voted:  That  if  this  Conference  be  called  together  again,  it 
be  called  for  a  meeting  in  Chicago  on  Apr.  20. 

WiUful  Waste  Makes  Woeful  Want 

There  has  been  a  fire  burning  on  the  waterfront  of  the 
Hastings  Mills  on  Burrard  Inlet  for  twenty-five  years.  Through 
rain  and  storm  and  winter  and  summer  the  flames  burn 
brightly  and  the  black  smoke  rises.  Ever  since  the  mills 
started  there  has  been  this  bonfire,  fed  by  the  endless  sawdust 
carriers.  Hundreds  of  tons  of  wooden  particles  have  been 
burned  at  this  plant  alone.  At  other  mills  throughout  the 
province  the  sawdust  is  treated  in  the  same  way.  As  sawdust 
has  a  low  commercial  value  and  no  one  mill  produces  enough 
of  the  material  to  make  a  paying  proposition  of  preparing  it 
for  various  marketable  uses,  it  has  been  allowed  to  go  to 
waste  for  many  years.  It  is  thought  now,  however,  that  with 
many  mills  operating  within  a  reasonably  small  radius  there 
is  enough  being  produced  to  make  a  sawdust-handling  plant  a 
good  investment.  It  can  be  pressed  into  bricks  or  manufac- 
tured into  dyes  or  other  chemical  properties  extracted.  The 
matter  is  being  investigated  by  capitalists,  and  it  is  entirely 
probable  that  some  steps  will  be  taken  this  coming  spring  or 
summer  to  make  use  of  sawdust  waste  from  British  Columbia 
mills. 

World's  Production  of  Petroleum 


—Production,   1918 • 

Per 
Metric  cent 
tons        of  total 


Barrels  of 
42  gallons 


Country 
United 

States.. 355,927,716  47,457,029 

Mexico     ..  63,828,327  9,306,289 

Russia    ...  40,456,182  5,520,066 
Dutch  East 

Indies  a.    13,284,936  1,836,914 

Rumania    .      8,730,235  1,214,219 

India    ...   b  8,000,000  1,066,667 


Persia 
Galicia  ... 
Peru  . . . . 
Japan  and 
Formosa 
Trinidad  . 
Egypt  ... 
Argentina. 
Germany. . 
Canada  . . 
Venezusla. 

Italy 

Cuba  

Other 
countries 


7,200,000  bl, 000, 000 
5,591,620        777,640 
c  2,536,102        338,147 


2,449,069 

2,082,068 

2,079,750 

1,321,315 

711,260  b 

304,741 

190,080 

35,953  b 


326,543 

289,578 

277,300 

192,612 

100,000 

40,632 

26,400 

5,000 


69.15  4, 
12.40 
7.86  1, 

2.58 
1.70 
1.5"; 
1.40 
1.09 
.49 

.48 
.40 
.40 
.26 
.14 
.06 
I      .04 


^Total   production,    1857-1918^ 
Per 
Barrels  of  Metric        cent 

42  gallons  tons       of  total 

608,571,719  614,476,230  61.42 
285,182,489  42,564,549  3.80 
873,039,199      247,856,218     24.96 


188,388,513 
151  408,411 
106,162,365 

14,056,063 
154,051,273 

24,414,387 

38.498,247 

7,432,391 

4,848,436 

4,296,093 

16,664,121 

24.425.770 

317,823 

973,671 

19,167 

397,000 


25,465,114 
21,058,193 
14,154,982 

2,952,231 
21,424,303 

3,255,251 

5,133,100 
1,033,712 
646.458 
617,176 
2,254,974 
3,256,769 
44,142  1 
138.588  I 
2,662  )■ 

55,139] 


2.51 
2.02 
1.41 
19 
2.05 
.33 

.51 
.10 
.07 
.06 
.22 
.33 


.02 


514,729,354  69,975,036  100.00  7,503,147,138  1,006,389,791   100.00 


Tests  on  Slag  Wool    for  Steam-Pipe 
Covering* 

In  these  tests  dry  steam  is  admitted  to  a  4-in.  steam  pipe 
of  outside  diameter  4.47  in.  and  length  13  ft.  S%  in.  between 
the  insides  of  the  flanges.  The  pipe  is  set  nearly  horizontal,  a 
slight  fall  being  given  toward  the  outlet  end  to  facilitate  the 
draining  off  of  the  condensed  steam.  Steam  is  admitted  at 
the  upper  end  through  a  gravity  separator  to  insure  the  sup- 
ply of  dry  steam.  The  condensed  steam  is  collected  in  a 
down  tube  at  the  lower  end  of  the  pipe  and  the  level  of  water 
in  this  collecting  pipe  is  shown  by  a  gage-glass.  During  the 
test  the  water  is  maintained  at  constant  level  by  adjusting  the 
drain  cock.  The  water  is  passed  through  a  cooling  coil  before 
passing  out  into  the  open  air  in  order  to  prevent  reevaporation 
on  reduction  of  the  pressure.  To  allow  for  the  condensation 
due  to  the  flanges,  the  test  pipe  is  removed,  and  a  pair  of 
similar  flanges,  with  a  very  short  length  of  pipe,  is  put  between 
the  ends  of  the  apparatus.  The  amount  of  condensation  ob- 
tained under  these  conditions  is  subtracted  from  the  amount 
obtained  with  the  test  pipe  in  place.  After  a  preliminary  heat- 
ing of  some  hours,  says  The  Engineer,  the  pressure  of  steam 
is  kept  as  constant  as  possible  and  observations  taken  for  one 
hour.  Two  such  one-hour  runs  with  the  pipe  bare  and  cov- 
ered respectively  constitute  a  test.  The  observations  taken 
during  each  hour  include  (1)  the  temperature  of  the  steam 
at  the  inlet  to  the  test  pipe;  (2)  the  air  temperature  at  two 
positions,  about  4  ft.  from  the  pipe;  (3)  the  temperature  of 
the  outside  of  the  cover;   (4)  the  weight  of  steam  condensed. 

Tests  were  made  with  two  different  thicknesses  of  slag  wool 
covering  held  to  the  pipe  by  metal  sheets,  having  distance 
pieces  to  fix  the  thickness  of  the  cover.  In  each  case  the 
length  of  cover  and  area  of  pipe  covered  was  13.69  ft.  and 
16.02  sq.ft.  respectively.  The  details  of  the  covers  are  as 
follows : 

Cover  No.  1  Cover  No.  2 

Nominal    thickness    2  in.  1  in. 

Weight  per  foot  run 7.99  lb.  4.04  lb. 

Weight   per   square   foot 6.83  1b.  3.46  1b. 

The  difference  between  the  net  loss  from  the  covered  pipe 
and  the  bare  pipe  gives  the  heat  saved  per  hour  and  the 
efficiency  of  the  cover  is  taken  as  the  ratio  of  this  to  the  net 
bare  pipe  loss.  The  heat  loss  per  square. foot  per  hour  per 
degree  difference  of  temperature  between  the  steam  and  the 
outside  air  is  nearly  constant  for  medium  and  low  pressures 
of  steam,  but  generally  rises  for  high  pressure;  it  is,  however, 
the  most  convenient  number  for  calculation  of  the  loss  under 
different  conditions,  so  long  as  the  conditions  are  not  greatly 
different  from  those  of  the  test.  It  may  be  noted  that  there 
is  no  flow  of  steam  through  the  test  pipe,  except  a  very  small 
amount  due  to  the  condensation.  Hence  in  practice,  where 
there  is  flow,  the  quantity  of  heat  lost  for  the  same  difference 
of  temperature  between  steam  and  air  would  not  be  the  same 
as  in  the  test  pipe,  but  this  will  not  materially  affect  tlie 
efficiency  figure,  since  this  is  the  ratio  of  two  tests  under 
nearly  identical  conditions.  In  the  results  given  below,  the 
gage  pressure  is  the  pressure  corresponding  to  the  steam  tem- 
perature less  the  atmospheric  pressure.  The  results  for  the 
bare  and  covered  pipe  are  indicated  at  A  and  B,  and  the 
difference  between   these  results  is   shown   at   C. 

Test  Test  Test 

Cover    No.     1                                                     No.  1  No.  2  No.  3 

Gage   pressure,    lb.    per   sq.    in 54.1  107.8  258.9 

Temperature   of  steam,   deg.    F 301.5  342.5  408.9 

Temperature  of  air,   deg.   F 67.3  67.4  62.2 

Temperature  of  cover,  deg.  F. 81.0  88.4  87.8 

Difference  between  steam   and  air   tempera- 
ture        234.2  275.1  346.7 

Loss  per   sr'uare   foot   per  hour  per]          A       2.843  3.043  3.755 

deg.     difference     of     temperature  >          B       0.235  0.257  0.281 

deg.   F..   B.t.u J           C       2.608  2.786  3.474 

Saving  of  bare  pipe  loss,  per  cent 91.8  91.6  92. S 

Test  Test  Test 

Cover   No.    2                                                      No.  1  No.  2  No.  3 

Gage  pressure,  lb.  per  sq.   in 53.9  109.2  256.3 

Temperature    of    steam,    deg.    F 301.3  343.5  408.0 

Temperature    of    air,    deg.    F 64.4  66.2                72.8 

Temperature  of  cover,  deg.  F 98.9  99.8  112.8 

Difference  between  steam  and  air  tempera- 
ture         236.9  277.3  335.2 

Loss  per  square   foot   per   hour  per  1          A       2.854  3.056              3.601 

deg.     difference     of     temperature  >■          B       0.431  0.463              0.525 

deg.   F.,  B.t.u J          C       2.423  2.593             3.076 

Saving  of  bare  pipe  loss,  per  cent 84.9  84.9               PS.5 


(a)    Includes   British    Borneo,      (b)    Estimated,      (c)    Estimated   in   part.  'Abstract   of  National   Physical   Laboratory  Report,  Apr.   26,    1919. 
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Hydro-Electric  Development  Will  Utilize 
l,900.Foot  Fall  of  Water 

In  a  recent  address  before  the  Stockton  Rotary  Club,  Samuel 
Kahn,  vice  president  and  general  manager  of  the  Western 
States  Gas  and  Electric  Co.,  referred  to  the  additional  30,000-hp. 
hydro-electric  development  planned  by  his  company.  The  new 
developments,  which  are  located  on  the  south  fork  of  the 
American  River,  a  few  miles  above  the  company's  present 
hydro-electric  development,  include  the  construction  of  a  reser- 
voir for  impounding  waters  in  the  Twin  Lakes,  Echo  and  Med- 
ley lakes  at  the  headwaters  of  the  south  fork  of  the  river. 

As  small  dams  were  in  existence  at  Silver  Lake  and  Echo 
Lake,  no  further  work  was  done  at  these  points,  but  in  the 
summer  of  1917  construction  was  begun  on  an  earth-filled 
dam  with  a  concrete  core  wall  at  Twin  Lakes,  which  was 
completed  in  1918.  This  dam  at  the  present  time  is  only  8  ft. 
high,  but  eventually  will  be  built  to  a  height  of  60  ft.  In  the 
summer  and  early  fall  of  1917  a  rubble  stone  masonry  dam  was 
also  completed  at  Medley  Lakes.  During  the  years  1918  and 
1919  the  surveys  were  still  in  progress  and  will  probably  be 
completed  the  early  part  of  1920. 

A  connecting  ditch  originally  constructed  for  a  capacity  flow 
of  80  cu.ft.  per  sec.  will  be  enlarged  to  carry  250  or  300  cu.ft. 
per  sec.  Furthermore,  it  may  be  lined  with  pre-cast  concrete 
slabs  to  reduce  friction  losses  and  to  minimize  ice  troubles, 
as  during  midwinter  there  are  periods  when  the  ditch  freezes. 

After  the  water  flows  down  the  ditch  for  a  distance  of  24H 
miles,  it  will  reach  a  proposed  forebay  and  the  waters  from 


this  forebay  will  be  conducted  through  a  high-pressure  pipe 
line  about  2j/2  miles  in  length,  which  will  terminate  in  the 
south  fork  of  the  American  River  in  the  vicinity  of  Long 
Canyon.  The  difference  in  elevation  between  the  proposed 
forebay  and  the  proposed  plant  is  1,900  ft.,  which  will  make  it 
one  of  the  high-head  developments  of  the  country  and,  in 
fact,  of  the  world.  The  pipe  line  will  be  constructed  of  wood 
and  steel ;  that  is  to  say,  the  upper  end  of  the  pipe  line,  where 
the  pressure  is  relatively  small,  will  be  constructed  of  red- 
wood staves,  which  have  been  found  to  be  excellent  for  such 
purposes.  The  lower  end  of  the  pipe  will  be  built  of  steel 
of  varying  thicknesses,  the  heaviest  pipe,  of  course,  being  at 
the  bottom  of  the  canyon.  As  a  matter  of  fact,  the  lower 
sections  of  the  pipe  will  have  to  be  constructed  of  the  highest- 
grade  steel  and  lap-Welded  to  withstand  a  working  pressure 
of  800  lb. 

After  the  water  passes  through  the  proposed  hydraulic  plant, 
it  will  again  flow  down  the  American  River  several  miles  until 
it  reaches  the  present  dam  and  diversion,  where  it  will  be 
picked  up  again  and  used  in  the  present  plant.  After  the 
water  has  passed  this  plant,  it  will  be  used  farther  down  stream 
again  for  irrigation  and  domestic  purposes. 

It  is  reported  that  there  are  thirteen  sources  of  water  power 
in  Ceylon,  which  if  developed  would  generate  approximately 
500,000  hp.  Since  the  present  demand  for  power  is  only  60,000 
to  70,000  hp.,  it  has  been  decided  that  only  the  Laxapana  and 
Dickoya  Rivers  be  exploited,  as  they  would  supply  about 
200,000  hp. — London  Electrical  Review. 


New  Publications 


THE   COAL   CONSUMPTION  OF   POWER 
PLANTS    AND    BONUSES    FOR    COAL 
SAVING.     By  Robert  H.  Parsons.     Pub- 
lished by  the  Electrical  Jleview,  London, 
England.       Pamphlet:     81/2x51^     in.       23 
pages.     Price  1  shilling. 
The   author  sets   forth   some   methods   of 
establishing     and     utilizing     standards     of 
power-plant       efficiency       and       describes 
bonuses    for   power-plant    employees.      The 
reader  will  perhaps  get  an  idea  of  what  the 
booklet  contains  by  being  advised  that  its 
contents    is    made    up    of    text    and    charts 
like  those  in  the  paper  by  R.  J.   S.  Pigott, 
"Graphic    Analysis    of    Power    Plant    Per- 
formance,"   before    the    American    Society 
of  Mechanical  Engineers  a  few  years  ago, 
though  not  as  complete  or  detailed  as  Mr. 
Pigott' s  paper. 


Obituary 


Pierrepont  Bigelow,  who  succeeded  his 
father,  Col.  F.  L.  Bigelow,  when  the  latter 
died  a  couple  of  years  ago,  as  treasurer  of 
the  Bigelow  Co.,  New  Haven,  Conn.,  died 
suddenly  of  pneumonia  on  Jan  28.  Mr. 
Bigelow  was  32  years  old.  He  was  a  grad- 
uate of  Sheffield  Scientific  School,  a  man 
of  sterling-  qualities  and  high  Ideals,  and 
had  a  good  mechanical  mind. 

E.  Fred  Wood,  formerly  vice-president 
of  the  International  Nickel  Co.,  died  sud- 
denly at  New  York  City  on  Jan.  5.  Mr. 
Wood  was  bom  in  Milwaukee  on  Aug.  28, 
1858.  He  was  educated  in  the  public 
schools  of  his  native  city  4ind  later  entered 
the  University  of  Michigan,  from  which  he 
was  graduated.  After  leaving  college  he  de- 
voted himself  to  the  study  of  metallurgy 
and  in  connection  with  his  studies  made 
extensive  trips  through  the  various  mining 
camps  of  the  West  and  lived  for  a  year  at 
Leadville  and  other  mining  towns,  where 
he  pursued  his  studies  and  obtained  his 
practical  experience.  He  later  entered  the 
employ  of  the  Carnegie  Steel  Co.  and  rap- 
Idly  rose  to  the  position  of  assistant  gen- 
eral superintendent  of  the  Homestead 
plant,  which  position  he  filled  for  a  number 
of  years.  During  the  period  of  the  big 
strike  at  the  plant,  when  Mr.  Frick  was 
shot,  Mr.  Wood  was  in  entire  charge  of  the 
plant.  He  was  looked  upon  by  Mr.  Car- 
negie and  his  associates  as  one  of  the  val- 
uable men  of  the  organization  and  was  one 
of  the  so-called  "Carnegie  Veteran  Asso- 
ciates." He  was  invited  to  join  the  Inter- 
national Nickel  Co.  upon  its  organization, 
becoming  first  vice-president  of  the  com- 
pany and  a  member  of  the  board  of  di- 
rectors and  of  its  executive  committee.  He 
W.1.S  an   important  factor  in  developing  the 


mining,  smelting  and  refining  business  of 
the  company.  When  the  United  States 
entered  the  world  war  Mr.  Wood  resigned 
his  official  connection  with  the  nickel  com- 
pany to  devote  himself  to  public  work,  and 
became  a  member  of  the  Committee  on 
Production  of  the  War  Industries  Board. 
He  served  on  this  board  during  the  entire 
period  of  the  war  without  compensation 
and  his  work  was  fine  and  of  inestimable 
value  and  won  the  admiration  and  com- 
mendation of  those  who  were  brought  into 
contact  with  it.  He  was  a  member  of  the 
University  of  Michigan  Club,  the  Automo- 
bile Club,  the  New  York  Athletic  Club,  the 
Society  for  Electro-Chemical  Engineers,  and 
the  Railroad  Club.  He  is  survived  by  his 
widow  and  one  daughter. 


Personals 


C.  H.  Gustafson,  formerly  with  the  St. 
Louis  &  San  Francisco  R.  R.  at  Spring- 
field, Mo.,  is  now  superintendent  of  motive 
power  for  the  W^ichita  Falls,  Ranger  & 
Fort  Worth  Railroad. 

A.  S.  Winter,  formerly  advertising  and 
sales  manager  for  the  Wm.  Powell  Co.,  has 
joined  the  sales  force  of  the  Fairbanks 
Co.,  of  Pittsburgh,  Penn.,  and  will  repre- 
sent the  company  in  southern  Ohio. 

J.  G.  Miles  has  been  appointed  supply 
division  manager  of  the  Westinghouse 
Electric  and  Manufacturing  Co.'s  Seattle 
office,  to  succeed  C.  V.  Aspinwall,  now  the 
company's  representative  at  Spokane, 
Wash. 

D.  D.  Tripp,  vice  president  of  the  Pioneer 
Rubber  Mills,  San  Francisco,  has  ieft  for 
an  extended  trip  through  the  Orient,  to  he 
gone  six  or  eight  months,  to  study  the 
great  possibilities  for  sales  development  in 
the  East. 

Hjalmar  E.  Skougor,  who  has  been  con- 
nected with  Guggenheim  Bros.,  Chile  Ex- 
ploration Co.  and  Braden  Copper  Co.  for 
the  last  seven  years  as  designing  engineer, 
has  severed  his  connection  with  these 
companies  to  return  to  private  practice  as 
consulting  industrial  engineer,  with  offices 
at   120   Broad-nay,   New  Ycrk  City. 

A.  M.  Quick,  of  Baltimore,  Md.,  and 
Howard  P.  Quick,  of  New  York  City,  con- 
sulting hydraulic  power-plant  engineers, 
are  associated  in  the  design  and  construc- 
tion of  a  hydro-electric  plant  on  the  Shen- 
andoah River,  near  Front  Royal.  Va.,  in 
connection  with  some  industrial  plants 
which  have  been  under  way  for  a  year  or 
more,  having  received  special  war  grants 
for  this  work. 

Lewis  E.  Ashbaugh,  hydraulic  engineer 
with  the  J.  G.  ^Vhito  companies  and  clients 


for  the  past  twelve  years,  is  now  sales 
engineer  at  the  New  York  office  of  John 
R.  Proctor,  :nc.,  of  Bayonne,  N.  J.,  in 
charge  of  fuel-oil  installations  and  other 
electrical  equipment  for  power  and  light- 
ing purposes. 

Paul  Wunderlich,  consulting  industrial 
engineer,  will  leave  shortly  for  Japan  as 
mechanical  engineer  for  the  George  A. 
Fuller  Co.  He  is  endeavoring  to  get  up  a 
complete  catalog  and  data  file  of  mechan- 
ical, electrical  and  sanitary  equipment,  and 
will  appreciate  literature  of  this  kind  sent 
to  him  in  duplicate,  in  care  of  the  Geo.  A. 
Fuller  Co.,  Flatiron  Building,  New  York 
City. 

Aubrey  G.  Haven,  Brooklyn,  N.  Y.,  has 
been  appointed  real  estate  engineer  in 
charge  of  the  valuation  of  right  of  way 
and  real  estate  for  the  Gulf,  Mobile  & 
Northern  R.  R.  Mr.  Haven  was  for  over 
five  years  with  the  Interstate  Commerce 
Commission  engaged  on  land  valuations, 
and  prior  thereto  was  engaged  on  real 
estate  appraisals  for  numerous  other  rail- 
loads. 


Engineering  Afifairs 


The  American  Society  of  Mechanical 
Engineers,  St.  Louis  Section,  will  hold  a 
meeting  on  Mar  19.  at  which  P.  E.  Irvine 
will  alk  on  the  "New  Bv-Product  Coke 
Plant  at  Granite   City." 

The  Engineers'  Club  of  Philadelphia  will 
hold  a  special  meeting  on  Feb.  28.  at  which 
will  be  presented  a  "Report  of  Joint  Con- 
ference of  Committee  on  Development  of 
the  Four  Founder  Societies." 

The  American  Society  of  Mechanical 
Engineers,  Buffalo  Section  will  hold  a 
meeting  under  the  auspices  of  the  En- 
gineering Society  of  Buffalo  on  Feb.  24. 
A.  L.  De  Leeuw  wU  speak  on  the  subject 
of   "Wage  Payments." 

The  Indiana  Engineering  Society,  at  the 
annual  convention  held  In  January  elected 
the  following  officers:  President.  W.  T. 
Titus,  Indianapolis:  vice  president,  O.  C. 
Ross,  Indianapolis:  secretary,  Charles 
Brossman,  Indianapolis;  trustees:  D.  D. 
Ewing.  LaFayette:  A.  P.  Melton,  Gar>-: 
.T'^hn  W.  Fulwider.  Lebanon:  Frank  C. 
W-igner.  Terre  Haute:  Edwin  S.  Pearse, 
Indianapolis. 


Business  Items 


The  Tacony  Steel  Co.  is  opening  a  Chi- 
cago sales  office  in  the  ^Marquette  Build- 
incr.  with  Frank  B.  Hillwick,  until  recently 
with  the  Crucible  Steel  Co.,  as  district 
s.Tlf>s   manager. 
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,„„ , ,„ „„„ ,„„„„„MM.,mNi,m„ „Mm„M„m,.,„„.-  jng  ketUc,   1  comljiiia t ioH  40  hp.  boiler  with 

^.i.. '"""' "' ' ""' ' ""' ' '""=      =                                                           .                        I  25  hp.  engine  and  one  5  ton  tendem  steam 

1                                                                                   I      i                 New  Construction                l  or  motor   roller.     Bidders  asked  for  prices 

I          rrii-Ti?    /^rfcAT     IVfAWK'TTT          =      I                                                                                   I  with  or  without  approved  air  lift  and  run- 

1  ^^THt.    CUAL    iVlAKIV.Ii.1           I      = „„„ , "■■""" """  ning  trucks  for  any  and  all  of  said  equip- 

I                                                       J                                PROPOSED   WORK  "^'^"^• 

* '"" """ ' ' ' '"" ' ' ' ' "'""    "                                           ^     .      X-   .J       /c       „r,f:^\A  Pa.,  Philadelphia— Meubauer  &  Supourtz. 

BOSTON-Current    prices   i.er   gross   ton    f.o.b.    New         Mass.,       West      Springfield       (SprmgTieia  ^     hts.,   929  Chestnut  St..   will  soon  award 

York  lading' ports:                                                            P.    0.)-McChntock    &  ^'-^^^^'flf^rchts     and  contract    for    the    construction    of    a    1 

Enp-rs.,   33   Lyman  St.,   Springfield,  will  re-  g^^         93  x  100  and  36  x  115  ft.   garage  on 

Anthracite                                        ceive  bids  for  the  construction  of  a  1  story  Rpifipi^j   Ayg    and  Broad  St.,  for  the  Cross- 

'ToT^        power  house  on  Cold  Springs  Ave.,  for  the  fo^^^Va  Realty  Co      A  steam  heating  system, 

„  „                                                     $8.20(g$8.65     Gilbert  &   Barker  Mfg.   Co.  pumps  and  tanks  will  be  installed  in  same. 

|^;^p;;:;;;;::::::::::::::..........|^5|9.05     ^^^^^   Hartford-Bryant  &  chapman.  Total  estimated  cost.  $35,000. 

Pea.   '...■.■.■.■.■.'.■.'.■•'::::: lililil     Woodland    St..    plan    to   construct   a    power  phlladelphla-Stewartson     &    Page, 

Buckwheat    llol  250     Plant.     C.  N.  Flagg  &  Co..  State  St..  Mer-  j^^.^Yits      318   Walnut  St..   will   soon  receive 

g"=^    ;■.■.:;■.:  1.25       '         iden,  Engrs.  t^i^s  foj.  the  construction  of  a  4  story  addi- 

"""^^    .            ^,-,,.      ■     1,      ■„  tion  to  hospital  for  the  Children's  Hospital, 

Bituminous                                           Conn.,    Hartford-A.    Goldstein   is   having  [fl  '°nd    Sw^ter    Sts.      A    new    power 

preliminary    plans    prepared    for    the    con-  ^     installed  in  same.     Total  es- 

Cambriasand     gtruction  of  a  2  story,   101  x  119  ft.   garage  P/^'^'j  ' ^    '^^^     $100,000.      Noted  Aug.    26. 

Ciearfieids     Somersets       q^    Maple    Ave.      A   steam    heating   system  '^imatea   cubt.    ^,±uu,uuv. 

F.    0.    b.    mines    net   tons    ..$2.85@$3.35  $3.15@$3.60     ^^ju  t,e  installed  in  same.     Total  estimated  p          Scranton— The     Scranton     Gas     & 

^■°oi-  ^-I'Jv^YoVf  Vs^tons  ."  5:4oi  HI    f:?!!  lit     cost    $100,000.     F.   Walz.   348  TrumbuU  St..  ^-j^   ^^^    ,,5    Wyoming   Ave.,    will    soon 

Alongside  Bostoi  (water  coal).         ^  _.    „  ,„^  „  „„     Archt.  award    the    contract    for    the    construction 

CTOss    tons      7.00@  7.75     7.60@  8.C0                                                                             ,      ,     -r^,      ^    .  of  a   S   storv    80  X  100  ft.   ofRce  building.     A 

pocahonlas   and   New   River   ^^e   practically   off   the         conn..    Hartford-The    Hartford    Electric  of  ^^   heating  system   will   be   installed   in 

market    for    coastwise    shipment,    but    are    Quoted    at     ^ight  Co.,  Pearl  St..  plans  to  build  a  power  ^^eam    neat     |stimated  cost,  about  $200,000. 

56.25@$7.00.                                                                        plant   at    South   Meadows.      E.    F.    Lawton,  if^™!'^,.^  h.  Davis  and  George  M.  D.  Lewis. 

NEW    YORK— Current    quotations.    White    Ash,    per      Genl.    Mgr.  Union   Natl.    Bank   Bldg..   Archts. 
gross  tons,    f.o.b.    Tidewater,   at  the  lower  ports  are  as                                                     _     ,,     ^,             t^             007 

follows:                                                                                   Conn.,    HarLford— E.   M.   Stone,   Engr.,  3^7  shickshlnny— The    First   Natl.    Bank 

.  .^     „                                         Trumbull   St..   is   having  preliminary  plans  r*^-'    =   construct   a   3   story.    50  x  100   ft. 

Anthracite                                        prepared   for  the   construction   of  an   offlce  P^^n^   ^o   c^^f^iiua         ^.^^    ^.^^       ^   ^^^^^ 

company        building  at   55   Pratt   St.     A,fP"nkler  ana  |^|\„°"sj^^tem   will   be   installed   in   same. 

,7.s».25     rsTme.%wn"^-'s^^n\*^^  ^tU'eW"'^^^^^^  Total  Istimated   cost.    $100,000. 

i^e-.v.-.-.;.-;;.-;.;.-;.-:;;;;;::::::::::::::  I||  ||     conn.,  Menden-The  Mt.  carrnei  itauan  ,,v^,  Fu^c^^i^^Bd^jdu^^^ 

f"i>estnut    ?•  05 1  7  40     Roman   Catholic    Church,    Springfield   Ave.,  P'^^ns  ^■'^{^    ^     ^   on    Park    St.      A    steam 

K?^kwheit ::::-::::::::::::::::  s'.i?       '         c/o  D.  Ricca,  pastor    is  having  preliminary  ^^l^-        System   will   be    installed   in   same. 

Buckwheat        .......       ^^^^    prepared    for   the    construction    of   a  ^ot"i  estimated  cost.  $450,000.     H.  C.  Rich- 

Hartev Hi                church  on  Springfield  Ave.     A  steam  heat-  ^ oj^i  esu                           *  Philadelphia.  Archt. 

Koiier    ^-8^                ing  system  will  be  installed  in  same.     To-  f"«s-  ^'^-^  oanbum  o 

„..     ,  „..,                                       tal    estimated    cost.    $100,000.      Mardietti    &  _       Cleveland— The    city    plans    to    con- 

B't""""'»"^                                       D'Avina,   75G  Main  St.,  Hartford,  Archts.  ^^^^'^^  a  2  story  police  station  on  East  37th 

fioStrTor,&^""'"".- S3.2!c^.|3.50         conn.,     west     Hartford-Ford      Buck     &  f^     |^^^?,^|^n1Ia^WV's\'me.^'S 

Sria'^''(bestr!'.:: ::::::.. •^•00|325     Sheldln,    Engrs..    eo   prospect    St.w^^^^^^^  ok/irted   cost,    $100,000.      F.    H.    Betz.    601 

(ambria    (ordinary)    S'nni  f??     ceive    bids    about    March    1    foi    furnishing  j^  jj    ^j-cht. 

nearfleid    (best)    9fin|  l^     and    installing    a    steam    heating   plant    in-  ^-'^y   Jriau.   aio 

riearnoid    (ordinary)    i:  2.85®  2.90     eluding     125     lb.     pressure     H-R.T.     boilers  Cleveland— The    City   Club   of    Cleve- 

onemailoni^^^e    i.-.V: ! ! ! ! ! ! !        !  3.2.5@  3.50     and  20,000   sr     ft.    radiation   for  the  Amer.  Jj*-    ^/'oVancis  Hayes.  Hollenden  Hotel. 

Ers'nmodiumi-- ::::::.•. ^-ooj  3.25     school   for  the  peat    es  Garden  St     Hai-t-  'p^j^^g  %%^urchase  a  site  and  build  a  club 

Somerset    (poor)     ^-50®  --^5     ford.      Total    estimated    cost,    $60,000.  house   on   same.     A  steam   heating   system 

Western    Maryland    oow,  orn                                                                                      „     ^      ,  will   he   installed  in  same.     Total   estimated 

Fairmont     I'lo®  2.lo         N.    Y..    Buffalo— The    Bison    Ice    &    Coal  ^"l^'l  ^200  000 

hfeltlm^ ;•■.■.:::::::;:::::  2:75®  3  00   co.,  mc.,  plans  to  construct  a  2  story  cost,  $200,000. 

u^s»fana"Vl"iii'.':.'..' ?-?i|-oo     branch  ice  plant  at  200-216   RapinPl.     Ice  ^        cieveland-The     Cleveland     Electric 

Westmoreland    run-of-mine    ?.io(a6.w     j^aking     equipment     will     be     installed     in  jn^niinating  Co.,   75  Public  Square,   is  hav- 

PHILADBLPHIA— Bituminous   coal    prices    vary    ac-     same.      Total    estimated    cost,    $50,000.  ^        plans  prepared  for  the  construction  of 

cording  to   district  from  ."iVJh  "'ly  .?^«  ,|^'"'='^i,  no®                                               r.,,      x.  „            p     aii-^/i  a  1  story  boiler  house  at  the  foot  of  East 

ordinary  slack  the  price  is  $2.4o@$2.oo;  lump.  $3.00(g          j^j_  y      j^^^  York- The  Bellevue  &  Allied  ^V/v,  Qt      ^    M    Gallagher.   408  Illuminating 

*^,??xr-S.\T*n    ""'""'•                                                           Hospital.  New  York  City,  received  bids  f9r  ^"j^A     Bngr     Total  estimated  cost.  $100,000. 

J5UFFAL0-                                                                    ^^g    installation    of    boiler    pumps,    etc..    m  ^^^S-,  i^^nj,:. 

Anthracite                                        the  new  boiler  plant  at  the  Fordham  Hos-  q         Cleveland— W.      S.      Ferguson     Co., 

pital,  from  Chute.  Thornton  &  Bailey  Corp.,  .-.piltq     1900  Euclid  Ave.,  will  receive  bids 

On  Cars.    At  Curb,     2   East   13th   St.,    $36,500;   Kings   Co.   Heat-  '^'^    .    -f,  ^^    36   for  the  construction   of  a   6 

Gross  Ton    Net  l on     ^        ^  Ventilating  Co.,  40  Boerum  PI..  $38,-  ^0       ^qq  •     goO  ft.  commercial  building  on 

Grate    «8.55          $10.80     ^^^.    Johnson    Heating    Co.,    $46,524.    all    of  f^'^st    61st   St.    and   Euclid   Ave.,    for   G.    A. 

fse    :::::::::  9.00            lo;85     New  York  city.  Tenbush,    Union    Bldg.      A    steam    heating 

rhPstnut '.'. 9-10            l''-^^                                                       ^    ^          M      -r,  svstem    will    be    installed    in    same.      Total 

Chestnut     •••;;;■;;;■         7.75              9.30         n.   y.,    New  York— M.   B.   Connelly.  Pres.  ^^fj^ated  cost.   $400,000. 

Buckwiieat 5'0             ^'^^     of  Queens  Boro,   received  bids  for  the  con-  e.stimatea  cosi:.   ^-iuu, 

."^truction    of    an    automatic    electric   Pump^-  Cleveland— W.      S.      Ferguson      Co.. 

Bituminous                                        j,.,^    station    on    Genesee    St.,    from.    Fox    &  ^^.c^^s     1900  Euclid  Ave.,  will  soon  award 

MRO     Renalls,    87   East   125th   St.,    HH-i^l'    J-.^'-  ^v.^    contract    for   the    construction    of    a    2 

P  f,tfr%^'  ''    .■•••■:::::::  4.05     Stegretto     6IO3    ISth    Ave       $224,000:    Ajax  ^^^^y    ?5   x   100   ft.    factory   on   Payne  Aye. 

No    8   lUV.:::.:::-:.-:;----:------' H^     Drainage    com-.    Corp.,    60    Herkimer    St..  f^^J^^j.^^   37th   St.   for   the  Amer.    Register 

Mine  Run \-f„     $227,000.  Co,   403  Long  Ave.     A  steam  heating  sys- 

Siack     l^l                                                  ,       X.  „      r.     •      /-   1/1  tern  will  be  installed  in  same.     Total  esti- 

Smokeiess    ....••.••: HS         N.   Y.,    New   York— The  Kelly  Springfield  ,^^„Ycost     $100  000. 

Pennsylvania   Smithing    •  •  •  5-70     Tire  Co..  200  West  57th  St..  is  having  plans  mated   cost,    $iuu,uuu. 

CLEVELAND— Prices   of  coal   per   net   tou   deiivored       .^gp^red  for  the  construction  of  a  17  .^tory,  o.,    Cleveland— St.    George  s    Church     c/o 

in  Cleveland  are:                                                                100    X    104    ft.    office    building   oh    7th    Ave.  J.     E.     Potter,     Archt.,     947     Leader-News 

Anthracite                                        and  57th  St.     A  steam  heating  system  will  Bldg.,    'S.  having    plans    prepared    for    the 

'^"'                                                  be     installed     in     same.       Total     estimated  construction  of  a  2  story,  90  x  140  ft.  school 

K.._                                           .$12.25®$12.40     cost,    $2,000,000.      E.    Necarsulmer,    507    5tb  at  East  67th  and  Superior  Ave      A  steam 

Chfstnur  • :::::::::  :-.V. : : : : i^.so®  12.70     ^ve.,   Engr.'  heating   system   wm   be   installed   in   same. 

Grate    }Yi?.'^  }Hn  Total   estimated   cost,    $100,000. 

Stove     12.40®  i...bo                Y..    New  York- The  Western   Electric  ^.        ,      j     o*         -do^i-o       TrT^i^ronal 

rS™S™K'.'';::;:::::;:::::::::::::«»«»s'2»°  ^y^tt™  "'"  "=  ""'""^  '"  ==>»'■  SSraMTcoi"  bomoo"'*^ 

Masslllon    lump    8.25®  8.50         n,  y.,   New  York— Zipkes,  Wolff  &  Kud-  _      Cleveland— The    Second    Presbyterian 

Coshocton    iiunp    7.15     ^^fj^  ^^.'^hts.  and  Engrs..  25  West    12nd  St  church    c/o  Rev.  Paul  F.  Sutphen,  pastor. 

Steam  Coal  is  preparing  plans   for  the   constr-iction   ot       '         Stratford    Ave.,    plans    to    build    a    1 

a  factory.     A  steam  heating  system  will  be  church.      A    steam    heating    systern 

No.    6   slack    52?^<^*p-5^     installed    in    same.      Total    estimated    cost,     ^^m "be  Installed  in  same.     Total  estimated 

No.    8   slack    ..      H2i  Ho     $150,000.      Owner's    name   withheld.  cost,   $100,000. 

YoushiOffUsDV     slack        d.^ov^  o.ov  ^        it 

No.    8    %   in..'. 55"!  HS         N      J..     Pennsville— Charles     R.     Peddle,         q       Cleveland— The     Cleveland     Railway 

No    8   minrrun    ■.■.■.■.:::•.:■.:  1:75     Arciit.,     136    South     4th    St.,    Philadelphia.     Co..  Leader-News  Bldg..  plans  to  construct 

Only  foal  available  is  "m'ine-run  Pocahontas  Pa.,    will   receive   bids   in   a   month   for  the     ^    1    story    power    sub-station    near    East 

Only  coal  construction  of  a  2  story,  75  x  125  ft.  school      ^o.-th   St.   and  Euclid  Ave      Estimated  cost. 

MIDDLE  WEST— Chicago  quotations.   F.o.b.   cars  at     ^.^  Salem  Co.,   for  the  Bd.  Educ.     A  steam      $200,000.      Mr.    Radcliffe,    I\rgr.      i-^  P.    cro- 
mine:  heating   system   will   be   installed   in    same,     celius,    700    Leader-News   Bldg.,    Engr. 

Slvml                                            Total  estimated  cost,  $100,000.  ^      ^^^^^^   ^^,g^^^    (Cleveland   P.   O  )- 

Williamson,  P^'S'^^-  Pa       lohnstown— M    Lee  Masterson.  Supt.      The     Bd.     Educ.     Carl     A.     Palmer.     l()lll 

^^t         rnlton.         'ifu^e^^u.-        of  mghways*.°wril  soorj^award  the  contract      T^'-H-^Ayo      Cleveland     P'-s  to   c        t    K,t 

WaXd":::;;:.  2:75®  2  90    ............      •-45®  H?      rv    cUv     ono    sno    ^q.    vd..    3    unit    asphalt     non    bond    issue    has    been    passed    foi    this 

i£T.s-.V.-.i^l|lfo     Llllfo     l.r5||-^^0    SantroneT000'g.-il\.ortable   steam   melt-      project. 
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Ind.,  Gary — The  Co.  (Jomrs.  will  soon 
receive  bids  for  the  construction  of  a 
tuberculosis  sanitarium  including-  a  boiloi- 
house,  etc.,  for  Lake  Co.  A  high  pressure 
steam  heating  s.vstem  will  be  installed  in 
same.     Total  estimated  cost,   .$300,000. 

Mich.,  Benton  Harbor — The  Congrega- 
tion of  Good  Samaritan,  c/o  II.  S.  Gra.v. 
8-10  Sonner  and  (Jra.v  lildg.,  plans  to  build 
a  2  story  comnuinit.\-  house.  Steam  heat- 
ing equipment  will  be  installed  in  same. 
Total   estimated   cost,    $100,000. 

Mich.,  Detroit— The  Dept.  of  Pub.  Wks. 
will  soon  award  the  contract  for  the  con- 
struction of  a  2  story,  5S  x  121  ft.  steam 
power  building  and  a  190  ft.  brick  stack 
for  heating  city  buildings,  on  Macomb  and 
Clinton  Sts.  A  1.50  kw.  motor  genoratoi- 
set,  two  300  hp.  boilers  and  one  COO  hp. 
water  tube  boiler  and  a  battery  set  pro- 
viding for  2  more  will  be  installed  in  same. 
.John  Scott  &  Co.,  232G  Dime  Bank  Bldg.. 
Archt.  Esselstyn,  Murphy  &  Hanford,  810 
Marquette  Bldg.,   Engi'S. 

Mich.,  Detroit — The  Detroit  Lodge,  Loyal 
Order  of  Moose,  40-43  Congress  St.,  plans 
to  construct  a  3  story  lodge  temple  on 
Cass  Ave.  and  Elizabeth  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total    estimated    cost,    $500,000. 

Mich.,  Lansing — The  Novo  Engine  Co.. 
702  Porter  St.,  plans  to  construct  a  1  and 
2  story  foundry  on  Porter  St.  Electric 
motor  for  power  and  probably  a  hot  blast 
heating  system  will  be  installed  in  same. 
Total   estimated   cost,    $250,000. 

Mich.,  Pontlac— The  Oakland  Co.  Bd. 
Supervs.  plan  to  build  a  3  story,  46  x  17G 
ft.  jail  addition  on  Wayne  and  Warren 
Sts.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$275,000.     F.  D.  Madison,  Royal  Oak,  Archt. 

III.,  Chicago— The  Commonwealth  Edi- 
son Co.,  72  West  Adams  St.,  plans  to  con- 
struct a  power  plant  in  the  Calumet  Dist. 
Plant  will  be  largest  in  their  system,  hav- 
ing a  capacity  of  over  185,000  kva.  Total 
estimated  cost,  $10,000,000  to  $12,000,000. 
Marshall  &  Fox.  721  North  Michigan  Ave., 
Archts.  Sargent  &  Lundy,  72  West  Adams 
St..  Engrs. 

III.,  Chicago — The  Kewanee  Boiler  Co.  is 
having  preliminary  plans  prepared  for  the 
construction  of  a  10  story,  100  x  100  ft. 
salesroom  and  warehouse  on  Washington 
and  Green  Sts.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $500,000.  S.  N.  Crowen,  30  North  La 
Salle  St..  Archt. 

Wis.,  Menomonee  Falls — The  Farley 
Candy  Co.,  720  North  Franklin  St.,  Chi- 
cago. 111.,  plans  to  build  a  1  story,  300  x 
800  ft.  chocolate  factory.  Steam  healing 
and  electric  power  will  be  installed  in 
same.     Total   estimated  cost,   $300,000. 

Wis.,  Sheboygan — The  Mikadon  Amuse- 
ment Co.,  1110  Washingon  St.,  is  having 
plans  prepared  for  the  construction  of  a 
1  story,  70  x  200  ft.  theatre.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost.  $100,000.  Stanley  F. 
Kadow,  451  Mitchell  St.,  Milwaukee,  Archt. 

la.,  Davenport — Roy  France,  Archt., 
Chicago,  111.,  will  soon  receive  bids  for  the 
construction  of  an  8  story,  128  x  152  ft. 
apartment  hotel  on  6th  and  Brady  Sts., 
for  the  Hillcrest  Apartment  Hotel  Co.  A 
complete  refrigeration  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$  00.000.  Clausen  &  Kruse,  316  Central 
Office   Bldg.,   Engrs. 

la.,  Des  Moines — R.  E.  Bales,  Secy.  Ex- 
ecutive Covmcil,  State  House,  plans  to 
build  a  5  story,  65  x  175  ft. 'heating  plant 
and  warehouse  with  an  80  x  80  ft.  wing, 
on  the  capitol  grounds.  Heating  contract 
will  be  sub-let.  Total  estimated  cost, 
$400,000.  Canfleld  Eng.  Co.,  406  Flynn 
Bldg.,   Engrs. 

la.,  Washta — J.  K.  McGonigae,  Secy., 
will  receive  bids  until  March  16  for  the 
construction  of  a  3  story,  58  x  102  ft. 
school.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$100,000.  W.  E.  Hulse  &  Co.,  210  Masonic 
Temple,   Des  Moines,   Archt. 

Kan.,  Arkansas  City — The  city  is  hav- 
ing plans  prepared  for  the  improvement 
of  the  waterworks  system,  including  dis- 
tributing reservoir  and  power  unit  for 
pumps  and  meters.  Total  estimated  cost, 
$61,000.     E.   B.   Wilkinson,  Engr. 

Kan.,  Coats — The  city  is  having  plans 
prepared    for   the   construction   of   an    elec- 


tric transmission  line  from  hore  to  Pratt, 
a  distance  of  13  miles.  Estimated  cost, 
$24,000.  (i.  L.  Wright,  Clk.  W.  B.  Rollins 
&  Co.,  20y  Ry.  Exch.  Bldg.,  Kansas  City, 
Mo.,    Engrs. 

Kan.,  Emporia— The  State,  c/o  J.  A. 
Kimball,  will  receive  bids  for  the  construc- 
tion of  a  1  story  power  plant.  Estimated 
cost,  $70,000.  R.  S.  Gamble,  1415  Fillmore 
.St.,  Topeka,   Engr. 

Mont.,  Dillon — Beaverhead  Co.  plans  an 
election  to  be  held  April  23  to  vote  on 
$."jO,000  bonds  for  the  construction  of  a 
central  heating  plant  for  county  court- 
house, high  school,  dormitory  and  other 
county  buildings.  W.  E.  Chaprnan,  Co. 
Engr. 

Mont.,  Helena— The  Lewis  &  Clark  Hel- 
ena Valley  Irrigation  I'roject  pl.-^ns  to  ir- 
ligate  40,000  acres  by  means  of  45  miles 
of  canals,  and  the  purchase  of  2  pumping 
plants  now  in  operation.  Total  estimated 
cost,  $600,000.  A.  W.  Verharen,  18  Kohrs 
Bldg.,   Engr. 

Okla.,  Anadarko— The  city  voted  $75,000 
bonds  to  improve  electric  system  and  is  in 
the  market  for  Diesel  engines  to  replace 
steam  equipment. 

Ore.,  Scio — The  city  plans  to  construct 
a  Cyclopean  or  rubble  masonry  dam  flume 
and  timber  headgate,  taking  47  second  ft. 
of  water  from  Thomas  Cieek,  for  pumping, 
light  and  power  plant.  Estimated  cost, 
$38,427.      A.    G.    Prill,    mayor. 

Ore.,  Wasco— H.  S.  Wall  filed  an  applica- 
tion with  P.  A.  <- 'upper,  State  Engr., 
Salem,  for  500  second  ft.  of  water  to  be 
taken  from  the  .John  Day  River  near  Early 
for  the  development  of  600  hp.  plant.  Ap- 
plicant will  construct  a  canal,  20  ft  wide, 
and  install  a  turbine  water  wheel.  Total 
estimated  cost,  $57,150. 

Cal.,  San  Diego— The  Bureau  of  Yards 
&  Docks,  Navy  Dept.,  Wash.,  D.  C,  will 
receive  bids  until  March  1  for  furnishing 
and  installing  complete  power  plant  and 
electric  generating  equipment  including 
distribution  systems  for  electricity  and 
steam  at  the  Marine  Corps  Base,  here. 
Noted  Feb.   9. 

Alaska,  Petersbury — The  city  voted  $75,'- 
000  bonds,  $25,000  of  which  is  to  be  used 
for  the  construction  of  a  light  and  power 
plant  and  $50,000  for  the  construction  of 
a  2  story  school  house.     Noted  Oct.   14. 

Alaska,  Port  Chatam — The  Pacific  Sea 
Products  Association,  Seattle,  Wash.,  plans 
to  build  a  2  story  cold  storage  plant  to 
have  a  2.000,000  lb.  capacity.  Estimated 
cost,   $100,000.     O.   O.   Hytum.   Pres. 

Ont.,  Belleville — The  Bd.  Educ.  plans  to 
construct  a  3  story  collegiate  building.  A 
vacuum  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$350,000.      A.    McGil,   Chmn. 

Ont.,  Courtright — The  town  passed  a 
$20,000  by-law  for  the  construction  of  a 
waterworks  system  including  deep  wells, 
pumping  machinerv,  piunp  house,  mains, 
steel  tank,   etc.     R.   G.   Stewart,   Clk. 

Ont.,  Dresden — The  taxpayers  authorize 
an  expenditure  of  $20,000  for  the  construc- 
tion of  waterworks  system  including  deep 
wells,  pumps,  pump  house  and  mains.  Ad- 
dress J.  T.  Budgewater,  Clk. 

Ont.,  Sault  Ste  Marie — The  School  Bd. 
plans  to  build  an  addition  to  present  high 
school  and  a  2  and  3  stor>-  technical  school. 
A  vacuinn  steam  heating  system  will  bo 
installed  in  same.  Total  estimated  cost, 
$412,000. 

Ont..  Toronto— The  St.  Clair  Ave.  Meth- 
odist Church,  c/o  F.  L.  Barker,  18  Oriole 
Gardens,  plans  to  bxiild  a  1  story  church. 
An  electric  operated  organ  and  hot  air 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $125,000. 

Ont.,  Weston — The  town  plans  to  install 
a  gasoline  driven  fire  pump  as  a  standkev, 
750  imp.  gal.  pump  against  about  300  ft. 
head-3  stage  driven  by  a  150  hp.  marine 
engine.  Estimated  cost,  lutween  $<S.000 
and  $10,000.  E.  A.  James  Co.,  36  Toronto 
St.,    Toronto,    Engr. 

Ont.,  Windsor — The  Border  Cities  Hotel 
Co.  is  having  plans  prepared  for  the  con- 
struction of  a  10  story  hotel  on  Ouellette 
Ave.  A  vacuum  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.  $1,000,000.  F.  L.  Howell.  17  Ouellette 
Ave.,  Secv.  and  Treas.  Esenwein  &  .John- 
son.  Ellicbtt   Sq.,   Buffalo,   N.   Y.,   Archts. 


CONTRACTS    AWARDED 

R.  I.,  Providence — The  Eastern  Terminal 
Corp.,  103  Federal  .St.,  Now  London,  Conn., 
has  awardf-d  the  contract  for  the  construc- 
tion of  a  280  X  500  ft.  cotton  warehouse  on 
•Springfield  Ave.,  to  the  Aberthaw  Constr. 
<'o.,  27  School  St.,  Boston,  Mass.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $200,000. 

N.  Y.,  Brooklyn — The  Standard  Oil  Co.. 
26  B'way,  New  York  City,  has  awarded 
the  contract  for  the  construction  of  a  1 
story,  50  x  90  ft.  power  house  on  Caly<-r 
and  Kingsland  Aves.,  to  C.  C.  Woodruff. 
213  10th  St.,  Long  Island  City.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $26,000. 

N.  Y.,  Buffalo— The  Philadelphia  Rubber 
Co.,  37th  and  lieed  Sts.,  has  awarded  the 
contract  for  the  construction  of  two  1  and 
3  story  factory,  oflice,  garage  and  buildings, 
including  power  house,  to  the  Austm  Co., 
16112  PJuclid  Ave..  Cleveland,  O.  Total  es- 
timated cost,    $1,000,000. 

N.  Y.,  New  York — The  Bowman  Realty 
(;o.,  225  West  40th  St..  will  build  a  4  story, 
lOO  x  200  ft.  garage  on  B'way  between 
131st  and  132nd  Sts.  A  steam  heating 
s\stem  will  be  installed  in  same.  Total 
estimated  cost,  $330,000.  Work  will  be  donc- 
l)y  day  labor. 

N.  Y.,  New  York — The  Fiske  Rubber  Co., 
Chicopee  Falls,  Mass.,  has  awarded  the 
contract  for  the  construction  of  a  20  story, 
01  x  150  ft.  office  building  at  1765  B'way. 
to  Fred  T.  Ley  Co.,  19  West  44th  St.  A 
steam  heating  system  will  be  installed  in 
same.      Total    estimated    cost,    $3,000,000. 

N.  Y.,  New  York— The  Natl.  Park  Bank. 
432-434  Madison  Ave.,  has  awarded  the 
contract  for  altering  bank  and  office  build- 
ing, to  Marc.  Eidlitz,  30  East  42nd  St.  A 
steam  heating  system  will  be  installed  in 
.same.     Total  estimated   cost,   $600,000. 

N.  J.,  Plainfield — S.  Schwartz.  220  B'way, 
.Vew  York  City,  has  awarded  the  contract 
for  the  construction  of  a  2  story.  100  x  150 
ft.  theatre  on  Front  St.  and  W^aterbur.v 
.Vve.,  to  M.  Shapiro,  52  Vanderbilt  Ave.. 
New  York  City.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $250,000. 

Pa.,  Philadelphia — The  Evening  Bulletin. 
.Juniper  and  Arch  Sts.,  has  awarded  the 
contract  for  the  construction  of  a  7  stor.\-. 
S7  X  147  ft.  office  building  addition,  to 
Doyle  &  Co.,  1519  Sansoni  St.  Contract 
for  installation  of  a  steam  heating  system 
will  be  sub-let.  Total  estimated  cost, 
$500,000.  E.  V.  Seller,  101  Juniper  St.. 
Archt. 

D.  C,  Washington — Frank  C.  Lewen.  c/o 
Carrere  &  Hastings,  Archts.,  52  Vander- 
liilt  Ave..  New  York  City,  will  build  a  12 
story,  200  x  200  ft.  hotel,  here.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost.  $1,000,000. 

O.,  Cleveland — The  Hydraulic  Pressed 
Steel  Co..  H>draulic  Ave.,  has  awarded 
the  contract  for  remodeling  the  1  story 
heat  treating  plant  on  Hydraulic  Ave.  to 
E.  R.  Russell,  Sincere  Bldg.  Estimated 
cost,    $10,000. 

Ind.,  Indianapolis  —  The  Indianapolis 
Power  iL  Light  Co.  has  awarded  the  con- 
tract for  the  construction  of  a  1  story 
power  extension  to  H.  K.  Ferguson  Co.. 
1532  Euclid  Ave.,  Cleveland,  O.  Estimated 
cost,   $75,000. 

Mich.,  Detroit — The  Amer.  Electrical 
Heater  Co.,  Woodward  and  Burroughs 
.Sts.,  has  awarded  the  contract  for  the  con- 
struction of  a  1  story,  60  x  41".  ft.  factory 
and  boiler  house  on  Commer  and  De- 
quindre  Sts.  to  Conrrl  Keller.  210  Moran 
St.  One  boiler  will  oe  installed  in  same. 
Total  estimated  cost,  $35,000. 

III.,  Chicago— Linstrom  Smith  &  Co.,  1104 
South  Wabash  Ave.,  has  awarded  the  con- 
tract for  the  construction  of  a  1  story, 
130  X  250  ft.  factory  on  Lake  St.  and  Ked- 
zie  Ave.,  to  Jacob  Rodatz.  209  South  La 
Salle  St.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost. 
$125,000. 

Wio.,  Milwaukee — The  Westinghouse 
Lamp  Co..  165  B'wa\-.  New  York  City,  has 
awarded  the  contract  for  the  construction 
of  a  4  storv  factorv  addition,  to  Stone  & 
Webster.  120  B'way.  Now  York  City.  A 
steam  heating  system  will  be  Installed  in 
same.     Total   estimated  cost.   $400,000. 
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Wis.,  Sheboygan — The  Vollrath  Co.. 
North  Michigan  Ave.,  has  awarded  the 
contract  for  the  construction  of  a  1  story 
power  plant,  to  the  Westinghouse,  Church 
Ken-  Co.,  Inc.,  37  Wall  St.,  New  York  City, 
A  steam  heatine-  system  will  be  installed 
in  same.     Total  estimated  cost,   $200,000. 

Minn.,  New  Ulm— The  Eagle  Rolling  Mill 
Co.  has  awarded  the  contract  for  furnish- 
ing rolling  equipment,  including  boilers, 
crane  and  coal  handler,  to  J.  G.  Robertson, 
2542  University  Ave.,  St.  Paul.  Total  esti- 
mated cost,  $35,000. 

Minn.,  Minneapolis — The  Bd.  Educ.  has 
awarded  the  contract  for  installing  a  heat- 
ing system  in  the  proposed  1  story,  60  x 
194  ft.  addition  to  the  Whitney  School,  on 
19th  Ave.,  N.  E.,  to  Bjorkman  Bros.,  712 
10th   St.    South,   at  $20,004. 

Minn.,  Minneapolis  —  The  Bureau  of 
Buildings,  Bd.  Educ,  has  awarded  the 
contract  for  installing  a  steam  heating  and 
ventilating  system  in  the  proposed  3  story, 
Gl  X  163  ft.  addition  to  Calhoun  School,  on 
Girard  Ave.,  to  H.  Kelly  &  Co.,  Plymouth 
Bldg.,  at  $58,597. 

Kan.,  Cheney — The  city  has  awarded  the 
contract  for  installing  pumps  in  connec- 
tion with  the  waterworks  system,  to  Lut- 
weiler  Pump  Co.,  Rochester,  N.  Y.,  at 
$4,000. 

Kan.,  Independence — The  Commercial 
Natl.  Bank  has  awarded  the  contract  for 
the  installation  of  a  heating  system  in  the 
proposed  6  story,  70  x  140  ft.  bank,  to  the 
Sell  Orr  Co.,  Independence.  Total  esti- 
mated  cost,    $150,000. 

Wyo.,  Casper — The  city  has  awarded  the 
contract  for  the  construction  of  a  water- 
gallery  in  the  bed  of  the  Platte  River  at 
pumping  station  intake  and  for  the  re- 
vision of  pump  station  buildings,  hauling 
and  setting  up  machinery,  to  W.  F.  Hen- 
ning,  $47,650.  A  semi  Diesel  internal  com- 
bustion engine  will  be  installed  in  same. 

Tex.,  Abilene — The  Abilene  Gas  &  Elec- 
tric Co.  has  awarded  the  contract  for  the 
construction  of  a  new  central  station  to 
the  W.  C.  Hedrick  Constr.  Co.,  South- 
western   Life   Bldg.,    Dallas,    at   $110,000. 


Tex.,  Longview — The  Longview  Ice  & 
Light  Co.  has  awarded  the  contract  for 
the  construction  of  a  new  ice  plant,  to  the 
W.  C.  Hedrick  Constr.  Co.,  Southwestern 
Life  Bldg.,  Dallas.     Estimated  cost,  $50,000. 

NEW   INSTALLATIONS   IN    POWER 

Conn.,  Hartford— Wise  &  Npson,  36  Pearl 
St.,  is  in  the  market  for  y^  yd.  electric 
driven  concrete  mixer  and  a  50  hp.,  3  ph., 
220  volt,  60  cycle  double  drum  electric 
hoist. 

N.  Y.,  Long  Island  City— The  Metal 
Stamping  Co.,  13th  St.  and  East  Ave.,  is 
in  the  market  for  a  steam  driven  air  com- 
pressor, to  have  a  1,200  cu.  ft.  capacity 
and   inclinable   presses. 

N.  Y.,  Norwich— The  New  York  State 
Gas  &  Electric  Corp.  plans  to  construct  a 
10  unit,  3  ph.  transmission  line  from  here 
to  Oxford  and  install  a  new  Skinner  gen- 
erating  unit.      O.    E.    Wessel,    Mgr. 

Pa.,  Gouldsboro — H.  C.  Reiling  is  'n  the 
market  for  two  60  hp.  steam  boilers,  one 
35  hp.   steam  engine  and  1  dynamo. 

Pa.,  Philadelphia— The  Philadelphia  & 
Reading  R.  R.,  11th  and  Market  Sts.,  is  in 
the  market  for  complete  electrical  power 
house  equipment  to  replace  present  equip- 
ment in  the  1119  Arch  St.  power  house, 
also  for  air  compressors,  ditchers,  wreck- 
ing  crane    and    radiator   valves. 

Pa.,  Pittston — Thomas  W.  Bentley  is  in 
the  market   for  100   5hp.   electric  motors. 

N.  C,  Moravian  Falls — The  Moravian 
Falls  Milling  &  Power  Co.  plans  to  install 
a  new  turbine  generator,  etc.  J.  T. 
Humphries,  Mgr. 

Mich.,  Milford— The  Milford  Electric  Co. 
plans  to  construct  a  transmission  line 
through  the  country  reaching  4  villages 
and  to  install  motors  and  transformers 
and  have  further  development  to  water 
power.     F.   S.   Hubbell,   owner. 

Wis.,  Milwaukee — Robert  L.  Deisinger  & 
Co.,  913  1st  Natl.  Bank  Bldg.,  is  in  the 
market  for  a  16  hp.   hoisting  engine. 


Wis.,  Rome — The  Bark  River  Electric 
Service  Co.  plans  to  construct  a  20  mi. 
transmission   line.     A.    N.    Becker,    Supt. 

Minn.,  Alberta — The  Southern  Minnesota 
Gas  &  Electric  Co.  plans  to  install  a  300 
hp.  boiler  and  construct  a  40  mi.,  13,200 
and  6,600  volt  transmission  line.  H.  L. 
Nickels,   Pres.   and  Mgr. 

Minn.,  Sunrise — The  Sunrise  Milling  & 
Electric  Co.  plans  to  construct  a  25  mi. 
new  6,600  volt  transmission  line.  F.  A. 
Spivak,   EngT. 

Kan.,  Hanover — The  Hanover  Municipal 
Electric  Light,  Power  &  Water  Plant  plans 
to  install  a  325  kva.  hydro-electric  plant 
on  the  bank  of  the  Little  Blue  River.  Es- 
timated cost,  $75,000.  Ray  C.  Walker.  Chief 
Engr. 

Neb.,  McCook— The  McCook  Electric  Co. 
plans  to  install  one  500  kva.  turbo  con- 
densing generator.  Alex.  Speer,  Secy,  and 
IMgr. 

Mont.,  Mansfield— The  Mansfield  Light 
&  Power  Co.  plans  to  install  a  generating 
engine.     Walter  C.   Coday,  Mgr. 

Okla.,  Laverne — Laverne  City  Light 
Dept.  plans  to  install  2,400  volt  alternators 
and  transformers.  Claude  H.  Arbuthnot, 
Supt. 

Ore.,  Keno — The  Keno  Power  Co.  plans 
to  construct  a  6  mi.  transmission  line  and 
install  a  800  hp.  turbo  unit.  J.  W.  Kerns. 
Pres.   and  Mgr. 

P.  R.,  Arecibo — The  Municipal  Electric 
Light  Plant  plans  to  construct  an  exten- 
sion to  transmission  lines  and  install  a  75 
kw.  generator  and  a  100  hp.  Mietz  &  Weiss 
engine.     J.    M.    Ginzaley,    Supt. 

Ont.,  Campbellford — The  Municipal  Elec- 
tric Light  Plant  plans  to  increase  trans- 
mission voltage  to  6,600  in  order  to  supply 
additional  hp.  to  one  of  its  present  power 
users.     J.    F.    McGregor,   Acting  Secy. 

Ont.,  Ottawa — The  Mortimer  Co.,  259 
Sparks  St.,  is  in  the  market  for  one  15  hp. 
d.c.  500  volt  motor  compound  wound,  speed 
not   more   than   1.200   r.p.m. 
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Buckle  Down 

It  was  the  noon  hour,  and  the  machinery  in  the  great  power  house  was 
still.  The  men,  after  finishing  their  midday  meal,  had  formed  into  little 
groups.  Some  were  gossiping,  some  disposing  of  the  problems  of  the  day 
according  to  their  own  particular  ideas.  The  superintendent  was  leaning 
against  a  pillar,  idly  watching  the  smoke  rise  from  his  pipe.  Near-by  two 
men  were  talking  earnestly.  As  their  conversation  waxed  warmer,  their 
raised  voices  brought  their  words  plainly  to  the  superintendent's  ears. 

"It's  no  use  to  try  to  get  ahead,"  said  one,  moodily.  "There's  no  chance 
for  a  man  these  days.  I've  worked  here  four  years,  and  the  other  day  when 
they  wanted  a  forem.an,  they  gave  the  job  to  a  fellow  who  hadn't  been  here 
two.  Ain't  I  as  good  as  he  is?  Sure  I  am.  I  was  here  the  longest  and  I 
ought  to  have  had  the  job." 

The  superintendent  walked  slowly  toward  the  men  and  stopped  in  front 
of  them. 

"Boys,"  he  said,  "I  don't  want  to  butt  in,  but  I  couldn't  help  hearing 
what  you  said  just  now,  and  I  want  to  tell  you  something  that  happened 
to  me.   , 

"I  came  to  these  works  ten  years  ago  as  a  machine  hand.  I  learned  the 
ropes  a  little,  and  for  three  years  I  worked  steadly.  Then  the  foreman  left 
and  I  applied  for  the  job.  I  didn't  get  it,  though.  Another  man  went  over 
my  head.  It  gave  me  a  shock,  for  I  v/as  pretty  sure  I'd  get  the  job.  I  had 
been  here  the  longest  of  any  man  in  the  shop,  and  I  thought  I  was  entitled 
to  it  for  that  reason  alone. 

"Then  I  began  to  ask  myself  why  1  had  been  turned  down.  The  answer 
was  plain.  I  had  been  on  the  job  every  day  for  three  years,  but  I  hadn't 
done  a  bit  more  than  was  asked  me  to  do.  and  I  hadn't  learned  to  do  any- 
thing but  my  special  work.  One  night  I  took  stock  of  myself;  the  result 
wasn't  pleasing.  I  made  up  my  mind  if  I  was  going  to  advance  I  had  got 
to  do  something  to  make  myself  worthy  of  promotion. 

"Then  I  buckled  down  to  work.  Five  nights  a  week  I  went  to  a  school, 
where  I  learned  about  electrical  and  steam  engineering,  shop  practice  and 
drafting,  and  things  that  I  needed  to  know  in  my  line. 

"You  can  bet  it  was  hard  work  after  being  in  the  shop  all  day,  and 
many  a  time  I  was  tempted  to  give  it  up.  But  I  was  ambitious  and  had  my 
eye  on  the  foreman's  job,  so  I  kept  on.  Often  the  boys  would  call  me  a  fool 
for  devoting  my  evenings  to  study  instead  of  enjoying  myself  as  most  of 
them  did. 

"W,ell,  I  kept  it  up  for  two  years  and  had  just  started  on  my  third  year 
when  the  foreman  left.  Boys,  I  didn't  have  to  apply  for  the  job  that  time. 
They  offered  it  to  me.  I  don't  want  to  boast,  but  I'm  superintendent  of  the 
whole  plant  because  I  was  'fool'  enough  to  fit  myself  for  the  job. 

"Beg  your  pardon,  boys,  for  butting  in,  but  when  I  heard  you  complain- 
ing about  not  getting  ahead,  I  thought  I'd  tell  you  how  I  did  it.  There's 
only  one  way  and  that's  to  buckle  down,  get  busy,  and — " 

Just  then  the  whistle  blew,  the  men  went  to  their  places,  and  the  great 
wheels  began  to  revolve  once  more.  And  all  the  afternoon  you  could  hear 
them  say,  amidst  the  whir  and  noise: 

"Buckle  down!     Buckle  down!     Buckle  down!" 

Contrilnited    by    Frank    Dorranoe    Hopley. 
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BIECTMCALLY DPIVEN  HOISTS 


By 

Fj-aser  tJeffe?y 


Unbalanced  single-drum  hoisting  and  the  more 
efficient  balanced  hoist  employing  a  second 
cage  or  a  counterweight.  The  character  of 
load  imposed  by  different  types  of  hoist  and 
different  hoisting  depths.  Prevalent  use  of 
slip-ring  induction  motor.  Details  of  electric 
braking  and  a  comparison  of  full  magnetic  and 
liquid  control. 


ELECTRIC  motors  are  fast  superseding  the  steam 
engine  for  the  operation  of  hoists.  This  is  due 
to  a  great  extent  to  the  comparative  ease  with 
which  electric  energy  can  now  be  transmitted  to  the 
districts  where  the  mines,  quarries,  etc.,  are  located  and 
to  the  greater  convenience  and  economy  of  the  electric 
motor  over  the  steam  engine. 

The  usual  function  of  any  hoist  is  to  elevate  mate- 
rial. The  material  may  be  moved  either  in  a  vertical 
shaft  or  on  an  incline,  and  the  work  may  be  accom- 
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.      PERFORMANCE    OF    SINGLE-DRUM    HOIST 
OPERATING  IN  SHAFT  500  FEET  DEEP 


plished  by  means  of  a  "balanced"  or  an  "unbalanced" 
hoist. 

For  the  balanced  hoisting  the  arrangement  usually 
consists  of  two  drums  on  a  common  shaft  (see  head- 
piece) or  two  drums  on  parallel  shafts  driven  by 
a  common  pinion.  Each  drum  is  preferably  driven 
through  a  clutch  so  that  the  relative  position  of  the 
drums,  hence  the  skips  or  cages,  can  be  changed. 

For  unbalanced  hoisting  the  arrangement  generally 
consists  of  a  single  drum  on  which  the  hoisting  rope  is 

•Electrical   Engineer,   Allis-Chalmers   Manufacturing   Co.,   iMil-vaukee. 


wound  in  one  or  more  layers,  as  in  Fig.  4.  The  drum 
may  be  keyed  to  the  shaft  supporting  it  or  connected 
by  means  of  a  clutch.  With  the  former  arrangement 
the  driving  motor  and  gearing  naturally  revolve  in  low- 
ering, while  with  the  latter  only  the  drum  turns.  When 
the  hoist  is  operated  unbalanced,  the  energy  expended 
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PERFORMANCE  OF  HOIST,  FIG.  1,  WITH  SHAFT 
DEPTH  INCREASED  TO  1,500  FEET 

in  hoisting  the  skip  or  cage,  together  with  the  car  and 
rope,  is  wasted.  Since  the  weight  of  these  parts  fre- 
quently amounts  to  more  than  the  useful  load  hoisted, 
the  efficiency  with  an  unbalanced  load  is  necessarily 
low. 

To  increase  the  efficiency  of  hoists  by  the  elimina- 
tion of  these  losses,  two  skips  or  cages  are  arranged  in 
balance,  one  to  ascend  while  the  other  descends,  the 
ascending  skip  or  cage  being  loaded  and  the  descending 
one  being  empty.  This  is  known  as  the  "balanced" 
hoist.  Two  skips  or  cages  operating  in  this  man- 
ner require  two-compartment  shafts.  With  a  single- 
compartment  shaft  similar  results  may  be  obtained  by 
using  a  counterweight,  and  in  this  manner  the  ascend- 
ing skip  or  cage  can  be  properly  balanced.  The  coun- 
terweight is  taken  generally  to  equal  in  weight,  one- 
half  of  the  live  load  plus  the  dead  load.  This  method 
of  counterbalancing  gives  the  same  load  on  the  driving 
motor  when  hoisting  the  material  as  when  hoisting  the 
counterweight. 

There  are  numerous  modifications  to  either  of  the 
foregoing  types  of  hoists,  each  in  its  way  affecting  the 
jiower  required  to  do  the  work.  This  necessitates  a 
close  investigation  of  each  condition  to  be  met.  A  study 
of  Figs.  1,  2  and  3  will  give  some  idea  as  to  the  kind  of 
load  imposed  upon  a  motor  by  different  kinds  of  hoists 
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working  under  the  same  conditions  and   for  different 
hoisting  depths. 

In  Fig.  1  a  single-drum  "unbalanced"  hoist  is  as- 
sumed, having  a  maximum  rope  pull  of  5000  lb.  with 
a  rope  speed  of  400  ft.  per  min.  and  a  shaft  depth  of 
500  feet.  If  the  rope  diameter  is  ^  in.,  making  the 
weight  of  the  rope  440  lb.,  a  total  weight  of  4560  lb.  of 
skip  or  cage  and  material  to  be  hoisted  is  permitted.  If 
full  speed  is  reached  in  13  seconds,  the  curve  of  torque 
over  time  will  be  as  shown.  It  will  be  noticed  that 
the  peak  of  the  load  is  extremely  high  compared  with 
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FIG.  3.     PERFORMANCE  OF  BALANCED  HOIST  OPERATING 
IN   SAME   SHAFT  AS   FIG.    2 

the  average  load  and  that  the  motor  is  in  service  only 
a  short  part  of  the  total  time,  the  rest  period  of  the 
motor  being  formed  by  two  stops  and  the  lowering 
period,  in  addition  to  the  small  amount  of  time  re- 
quired for  braking. 

Fig.  2  shows  the  performance  of  this  same  hoist 
when  used  for  hoisting  from  a  1500  ft.  depth  instead 
of  500  ft.  Since  the  rope  now  weighs  1320  lb.,  the  com- 
bined weight  of  skip  or  cage  and  material  to  be  moved 
cannot  be  more  than  3680  lb.  The  beginning  of  the 
load  curve  will  be  the  same  as  for  Fig.  1,  until  the 
1000-ft.  level  is  reached,  when  the  combined  weight 
of  the  cage,  material  and  rope  is  equal  to  the  weight 
of  the  cage  and  ma- 
terial in  Fig.  2.  Af- 
ter this  the  load  will 
continue  to  decrease 
at  the  same  rate  as 
before  until  the  top 
is  reached,  at  which 
time    the    rope    pull 


will  be  equal  to  the  weight  of  the  cage  and  material 
alone,  or  3680  lb.  The  rest  period  of  the  motor  now 
covers  a  smaller  percentage  of  the  total  time  than  be- 
fore, because  the  time  of  stops  remains  constant. 

Consider  this  same  hoist  operating  in  "balance," 
which  would  be  the  case  if  a  second  drum  and  a  second 
skip  or  cage  were  added  to  the  equipment.  The  load 
due  to  the  descending  skip  or  cage  and  rope  must  be  de- 
ducted from  that  due  to  the  ascending  skip  or  cage, 
material  and  rope,  and  a  certain  amount  must  be  added 
during  the  acceleration  period,  which  will  be  higher 
than  the  corresponding  amount  with  the  single-drum 
hoist,  in  proportion  to  the  larger  masses  to  be  acceler- 
ated. Fig.  3  shows  the  performance  under  these  con- 
ditions when  hoisting  from  a  1500-ft.  depth.  It  is 
obvious  that  the  rest  period  of  the  motor  with  the 
"balanced"  hoist  is  much  shorter  than  with  the  "unbal- 
anced" hoist,  since  no  lowering  is  done  by  gravity,  a 
load  being  hoisted  every  trip. 

It  is  seen  from  the  foregoing  that  the  operating  con- 
ditions of  a  hoist  are  not  only  intermittent,  but  the 
rope  pull  varies  continually  during  the  hoisting  period. 
Therefore,  the  capacity  of  the  driving  motor  must  be 
selected  according  to  the  peak  during  acceleration  and 
according  to  the  heating  of  the  motor  when  perform- 
ing its  cycle  of  operation  at  the  regular  intervals.  This 
latter  is  determined  by  calculating  the  "root  rnean 
square"  values  of  the  load  over  the  operating  cycle. 

With  very  large  hoists  the  problem  of  furnishing 
power  for  a  service  of  comparatively  small  average 
power  demand  with  intermittent  peaks  sometimes  be- 
comes serious.  Where  the  prime-mover  equipment 
and  the  line  conditions  are  such  that  intermittent  fluc- 
tuations in  load  are  permissible,  the  alternating-current 
slip-ring  type  of  induction  motor  is  invariably  used. 
Direct-current  motors  are  not  so  often  used,  mainly 
for  the  reason  that  the  distribution  of  power  is  almost 
always  by  means  of  alternating  current.  For  the  hoist- 
ing conditions  prevalent  in  this  countr>'  the  induction 
m.otor  is  used  most  extensively,  while  the  number  of 
direct-current  installations  is  limited  more  or  less  \.o 
special  applications  or  to  conditions  where  the  size 
of  the  unit  is  such  as  to  demand  a  smoothing  out  of  the 
load  peaks. 

If  the  reduction  of  line  peaks  becomes  necessary,  a 
system   involving  the   use   of   flywheels 
for    storing    energy    has    been    resorted 
to.     Briefly,  it  com- 
prises   a    direct-cur- 
rent hoist  motor  and 
motor-generator 
set    consisting    of    a 
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direct-current  generator  driven  by  a  motor  which 
is  usually  of  the  alternating  type,  and  equipped 
with  a  flywheel.  To  avoid  the  starting  losses  inherent 
with  any  type  of  resistance  control,  voUage  regulation 
between  the  direct-current  generator  and  the  hoist 
motor  is  used.  By  proper  field  control,  there  are  times 
when  the  hoist  motor  may  be  advantageously  operated 
as  a  generator  and  the  generator  of  the  flywheel  set  as 
a  motor,  thus  returning  energy  to  the  flywheel  and 
reducing  the  power  demand  from  the  line.  This  is 
commonly  known  as  "dynamic  braking"  and  is  resorted 
to  at  the  time  when  ordinary  braking  would  occur. 
This  is  usually  taken  care  of  by  the  motor-control  lever 
actuating  the  automatic  control,  and  in  this  way  a  sim- 
plified means  is  provided  the  operator  for  performing 
an  otherwise  complicated  function. 

With  the  alternating-current  induction  motor.'  a 
means  of  braking,  commonly  called  "electric  braking," 
is  frequently  resorted  to.  It  is  used  mostly  in  places 
v^^here  hoisting  is  done  on  long  inclines  and  more  with 
the  "unbalanced"  type  of  hoist  than  with  the  "balanced" 
hoist.  In  such  an  arrangement  the  motor  revolves  dur- 
mg  the  lowering  period.  Under  these  conditions  and 
at  this  particular  time,  if  the  motor,  with  all  external 
secondary  resistance  cut  out  and  secondary  winding 
short-circuited,  is  thrown  across  the  line,  the  weight  of 
the  descending  parts  tends  to  operate  the  motor  above 
synchronous  speed.  This  action  is  such  as  to  return 
energy  to  the  line  and  to  develop  a  counter-torque  suf- 
ficient to  act  as  an  effective  brake,  thus  not  only  reduc- 
ing the  power  demand,  but  increasing  the  longevity  of 
the  friction  brakes.  This  functioning  is  also  taken 
care  of  in  a  simplified  manner  to  facilitate  ease  of  han- 
dling for  the  operator. 

In  addition  to  a  careful  analysis  of  load  cycles  and 
selection  of  the  proper  size  of  driving  motor,  the  ques- 
tion   of    control    is   of    considerable     importance.       As 


tlian   to   describe   some  one   special   direct-current   ap- 
plication. 

Outside  of  the  usual  drum-type  controller  in  use  with 
the  smaller  hoist  motors  up  to  about  100  hp.,  there  is  a 
choice  between  the  full-magnetic  type  of  control  and 
the  liquid  type  of  control.     The  magnetic  control  con- 


FIG. 
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CONTROLLER    PANEL 


FIG.    G. 


brought  out  before,  the  direct-current  installations  are 
limited  to  more  or  less  special  applications  and  to  the 
large  hoists  where  the  question  of  line  peaks  is  likely 
to  become  serious.  In  general,  the  slip-ring  type  of 
induction  motor  predominates  for  the  average  hoist  in- 
stallation, therefore  it  would  seem  logical  to  give  some 
data   on   the  control   for  this   type  of  machine   rather 


PIG.    7.     LIQUID   RHEOSTAT   AND   MAGNETICALLY 
OPERATED   REVERSING   SWITCHES 

sists  of  a  master  switch  or  lever.  Fig.  5,  in  the  hands 
of  the  operator.  This  switch,  for  different  positions, 
actuates  relays  mounted  on  a  separate  panel,  as  in  Fig. 
6,  and  in  this  manner  controls  the  primary  and  sec- 
ondary circuits,  the  speed,  direction  of  rotation  and  the 
torque  of  the  induction  motor  by  opening  or  closing 
the  primary  switches  and  by  cutting  in  or  cutting  out 

resistance   in   the   secondary 
circuit. 

For  the  liquid  control,  Fig. 
7,  the  equipment  consists  es- 
sentially of  two  parts — a 
primary  reversing-s witch 
mechanism  and  a  tank  for 
the  control  of  the  secondary 
circuit.  The  primary  of  the 
motor  is  controlled  by  two 
magnetically  operated  re- 
versing switches  R,  as  shown 
on  the  small  panel,  inter- 
locked so  that  only  one  can 
close  at  a  time.  This  type 
of  primary  reversing  switch 
is  used  for  motors  up  to  550 
volts.  For  higher  voltages 
high-tension  reversing  oil 
switches,  such  as  are  shown 
at  R  and  R  in  Fig.  6,  are 
substituted. 

The  tank  for  the  second- 
ary control  is  divided  into 
an  upper  and  a  lower  com- 
partment. The  lower  com- 
partment is  the  storage  and 
cooling  tank  for  the  electrolyte,  which  is  pure 
water  in  which  a  certain  amount  of  sodium  car- 
bonate has  been  dissolved.  In  the  upper  com- 
partment the  electrodes,  consisting  of  a  set  of 
plates  connected  in  each  phase  of  the  induction-motor's 
secondary  circuit,  are  suspended  from  an  insulated  sup- 
port.    The  amount  of  resistance  in  the  secondary-  cir- 
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cuit,  and  consequently  the  speed  and  the  torque  of  the 
motor,  are  governed  by  the  height  of  the  electrolyte  in 
the  upper  compartment.  This  in  turn  is  regulated  by 
means  of  a  multiple-shutter  type  weir  located  at  one 
end  of  the  upper  compartment  and  controlled  directly 
by  the  hand  lever  in  the  operator's  pulpit.  The  open- 
ing and  closing  of  the  weirs  regulates  the  height  of  the 
electrolyte. 

Only  one  hand  lever  is  used  to  operate  the  controller 
for  both  forward  and  reverse  directions  of  rotation  of 
the  motor.  The  direction  in  which  the  hand  lever  is 
moved  from  the  central,  or  "off,"  position  determines 
the  direction  of  rotation  of  the  motor.  The  first  move- 
ment of  the  operating  lever  from  the  central  forward 
position  actuates  a  small  master  switch  S,  which  is 
mounted  on  the  base  of  the  tank,  as  shown  in  Fig.  7. 
This  master  switch  closes  the  primary  switch  for  for- 
ward direction  of  the  hoist  motor.  The  remaining 
travel  of  the  hand  lever  gradually  closes  the  weir,  caus- 
ing the  electrolyte  to  rise,  thereby  cutting  out  resistance 


stallation  first  using  magnetic  control,  then  changing 
to  liquid  control,  will  bring  out  some  of  these  points. 

A  large  coal  and  coke  company  had  in  operation  a 
double-drum  hoist  equipped  with  a  350-hp.  550-volt 
60-cycle  slip-ring  induction  motor  governed  by  a  con- 
tractor-type magnetic  control.  The  hoist  operated  two 
cages  in  balance  in  a  vertical  shaft,  the  approximate 
hoisting  distance  being  500  ft.,  and  a  trip  was  made 
every  30  seconds.  The  power  for  the  hoist  was  sup- 
pliecl  from  the  coal  company's  central  station,  where  a 
2500-kw.  turbine  carried  the  load  of  all  the  mines. 
In  addition  to  the  various  hoisting  loads  there  were 
some  fairly  large  pump  motors  and  small  rotary  con- 
verters. 

On  account  of  the  rapidity  of  the  trips,  the  accelerat- 
mg  peaks  on  the  hoist  motor  were  naturally  high  and 
amounted  to  approximately  720-hp.  torque.  This 
caused  considerable  line  disturbance,  which  was  further 
augmented  by  the  action  of  the  magnetic  controller,  be- 
ing amplified    as    each    successive    switch    closed.     The 
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FIG.  S.  VOLTAGE  CHART  Vi^ITH  350-HP.  MOTOR 
OPERATED  WITH  MAGNETIC  CONTROL 


FIG.  9.   VOLTAGE  CH.\RT  WITH  GOO-HP.  MOTOR 
OPERATED  WITH  LIQUID  CONTROL 


and  bringing  the  motor  up  to  speed.  Returning  the 
lever  to  the  central  position  opens  the  weir,  which  in 
turn  lowers  the  level  of  the  electrolyte,  inserting  re- 
sistance in  the  rotor  circuit  and  opening  the  primary 
switch,  thus  cutting  off  current  entirely  from  the  motor. 
By  moving  the  lever  in  the  opposite  direction,  the  same 
cycle  is  obtained  except  for  the  reverse  direction  of  the 
hoist  motor.  The  small  motor  M  on  the  base  of  the 
tank,  Fig.  7,  operates  a  pump  P  and  constantly  cir- 
culates the  electrolyte  from  the  lower  to  the  upper  com- 
partment. It  is  thus  seen  that  with  the  weirs  closed 
the  electrolyte  level  will  rise,  but  with  the  weirs  open  it 
will  remain  at  low  level  such  as  to  insert  full  resistance 
in  the  secondary  circuit  of  the  motor. 

For  the  smaller  sizes  of  motors  of  100  hp.  and  up  to 
300  hp.  the  full-magnetic  type  of  control,  such  as  is 
shown  in  Fig.  6,  has  been  used  extensively.  For  motors 
of  this  size  the  first  cost  of  the  magnetic  control,  not 
considering  installation  cost,  is  lower  than  that  of  the 
liquid  control.  The  cost  of  installing  the  magnetic 
control  is,  however,  greater  than  that  of  the  liquid  con- 
trol. It  is  generally  conceded  that  for  smoothness  of 
deceleration  and  minimum  line  disturbance,  especially 
for  the  larger  sizes  of  hoist  motors,  the  liquid  control 
is  preferable.     The  following  citation  of  an  actual  in- 


line fluctuations  when  the  hoist  was  operating  were  so 
great  that  the  flickering  of  the  incandescent  lamps  was 
pronounced. 

It  was  decided  to  increase  the  output  of  the  mine 
by  speeding  up  this  particular  hoist  so  as  to  make  a  trip 
m  22  seconds.  Calcula''ons  show  that  the  new  condi- 
tions would  require  a  600-hp.  hoist  motor  and  that  the 
peaks  at  acceleration  would  amount  to  approximately 
1000  hp.  torque.  On  account  of  the  increased  peak 
load,  serious  consideration  was  given  to  the  advisability 
of  using  an  equalizer  flywheel  set  instead  of  an  induc- 
tion motor.  This  would  have  involved  large  first  cost, 
considerably  more  floor  space  and  a  longer  time  of 
shutdown  to  make  the  change.  After  a  careful  an- 
alysis of  all  the  operating  conditions,  it  was  finally 
decided  to  install  a  6b0-hp.  slip-ring  type  induction  hoist 
motor  with  a  liquid  controller. 

The  two  voltage  charts,  Figs.  8  and  9,  were  taken 
from  the  recording  meter  on  the  switchboard  of  the 
coal  company's  power  plant.  Chart,  Fig.  8,  was  taken 
v/hen  the  350-hp.  motor  with  magnetic  control  was 
operating  the  hoist  just  before  the  change  was  made. 
Chart,  Fig.  9,  was  taken  after  the  hoist  had  been 
speeded  up  and  was  being  operated  by  the  600-hp. 
motor  with  liquid  control.     The  marked  regularity  of 
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operation  obtained  with  the  liquid  controller  is  notice- 
able. This  is  due  to  the  gradual  and  uniform  accelera- 
tion with  the  liquid  type.  The  actual  peaks  at  acceler- 
ation under  the  new  conditions  amounted  to  nearly 
1200-hp.  torque,  but  even  with  the  greater  peak  the 
sudden  voltage  fluctuation  was  less  than  obtained  with 
the  720-hp.  torque  peak  and  the  smaller  motor.  The 
acceleration  with  the  liquid  type  of  control  is  so  gradual 
that  the  governor  on  the  steam  turbine  has  time  to  pick 
up  and  follow  the  load  variations  and  respond  to  the 
line  demand. 

The  change  resulted  in  the  elimination  of  the  flick- 
ering of  the  incandescent  lights.  A  graphic  meter 
with  minute  feed  would  have  shown  more  clearly  that 
the  voltage  fluctuations  in  the  case  of  chart,  Fig.  9, 
were  gradual  and  uniform  rather  than  sudden  and  in- 
stantaneous, as  was  the  case  of  chart.  Fig.  8,  but  such 
a  meter  was  not  available  at  the  time  the  tests  were 
made. 

The  Origin  of  Petroleum 

Many  different  authorities  have  given  different  rea- 
sons for  the  origin  of  petroleum.  The  question,  how- 
ever, has  now  come  down  to  a  controversy  between 
the  advocates  of  the  theory  which  supposes  petro- 
leum to  be  of  inorganic  origin,  and  those  who  claim 
it  to  be  of  organic  origin.  The  latter  by  far  pre- 
dominate. 

In  the  year  1794  Haquet  suspected  that  the  oils  of 
Galicia  came  from  marine  mussels  "dissolved"  in  salt 
water.  Many  eminent  geologists  have  accepted  this 
theory.  The  assumption  is  that  decomposition  of  these 
organic  bodies  took  place  at  comparatively  low  tempera- 
lure  and  high  pressure.  It  is  interesting  to  note  that  in 
a  paper  before  the  Institute  of  Mining  Engineers,  1914, 
Dr.  Hans  von  Hofer,  of  Vienna,  states  that  C.  Engler 
tested  his  (Hofer's)  thesis  experimentally  by  heating 
in  retorts  under  a  pressure  of  ten  atmospheres  and  to  a 
temperature  of  from  300  to  400  deg.  C,  first  fish  oil,  and 
afterward  fishes  and  mussels.  He  obtained  in  this  way 
a  product  very  like  petroleum. 

Some  geologists  assign  an  animal  origin  to  the  nitro- 
geneous  California  petroleum  and  a  vegetable  origin  to 
the  nonnitrogeneous  oils  of  Pennsylvania.  The  greatest 
defender  of  the  organic-origin  theory  in  America  is 
Eugene  Coste,  of  Toronto,  who  sees  in  petroleum  the 
product  of  "volcanic  solfataric  emanation." 

The  following  is  from  a  paper  by  Coste  before  the 
New  York  meeting  of  the  Institute  of  Mining  Engi- 
neers, February,  1914: 

Sedimentary  strata  are  composed  of  alternate  beds  of  shales, 
=andstoncs  and  limestones,  most  of  wh'ch  are  sufficiently  close- 
grained  to  have  retained  from  the  time  of  their  deposition 
enough  water  held  in  their  minute  pores  by  capillary  action 
to  fill  all  the  spaces  between  their  grains  and  render  them 
entirely  impervious  to  other  fluids.  Shales  or  consolidated 
clays  form  the  bulk  of  the  sediment,  and  are  especially  fine- 
grained saturated  impers^ious  rock,  but  many  beds  of  sand- 
stone or  limestone  are  also  quite  impervious.  A  sufficient 
proof  is  the  very  strong  natural  gas  pressures  always  recorded 
in  the  gas  and  oil  deposits  and  the  great  difference  in  the 
pressure  of  the  gas  of  different  sands  lapped  at  different 
depths  of  the  same  well  or  in  near-by  wells  in  the  same  pool 
or  field. 

To  explain  the  retention  of  this  gas  under  strong  pressures 
(up  to  1500  lb.  per  sq.in.  in  some  cases)  in  so  manv  thousands 
of  separate  spots  and  at  depths  sometimes  as  shallow  as  100 
ft.  and  varying  from  that  to  4000  ft.,  we  must  certainly  con- 
clude that  the  sedimentaries  forming  the  substrata  of  this 
vast  region  and  ranging  through  many  geological  ages,  are 
remarkably  impervious.  It  is  for  this  reason  that  the  petro- 
leum deposits  have  not  escaped  to  the  surface  and  have  been 
preserved  in  a  multitude  of  separate  pockets,  pools  or  fields 
with  different  pressures,  though  often  quite  close  to  one  an- 
other and  always  comparatively  near  the  surface. 


Prof.  Edward  Orton,  in  his  report  on  the  occurrence 
of  petroleum,  natural  gas  and  asphalt  rock  in  western 
Kentucky,  says  in  the  "Kentucky  Geological  Survey," 
1891: 

The  statements  now  presented   bring  before  us 

two  main  views  as  to  the  origin  of  petroleum :  First,  petroleum 
is  produced  by  the  primary  decomposition  of  organic  matter, 
and  mainly  in  the  rocks  that  contain  the  organic  matter.  Sec- 
ond, petroleum  results  from  the  distillation  of  organic  hydro- 
carbons contained  in  the  rocks,  and  has  generally  been  trans- 
ferred to  strata  higher  than  those  in  which  it  was   formed. 

Discussing  the  age  of  petroleum  deposits.  Dr.  Orton 
says :  "Hunt  believes  petroleum  to  have  been  produced 
at  the  time  that  the  rocks  that  contained  it  were  formed, 
once  for  all."  Newberry  believes  it  to  have  been  in 
process  of  formation  solely  and  constantly  since  the 
strata  were  deposited.  Peckham  refers  it  to  a  definite 
but  distant  time  in  the  past,  but  long  subsequent  to  the 
formation  of  the  petroliferous  strata.  He  supposes  it 
to  have  been  stored  in  subterranean  reservoirs  from 
that  time  to  the  present. 

Dr.  David  White,  speaking  of  the  rapid  disintegration 
of  animal  matter,  says : 

This  forcibly  suggests  that  the  algas  which  almost  certainly 
have  exerted  an  attraction  for  certain  bitumens  of  extraneous 
origin,  may  have  played  the  important  role,  first  of  storing  up 
some  of  the  hydrocarbon  products  of  the  decaying  animal 
matter,  and  later,  under  dynamic  influences,  of  releasing  a 
part  at  least  of  the  stored  as  well  as,  presumably,  of  their  own 
original  content  in  the  form  of  petrolic  or  gaseous  hydrocarbon. 

Dr.  F.  W.  Clarke  believes  that  this  transformation 
took  place  after  burial :  "Whatever  sediments  are  laid 
down,  inclosing  either  animal  or  vegetable  matter,  where 
bitumen  may  be  produced,  the  presence  of  water,  prefer- 
ably salt,  the  exclusion  of  air,  and  the  existence  of  an 
impervious  protecting  stratum  of  clay  seem  to  be  essen- 
tial conditions  toward  rendering  the  transformation  pos- 
sible.i" 

Cunningham  Craig  says :  "It  seems  probable — but 
here  we  enter  into  speculation — that  it  is  the  pressure 
that  is  the  determining  factor,  as  it  is  in  so  many  chem 
ical  reactions.  Given  the  vegetable  matter  from  which 
petroleum  can  be  formed,  and  inclosed  in  a  well-sealed 
deposit,  given  the  presence  of  a  limited  quantity  of  water 
and  the  necessary  but  by  no  means  high  temperature,  as 
soon  as  the  pressure  reaches  a  certain  point  the  action 
will  begin. ^" 

Concluding  a  discussion  of  the  many  theories  to  ac- 
count for  the  origin  of  petroleum.  E.  T.  Dumple.  in 
a  paper  before  the  Institute  of  Mining  Engineers,  Feb- 
luary,  1914,  states: 

While  many,  if  not  all,  of  the  theories  advanced  as  to  the 
production  of  petroleum  have  in  them  some  element  of  truth, 
and  while  we  believe  that  under  diverse  conditions  petroleum 
may  be  and  is  formed  in  many  different  ways,  the  theory  out- 
lined, which  recognizes  the  formation  of  petroleum  under 
suitable  paludal,  bog  or  marine  conditions  at  ordinary  temper- 
atures, by  natural  processes,  the  transformation  being  accom- 
plished by  the  organic  matter  still  retained  essentially  in  its 
original  character,  and  its  deposition  as  petroleum  with  other 
sediments  of  its  day  seems  well  supported  by  observational 
facts,  and  its  very  simplicity  and  general  applicability  appear 
to  offer  strong  grounds  for  the  belief  that  it  will  sooner  or 
later  come  to  be  recognized  as  one  of  the  principal  methods 
of  the  formation  and  accumulation  of  petroleum. 

In  such  a  case  all  indigenous  or  primary  deposits  of  pe- 
troleum will  be  of  the  same  age  as  the  sediments  in  which 
they  occur  and  those  of  secondarv  or  migrating  oil  would  be 
of  a  different  age  than  the  inclosing  beds. 

Crude  oil  is  petroleum  that  is  in  its  crude  state. 

Fuel  oil,  as  now  delivered,  is  petroleum  from  which 
the  gasoline  and  other  highly  volatile  constituents  have 
been  driven  ofif  by  distillation. 


'Data  of  Geochemistry,   p.    703,   IQll. 
'Oil    Finding,    p.    28. 
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A  new  boiler  plant  equipped  with  the  latest  ap- 
paratus and  planned  to  be  the  last  word  in 
steel-mill  boiler  installation.  The  ash-  and 
coal-handling  equipment  is  of  especial  interest. 
Stokers  are  motor-driven  and  forced-  and  in- 
duced-draft fans  are  turbine-driven  through 
a  reduction  gear. 


AN  EXAMPLE  of  the  modern  boiler  plant  for 
steel  mills  was  fpund  during  my  stay  around 
Youngstovvn.  This  was  at  the  Republic  Iron 
and  Steel  Co.'s  works,  where  they  were  building  a  new 
boiler  plant  in  which  was  incorporated  the  best  ideas 
and  equipment  that  the  engineers  of  the  company  could 
devise  and  procure.  The  reason  for  building  this  new 
boiler  plant  was  because  a  greater  steam  volume  was 
required  than  the  existing  plants  were  capable  of  pro- 
ducing and  because  it  was  necessary  to  change  from 
gas  to  coal  at  intervals,  the  gas  supply  from  the  blast 
furnaces  being  insufficient  to  supply  the  fuel  necessary 
to  generate  sufficient  steam  to  operate  the  steam  unit. 
As  a  large  number  of  small  boilers  cannot  be  operated 
as  economically  as  a  battery  of  large  units,  it  was  de- 
cided to  install  modern  high-pressure  boilers  equipped 
with  front-feed  underfeed  stokers,  superheaters  and 
economizers,  the  boilers  to  be  operated  at  from  100  to 
200  per  cent  above  rating. 

The  new  boiler  house  is  situated  at  a  distance  of  250 
ft.  from  the  turbine  house,  to  which  the  steam  will  be 
piped.  The  building  is  of  brick,  with  one  end  shut  in 
with  a  false  wall  of  corrugated  iron,  thus  providing  for 
iuture  extension. 

At  present  there  are  four  1,130-hp.  water-tube  boilers 
having  four  steam  drums  each  42  in.  in  diameter  and 
22  ft.  4  in.  long.  The  drums  are  made  with  three 
^|-in.  sheets  with  triple-riveted  butt-strap  joints.  The 
cijcular  seams  are  lap-joint,  double-riveted.  The  4-in. 
tubes  are  arranged  36  wide  and  14  high,  and  are  20  ft. 
lor.g,  giving  a  total  of  11,296  sq.ft.  of  heating  surface. 
The  tubes  are  arranged  in  two  banks.  The  lower  bank 
is  two  tubes  high  with  a  space  between  the  top  row 
and  the  bottom  row  of  the  12-high  top  section  equal  to 
ttiat  occupied  by  two  rows  of  tubes.  On  top  of  the 
IcAver  bank  of  tubes  a  horizontal  baffle  is  used,  running 
from  a  short  distance  in  front  of  the  vertical  baffle  of 
the  first  pass  to  the  rear  header.  This  gives  both  ver- 
tical and  horizontal  baffling  to  the  boiler.    The  arrange- 


ment described  is  shown  in  the  sectional  view.  Fig.  1. 
All  pressure  parts  are  made  of  openhearth  steel  at 
from  52,000  to  58,000  lb.  tensile  strength.  The  main 
steam  outlet  is  10  in.  in  diameter,  and  the  boilers  are 
designed  for  225  lb.  pressure  with  125  deg.  of  super- 
heat. Each  weighs  785,000  lb.,  or  392.5  tons,  and  has 
a  widdi  of  24  ft.  10  in.  and  a  height  of  24  ft.  8)4  in. 
from  the  foundation  to  the  steam  outlet.  Each  boiler 
is  equipped  with  a  double  U-bend  superheater  made  up 
of  four  headers.  The  tubes  are  71  wide,  and  arranged 
four  deep  with  two  high  U-shaped  tubes  connecting 
v/:th  each  header.  Steam  from  the  boiler  steam  drums 
enters  the  top  superheater  header  and,  passing  through 
its  respective  tubes,  enters  the  boiler  header  which  is 
connected  by  nipples  with  the  lower  center  header. 
From  this  header  the  steam  passes  through  its  respective 
tubes  to  the  upper  center  header  and  then  goes  to  the 
steam  main. 

In  designing  the  furnace,  attention  has  been  given  to 
the  problem  of  obtaining  proper  combustion  of  the  fuel 
burned.  The  furnace  is  built  12  ft.  high  and  the  width 
of  the  boiler.  There  are  four  12-retort  underfeed 
stokers,  each  21  ft.  3  in.  wide,  with  a  length  of  10  ft. 
10  in.,  and  22  tuyeres  high.  The  windbox  under  each 
stoker  is  sectionalized,  so  that  by  the  operation  of  three 
dampers  if  any  one  of  four  plungers  gets  out  of  order 
the  air  can  be  cut  out  from  that  zone  and  the  remain- 
der of  the  stokers  used  until  repairs  can  be  made,  thus 
preventing  the  boiler  as  a  whole  from  being  put  out  of 
service.  Each  stoker  is  equipped  with  four  power 
boxes,  thus  sectionalizing  the  stoker  into  four  sections 
of  three  retorts  each. 

Bituminous  run-of-mine  coal  is  to  be  used,  and  the 
stokers  are  oesigned  to  burn  sufficient  coal  of  not  less 
than  12,000  B.t.u.  to  deliver  215  per  cent  of  normal 
boiler  rating  continuously  and  to  deliver,  with  coal  of 
the  same  B.t.u.,  300  per  cent  of  ncimal  rating  for  a 
duration  of  four  hours. 

The  following  are  data  of  the  stoker  performance: 


A'r  Required  per 

Flue  Gas  COj 

Stoker  at   the  Stoke 

Percent,  ge  of          Boiler  and 

Not  More 

Cu.  Ft.     Second 

Rating 

Furnace  Efficiency 

Than  Per  Cent 

per  Min.       Pass 

125 

75 

13.5 

17.400         2.0 

150 

75 

13.S 

21,000         2.5 

175 

74 

13.S 

25.000         3.0 

200 

71 

13.5 

29.200         3.5 

225 

69 

13.S 

34.000         4.0 

250 

67.5 

13.5 

38.600         4.6 

300 

50,000         6.0 

The  stokers  are  driven  by  means  of  four  20-hp.  mo- 
tors, one  for  each  unit,  and  having  a  variable  speed  of 
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FIG.   1.     SIDE  ELEVATION  OF  THE  NEW  BOILER  PLANT  AT  THE  REPUBLIC  STEEL  AND  IRON  CO. 
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from  300  to  1,200  r.p.m.,  thus  giving  a  stoker  speed  for 
any  capacity  from  minimum  to  maximum.  A  single 
silent-chain  drive  is  used  between  the  motors  and  the 
driving  shaft,  but  four  chain  drives  are  used  vvith  each 
stoker,  there  being  a  clutch  for  each  four  sections  into 
which  the  stoker  drive  is  divided. 

All  four  motors  are  mounted  in  the  basement  on  a 
platform  built  on  I-beams  inserted  at  the  ends  of  the 


a    turbine    speed    of    3,510    revolutions    per   minute: 


FIG.    3.     PLAN   OF   FORCED-DRAFT   LAYOUT 

concrete  tiers  that  support  the  front  portions  of  the 
boiler  (see  Fig.  2).  This  gives  a  headroom  below  the 
motor  of  8  ft.  10  in.  The  stoker  driving  shaft  is  also 
placed  in  the  basement,  being  suspended  in  suitable  bear- 
ings hung  from  the  boiler-room  floor. 

As  the  stoker  motors  are  located  below  the  operating 
aisle  between  the  boilers,  two  of  which  are  on  each  side 
and  mid-distance  of  the  length  of  the  boiler  room,  ample 
space  is  provided  for  the  four  turbine-driven  forced- 
draft  fans,  which  are  also  placed  in  the  basement.  Each 
turbine  is  of  130  b.hp.  capacity  and  drives  its  connected 
fan  through  the  medium  of  a  reducing  gear,  the  pinion 
having  a  speed  of  3,510  r.p.m.,  and  the  fan  1,350  r.p.m. 
E?ich  turbine  is  designed  with  eight  stages  to  operate 
either  condensing  or  noncondensing  with  225  lb.  steam 
pressure  and  200  deg.  superheat.  A  direct-driven  gov- 
ernor controls  the  speed,  and  an  emergency  governor 
which  will  automatically  close  its  governor  valve  when 
a  predetermined  speed  limit  has  been  passed. 

The  turbines  are  designed  to  operate  either  condensing 
or  noncondensing.  When  operating  condensing  extra 
nozzle  holes  are  plugged,  but  if  the  turbine  is  to  operate 
continuously  noncondensing,  the  plugs  are  removed.  At 
least  10  per  cent  better  economy  will  be  obtained  run- 
ning condensing  than  operating  noncondensing  with  the 
bypass  valve  open.  Each  turbine  will  develop  full  or 
partial  load  without  the  use  of  the  bypass  or  overload 
valve  and  will  also  develop  one-half  greater  overload 
without  the  use  of  the  bypass,  but  with  the  overload 
valve  open. 

These  turbines  are  designed  to  carry  their  load  at 
their  respective  speeds  with  any  steam  pressure  as  low 
as  70  lb.  gage,  running  noncondensing.  With  both  by- 
pass and  overload  valves  closed,  the  turbines  will  carry 
their  normal  rated  load  and  speed  when  operating  con- 
densing. With  the  overload  valve  open  and  the  bypass 
valve  closed,  they  will  carry  25  per  cent  overload  con- 
densing, and  with  the  bypass  valve  open  and  the  over- 
load valve  closed  each  machine  will  carry  its  normal 
rated  load  and  speed  when  operating  noncondensing. 
With  both  bypass  and  overload  valves  open  the  turbines 
Vv'ill  carry  25  per  cent  overload  operating  noncondensing. 

The  following  are  the  guarantees  for  condensing  op- 
eration load  or  normal  full  load  of  130  b.hp.,  and  witn 


Steam 

Consumption 

Load 

per  Horsepower-Hour 

Per  Cent 

Horsepower 

Condensing 

Noncondensinjf 

12S 

162.5 

21.3 

45.6 

100 

130.0 

20.S 

43.4 

75 

97.5 

21.6 

47.5 

SO 

65.0 

24.3 

51.5 

The  following  horsepower  guarantees  are  made  with 
the  speeds  given : 


Turbine 

Gear 

Pounds  Steam 

Hp. 

r.p.m. 

r.p.m. 

Condensing 

Noncondensing 

130.0 

3,510 

1,330 

20.5, 

43.7 

70.2 

2,940 

1,130 

24.5 

50.8 

36.1 

2,275 

875 

35.7 

77.0 

21.7 

1,935 

740 

47.6 

104.5 

Each  turbine  is  connected  to  its  individual  fan  by  a 
double-helical  reduction  gear  and  a  flexible  coupling, 
the  latter  being  placed  between  the  reduction  gear  and 
the  fan.  All  four  forced-draft  fans  are  of  the  double 
side-inlet  type.  The  full  housing  is  horizontally  split 
along  the  center  line  of  the  shaft,  which  permits  of  re- 
moving the  rotating  element  without  breaking  the  flue 
connection.  The  discharge  outlet  is  at  an  angle  of 
45  deg.  and  connects  to  the  air  duct  with  easy  bends, 
which  reduce  the  resistance  of  the  air  in  passing  through 


FIG.    4. 


SHOWING    ECONOMIZER    CONNECTION    TO 

SiNIOKE  FLUE 


the  connection.  Two  fans  are  connected  to  each  of  the 
two  ducts,  which  extend  below  the  boiler-room  floor 
for  the  length  of  the  boiler  setting,  one  on  e^ch  side  of 
the  operating  aisle.  Each  air  duct  is  divided  in  the 
center  by  a  damper,  so  that  either  boiler  can  use  either 
fan,  or  in  case  of  emergency  one  fan  can  take  care  of 
both   boiler   furnaces   under   certain   rating.      Each   air 
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duct  is  5  ft.  high  and  3  ft.  3  in.  wide,  inside  dimensions. 
The  four  outlets  to  the  windboxes  of  each  stoker  con- 
nect the  main  air  duct  with  easy  curves.  In  the  dis- 
charge of  each  fan  is  mounted  a  louvre  type  of  damper 
connected  through  the  fan  housing  with  a  common  lever 
for  hand  operation.  The  approximate  rate  of  each 
forced-draft  fan  is  5,200  lb.;  that  of  the  induced-draft 
fan  is  8,140  lb.  Fig.  3  is  a  plan  view  of  the  forced-draft 
fan  layout. 

The  capacity  of  each  forced-draft  fan  at  1,350  r.p.m. 
is  60,000  cu.ft  with  air  at  70  deg.  F.,  and  the  capacity 
of  the  induction-draft  fan  at  690  r.p.m.  is  97,000  cu.ft. 
per  min.,  the  static  pressure  being  6  in.  of  water.  The 
draft  loss  is  figured  as  follows :  Draft  loss  through 
the  boilers,  2  in.;  loss  through  the  economizers,  2.65  in.; 


FIG.  5.  DETAILS  OF  ASH  HOPPER  AND  ASH  GATES 

through  flues,  0.25  in.;  total  draft  loss  through  boiler, 
4.9  in. 

Above  the  boilers  is  a  floor  on  which  the  four  econo- 
mizers and  the  four  turbine-driven  induced-draft  fans 
are  placed.  Fig.  4.  Each  fan  discharges  into  a  venturi 
stack,  7  ft.  in  diameter  at  the  top  and  tapering  to  5  ft. 
4  in.  at  the  bottom,  the  taper  extending  for  a  distance 
of  11  ft.  The  top  of  each  stack  is  34  ft.  above  the  outlet 
connection  of  the  fans. 

Nothing  could  be  more  directly  connected  and  com- 
pact than  the  arrangement  of  the  economizers  and  the 
induced-draft  fan.  The  flue  connection  from  each 
boiler  to  its  economizer  is  vertical  and  is  of  the  venturi 
design,  being  7  ft.  in  diameter  at  the  top  and  6  ft.  4  in. 
a'  the  boiler  end.  Each  economizer  contains  520  pipes 
arranged  in  52  sections,  10  pipes  wide,  approximately 
12  ft.  long,  and  having  a  total  heating  surface  of  18,500 
square  feet. 

Cross-circulation  is  used.  The  pipes  are  arranged  so 
that  each  econ.omizer  is  divided  into  three  groups. 
Water  enters  the  bottom  cross-pipe  in  the  first  group, 
and  the  hot  gases  enter  at  the  opposite  end  of  the  econ- 
omizer, thus  adopting  the  counterflow  principle.     From 


the  bottom  header  the  water  flows  upward  through  the 
tube  of  that  section,  and  into  the  top  headers,  and  then 
into  the  top  cross-pipe  which  connects  with  a  bottom 
cross-pipe  of  the  second  group;  then,  as  before,  to  the 
top  cross-pipe  of  the  second  group,  and  by  a  cross 
overpipe  to  the  bottom  cross-pipe  of  the  third  group. 
The  water  is  delivered  from  the  top  cross-pipe  to  the 
third  group  of  pipes  at  its  maximum  temperature,  and 
is  then  fed  to  the  boilers.  With  a  gas-inlet  temperature 
of  615  deg.  F.  and  a  gas-outlet  temperature  of  397  deg., 
the  water,  with  an  inlet  temperature  to  the  economizer 
of  190  deg.,  will  have  an  approximate  outlet  tempera- 
ture of  300  deg.  The  approximate  weight  of  each 
economizer  is  240,000  lb.,  or  120  tons. 

Each  economizer  is  fitted  with  three  2y^-\n.  combina- 
tion blowoff  valves  and  three  release  valves,  one  of  each 
for  each  section.  They  are  inclosed  with  sectional 
russia  iron,  lined  with  2-in.  asbestos,  each  section  being 
easily  removable  for  inspection.  The  scraper  drive  for 
each  unit  is  a  13-hp.  motor. 

Ashes  from  the  stokers  of  the  boilers  are  deposited 
in  an  individual  three-outlet  iron  ash  hopper,  lined  with 
red  brick.  Each  is  constructed  so  that  the  sections 
v>  hich  are  bolted  together  are  21  ft.  3  in.  long  and  6  ft. 
8^  in.  wide  at  the  top  and  2  ft.  wide  at  the  bottom, 
the  outlets  being  2x3  ft.  Pneumatic  operated  gates,  de- 
tails of  which  are  given  in  Fig.  5,  are  fitted  to  the  outlet 
of  the  ash  hopper,  the  gate  being  operated  on  rollers 
and  actuated  by  a  plunger  controlled  by  a  four-way 
valve.  The  ashes  are  dumped  into  motor-operated  cars 
having  a  capacity  of  50  cu.ft.  and  run  on  a  2-ft.  6-in. 
gage  track.  The  loaded  car  is  run  to  a  hopper,  from 
which  the  ashes  are  elevated  to  the  top  of  the  hoist  and 
automatically  dumped  into  a  chute  leading  to  a  bin,  from 
which  they  are  loaded  into  railroad  cars  for  removal. 

The  operation  of  the  ash  hoists  is  of  interest.  When 
the  ash  handler  desires  to  elevate  a  load  of  ashes  that 
has  been  dumped  into  the  hopper,  he  presses  a  starting 
switch  to  start  the  50-in.  d.c.  motor.  When  the  70-cu.ft. 
capacity  skip  nears  the  top,  a  resistance  coil  is  cut  in 
on  the  circuit,  which  causes  the  motor  to  slow  down. 
When  the  ash  bucket  reaches  the  dumping  position,  the 
circuit  is  automatically  cut  and  the  bucket  stops  long 
enough  to  discharge  its  contents.  By  means  of  a  relay 
switch  on  the  control  board,  after  the  bucket  has  re- 
mained at  the  dumping  position  a  sufficient  length  of 
time  to  dump,  the  current  is  automatically  applied  to 
the  motor,  which  has  been  reversed  by  means  of  a  limit 
switch,  and  the  bucket  is  sent  to  its  original  loading 
position  ready  to  receive  another  load.  The  cycle  com- 
prises a  period  of  2^^  n.inutes. 

Coal  is  delivered  from  bottom-hopper  railroad  cars 
into  a  rack  hopper  havmg  a  top  measurement  of  13  x  36 
ft.,  or  468  sq.ft.  area.  From  this  hopper  the  coal  is 
conveyed  to  the  crusher  by  means  of  a  65-ft.  long  center 
to  center,  apron  type  conveyor,  with  a  width  of  36  in. 
It  has  a  capacity  of  180  tons  per  hour  at  a  speed  of 
40  feet  per  minute.  Power  to  operate  this  conveyor 
is  taken  from  the  crusher-shaft  transmission  by  means 
of  a  chain  drive  to  the  hoist  countershaft  of  the  con- 
veyor drive.  The  crusher  is  of  the  four-roll  type,  each 
loll  being  36  in.  in  diameter  and  36  in.  face.  One  pair 
of  rolls  is  hold  rigidl)-  in  position,  but  the  other  pair  is 
provided  with  heavy  coil  springs  which  exert  enough 
tension  on  the  rolls  to  press  the  coal,  and  yet  permit 
of  giving  in  case  a  foreign  substance  is  encountered. 
The  rolls  and  apron  conveyor  are  operated  by  a  100-hp. 
compound-wound  motor  at  850  r.p.m.  The  capacity  of 
the  crusher  with  run-of-mine  bituminous  coal  crushing 
to  90  per  cent  ^-in.  size,  is  180  tons  per  hour. 

Boil  the  crusher  and  apron  conveyor  ar2  located  out- 
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side  of  the  boiler  house,  as  is  also  the  double  skip  hoist 
that  elevates  the  coal  from  a  bifurcated  hopper  after  it 
has  passed  through  the  crusher.  Each  skip  bucket  has 
a  capacity  of  120  cu.ft.  The  42-in.  double-drum  hoist 
is  operated  by  a  60-hp.  compound-wound  motor.  The 
grooves  in  the  hoist  drum  are  for  a  J^-in.  cable.  When 
the  skip  descends,  a  lever  on  the  front  of  the  bucket 
engages  the  gate  of  the  chute  leading  from  the  crusher 
hopper,  thus  opening  the  gate,  which  is  held  open  by 
means  of  a  latch.  The  skip  bucket  then  comes  to  rest 
on  a  counterweight  lever  of  the  skip.  When  sufficient 
coal  has  been  discharged  into  the  skip,  the  counter- 
weight lever  is  depressed,  the  latch  holding  the  gate 
open  is  released,  and  the  gate  closes  to  shut  off  the  flow 
of  coal.  When  the  lever  is  thus  operated,  a  switch  is 
thrown  which  starts  the  motor  operating  the  hoist,  and 
the  bucket  is  hoisted  until  it  reaches  a  predetermined 
point,  when  resistance  is  cut  in  the  circuit.  When  the 
bucket  reaches  the  dumping  position,  current  is  cut  off 
from  the  motor,  and  the  bucket  stops. 

A  7^ -ton  motor-operated  distributing  larry  car  car- 
ries coal  from  the  skip-hoist  hopper,  located  at  the  head 
of  the  hoist,  and  discharges  from  both  sides  simulta- 
neously into  a  coal  bunker  placed  central  over  the 
boiler-room  operating  aisle.  This  bunker  has  a  capacity 
of  15,500  lb.  per  lin.  ft.,  and  as  it  is  64  ft.  in  length,  the 
capacity  is  approximately  500  tons.  From  the  over- 
head bunker  the  coal  is  fed  through  four  15-in.  spouts 
to  the   stoker  hopper. 

Dalton's  Law  Applied   to  Air-Pump 
Capacities 

By  Frank  R.  Wheeler 

The  presence  of  air  in  a  condenser  has  two  very  det- 
rimental effects.  It  increases  the  total  absolute  pres- 
sure or  reduces  the  vacuum  dependent  upon  the  amount 
present  and,  in  a  surface  condenser,  reduces  the  heat 
transfer.  Josse^  reported  a  relative  coefficient  of  heat 
transfer,  as  referred  to  steam  of  one  to  seven  hun- 
dred. 

Although  the  air  that  enters  the  condenser  with  the 
boiler-feed  water  and  through  leaks  in  the  system  has 
a  moisture  content  dependent  upon  its  humidity  and 
temperature,  for  practical  reasons  it  is  usual  to  con- 
sider the  leakage  as  dry  air.  This  air  admitted  to  the 
condenser  is  heated  to  the  temperature  corresponding 
to  the  vacuum,  and  through  contact  with  the  steam  be- 
comes saturated.  The  air  pump  must,  therefore,  re- 
move with  the  noncondensable  gases,  or  air,  an  amount 
of  water  vapor,  or  steam,  dependent  upon  the  tempera- 
lure  and  pressure  of  the  mixture  at  the  air-pump  suc- 
tion. 

By  Dalton's  Law  the  total  pressure  of  a  mixture  of 
gases  is  the  sum  of  the  partial  pressures  of  the  gases 
present.  For  example:  A  condenser  maintaining  a 
vacuum  of  2  in.  absolute  (28  in.  referred  to  a  30-in. 
barometer)  with  condensate  at  90  deg.  F.  indicates  that 
the  steam  present  has,  from  the  steam  tables,  a  partial 
pressure  of  1.417  in.  absolute  and  the  partial  air  pres- 
sure then  is  2 —  1.417,  or  0.583  in.  absolute. 

A  mixture  of  steam  and  air,  unlike  a  pure  saturated 
mixture,  may  change  in  temperature  without  effecting 
a  change  in  the  total  pressure  of  the  mixture,  the  change 
in  temperature  depending  upon  the  relative  partial  pres- 
sures of  the  steam  and  air. 

Assume  a  mixture  of  steani  and  air  at  a  temperature 
T  deg.  F.  and  a  total  pressure  P  lb.  per  sq.in.  absolute 
made  up  of  1  lb.  of  steam  at  temperature  T  deg.  F.  and 
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corresponding  pressure  Pg  and  occupying  V  cu.ft.,  and 
a  quantity  of  air  also  at  temperature  T  deg.  F.  and  oc- 
cupying V  cu.ft.,  but  at  a  partial  pressure  Pa- 
One  pound  of  dry  air  at  32  deg.  F.  and  a  barometric 
pressure  of  29.92  in.  of  mercury,  or  14.6963  lb.  per 
sq.in.  absolute,  occupies  12.387  cu.ft.  and  at  tempera- 
ture T  deg.  F.  and  pressure  Pa  in,  of  mercurv  occupies: 

29.92,  .  r+459.6,,,^  ^^^      (r-f  459.6) X0.75452       . 
-X^o     .c:nAX12.387  or  ^ cu.ft. 


Pa    ^^32-f  459.6' 
V  cu.ft.  of  the  air  weighs- 


Pa 
PaXV 


'(r-|-459.6)x0.75452^'^-'  ^"^ 

since  this  is  the  weight  of  air  mixed  with  one  pound  of 

steam,  the  weight  of  steam  per  pound  of  air  is 

1 

(r-f  459.6)  X0.75452 
or        -^ — 


PaY.V 


(r+459.6)X0.7542  ^'  VXPa 

where  V  =  specific  volume  per  pound  of  steam  at  tem- 
perature T  deg.  F. ;  P  =  total  pressure  in  condenser, 
inches  Hg.  absolute ;  T  =  the  temperature  of  the  mix- 
ture in  degrees  F. ;  Pg  =  partial  steam  pressure  corre- 
sponding to  the  temperature  of  the  water  present,  in 
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CHART  SHOWING  ADDITIONAL  CAPACITY  THAT  MUST  BE 

PROVIDED  IN  AN  AIR  PUMP  TO  REMOVE  ASSUMED 

LEAKAGE  OF  DRY  AIR  INTO  THE 

CONDENSING   SYSTEM 

inches  of  mercury  absolute;  and  Pa  =  partial  air  pres- 
sure in  inches  of  mercury  absolute  (P-Pg). 

From  this  formula  the  accompanying  chart  has  been 
plotted  to  show  the  additional  capacity  that  must  be 
provided  in  an  air  pump  to  remove  the  assumed  leakage 
of  dry  air  into  the  condensing  system. 

For  example:  Assume  a  turbine  installation  where 
provision  is  to  be  made  for  an  air  leakage  of  20  lb. 
of  dry  air  per  hour  (approximately  4.45  cu.ft.  per 
min.)  through  joints  and  from  air  entrained  in  the 
boiler-feed  water.  This  condenser  is  to  maintain  a 
vacuum  of  28  in.  referred  to  a  30-in.  barometer,  or 
2  in.  absolute,  with  circulating  water  entering  at  70  deg. 
F.  and  leaving  at  88  deg.  F.  With  good  design  the 
mixture  at  the  air-pump  suction  can  be  assumed  as  a 
mean  of  these,  or  79  deg.  F. 

From  the  chart  it  will  be  found  that  to  remove  one 
pound  of  air  under  these  conditions  it  is  necessary  also 
10  remove  0.6156  lb.  vapor,  so  that  the  total  air-pump 
capacity  required  is  1.6156X^0,  or  32.3  lb.  of  mix- 
ture per  hour  (approximately  7.18  cu.ft.  per  min.)  in 
order  to  remove  20  lb.  of  dry  air  per  hour. 
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Sampling  Tanks  Versus  Continuous  Recorders 

for  Determining  COg 


By  CHARLES  C.  PHELPS 


,  /  discjission  of  the  correctness  of  results  of 
CO.,  determinations  by  different  methods.  Ex- 
plains some  of  the  common  errors  and  suggests 
proper  method  of  procedure. 


ENGINEERS  and  firemen  who  are  striving  to 
operate  their  power  plants  efficiently,  try  to 
maintain  a  high  percentage  of  carbon  dioxide 
(CO,)  in  the  flue  gases  from  their  boiler  furnaces. 
Hence,  frequent  measurement  of  COo  becomes  neces- 
sary. Three  methods  of  taking  these  measurements  are 
in  common  use,  namely :  By  withdrawing  samples  of 
gas  directly  from  the  flue  at  regular  intervals  and  mak- 


ulyz'nig  apparatus  give  the  data  for  determining  chim- 
ney losses  at  only  a  given  instant,  but  it  is  unlikely  that 
such  data  would  represent  true  average  conditions.  The 
COo  sampling  tank,  on  the  other  hand,  does  not  supply 
a  means  of  determining  CO2  percentage  at  any  given 
instant,  but  furnishes  a  sample  from  which  it  is  as- 
sumed that  the  average  heat  lost  up  the  chimney  may  be 
calculated.  This  last  assumption,  however,  is  not  war- 
ranted by  the  facts. 

Sampling  Tanks  Take  No  Account  of 
Rate  of  Driving 

Gas  flows* into  the  sampling  tank  at  a  uniform  rate; 
that  is,  a  constant  volume  is  collected  during  each  unit 
of    time.      One    thousand    cubic    inches,    say,    of    gas 


FIG.     1.      CHART    SHOWING    AVERAGE    CO2    IS    NOT    GOOD 
INDICATION   OF   HEAT   LOSS 

mg  analyses  with  an  Orsat  or  other  hand  analyzing  ap- 
paratus ;  by  collecting  the  gas  in  a  sampling  tank  during 
a  period  of  definite  duration,  for  instance,  a  shift  or  a 
24-hour  run,  and  later  analyzing  the  contents  of  the  tank 
for  the  average  percentage  of  CO2  during  the  period 
covered ;  and  by  automatically  recording  the  percentage 
of  COo  continuously  on  the  chart  of  a  CO,  recording 
instrument  which  is  permanently  connected  with  the  flue. 
The  last-named  method  has  many  important  advan- 
tages over  the  other  two.  It  shows  stack  conditions  at 
once,  instead  of  some  minutes  or  hours  later,  hence  it  is 
easier  to  correlate  the  COo  with  such  factors  as  change 
of  draft,  addition  of  coal  and  varying  demand  for  steam, 
and  to  arrive  at  logical  conclusions  as  to  causes  of  in- 
efficiency, while  such  knowledge  can  be  used  to  improve 
the  efficiency.  Furthermore,  it  gives  a  continuous  per- 
manent record  from  which  the  heat  losses  up  the  chim- 
ney may  be  determined  for  any  instant  or  for  a  total 
elapsed  time.     So-called  snap  tests  made  by  hand  an- 


FIG. 


CO.-  CHART   SHOWING  AVERAGE 
VARYING  CO2 


HEAT   LOSS    FOR 


are  withdrawn  from  the  flue  every  hour  irrespective  of 
the  total  amount  of  gases  passing  up  the  chimney  dur- 
ing each  hour,  the  rate  of  flow  up  the  chimney,  of  course, 
varying  with  the  rate  of  driving  the  fire.  Supposing 
the  coal  records  show  that  five  times  as  much  coal  is 
consumed  during  the  second  hour  as  during  the  first  and 
a  record  from  a  continuous  COo  chart  shows  a  uniform 
COo  percentage  for  the  two  hours ;  we  would  then  know 
from  the  coal  and  CO,  records  that  the  total  loss  was 
five  times  as  serious  during  the  second  hour,  although 
the  percentage  of  COo  did  not  change.  Analysis  of  the 
tank  sample,  ou  the  other  hand,  would  not  give  much  en- 
lightenment, for  we  would  not  know  whether  COo  was 
high  during  the  first  hour  and  low  daring  the  second 
(which  would  make  the  losses  worse  than  they  might 
appear  to  be)  or  whether  low  COo  occurred  during  the 
first  hour  and  high  during  the  second  (which  would 
mean  better  economy  than  the  analysis  would  appear  to 
indicate).     It  is  apparent  that  the  use  of  the  sampling 
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tank  is  likely  to  lead  to  serious  errors  in  both  directions, 
for  the  simple  reason  that  it  withdraws  its  sample  at  a 
uniform  rate,  whereas  the  flow  of  gases  up  the  flue  is 
constantly  fluctuating.  Another  point  is  that  the  great- 
est opportunities  for  fuel  saving  occur  while  the  fur- 
nace is  being  forced,  and  that  a  special  effort  should 
be  made  to  keep  CO,  as  high  as  possible  at  such  times. 

Why  Average  CO,  Does  Not  Determine 
Average  Heat  Losses 

In  addition  to  the  objection  already  pointed  out, 
there  is  inherent  in  the  sampling-tank  method  another 
fallacy  which  is  perhaps  even  more  serious.  A  definite 
relation  exists  between  the  percentage  of  COj  in  the  flue 
gases  and  the  percentage  of  the  total  heat  of  the  fuel 
that  is  wasted  up  the  chimney.  At  a  stack  temperature 
600  deg.  F.  above  the  temperature  of  the  atmosphere 
this  relation  is  approximately  in  accordance  with  the 
accompanying  table.  This  table  is  based  on  the  com- 
plete combustion  of  pure  carbon  as  fuel.  For  fuel  con- 
taining other  constituents  besides  carbon,  and  for  in- 
complete combustion,  the  ratios  would  of  course  vary 
somewhat.  For  stack  temperatures  other  than  that 
assumed  in  this  case,  the  heat  losses  would  be  in  pro- 
portion to  the  temperature ;  for  instance,  with  a  stack 
temperature  300  deg.  above  atmospheric  the  losses 
would  be  one-half  as  great  as  those  noted  in  the  table. 

To  illustrate  the  second  fallacy  involved  in  the  sam- 
pling tank  method,  let  us  assume  such  a  case  as  that 
lepresented  by  the  COo  recorder  chart  shown  in  Fig.  1. 
Here  the  chart  record  shows  by  A  that  the  percentage 
of  CO2  was  kept  steadily  at  13  per  cent,  from  6  a.  m.  to 
noon  and  at  5  per  cent,  from  then  until  6  p.  m.  (an 
average  of  9  per  cent.  COg  for  the  twelve  hours) .  From 
the  table  the  loss  up  the  chimney  corresponding  to  13 
per  cent.  CO2  is  found  to  be  19.3  per  cent,  and  the  loss 
corresponding  to  5  per  cent.  CO,  is  49  per  cent.  Hence, 
the  true  average  loss  up  the  chimney  for  the  two  six-hour 

19  3  _L  49 
periods  is — ^^-^ =r  34.2  per  cent,  if  the  flue  tem- 
perature and  rate  of  driving  remain  constant.  The 
same  loss  would  have  resulted  if  the  CO,  had  been 
maintained  steadily  at  7^  per  cent.  {B,  Fig.  1)  for  the 
full  twelve-hour  period,  inasmuch  as  34.2  per  cent,  loss 
corresponds  to  7^4  per  cent.  CO2  (see  table). 

The  sampling  tank  would  have  given  a  result  entirely 

different  from  the  foregoing.     One-half  of  the  flue-gas 

sample  would  have  contained  13  per  cent.  CO,  and  the 

other  half  5  per  cent.,  making  the  average  percentage  of 

.13-1-5 
CO2  as  determined  by  analysis ^ —  =  9  per  cent.    (  C, 

Fig.  1).  The  loss  corresponding  to  9  per  cent.  CO2  is  27.6 
per  cent.  This  false  result  would  be  certain  to  mislead 
an  observer  into  believing  that  the  chimney  losses  were 
34.2  —  27.6  =  6.6  per  cent,  lower  than  they  really  were. 
In  other  words,  the  ercor  resulting  from  the  use  of  the 

sampling  tank  in  this  case  amounts  to  ,  '^  =  19  per 

cent.  In  actual  practice  the  error  might  be  much  greater 
or  less  than  this,  depending  entirely  upon  the  condi- 
tions of  operation. 

From  the  foregoing  it  is  quite  apparent  that  it  is  more 
important  to  know  the  extent  of  the  fluctuations  in  per- 
centage of  CO2  than  the  average  values.  One  of  the 
advantages  of  snap  tests  made  by  hand  analyzing  ap- 
paratus over  averaging  tests  based  on  tank  samples  is 
that  if  the  snap  tests  are  made  with  sufficient  frequency 
they  do  give  some  idea  of  the  extent  of  fluctuations  and 
at  least  make  it  possible  to  determine  the  exact  loss  at 
the  instant  the  sample  was  taken.  The  continuous  auto- 
graphic record  is,  on  the  other  hand,  preferable  to  either 


of  the  other  methods  inasmuch  as  it  really  is  equivalent 
to  an  infinite  number  of  readings  and,  hence,  all  fluctua- 
tions of  COo. 

From  the  "Loss  Increment"  column  in  the  table  it 
will  be  noticed  that  the  heat  lost  up  the  chimney  in- 
creases rapidly  as  the  percentage  of  CO,  in  the  flue 
gases  becomes  less.  Hence,  on  such  a  record  as  that 
shown  at  D,  Fig.  2,  the  losses  represented  by  the  parts 
of  the  record  near  the  center  of  the  chart  are  out  of  all 
proportion  to  the  losses  on  parts  of  the  record  farther 
out  radially.  This  illustrates  clearly  why  a  flat  record 
is  more  desirable  than  a  fluctuating  one  and  shows  why, 
v/hen  CO2  is  held  constantly  at  one  point,  the  chimney 
loss  is  bound  to  be  less  than  when  CO2  fluctuates  in 

HOW  CHIMNEY  LOSSES  VARY  WITH  CO2  AT  STACK  TEMPERA- 
TURE  600   DEGREES  F.   ABOVE  TEMPERATURE  OF  ATMOS- 
PHERE.    BASED  ON  CARBON  AS  FUEL 

Per  Cent.  Per  Cent.   Per  Cent.              Per  Cent.  Per  Cent.   Per  Cent. 

CO2  Loss  Up  Loss                _       CO2  Loss  Up        Loss 
in  Flue  Gas     Chimnty  Increment           in  Flue  Gas     Chimney  Increment 

21  12.2  11  22.8            1.9 

20  12.8  0.6  10  25.0            2.2 

19  13. S  0.7  9  27.6            2.6 

18  14.2  0.7  8  31.0            3.4 

17  IS.O  0.8  7  35.3            4.3 

16  15.9  0.9  6  41.0           5.7 

15  16.9  1.0  5  49.0           8.0 

14  18.0  1.1  4  61.0  12.0 

13  19.3  1.3  3  80.0  19.0 

12  20.9  1.6 

amount  but  is  of  an  equivalent  average  percentage.  Con- 
versely, a  flat  curve,  as  E,  might  actually  mean  better 
efficiency  than  a  fluctuating  curve  D,  which  represents 
ci  greater  average  percentage  of  COj.  In  this  case  the 
flat  record  E,  showing  6.7  per  cent.  CO,,  indicates  37 
per  cent,  chimney  loss,  whereas  the  fluctuating  curve  D 
shows  an  average  chimney-loss  percentage  of  37.3  per 
cent,  (the  latter  calculated  from  readings  at  75^-minute 
intervals  on  the  chart).  Curve  D  fluctuates  between 
losses  of  21.9  and  80  per  cent,  heat  losses.  Here  the 
record  D,  which  shows  the  greater  average  percentage 
of  CO2,  namely,  7.2  per  cent,  (as  actually  determined  by 
radial  planimeter  and  represented  on  Fig.  2  by  the  dotted 
line  F)  paradoxically  represents  a  greater  loss  than  the 
record  E  with  a  smaller  percentage  of  CO,. 

The  cases  cited  in  this  article  point  to  conclusions 
that  should  be  followed  in  practice. 

1.  Strive  to  obtain  the  highest  practicable  percentage 
of  CO2  in  the  flue  gas. 

2.  Keep  the  percentage  of  CO,  as  nearly  uniform  as 
possible.  Uniformity  is  second  in  importance  only  to 
the  largeness  of  percentage  of  CO,. 

3.  The  more  nearly  continuous  the  record  of  COj 
the  better,  inasmuch  as  this  enables  the  operator  to  de- 
termine the  scale  of  fluctuation  more  accurately. 

4.  The  average  or  total  heat  losses  up  the  chimney 
cannot  be  calculated  with  accuracy  from  the  average 
percentages  of  CO2.  The  average  percentage  of  heat 
loss  is  determined  most  accurately  by  finding  the  cor- 
responding heat  losses  for  as  many  points  on  the  CO, 
record  as  possible  and  then  averaging  these  figures. 

5.  In  determining  chimney  heat  losses  for  a  "heat 
balance"  or  as  a  check  on  regular  operation,  keep  in 
mind  that  the  varying  rate  of  combustion  is  of  as  great 
importance  as  the  percentage  of  CO2  in  the  flue  gas.- 

6.  T!ie  cost  of  installing  and  operating  a  continuous 
autographic  CO2  recorder  is  small  in  comparison  with 
the  possible  savings  in  fuel  in  the  average  power  plant. 
The  United  States  Fuel  Administration  recom- 
mended the  use  of  CO2  equipment  for  any  plant  burning 
five  tons  of  coal  or  more  per  day ;  in  many  plants  where 
the  fuel  consumption  is  much  less,  the  operation  of 
such  equipment  pays  handsome  returns  on  the  invest- 
ment. In  very  small  plants  it  will  surely  pay  to  use  a 
hand  analyzer,  which,  though  possessing  many  short- 
comings, is  nevertheless  a  very  valuable  instrument. 
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Noise  and  Vibration 

By 

A.  M.  Dudley 

The  First  of  Three  Articles  on  Locating 
Faults  in  Induction-Motors.  The  Ob- 
servations of  the  Behavior  of  the  Motor 
To  Be  Made  When  Started  for  the  First 
Time,  and  How  To  Distinguish  Between 
Mechanical  and  Electrical  Troubles. 


A 


FTER  the  coils  have  been  placed  in  a  motor  and 
the  cross-connection  completed  according  to  the 
desired  diagram,  a  check  is  necessary  to  insure 
that  the  connections  are  properly  made  before  load  is 
put  on.  The  simplest  way  of  making  this  check  is  to 
start  up  the  motor  and  run  it  light  on  a  circuit  of  the 
proper  phase,  frequency  and  voltage.  Observation  of 
the  behavior  of  the  motor  under  these  conditions  indi- 
cates to  the  trained  observer  whether  there  are  any- 
serious  discrepancies  in  the  winding  or  connections. 
This  observation  should  cover  five  points ;  namely, 
speed,  noise,  mechanical  vibration,  general  heating  of 
the  whole  winding  and  local  heating  of  one  or  more 
separate  coils. 

The  speed,  if  correct,  should  be  of  nearly  syn- 
chronous value  when  the  motor  is  running  without  load; 
that  is,  equal  to  cycles  times  120  divided  by  the  number 
of  poles. 

The  motor  should  give  a  low  humming  noise  similar 
to  that  made  by  transformers,  but  there  should  be  no  ir- 
regular or  "growling"  noise.  There  may  also  be  a  con- 
siderable volume  of  air  noise  or  whistle  caused  by  the 
ventilating  air  passing  through  the  air  ducts  in  the  rotor 
and  stator.  The  magnetic  noise  may  be  distinguished 
from  the  air  noise  by  the  expedient  of  opening  the 
switch  for  a  second  or  two  while  the  motor  is  running 
full  speed  without  load.  Opening  the  switch  breaks  the 
current  and  removes  the  magnetic  field,  and  consequently 
the  magnetic  noise  ceases,  but  leaves  the  rotor  running 
at  practically  the  same  speed  owing  to  its  inertia  or 
stored  energy,  and  hence  the  windage,  or  air  noise,  is 
practically  unaffected.  In  this  way,  by  opening  and 
closing  the  switch  two  or  three  times,  it  becomes  readily 
apparent  what  part  of  the  total  sound  made  by  the  mo- 
tor is  magnetic  and  what  part  is  windage.  It  also  in- 
dicates whether  either  or  both  of  these  sounds  are  ab- 
normal. If  the  speed  is  correct  and  the  motor  makes  no 
more  than  a  reasonable, singing  or  humming  noise,  the 
hand  should  be  placed  on  the  frame  to  note  the  me- 
chanical vibration. 

If  there  is  noticeable  mechanical  vibration,  it  may  be 
due  to  purely  mechanical  causes  or  to  magnetic  causes 
or  possibly  to  both.  By  opening  and  closing  the  switch, 
as  described  in  the  foregoing,  the  mechanical  vibration 
due  to  the  magnetic  field  can  be  easily  separated  from 
that  due  to  strictly  mechanical  causes,  because  when  the 
switch  is  open  there  is  no  magnetic  field  present.  Sup- 
pose, .for  example,  that  when  the  motor  is  running  at 
full  speed  there  is  a  marked  vibration  or  trembling  that 
can  be  felt  when  the  hand  is  laid  on  the  frame  of  the 
motor.     Suppose,  then,  that  when  the  switch  is  opened 
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for  a  second  or  two  the  vibration  disappears  and  the 
motor  rotates  smoothly  at  nearly  the  same  rate  of 
speed.  This,  then,  is  evidence  that  the  vibration  was 
caused  by  the  action  of  the  magnetic  field  on  the  stator 
and  rotor.  However,  if  the  motor  vibrates  whether  the 
switch  is  open  or  closed,  it  is  evidence  that  the  action  is 
purely  mechanical  and  is  affected  little  or  not  at  all  by 
the  presence  of  the  magnetic  field. 

When  the  trouble  is  traceable  to  the  magnetic  field, 
it  may  indicate  improper  connection  of  the  winding  or 
ir  may  indicate  that  the  mechanical  clearance  between 
stator  and  rotor  is  not  symmetrical  or  that  there  is 
some  similar  combination  of  mechanical  and  magnetic 
features  that  is  responsible  for  the  vibration  notice- 
able. The  commonest  mechanical  causes  for  vibration 
are  rotor  out  of  balance,  either  standing  or  running; 
bent  shaft;  too  great  clearance  between  shaft  and  bear- 
ings ;  unbalanced  or  eccentric  coupling  or  pulley  or  a 
combination  of  two  or  more  of  these  faults.  These  me- 
chanical conditions  are  easily  determined  and  can  be 
corrected.  The  commonest  causes  of  mechanical  vibra- 
tion due  to  a  combination  of  mechanical  and  magnetic 
conditions  are  rotor  out  of  round,  stator  out  of  round, 
too  great  clearance  in  the  bearings,  or  rarely,  uneven  or 
eccentric  air  gap  or  clearance  between  stator  and  rotor. 
The  latter  point  seldom  gives  trouble  and  a  polyphase 
motor  will  practically  always  run  without  giving  any 
trouble  until  the  bearing  wear  allows  the  rotor  to  strike 
on  the  stator.  Single-phase  motors  are  more  sensitive 
to  eccentricities  in  the  air  gap  or  clearance  between 
siator  and  rotor  and  sometimes  show  a  considerable 
variation  in  torque  in  motors  otherwise  duplicate  due 
to  such  irregularities. 

There  are  a  number  of  elements  that  may  cause  the 
rotor  or  stator  to  be  out  of  round.  In  the  first  place 
there  is  a  slight  variation  due  to  the  punch-and-die 
work,  which  may  amount  to  0.005  in.  between  individ- 
ual punchings.  In  the  second  place  some  allowance 
around  the  outside  of  the  punching  must  be  made  in  the 
fixture  or  frame  in  which  they  are  brilt  up  so  that  they 
will  assemble  readily,  and  this  allows  the  punchings  to 
stagger  more  or  less.  In  the  third  place  when  the  punch- 
ings are  actually  assembled  in  the  frame,  the  frame  may 
spring  out  of  shape  slightly  after  machin'ng,  owing  to 
the  release  cf  casting  strains  when  removing  the  mate- 
rial in  the  cut.  Of  course  none  of  these  variations  is  in 
itself  large,  but  when  they  all  accumulate  in  the  same 
direction,  perceptible  eccentricity  may  result  amount- 
ing to  a  good  many  thousandths  of  an  inch.  This  is  not 
serious,  since  it  is  present  to  some  extent  in  all  motors, 
but  under  extreme  or  extraordinary  conditions  it  may 
cause  mechanical  vibration. 
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Mechanical  vibration  caused  by  the  windings  may  be 
due  to  either  the  rotor  or  the  stator.  For  example,  in 
a  squirrel-cage  rotor  there  may  be  bad  contacts  be- 
tv/een  certain  bars  and  the  short-circuiting  rings,  result- 
ing in  more  resistance  in  some  parts  of  the  winding  than 
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FIG.    1.      AMMETER     CON- 
NECTIONS FOR  FOUR- 
"WIRE  TWO-PHASE 
MOTOR 


FIG.    2.       AMMETER     CON- 
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in  others.  This  in  turn  affects  the  distribution  of  cur- 
rent in  the  different  bars  and  hence  affects  the  mag- 
netic field  and  varies  the  mechanical  pull  from  point 
to  point.  Or  if  the  winding  on  the  rotor  of  a  wound- 
rotor  type  motor  is  ground  in  a  number  of  places,  it 
vill  also  cause  unequal  distribution  of  the  current  in 
the  windings,  which  in  turn  causes  severe  vibration  dur- 
ing the  starting  period.  However,  this  generally  dis- 
appears to  a  large  extent  after  the  motor  comes  up 
to  full  speed.  From  this  it  may  be  seen  that  where  me- 
chanical vibration  is  absent  the  con- 
clusion may  be  drawn  that  the  wind- 
ings are  symmetrical  and  are  func- 
tioning properly,  but  where  vibra- 
tion is  present  it  may  be  caused  by 
a  number  of  things,  some  of  them 
obscure,  and  must  not  immediately 
be  attributed  to  improper  winding 
connections  until  a  further  examina- 
tion is  made. 

The  next  point  to  be  observed  is 
the  general  temperature  of  the  en- 
tire winding  as  determined  by  pass- 
ing the  hand  around  the  ends  of  the 
windings.  It  is  best  practice  in  mak- 
ing this  examination  to  shut  down 
the  motor  after  it  has  run  three  to 
five  minutes.  If  the  examination  is 
made  while  the  motor  is  running, 
care  should  be  taken  to  avoid  injury 
by  coming  in  contact  with  moving 
parts  and  also  to  avoid  injury  from 
electric  shock,  if  the  circuit  is  550  volts  or  over.  If  the 
winding  as  a  whole  is  cool,  inspection  should  be  made 
for  individual  coils  that  are  much  hotter  than  the  rest  of 
the  winding,  as  these  may  indicate  short-circuits  or  im- 
proper connections  in  that  particular  coil. 

If  a  motor  is  operating  freely  and  easily  at  the  proper 
speed  without  undue  noise  or  mechanical  vibration  and 
if  there  is  no  general  or  local  heating  of  the  winding, 
the  next  step  is  to  measure  the  current  in  each  phase. 
"  This  may  be  done  as  indicated  in  Figs.  1,  2  and  3.  If 
possible  an  ammeter  should  be  connected  in  each  phase 
s-o  that  the  readings  of  all  phases  may  be  taken  simul- 


taneously. For  a  two-phase  motor  two  ammeters  are 
required,  as  in  Figs.  1  and  2,  and  for  a  three-phase 
motor  three  ammeters  are  required,  as  in  Fig.  3.  The 
lA-load,  or  magnetizing  current  as  it  is  called,  wil-l 
uiually  be  somewhere  between  15  and  35  per  cent  of 
the  full-load  current  with  an  aver- 
age value  of  perhaps  25  per  cent.  If 
the  no-load  current  in  all  phases  is 
equal  and  approximately  25  per  cent 
of  the  full  load,  it  is  safe  to  assume 
that  the  winding  connections  are 
properly  made.  If  a  wattmeter  is 
available,  a  further  check  might  be 
made  on  the  total  watts  taken  by 
the  motor  running  light,  but  that 
does  not  add  greatly  to  the  ammeter 
check.  The  connections  for  con- 
necting two  wattmeters  in  a  two- 
phase  four-wire  circuit  are  given  in 
Fig.  4  and  for  a  three-phase  circuit 
in  Fig.  5.  The  connections  for  a 
three-wire  two-phase  would  also  be 
the  same  as  those  in  Fig.  5 ;  where 
only  one  wattmeter  is  available,  it 
may  be  connected  into  a  three-phase 
circuit  with  a  single-pole  switch,  as 
in  Fig.  6,  so  that  the  two  readings 
may  be  taken  by  simply  throwing  the  switch.  In  a 
two-phase  circuit  the  total  watts  will  always  be  the 
sum  of  the  two  readings,  but  in  a  three-phase  circuit 
this  is  true  only  when  the  power  factor  is  greater  than 
0.50.  Where  two  wattmeters  are  used  to  measure  the 
no-load  watts  of  a  three-phase  motor,  the  difference  of 
the  two  readings  gives  the  correct  value  of  the  v^^atts, 
since  the  power  factor  of  an  induction  motor  at  no  load 
is  always  less  than  0.50.  The  watts  taken  at  no  load 
and  full  speed  and  voltage  cover  the  iron  loss,  bearing 
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FIG.  4.    WATTMETER  CON- 
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friction,  windage  and  a  small  amount  of  copper  loss. 
The  total  no-load  watts  will  in  general  be  in  the  order 
of  5  per  cent  to  8  per  cent  of  the  rating  of  the  motor 
in  watts  varying  with  the  capacity  and  speed  of  the 
motor.  The  motor  rating  in  watts  would  be  the  horse- 
power from  the  nameplate  multiplied  by  746. 

If  the  foregoing  checks  indicate  that  the  motor  is  not 
acting  normally,  they  should  also  give  some  evidence 
that  there  is  a  fault  in  the  coils  of  the  winding  or  in  the 
msnner  in  which  these  coils  are  connected,  and  further 
search  is  made  to  analyze  the  nature  of  this  fault  so 
that  it  may  be  located  and  corrected. 
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Refrigeration  Study  Course — IV.  The 
Ammonia  Condenser 

By  H.  J.  MACINTIRE 

Professor   of   Mechanical    Engineering,    University   of   Idaho 


IN  THE  previous  part  of  this  course  it  was  brought 
out  that  in  the  simple  refrigerating  plant  there 
was  but  one  moving  piece  of  apparatus;  that  is, 
the  compressor.  The  compressor  is  the  pump  which, 
by  increasing  the  pressure  of  the  gas  from  the  refrig- 
erating coils  to  one  some  six  to  twelve  times  as  great, 
makes  it  possible  to  use  the  same  ammonia  continu- 
ously. The  compressor  pumps  the  compressed  gas  into 
a  condenser,  which  is  water-cooled,  and  v/hich  makes  it 
possible  to  cool  the  gas  to  a  point  where  it  condenses 
(still  under  pressure)  and  becomes  all  liquid  again. 

Physical  State  of  Ammonia 

For  some  reason  or  other  there  seems  to  be  some 
difficulty  in  understanding  the  condenser,  and  yet  it  is 
not  difficult  if  the  reader  comprehends  the  principle-^ 
involved.  First,  one  should  understand  clearly  the  three 
physical  conditions  that  are  involved  in  the  condenser 
and  see  if  they,  too,  are  not  conditions  met  with  in 
steam-engineering  practice. 

In  steam-boiler  practice  we  have  to  feed  water  to  the 
boiler  at,  say,  210  deg.  F.,  and  it  is  heated  as  water  to 


coils  convey  dry  ammonia  gas,  or  if  dry  gas  passes 
through  uninsulated  return  lines,  then  heat  will  pass 
through  the  pipes  and  will  increase  the  gas  temperature. 
(Really  we  try  to  perform  refrigeration  with  a  dry 
gas.)  The  ammonia  then  becomes  superheated,  which 
will  be  shown  later  to  be  detrimental  to  the  compressor 
capacity.  In  any  case,  however,  the  discharge  gas  from 
the  compressor  is  superheated,  varying  in  amount  from 
60  to  200  deg.  F.  superheat — figured  from  the  temper- 
aiure  of  saturation  at  the  condenser  pressure.  So  in 
the  refrigerating  coils  it  is  quite  possible  to  have  the 
conditions  of  liquid  ammonia,  wet  gas,  dry  and  sat- 
urated gas  and  even  superheated  ammonia.  These  same 
conditions  occur  in  the  condenser,  but  in  the  reverse 
order. 

The  Ammonia  Condenser 

The  compressor,  as  mentioned,  takes  the  gas  either 
dry  and  saturated,  or  slightly  superheated,  and  com- 
presses it,  thereby  discharging  into  the  condenser  a 
superheated  vapor.  This  condenser  is  an  arrangement 
of  piping,  with  suitable  fittings,   so  that  the  gas   may 
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FIG.    1.      THE    DOLBLE-PIPE    AMMONIA    CONDENSER 


370  deg.  F.,  and  then  at  the  corresponding  pressure  it 
begins  to  boil.  No  boiling  occurs  until  the  tempera- 
ture corresponding  to  the  boiler  gage  pressure  is  ob- 
tained. As  the  boiler  pressure  is  constant,  boiling 
continues  at  370  deg.  F.  and  the  steam  given  off  is  said 
to  be  saturated.  It  is  not  dry  and  saturated  unless  some 
means  is  provided  to  separate  the  particles  of  liquid 
which  are  thrown  into  the  steam  space  by  the  violence 
of  the  boiling.  If  a  superheater  is  attached  to  the  boiler, 
or  if  the  boiler  design  is  such  that  the  steam  comes  into 
contact  with  more  heating  surface,  like  the  upper  part 
of  certain  vertical  boilers,  the  steam  is  heated  some 
more  and  the  temperature  increases  much  beyond  370 
deg.  and  it  is  said  to  be  superheated. 

In  the  ammonia  refrigerating  system  the  gas  from 
the  refrigerating  coils  (the  steam  boiler  of  this  system) 
is  supposed  to  be  just  dry  and  saturated.    If  some  of  the 


pass  through  along  a  carefully  prescribed  path  and  be 
in  metal  contact  all  the  time  with  the  condensing  water. 
As  the  gas  is  made  to  pass  through  a  long  path  kept  cool 
by  the  water,  the  superheat  is  first  removed,  then  the 
heat  necessary  to  condense  it,  and  finilly  the  liquid  may 
be  cooled  below  the  temperature  of  saturation. 

The  condenser,  then,  is  simply  a  device  to  take  heat 
away  from  the  compressed  gas.  But  it  is  not  as  sim- 
ple as  it  at  first  sounds,  because  we-  desire  to  do  the 
cooling  with  as  little  water  as  possible,  as  well  as  by 
using  as  little  piping  as  is  practicable.  If  we  use  little 
water,  and  heat  it  considerably — say  15  to  20  deg.  F. — 
then  we  will  increase  the  head  pressure,  as  the  head 
pressure  is  dependent  on  the  temperature  at  which  lique- 
faction takes  place.  If  we  use  quite  a  little  water,  with 
a  water  temperature  rise  of  5  to  8  deg.  F.,  then  the  cost 
of   pumping   water   assumes   larger   proportions.      But 
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more  important  than  all  is  the  question  of  heat  trans- 
fer. In  the  steam  surface  condenser  the  water  usually 
passes  through  the  tubes  and  the  steam  impinges  per- 
pendicular to  the  tubes.  In  this  steam  is  a  little  air, 
which  seems  to  stick  to  the  tube  and  forms  an  insulation 
air  film  around  the  tube,  as  shown  in  the  figure.  The 
result  is  a  much-reduced  heat-transmission  rate,  and  it 
takes  two  or  three  square  feet  to  do  the  same  amount 
cf  work  that  would  be  required  of  one  square  foot  with- 
out the  insulating  film.  In  a  steam  condenser  the  air  is 
removed  constantly  by  means  of  an  air  pump,  this  being 
necessary  on  account  of  the  high  vacuum  carried,  and 
the  continual  air  leaks  which  cannot  be  prevented. 

The  Gas  Film  in  the  Condenser 

In  the  ammonia  condenser  there  is  always  some  air  as 
well  as  decomposed  ammonia  and  oil,  all  of  these  tend- 
ing to  the  formation  of  a  gas  film.  However,  here  there 
is  a  difference  in  that,  as  the  flow  of  the  ammonia  is 
along  the  tubes,  there  is  a  tendency  to  scrape  off  this 
film  if  there  is  some  place  for  the  accumulated  gas  to 
go.  For  instance,  in  the  bleeder  type  of  condenser  the 
gas  enters  at  the  bottom  and  passes  upward,  suitable 
provision  being  made  so  that  the  liquid  ammonia  may 
be  drained  or  bled  off  as  it  is  condensed.  The  idea  here 
is,  as  it  is  in  the  steam  condenser,  that  the  best  effi- 
ciency may  be  obtained  by  operating  the  condenser  with 
as  little  liquid  in  the  pipes  as  is  possible.  In  the  flooded 
condenser,  the  double-pipe,  and  the  atmospheric  types, 
the  gas  from  the  compressor  enters  at  the  top  and  works 
downward  so  that  the  lower  pipes  are  partly  or,  pos- 
sibly, completely  filled  with  liquid  ammonia.  In  the 
figure  it  is  seen  how  this  affects  the  action  of  the  con- 
denser, inasmuch  as  the  effective  area  of  the  pipes  is 
reduced  in  proportion  to  the  area  exposed  to  the  liquid. 

In  addition  to  the  effect  of  a  gas  film,  or  accumulated 
liquid,  on  the  pipe  surface,  there  is  the  effect  of  oil  and 
scale.  This  is  not  a  question  of  design,  except  that  the 
right  kind  of  condenser  should  be  chosen  for  the  kind 
of  condensing  water  available  at  the  plant.    Boiler  tubes 


paratus,  there  are  three  factors  that  affect  the  quantity 
of  heat  conducted  through  the  walls  of  the  pipes :  The 
area,  the  coefiicient  of  heat  transfer,  and  the  tempera- 
ture difference  in  the  two  sides  of  the  pipe.  The  prod- 
uct of  these  three  quantities  will  give  the  number  of 
heat  units  transferred  per  hour  or  per  24  hours.  The 
area  is  taken  in  square  feet,  and  the  coefficient  of  heat 
transfer  is  found  by  experiment  and  is  affected  by  the 
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FIG.    2.     SHOWING   THE   ATMOSPHERIC    TYPE   AMMONIA  CONDENSER 


require  cleaning  for  economy  as  well  as  safety,  and  am- 
monia condensers  have  a  similar  need.  The  condenser 
must  be  easily  cleaned,  and  cleaning  should  be  per- 
formed frequently  enough  to  prevent  the  solid  matter 
forming  a  hard  scale. 

In  condensers,  as  well  as  other  heat  transferring  ap- 


PIG.    3.     EFFECT   OF   COUNTER   FLOW  AND   PARALLEL 
FLOW   THROUGH   AMMONIA   CONDENSERS 

kind  of  metal  used,  its  thickness,  the  condition  of  the 
smface,  whether  oily  or  scaly,  or  whether  a  gas  film 
is  around  it.  The  temperature  difference  requires  a  lit- 
tle more  explanation. 

In  Fig.  3  it  is  attempted  to  show  the  action  taking 
place  in  the  condenser.  Two  cases  are  shown,  one  rep- 
resenting parallel  flow  of  the  gas  and  water,  as  in  the 
atmospheric  type  of  condenser  where  the  water  flows 
out  of  a  trough  and  then  falls  first  on  one  pipe  and 
then  on  another;  the  other  is  a  counterflow  of  the  gas 
and  water  as  in  the  bleeder  type  of  condenser  or  the 
double-pipe  conaenser.  From  the  diagram  it  will  be 
seen  that  parallel  flow  and  counterflow  do  not  give  the 
same  results.  What  is  desired  most 
particularly  is  to  get  as  cold  a  liquid 
ammonia  as  is  possible,  because  it 
has  been  found  that  more  refriger- 
ating capacity  is  obtained  thereby, 
and  the  condenser  pressure  is  low- 
ered. Therefore  it  is  most  desir- 
able_  to  bring  the  coldest  water  in 
contact  with  the  coldest  ammonia, 
and  the  warmest  water  where  the 
compressed  gas  enters.  To  show 
how  this  works  out  in  practice  it 
may  be  said  that  the  usual  specifica- 
tion for  the  atmospheric  type  of 
condenser  is  60  lin.  ft.  of  2-in.  pipe, 
but  only  30  lin.  ft.  for  the  bleeder 
type,  using  the  same  liberal  factor 
for  safety. 

A  type  of  condenser  that  was 
regarded  with  considerable  favor 
some  time  ago  was  the  flooded  con- 
denser, a  design  which  is  now  being 
discarded.  The  idea  in  this  ar- 
rangement was  that  the  coefficient 
of  heat  conductivity  in  the  con- 
denser from  the  gas  to  the  water 
was  very  low  in  value,  but  if  the  surface  could  be  wetted 
then  results  would  be  better.  The  great  difficulty  here, 
however,  is  in  preventing  what  the  name  implies,  be- 
cause flooding  the  condenser  means  choking  it  up  with 
liquid  ammonia  so  that  the  conduction  of  heat  is  re- 
tarded instead  of  being  accelerated.     The  action  of  the 
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condenser  is  to  install  an  injector  so  arranged  that  the 
gas  from  the  compressor  passes  through  and  drags  some 
h'quid  ammonia  from  the  Hquid  receiver  and  the  gas 
and  Hquid  mixture  passes  through  the  condenser,  as  in 
the  ordinary  design. 

Condenser  Capacity 

As  regards  the  capacity  of  an  ammoniii  condenser,  the 
condition  is  similar  to  that  of  a  steam  boiler  of  the 
water-tube  type.     We  usually  rate  such  a  boiler  at  10 


electric  motors.  If  no  air  were  present,  or  decomposed 
oil  or  ammonia,  then  the  condenser  or  head  pressure 
would  be  determined  by  the  temperature  at  which  lique- 
faction took  place.  And  the  temperature  of  liquefac- 
tion is  determined  directly  by  the  amount  of  cooling 
showered  over  the  condenser  and  its  temperature.  As 
an  example,  we  may  say  that  in  acquiring  a  ton  of  re- 
frigeration, the  liquid  ammonia  in  the  expansion  coils 
will  absorb  heat  at  the  rate  of  200  heat  units  (200 
B.t.u.)    per    minute.      Additional    heat,    amounting    to 


GALLONS  CONDENSER  WATER  PER  TON 

REFRIGERATION 

Corre- 
sponding 

Temp. 
Deg.  F. 

60   I)ECRi'F.s   F.    Water 

60   DEHRiEs  F.   Water 

80  Dechees  F.   Water 

90  Degrkes  F.  Water 

Condenser 
Pressure, 
I>b   Per 

Range, 
Deg.  F. 

Water  Per  Ton  of  Rcfg'n. 
Gal.  Per  Min. 

Range, 
Deg.  F. 

Water  Per  Ton  of  Refg'n. 
Gal.  Per  Min. 

Range, 
Deg.  F. 

Water  Per  Ton  of  Refg'n. 
Gal.  Per  Min. 

Range, 
Deg  F. 

Water  Per  Ton  of  Refg'n. 
Gal.  Per  Min. 

Sq.  Inch, 
Gage. 

Sucti 
L 

on  Pressure, 
b.  Gage 

Suction  Pressure, 
Lb.  Gage 

Suction  Pressure, 
Lb.  Gage 

Suction  Pressure, 
Lb.  Gage 

15 

20 

25 

15 

20 

25 

15 

20 

25 

15 

20 

25 

126.4 
131.4 
136.6 
141.8 
147,2 
152.7 
158.3 
164.1 
170.1 
176.2 
182.6 
189.1 
195  7 

77 
79 
81 
83 
85 
87 
89 
91 
93 
95 
97 
99 
101 
103 
105 
107 
109 
111 
113 
115 
117 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 

2.90 
2.40 
2.05 
1.85 
1.65 
1.47 
1.35 
1.25 
1.15 
1.08 
1.00 
0.95 

2.85 
2  35 
2.00 
1.80 
1.60 
1.45 
1.32 
1.22 
1.13 
1.05 
0.99 
0.93 

2.80 
2.30 
1.95 
1.75 
1.55 
1.41 
1.30 
1.20 
1.10 
1.03 
0.97 
0.90 

6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 

4.87 
3.67 
2.95 
2.45 
2.10 
1.90 
1.68 
1.50 
1.38 
1.28 
1.17 
1.10 
1.02 
0.95 

4.80 
3.60 
2.90 
2.40 
2  05 
1.85 
1.63 
1.48 
1.35 
1.25 
1.15 
1.07 
1.00 
0.93 

4.70 
3.55 
2.85 
2.35 
2  00 
1.80 
1.60 
1.45 
1.32 
1.22 
1.13 
1.05 
0.98 
0.92 

6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 

5.00 
3.75 
3.00 
2.52 
2.13 
1.92 
1.70 
1.53 
1.40 
1.30 
1.20 
1.12 
1.05 
1.00 

4.90 
3.70 
2.95 
2.48 
2.10 
1.85 
1.67 
1.50 
1.37 
1.28 
1.16 
1.08 
1.02 
0.98 

4.80 
3.65 
2.90 
2.43 
2.06 
1.83 
1.63 
1.48 
1.35 
1.25 
1.15 
1.06 
1.00 
0  95 

6 
8 
10 
12 
14 
16 
18 
20 
22 

5.10 
3.83 
3.07 
2.57 
2.19 
1.95 
1.74 
1.56 
1.43 

5.00 
3.75 
3.00 
2.51 
2.13 
1.90 
1  69 
1.53 
1.40 

202.5 

4.90 
3.70 
2.95 
2.47 
2  10 
1.88 
1.65 
1.50 
1.37 

209.5 

216.5 

223.7 

231.1 

238.7 

246.5 

254.5 

262.7 

sq.ft.  of  heating  surface  per  boiler  horsepower;  yet 
there  are  cases  where  such  boilers  have  developed  2, 
2y2,  3  or  even  more  boiler  horsepower  for  every  10 
sq.ft.  of  heating  surface.  It  depends  on  the  condition 
of  the  water,  the  tubes  and  the  ability  to  burn  fuel  under 
the  tubes.  In  like  manner  the  condenser  may  be  able 
to  do  cooling  at  the  rate  of  12,  or  10,  or  even  6  sq.ft. 
per  ton  of  refrigeration,  and  yet  we  would  not  be  justi- 
fied in  using  such  small  surfaces.     The  efficiency  of 
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FIG.  4.     LOOKING  INTO  A   CONDENSER  TUBE 

the  condenser  may  drop  off,  some  stands  may  be  laid 
down  for  repair,  or  perhaps  storage  volume  may  be 
required  for  the  liquid  ammonia  during  times  when  re- 
pair work  on  the  low-pressure  side  is  required. 

The  most  important  function  of  the  condenser  is  the 
determination  of  the  condenser  pressure,  which  deter- 
mines directly  the  work  done  by  the  steam  engine  in  the 


about  60  heat  units,  is  added  during  compression,  so 
that  the  total  heat  to  be  removed  by  the  cooling  water 
in  the  condenser  is  about  260  heat  units  per  ton  of  re- 
frigeration. This  has  to  be  taken  away  by  the  cooling 
water,  which  is  heated  in  consequence.  This  could  be 
260 

done  by  =  26  lb.  (3.1  gal.)  of  water  per  minute 

10 
heated  10  deg.  in  temperature,  19^  lb.  (2.34  gal.)  when 
heated  15  deg.,  or  13  lb.  (1.36  gal.)  when  heated  20  deg. 
The  table  shows  what  can  be  obtained  in  practice. 

How  25-Cycle  Alternating  Current 
Came  Into  Use 

In  a  paper,  "The  Technical  Stor}'  of  the  Synchronous 
Converter,"  presented  before  the  St.  Louis  Section  of 
the  American  Institute  of  Electrical  Engineers,  Jan.  28, 
1920,  B.  G.  Lamme  said  in  part: 

It  was  not  until  1892  that  deliberate  efforts  were  made 
to  transform,  on  a  commercial  scale,  from  alternating  to 
direct  current.  It  was  becoming  recognized  that  the 
polyphase  system  offered  great  future  possibilities,  and 
the  synchronous  converter  began  to  be  looked  upon  as 
one  of  the  accessories  of  such  a  system.  In  consequence, 
arrangements  were  made  to  obtain  tests  on  a  relatively 
Ir.rge  scale  to  determine  the  possibilities  of  such  a  device. 
For  this  purpose,  a  standard  150-hp.  500-volt  850-r.p.m., 
four-pole  belted-type  railway  generator  was  equipped 
with  four  collector  rings  placed  over  one  end  of  its  com- 
mutator. Suitable  brush-holders  were  arranged  for  op- 
erating on  these  collector  rings,  in  addition  to  the  usual 
direct-current  brush-holder  equipment. 

From  the  first  this  machine  operated  in  a  very  satis- 
factory manner  as  a  synchronous  converter,  and  a  long 
series  of  tests  were  carried  on  by  the  writer,  assisted  by 
N.  W.  Storer,  at  that  time  one  of  his  associates  in  the 
testing  room.      It   was   determined   that    this   machine 
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would  commutate  in  just  as  satisfactory  a  manner  as 
when  acting  as  a  direct-current  generator.  As  far  as 
could  be  observed,  the  machine  in  every  way  was  a 
practical  one. 

Meanwhile  the  wliole  synchronous-converter  situation 
was  being  worked  over,  and  it  was  decided  that  3,600 
alternations  (30  cycles)  was  about  the  best  frequency 
for  such  machines.  This  was  slightly  higher  than  the 
frequency  at  whicri  the  tests  were  being  made,  but  it 
was  felt  that  this  increase  was  permissible,  in  view  of 
the  excellent  results  already  obtained  at  3,400  alterna- 
tions (850  r.p.m.,  four  poles).  In  those  days  everything 
v;as  measured  in  alternations  per  minute  instead  of 
cvcles  per  second  as  in  present  practice. 

About  this  time  a  commission,  which  had  taken  up 
the  development  of  the  Niagara  Falls  power,  had  begun 
negotiations  with  the  Westinghouse  company,  with  a 
\iew  to  getting  certain  electrical  machinery  constructed 
according  to  the  designs  of  the  commission.  The  princi- 
pal apparatus  involved  was  an  electric  generator  of 
5,000-hp.  capacity  at  250  r.p.m.  The  design  contemplated 
was  the  "umbrella  type"  with  external  rotating  field 
ard  vertical  shaft.  This  construction  as  a  whole  was 
crnsidered  practicable  by  the  Westinghouse  engineers, 
but  the  electrical  proportions  of  these  generators  were 
not  acceptable.  The  commission  had  decided  upon  a 
frequency  of  2,000  alternations  per  minute  (eight  poles 
and  250  r.p.m.,  now  16%  cycles  per  second).  One  of 
the  objects  in  this  low  frequency  was  to  be  able  to  oper- 
ate commutator-type  motors  by  means  of  alternating 
current,  as  certain  members  of  the  commission  believed 
that  this  was  the  solution  of  the  small  alternating-cur- 
rent motor  problem. 

The  Westinghouse  company  objected  to  this  low  fre- 
quency and  proposed,  as  an  alternative,  16  poles  at  250 
r.p.m.,  giving  4,000  alternations  per  minute,  or  331/3 
cycles,  this  being  the  nearest  that  could  be  obtained  to 
its  own  proposed  standard  of  30  cycles.  There  was  con- 
siderable discussion  on  the  merits  and  demerits  of  these 
two  frequencies.  One  of  the  advantages  claimed  for  the 
higher  frequency  was  that  it  would  be  much  more  suit- 
able for  synchronous  converters,  as  the  possible  com- 
binations of  poles  and  speed  would  be  very  much  greater 
than  for  16%  cycles.  In  fact,  the  lower  frequency  was 
considered  to  be  more  or  less  prohibitive  as  regards  small 
or  moderate  capacity  synchronous  converters  and  induc- 
tion motors,  as  their  speeds  would  be  too  low.  It  is  in- 
teresting to  find  how  thoroughly  this  problem  was  ap- 
preciated even  at  that  early  date,  when  only  one  experi- 
mental converter  had  been  placed  on  test. 

A  compromise  was  finally  made  on  the  question  of  fre- 
quency by  selecting  a  12-pole  machine  for  the  Niagara 
generator,  thus  giving  3,000  alternations,  or  25  cycles. 
This  was  the  origin  of  25  cycles  as  a  standard.  The 
decision  was  made  largely  on  the  basis  of  future  possi- 
bilities in  the  way  of  synchronous  converters  and  induc- 
tion motors. 

Smith  Door  Protectors 

One  of  the  large  items  of  upkeep  expense  with  hand- 
fired  boilers  is  that  of  maintaining  in  condition  the  front 
masonry,  door  linings  and  boiler  fronts.  If  the  boiler 
furnace  is  forced  hard,  new  door  linings,  arches  and 
side  walls  are  necessary  at  least  once  a  year. 

A  device  designed  to  eliminate  the  necessity  of  these 
frequent  repairs  is  known  as  the  Smith  door  protector, 
manufactured  by  the  International  Engineering  Works, 
Inc.,  Framingham,  Mass.  The  protector  is  made  of 
firebox  steel  of  the  same  quality  used  in  the  boiler  itself. 
The  outside  is  circular  in  form  and  made  with  open- 


ings for  pipe  connections.  They  are  set  back  at  the 
front  of  the  boiler  and  are  piped  so  that  the  water  is 
taken  from  the  lowest  part  of  the  boiler,  flows  through 
the  protectors  and  then  back  to  the  upper  part  of  the 
boiler.  This  afifords  direct  and  constant  circulation 
from  the  boiler  to  the  protector  and  back  again.  The 
lower  section  of  each  protector  is  below  the  grate  level, 
and  a  dead  plate  is  set  in  the  protector  at  the  grate 
line.  The  bottom  of  each  protector  is  connected  to  a 
blowout  pipe.  As  the  lower  section  of  the  boiler  is  be- 
low the  grate  line,  a  sediment  chamber  is  formed  so 
that  any  scale  or  other  foreign  matter  in  the  water  will 
be  precipitated  and  easily  blown  out.  Each  protector 
is  made  of  the  proper  size  to  fit  the  door  opening  for 
v/hich  it  is  to  be  used. 

The  inside  section  is  rolled  up  and  flanged  out  against 
the  outside  sh.ill,  and  the  two  are  welded  together,  mak- 
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ing  a  practically  seamless  construction  that  is  not  af- 
fected by  contraction  or  expansion  and  thus  eliminates 
the  use  of  bol'ts  or  rivets.  The  only  alteration  to  the 
boiler  in  making  this  installation  is  the  tapping  of  two 
holes  in  the  tube  sheet  for  the  water  connection  and  the 
piping  from  the  blowout  of  the  protector  to  either  the 
ashpit  or  the  boiler  blowoff  pipe. 


For  several  years  the  United  States  has  produced  ap- 
proximately 65  per  cent  of  the  world's  output  of  crude 
oil  and  has  contributed  about  60  per  cent  of  the  total 
amount  produced  in  the  world  to  date.  The  United  States 
Geological  Survey  estimates  that  our  reserves  are  ap- 
proximately 40  per  cent  exhausted.  Development  and 
exploration  work  is  not  affording  any  positive  evidence 
Df  relatively  large  new  discoveries,  while  demands  for 
petroleum  are  increasing.  On  the  other  hand,  large  po- 
tential reservoirs  are  lying  dormant  in  other  parts  of 
the  world  which,  if  they  can  be  developed,  will  supply 
the  world's  demands  for  some  time.  When  these 
sources  fail  or  become  too  high-priced,  the  country  can 
fall  back  on  our  tremendous  reserves  of  oil  shales. 
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Where  Electricity 
Is  a  Luxury 

THE  recent  decision  of  the  Idaho  Public  UtiUties 
Commission  has  apparently  exploded  the  idea  that 
the  time  would  come  when  not  only  would  the  heavy 
parts  of  all  our  tasks  be  performed  by  energy  trans- 
mitted electricall}',  but  also  our  homes  and  buildings 
would  be  heated — in  fact,  everything  that  required  light, 
heat  or  power  would  be  done  electrically.  In  the  early 
developments  of  the  large  irrigation  enterprises  in  the 
State  of  Idaho,  the  Great  Shoshone  and  Twin  Falls 
Power  Company  was  formed,  and  later  the  United 
States  Government  constructed  a  hydro-electric  plant 
in  connection  with  its  irrigation  project  on  Snake  River. 
In  both  of  these  developments  there  were  large  quan- 
tities of  excess  energy,  and  to  provide  a  sufficient  de- 
mand for  the  current  during  the  winter  months  a  very 
cheap  rate  was  put  into  effect  for  current  used  for  heat- 
ing purposes.  These  rates  took  into  account  only  the 
additional  cost  of  equipment  necessary  to  deliver  the 
current  to  the  customer,  consequently,  the  charge  was 
considerably  below  the  actual  cost,  had  the  total  invest- 
ment been  taken  into  consideration. 

When,  during  the  war,  there  was  an  increased  demand 
for  power  and  an  increased  cost  of  coal  for  fuel  pur- 
poses, there  was  considerable  discussion  as  to  the  advisa- 
bility of  compelling  the  hydro-electric  power  companies 
of  the  state  to  install  sufficient  capacity  to  take  care  of 
the  demand  for  current  for  general  heating  purposes. 
To  determine  the  cost  of  this  service,  the  Public  Utili- 
ties Commission  started  an  investigation,  the  findings  of 
which  have  been  very  clearly  set  forth  in  the  January 
number  of  the  N.  E.  L.  A.  Bulletin,  by  Commissioner 
George  E.  Erb. 

The  facts  brought  out  during  the  hearings  showed  that 
it  is  impossible  to  furnish  electricity  for  house  heating  in 
competition  with  coal  or  wood.  For  open-air  heating 
it  would  cost  from  four  to  six  times  as  much  when  elec- 
tricity is  used  and  charged  for  at  a  rate  that  would  pay 
a  reasonable  return  on  the  investment  necessary  to  ren- 
der the  service.  Only  where  there  is  an  excess  of  power 
ihat  may  be  supplied  for  heating  can  this  be  done,  and 
even  then  it  is  questionable.  In  the  case  of  the  Idaho 
Power  Company  the  taxes  paid  per  kilowatt-hour  sold 
were  more  than  the  gross  return  on  a  kilowatt  of  energy 
lor  house  heating. 

In  many  of  the  irrigation  projects  the  water  has  to 
be  supplied  by  pumps  driven  by  electric  motors,  and  in 
these  cases  it  was  found  that  the  heating  load  of  the 
winter  season  overlapped  the  summer  pumping  load 
from  four  to  six  weeks  both  fall  and  spring,  making  ii 
necessary  to  install  considerable  additional  capacity  it 
both  interests  were  to  be  adequately  served,  with  an 
attending  increase  in  cost  of  the  service.  The  period 
of  greatest  demand  for  current  for  heating  in  the  intei- 
mountain  regions  is  at  a  time  when  there  is  a  minimum 
fiov^  of  water.  This  is  due  not  only  to  low  water,  but 
also  to  freezing.  The  increased  demand  that  has  de- 
veloped during  recent  years  for  water  for  irrigation 
purposes  has  made  it  necessary  to  store  the  water  in 
reservoirs  during  the  winter  months  for  use  during  the 
summer.    This  practice  has  materially  limited  the  power 


possibilities  of  some  of  the  streams  of  Idaho.  When  it 
is  considered  that  the  power  plants  in  the  State  of  Idaho 
are  favorably  located  for  supplying  power  to  their  cus- 
tomers, :he  foregoing  facts  apparently  give  very  little 
hope  of  using  electricity  for  general  heating  purposes 
even  when  supplied  from  favorably  located  hydro- 
electric plants,  except  as  a  luxury,  and  this,  in  sub- 
stance, was  the  finding  of  the  commission. 

There  is  little  doubt  that  electricity  is  one  of  the 
greatest  servants  at  the  command  of  man,  but,  like 
all  other  great  agents,  it  is  not  now,  nor  will  it  ever  be, 
a  catholicon  for  all  our  industrial  and  economic  prob- 
lems ;  but  if  intelligently  used  it  can  be  of  great  eco- 
nomic value.  This  stands  out  plainly  in  the  State  of 
Idaho  as  brought  out  in  the  testimony  before  the  com- 
mission. 

An  enormous  economic  waste  is  constantly  going  on 
in  the  use  of  coal  for  power,  especially  for  firing  railway 
locomotives.  This  waste  is  not  confined  to  the  locomo- 
tive, but  includes  the  loss  of  power  necessary  to  trans- 
port the  coal.  Would  it  not  be  more  in  keeping  with  the 
economic  utilization  of  our  natural  resources  to  use 
hydro-electric  power  where  available  for  operating  our 
railways,  or  where  this  is  not  available,  to  burn  the  coal 
in  economic  power  plants  and  supply  electric  energ}' 
to  drive  the  locomotive — when  one  pound  of  coal  burned 
in  the  former  will  do  the  work  of  three  burned  in  the 
latter — and  until  such  times  as  there  will  have  been  dis- 
covered a  cheaper  method  of  generating  and  transmit- 
ting power   than  at   command   at   present? 

Power  Shortage  on 
the  Pacific  Coast 

IT  MAY  be  that  some  day  the  East  in  general  and 
Congress  in  particular  will  know  and  grasp  the 
power  situation  on  the  Pacific  Coast.  They  do  not 
know  it  now.  It  is  not  vmfair  to  say  that  the  East  has 
not  the  faintest  conception,  not  to  say  adequate  knowl- 
edge, of  what  the  West  has  in  the  way  of  potential 
and  developed  power,  nor  does  it  realize  how  vital  is 
power  to  the  very  life  of  this  great  and  rapidly  growing 
part  of  the  country. 

Agriculture  and  horticulture  are  the  two  great  pur- 
suits of  the  Coast  from  Seattle  on  the  north  to  San 
Diego  on  the  south.  The  average  American,  who  knows 
more  about  Russia  than  he  does  about  the  San  Joaquin 
and  the  Yakima  valleys,  cannot  for  the  life  of  him  see 
v/hy  a  farm  needs  power  other  than  that  for  the  tractor 
and  the  Ford.  He  does  not  know  that  at  this  very  writ- 
ing every  power  company  on  the  Coasc  is  wofully  over- 
loaded furnishing  electricity  to  farms  and  has  booked 
so  much  farm  business  that  the  matter  of  delivery  is  a 
veritable  nightmare  to  those  responsible.  This  is  par- 
ticularly true  of  California,  though  most  of  the  plants 
in  the  Northwest  also  are  overloaded  with  farm  and 
lumber   industry   consumers. 

At  present  the  "rainy  season"  in  California  is  about 
half  over  and  there  is  a  shortage  of  more  than  eight 
inches  of  rain.  From  a  power  standpoint  this  has  cre- 
ated a  desperate  situation.  Every  kilowatt  of  steam- 
generating  capacity  that  can  be  unearthed  and  set  to 
work  is  eagerly  sought.    While  it  may  be  true  that  the 
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question  of  reserve  steam  stations  has  not  taken  a  new 
turn  in  the  minds  of  engineers  here,  it  is  certain  they 
sre  thinking  about  the  question  with  an  intensity  which 
is  more  marked  than  ever.  Oil  is  becoming  so  high  in 
price  that  every  day  some  additional  engineer  joins  the 
ranks  of  those  who  are  ready  to  look  upon  it  as  a  pro- 
hibitive fuel.  This  oil  is,  of  course,  a  California  prod- 
uct, little  or  no  Mexican  oil  having  yet  found  use  here. 
The  natural  gas  available  is  of  low  heat  value  and  here- 
tofore so  expensive  that  it  found  but  small  market  in 
power  plants.  However,  one  large  company  in  the 
southern  part  of  the  state  is  completing  a  large  steam 
station  using  natural  gas. 

The  serious  power  shortage  may,  nevertheless,  have 
a  happy  ending  in  that  it  will  direct  such  attention  to 
the  matter  of  fuels  for  steam  stations  that  not  only 
will  there  be  a  greater  percentage  of  steam  power,  but 
the  stations  may  become  of  such  an  efficient  char- 
acter both  in  design  and  operation  that  it  will  be  worth 
while  finding  service  for  them  that  will  be  of  regular 
instead  of  an  emergency  character.  This  much  is  cer- 
tain— a  given  sum  of  money  will  go  farther  building 
steam  stations  to  meet  certain  load  conditions,  the  time 
element  considered,  than  is  true  for  hydro-electric  de- 
velopments. 

The  engineers  of  the  Coast  know  better  than  outsiders 
can  possibly  know  what  is  the  solution  of  their  power 
difficulties,  but  the  problem  is  a  Coast  one  in  particular 
and  a  national  one  in  general.  It  is  this  that  the  country 
a,^  a  whole  should,  but  does  not,  realize. 

'^^Better  Safe  Than  Sorry" 

FROM  an  advanced  summary  of  the  1917  mortality 
statistics  received  by  the  National  Safety  Council 
from  the  United  States  Census  Bureau,  the  total  num- 
ber of  accidental  deaths  in  the  area  of  continental 
United  States  under  registration  amounted  to  53,544,  as 
against  60,072  during  the  previous  year.  The  reduc- 
tion of  6,500  in  the  number  of  deaths  is  attributed  to  the 
accident-prevention  movement  of  the  last  few  years. 
It  is  gratifying  to  learn  that  America  is  gradually  be- 
coming less  careless.  Standardizing  and  making  uni- 
form the  large  number  and  variety  of  safety  codes  now 
in  existence,  a  movement  that  is  now  under  way,  should 
reduce  the  cost  of  accident  prevention  and  make  the 
work  more  effective. 

Perfecting  the  safety  codes  and  making  them  uni- 
form, however,  is  only  part  of  the  battle,  as  statistics 
show  that  over  one-half  of  the  accidents  in  the  com- 
monly accepted  hazardous  class  are  controlled  by  the 
personal  equation  and  are  due  largely  to  carelessness 
arising  partly  from  a  lack  of  discipline  and  a  natural 
disinclination  to  follow  orders. 

In  hazardous  work,  such  as  that  of  the  power  plant, 
it  is  interesting  to  note  the  relative  percentages  of  acci- 
dents. Electric  current,  moving  machinery  and  steam 
explosions  contri»bute  but  twelve  per  cent.  This  figure 
may  be  compared  to  16.2  per  cent  credited  to  slipping 
and  falling,  18  6  per  cent  to  handling  tools  and  19.5 
per  cent  to  handling  material.  Nearly  a  quarter  of  the 
hijuries  due  to  falls  were  not  from  scaffolds,  poles  or 
other  elevations,  but  occurred  on  the  level  where  least 
justified. 

Personal  carelessness,  then,  and  contributory  negli- 
gence on  the  part  of  associates,  are  the  leading  causes 
of  accident.  Eliminate  these  factors,  and  immediately 
the  number  of  accidents  is  recluced  by  one-half.  No 
elaborate  or  costly  equipment  is  required.  The  attitude 
of  the  executives  will  have  a  bearing,  but  the  real  solu- 
tion lies  with  the  worker  himself.  Be  careful !  It  is 
better  to  be  safe  than  sorry. 


Needed,  a  New  Association 

THERE  has  been  in  existence  in  England  for  several 
years  past  an  association  of  Diesel-engine  users, 
made  up  of  men  who  build,  own  and  operate  Diesel  en- 
gines. Its  meetings  not  only  afford  an  excellent  oppor- 
tunity for  an  exchange  of  views  and  mutual  help  among 
operators,'  but  also  an  opportunity  for  the  designer  to 
]jrofit  by  the  experience  of  the  men  who  actually  own 
ihe  engines.  The  results  have  more  than  justified  the 
founders  of  the  association. 

The  use  of  oil  engines  is  growing  so  rapidly  in  the 
United  States  that  such  an  association  is  needed  badly. 
At  present  papers  on  oil  engines  are  occasionally  given 
before  various  engineering  societies,  and  their  usual 
reception  is  goncrete  evidence  that  engineers  are  keenly 
interested  in  the  subject.  But  the  men  who  take  part 
in  these  discussions  are  usually  concerned  with  the 
building  of  the  engines,  and  seldom  does  the  operating 
man  enter  into  them.  On  the  other  hand,  there  is  an 
occasional  talk  on  the  subject  at  a  meeting  of  one  of  the 
operating  engineers'  meetings,  but  here  they  are  neces- 
sarily restricted  through  not  gaining  the  designers'  view- 
point. 

To  get  the  best  out  of  any  piece  of  power-plant  ap- 
paratus, and  especially  an  oil  engine,  there  should  be  the 
closest  cooperation  and  confidence  between  builder  and 
operator.  Often,  equipment  is  discredited  because  of 
misunderstanding  upon  the  part  of  the  operating  man, 
whereas  a  frank  exchange  of  ideas  with  the  designer 
would  have  resulted  in  eliminating  the  cause  of  the 
trouble. 

While  it  is  true  that  geographical  limitations  in  Eng- 
land make  it  easier  for  Diesel-engine  men  to  get  to- 
gether than  in  this  country,  where  they  are  more  scat- 
tered, still  there  are  certain  well-defined  regions  where 
the  use  of  the  oil  engine  is  most  general,  and  it  is  within 
these  regions  that  such  a  movement  could  be  started. 

Mr.  Lane's  Constructive  Work 

ON  MARCH  first  Franklin  K.  Lane  will  relinquish 
his  post  as  Secretary  of  the  Interior  and  retire 
to  private  life.  His  going  will  be  regretted  by  all,  re- 
gardless of  party  affiliations. 

Mr.  Lane  leaves  a  record,  covering  seven  years  of 
broad  and  constructive  administration,  that  has  entitled 
him  to  front  rank  in  the  Cabinet.  In  fact,  he  has  gen- 
erally been  regarded  as  the  most  popular  of  the  Presi- 
dent's official  advisers. 

The  Department  of  the  Interior  houses  numerous 
bureaus  dealing  with  many  diversified  subjects,  and  its 
head  must  possess  versatility  second  to  none.  With  the 
combined  training  of  a  lawyer  and  a  journalist,  Mr. 
Lrme  has  been  enabled  to  see  the  broad  economic  pos- 
sibilities of  our  natural  resources  and  the  necessity  for 
their  further  development  in  a  way  that  will  bring 
greatest  prosperity  to  the  country.  Moreover,  he  has 
shown  a  keen  grasp  of  the  more  or  less  technical  and 
engineering  details  as  pertain  to  our  fuel  supply,  water- 
power  development  and  power  problems  in  general. 
He  has  been  an  ardent  champion  of  the  "super-power 
plan"  and  last  year  urged  Congress  for  an  appropriation 
to  cover  a  survey  of  the  power  situation  in  the  Atlantic 
Coast  section.  Had  Congress  acceded  to  this  request, 
w(.  would  have  been  in  a  position  to  meet  more  intelli- 
gently the  fuel  conditions  confronting  that  section  to- 
day. 

Mr.  Lane  was  also  solidly  behind  the  water-power 
bills  that  recently  passed  both  houses  of  Congress  and 
are  now  in  conference.  If  they  finally  become  law,  as 
indications  point  they  will,  much  credit  will  be  due  him. 
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Averaging  Pressure  Charts 

The  article  by  W.  V.  White  on  "Averaging  Pressure 
Charts,"  on  page  669  of  the  Oct.  28-Nov.  4,  1919,  issue 
of  Power,  should  not  pass  unchallenged.  It  is  a  source 
of  some  surprise  that  the  fallacy  of  endeavoring  to  aver- 
age circular  charts  by  means  of  the  ordinary  planimeter 
is  not  commented  upon,  since  this  subject  was  thor- 
oughly threshed  out  years  ago  in  Power.  Reference  is 
made  particularly  to  the  issues  of  Mar.  3  and  Mar.  31. 
1908;  Oct.  2  and  Nov.  24,  1913,  which  lead  to  the  cor- 
rect conclusion  that  the  mean  value  of  the  squares  is 
not  the  same  as  the  average  diameter. 

Several  special  planimeters  have  been  devised  for 
solving  the  problem,  including  the  Durand,  described  in 
Power,  Mar.  23,  1911,  and  instruments  manufactured 
by  Builders  Iron  Foundry,  Bristol  Co.  and  General 
Electric  Co. 

Polar  planimeters  can  be  used  on  circular  charts  with 
practically  accurate  results  only  when  the  charted  line 
is  confined  to  a  narrow  zone ;  the  error  may  be  very  large 
otherwise.  Charles  G.  Richardson. 

Providence,  R.  I. 

Why  Does  the  Water  in  a  Boiler  Lift 
When  the  Safety  Valve  Blows? 

On  page  715  of  the  Nov.  11  issue  I  read  Charles  L. 
Anderson's  version  of  "Why  Does  the  Water  in  a  Boiler 
Lift  When  the  Safety  Valve  Blows?"  Mr.  Anderson 
believes  that  the  A.  S.  M.  E.'s  removal  of  the  limit  as  to 
the  size  of  safety  valves  is  not  progress;  I  agree  with 
him. 

I  have  had  boilers  with  three  5-in.  safety  valves,  and 
I  believe  5-in.  valves  to  be  too  large.  One  day,  by  acci- 
dent, two  of  these  valves  blew  at  the  same  instant  on 
one  boiler,  with  the  result  that  a  jet  of  water  came 
fiom  each  escape  pipe  with  tremendous  force.  As  soon 
as  the  blowing  was  over,  one  valve  spring  was  eased 
to  allow  that  valve  to  blow  a  couple  of  pounds  earlier. 
One  of  these  valves  blowing  at  a  time  did  not  carry 
water  with  the  steam. 

Some  years  ago  I  was  engineer  on  a  small  steamboat 
that  carried  a  water-tube  boiler.  On  one  bell  the  water 
would  stay  at  two  gages,  but  on  the  jingle  bell,  if  cau- 
tion was  not  used  the  water  would  lift  out  of  sight  in 
the  glass.  If  the  throttle  was  pulled  open  very  grad- 
ually, the  water  would  remain  in  the  glass  at  perhaps 
2j4  gages  and  then  settle  to  where  it  belonged. 

I  believe  the  large  opening  relieves  the  pressure  too 
quickly,  and  then  the  water  flashes  into  steam  so  rapidly 
it  spills  over,  as  it  were.  I  know  of  a  case  where  water 
was  being  taken  over  by  the  turbines  to  the  extent  that 
the  blading  had  to  be  scraped  perhaps  twice  a  year. 


After  the  holes  in  the  dry  pipes  in  the  boilers  were 
reamed  out  a  few  sizes  larger,  no  more  water  was  taken 
over.  This  was  a  station  of  several  thousand  kilowatts, 
and  it  took  some  time  to  remedy  the  trouble,  but  the 
enlarged  holes  did  the  trick. 

I  know  of  a  case  where  the  water  was  being  carried 
at  one  gage  in  a  battery  of  horizontal-tubular  boilers  and 
tlie  engine  was  getting  large  quantities.  It  was  sug- 
gested that  the  water  was  so  low  that  the  top  row  of 
tubes  was  throwing  it  up  with  the  steam.  The  water 
was  raised  to  two  gages  and  the  engine  took  very  little 
water  after  that.  C.  W.  Peters. 

New  York  City. 

Extending   the  Range  of  Voltmeter 

Referring  to  the  method  of  "Extending  the  Range  of 
Voltmeter"  in  the  Nov.  11-18,  1919,  issue  of  Power,  it 
is  necessary  to  take  into  consideration  the  wattage  of 
the  lamps  employed,  as  the  method  described  is  not  theo- 
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VOLTMETER  CONNECTION  FOR  MEASURING  DROP  ACROSS 
GI-TE  LAMP 

retically  correct  and  is  only  approximately  correct  when 
200-watt  lamps  are  used,  the  error  decreasing  as  the 
size  of  lamps  is  increasea. 

In  order  to  calculate  the  error,  assume  that  two  10- 
watt  lamps,  each  having  a  hot  resistance  of  1,210  ohn.s, 
are  used  on  a  220-volt  circuit.  Assume  the  voltmeter 
resistance  is  2,200  ohms,  as  indicated  in  the  figure,  a 
fair  value  for  a  dynamometer  type.  The  joint  resistance 
of    the    voltmeter    and    one    lamp    in    parallel    equals 

•  =  780  ohms.     This  is  in  series  with  the 
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2,200  ^1,210 

other  lamp  of  1,210  ohms,  making  the  total  resistance 

of  the  circuit  equal  to  780  -f  1,210=  1,990.    By  Ohm's 

law  the  current  in  the  circuit  will  be  I=-^=     t,^    — 

R  1,990 
0.11  ampere,  and  the  volts  drop  across  the  voltmeter  is 
equal  to  the  resistance  of  this  section  of  the  circuit  times 
the  current  or  780  X  O-H  =  86.8  volts.  Since  connect- 
ing the  voltmeter  across  the  other  lamp  will  give  identi- 
cally the  same  results,  then  the  sum  of  the  two  readings 
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would  be  86.8  +  86.8=173.6  volts,  which  Mr.  Nichols 
says  should  equal  the  line  voltage.  These  figures  show 
that  the  meter  in  this  case  would  read  21  per  cent,  low 
when  using  10-watt  lamps. 

But  if  we  substitute  200-watt  lamps  each  having  a 
resistance  of  60  ohms,  then  the  joint  resistance  of  one 
lamp  and  voltmeter  is  58.4  ohms,  and  the  drop  is  108.3, 
which  is  only  1.3  per  cent.  low.  Using  larger  lamps 
still  further  reduces  the  error,  but  it  can  never  be  re- 
duced to  zero.  Phillip  A.  Littel. 

Orange,  N.  J. 

[If  the  foregoing  measurements  had  been  made  on  a 
direct-current  circuit  with  a  voltmeter  of  the  perma- 
nent-magnet type,  having  a  range  of  about  150  volts, 
and  using  ordinary  25-watt  tungsten  lamps,  which  is  a 
very  common  type,  the  percentage  of  error  would  be 
practically  negligible.  The  hot  resistance  of  the  lamps 
would  be  about  302.5  ohms  and  the  resistance  of  the 
voltmeter  15,000  ohms.  Working  this  out,  the  volt- 
meter reading  will  be  109.4  volts,  or  0.55  per  cent,  error. 
This  would  be  in  general  the  conditions  we  would  ex- 
pect to  find  on  a  direct-current  circuit.  However,  on 
an  alternating-current  circuit  the  error  will  be  greater 
on  account  of  the  lower  resistance  of  the  voltmeter; 
the  error  being  somewhere  between  the  extremes  given 
by  Mr.  Littel,  probably  in  general  around  4  or  5  per 
cent.  Of  course  if  care  is  used  to  obtain  high  wattage 
lamps,  the  error  would  be  small.  In  emergency  make- 
shifts whatever  comes  handiest  is  most  generally  used, 
and  in  this  case  lamps  of  40-  or  60-watt  capacity  are  the 
ones  that  w^ould  in  general  be  most  likely  to  be  available. 
—Editor.] 

Demagnetizing  a  Watch 

An  old-type  Edison  bipolar  generator  has  an  ex- 
tremely large  magnetic  leakage.  In  working  around 
one  of  these  machines  my  stop-watch  became  mag- 
netized so  that  when  I  snapped  the  watch  to  start,  the 
resetting  lever  dragged  the  cam  to  its  point  before  re- 
leasing, thus  moving  the  hand  from  0  to  30  sec.  in  a 
small  fraction  of  a  second,  before  the  wheel  engaged 
with  the  watch  mechanism. 

To  demagnetize  it,  I  took  a  coil  about  5  in.  in  diame- 
ter, consisting  of  600  turns  of  No.  30  B.  &  S.  gage  mag- 
net wire,  and  connected  it  to  110-volt  60-cycle  circuit. 
Then  tying  the  watch  to  a  piece  of  string  and  twisting 
it  so  that  it  would  spin  around,  I  passed  it  through  the 
coil  with  the  watch  spinning  rapidly.  There  was  not 
a  trace  of  permanent  magnetism  left  in  the  watch  after 
performing  this  operation  once.  V.  H.  Todd. 

Orange,  N.  J. 

Fuel  Savings  by  the  Economizer 

Statements  published  ''n  books  that  by  the  use  of  an 
economizer  the  fuel  consumption  can  be  reduced  from 
10  to  20  per  cent,  are  of  no  great  use  to  an  engineer  ex- 
cept as  a  matter  for  comparison.  What  an  engineer 
wants  to  know  is  how  much  fuel  can  be  saved  by  its 
use  in  his  own  plant. 

Some  years  have  passed  since  I  came  to  my  present 
plant,  but  it  was  only  this  year  that  I  got  a  chance  to 
fully  realize  what  a  clean  economizer  meant,  when  one 
was  cut  out  to  have  the  tubes  bored. 

We  have  a  28  series  (8  pipes  in  each  series)  econo- 
mizer attached  to  three  Lancashire  boilers  operating  with 
160  lb.  pressure.  The  average  injection  water  tem- 
perature is  100  deg. ;  hotwell  temperature,  130  deg.  ; 
economizer  outlet  temperature,  275  deg.  F. 


From  the  accompanying  chart  the  average  coal  con- 
sumption per  indicated  horsepower  per  hour  will  be  seen 
to  be  2.26  lb.  per  i.hp.  before  the  economizer  w^as 
stopped ;  2.40  lb. i.hp.  per  hour  when  the  economizer  was 
stopped;  and  2.11  lb.  i.hp.  per  hour  when  the  economizer 
was  started  again. 

Then,  2.40  —  2.11  =  0.29  X  100  ^  2.11  =  13.7  per 
cent,  the  amount  of  the  fuel  that  can  be  saved  by  the 
use  of  the  economizer.  But  2.40  —  2.26  =  0.14  and 
C.14  X  100  -^  2.26  =  6.15  per  cent.  Therefore  but  6.15 
per  cent,  of  the  fuel  was  being  saved  before  economizer 
tubes  were  bored.  This  was  due  to  scale,  which  was 
about  one  inch  thick  in  the  tubes.  Therefore,  only  half 
the  percentage  of  the  fuel  can  be  saved  by  permitting 
the  tubes  to  work  with  a  thick  layer  of  scale. 

Further,  2.26  —  2.11  =0.15  and  0.15  X  100  -^  2.11  = 
7.1  per  cent.  Therefore,  7.1  per  cent,  greater  saving  in 
fuel  is  being  made  by  the  economizer  after  it  w^as  cleaned 
of  scale  than  before  being  cleaned. 

On  the  whole,  I  found  that  about  13  per  cent,  of  the 
fuel  can  be  saved  by  the  use  of  the  economizer  in  my 
own  plant. 

Moreover,  the  same  was  the  case  when  our  econo- 
mizer n'as  stopped  for  boring  the  tubes  seven  vears  ago. 
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1919  August  — Showing  Daily  Average  Cons,  after  the  Economiier  is  Bored 

"    February »  «  »  .,    before    "         '•       was    " 

"     Moiy       „  n  ^  „    when     -         -         "Stopped 

■  Holidays 

SHOWING    AVERAGE    COAL    C'ONSUMPTIOX    WITH    THREE 
ECONOMIZER  CONiyiilONS 

as  will  be  seen  from  the  accompanying  monthly  con- 
sumption averages  per  indicated  horsepower  per  hour. 

After       Economizer 

Was  Started 

Again 

Pounds 

1913  Mar 1.97 

Apr 1.81 

May    1.89 

Tune    1.87 


Before      the      Econo- 

When      Eco 

lomizer 

mizer  Was  Stopned 

Was    Stopped 

for    Boring 

Pounds 

Pound.- 

1912  Jan 2.02 

1913  Jan.    ... 

...    2.07 

Feb 2.13 

Feb.    .  . 

...    2.15 

Mar 1.99 

Apr 1.81 

Total    

...    4.20 

May    1.89 

Average    .  . 

...   2.10 

June    1.87 

July    1.83 

Aug 2.04 

Sept 1.70 

Oct 1.72 

Nov 1.7.S 

Dec 1.90 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 


1.96 
1.85 
1.74 
1.71 
1.69 
1.74 


Total 


Total    18.23 

Average    1.S2 


Average    1.88 

The  averages  when  the  economizer  was  worked  before 
and  after  being  bored  are  nearly  the  same,  1.22  -f-  1.82 
=  3.70-^-2=1.85  average.  Average  was  2.10  when 
the  economizer  was  stopped,  therefore  2.10—1.85  = 
0.25  and  0.25  X  100^  1.85  =  13.5  per  cent. 

This  percentage  of  savings  corresponds  to  that  shown 
by  the  chart,  which  was  platted  from  data  obtained 
this  year. 

Ahmedabad,  India.  S.  B.  R.  Patel. 
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Automatic  Control  for  Siphon 

A  sump-hole  in  a  mill  building  drained  by  a  siphon, 
located  in  the  engine-room  basement  200  ft.  distant, 
was  a  continual  nuisance.  The  engineer  would  either 
neglect  to  start  it  or  forget  to  stop  it,  and  as  a  conse- 
quence, the  mill  basement  was  flooded  or  steam  blew 
needlessly  into  the  sewer.  To  remedy  this  condition, 
an  automatic  control  made  from  parts  picked  up  around 


mter 
Supply 


5=3^5 


-■l"f>  from 
Steam  Main 


ARRAXGE^[EXT  OF  SIPHON  CONTROL 

the  plant  was  devised  and  installed,  as  shown  by  the 
illustration. 

As  the  sump  fills,  the  float  raises  the  forked  lever  A, 
causing  the  lead  ball  B  to  move  toward  the  center  line 
0.  When  the  ball  B  crosses  the  center  line,  it  falls  to 
the  dotted  position  and  closes  the  switch  5".  Current 
then  flows  from  the  power  lines  through  a  lamp  in 
series  with  the  magnet  M,  which  causes  the  valve  stem 
of  the  valve  V  to  rise  and  allows  water  to  flow  through 
the  waste  pipe.  The  pressure  on  the  diaphragm  of  the 
steam  valve  R  thus  being  removed,  allows  the  valve  to 
open  and  steam  to  flow  to  the  siphon. 


The  siphon  continues  to  operate  until  the  water  level 
falls  and  the  float  pulls  the  weight  B  past  the  center 
line  O,  when  it  falls  and  opens  the  switch  S.  As  the 
current  is  then  cut  off,  the  magnet  core  drops,  closes 
the  valve  V  and  the  water  pressure  builds  up  on  the 
diaphragm  of  the  valve  R,  closing  the  valve  and  shut- 
ting off  the  steam. 

It  is  well  to  allow  ^  in.  lost  motion  in  the  joint  /, 
so  as  to  give  a  hammer-blow  effect  to  the  movement 
and  overcome  any  tendency  to  stick  in  the  packing  on 
the  valve  stem.  A  globe  valve  could  be  used  instead 
of  the  trap  valve  V ,  but  it  would  not  open  so  easily, 
owing  to  the  pressure  above  the  disk  holding  it  to  the 
seat.  This  would  be  no  drawback  if  the  magnet  was 
capable  of  opening  it. 

Perth  Amboy,  N.  J.  A.  Quadt. 

Attention  to  Little  Things  Saved  Coal 

It  may  be  of  interest  to  readers  of  Pozver  to  know 
how  we  have  effected  a  saving  in  coal  slightly  better 
than  20  per  cent.  Starting  at  the  boilers,  we  keep  the 
tubes  clean,  inside  and  out.  The  baflle  bricks  are  kept 
in  repair  and  tight,  so  that  the  gases  cannot  short-circuit 
and  pass  out  without  giving  the  boiler  a  fair  chance 
Lo  absorb  the  heat.  We  also  adjust  the  damper  accord- 
ing to  the  load  and  the  conditions  of  the  fire,  so  as  to 
maintain  a  high  percentage  of  CO2  and  keep  the  flue- 
gas  temperature  down  to  from  70  to  100  deg.  above  the 
temperature  of  the  steam.  Of  course  adjusting  the 
damper  alone  will  not  produce  high  CO^ ;  the  fires  have 
to  be  closely  watched  to  do  that. 

We  have  placed  a  steam-blow  telltale  on  every  steam 
trap.  It  consists  of  a  valve  and  discharge  pipe.  As 
soon  as  a  trap  is  found  to  be  blowing  steam,  and  they 
are  tested  often,  it  is  repaired.  All  pipe  coverings  on 
steam,  exhaust  and  return  lines  and  also  on  all  flanges, 
valves  and  traps  are  kept  in  proper  repair,  thus  reducing 
condensation  to  a  minimum. 

I  believe  that  in  most  plants  there  is  a  chance  to  make 
a  fair  showing  by  saving  the  steam  after  it  is  generated, 
as  well  as  saving  coal  during  the  process  of  making 
steam.  It  is  equally  as  important  to  keep  all  valve  stems 
packed  and  to  look  after  the  little  details,  as  it  is  to  look 
after  the  economy  of  steam  in  the  prime  movers.  We 
are  only  doing  what  we  should  do  and  what  should  be 
done  in  every  power  plant.  To  do  this  requires  the 
cooperation  of  the  chief  with  the  men  and  the  men 
with  the  chief. 

In  the  larger  plants  the  chief  cannot  keep  in  touch 
Vvith  all  the  details  and  know  the  condition  of  all  the 
equipment,  etc.  There  m..y  be  a  trap  blowing,  due  to  a 
bypass  valve  leaking,  or  some  other  waste  which  he  can- 
not observe  on  his  trips  through  the  plant.  But  if  he 
has  the  good  will  and  cooperation  of  his  men,  those 
things  will  bo  taken  care  of. 

Binghamton,  N.  Y.  Edward  J.  Dowd. 

Distance  of  Bridge- Wall  from 
Boiler  Shell 

I  would  like  to  obtain  the  opinion  of  engineers  re- 
garding the  following: 

A  few  weeks  ago  our  superintendent  had  the  bridge- 
walls  of  the  boilors  cut  down  I  told  him  that  I  thought 
he  had  made  a  mistake  in  doing  so,  but  he  didn't  think 
so.  At  any  rate,  the  firemen  have  had  harder  work  to 
keep  up  steam,  and  they  burn  more  coal  since  it  was 
done.  The  boilers  are  hand-fired.  One  is  19  ft.  long, 
6  ft.  6  in.  diameter  and  has  114  three-inch  tubes;  the 
other  is  18  ft.  long,  6  ft.  diameter  and  has  138  two- 
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and-one-half-inch  tubes.  The  rocking  grates  are  6x6  ft., 
and  the  chimney  is-  100  ft.  high  with  a  good  draft. 

The  bridge-walls,  as  they  are  now,  are  18  in.  from 
the  shell  of  the  boilers  and  the  coal  burns  out  very  fast 
on  the  back  area,  so  much  so  that  the  firemen  cannot 
keep  any  coal  on  the  last  half  of  the  grates  next  to 
bridge-walls,  no  matter  whether  the  fires  are  thick  or 
thin.    We  carry  from  75  to  100  lb.  of  steam. 

I  argue  that  if  the  bridge-wall  was  put  back  to  within 
ten  or  twelve  inches  of  the  shell  of  the  boilers,  we 
would  get  better  combustion,  better  results  and  burn  less 
coal.  I  am  not  sure  as  to  the  distance,  but  as  the  su- 
perintendent is  one  who  thinks  he  knows  about  every- 
thing and  will  not  listen  to  me,  I  would  like  to  have  the 
opinions  of  two  or  three  experts  in  regard  to  the  dis- 
tance the  bridge-walls  should  be  from  the  boilers  in 
the  average  setting. 

Ashland,  N.  H.  Albert  L.  Smythe. 

Right-  or  Left-  Hand  Shoveler — Which? 

I  wish  to  take  exception  to  the  explanation  of  a 
"Right-Hand  and  Left-Hand  Shoveler,"  in  "Inquiries 
of  General  Interest,"  in  the  Oct.  7,  1919,  issue  of 
Power.     In   this   locality   we  have   always    understood 


WHICH  IS  THE  RIGHT-  AND  WHICH  THE  LEFT-HAND  SHOVELER? 


that  a  right-handed  shoveler  is  one  who  supports  the 
load  with  his  right  hand,  or  has  his  right  hand  nearest 
the  shovel,  and  a  left-handed  shoveler  is  one  who  sup- 
ports the  load  with  his  left  hand.  When  using  a  sledge 
for  riveting  or  striking,  the  man  who  grasps  the  handle 
with  his  right  hand  nearest  the  sledge,  is  a  right-handed 
man,  and  vice  versa,  and  has  nothing  to  do  with 
whether  a  person  is  naturally  right-handed  or  left- 
handed,  and  the  sarp.e  thing  applies  to  shoveling. 
Lima,  Ohio.  S.  M.  Williams. 

Drain  Trenches  in  Pump  and 

Condenser  Pits 

Progressive  power-station  designers  and  erectors  now 
realize  that  pump  and  condenser  pits  should  be  made  fit 
places  for  human  beings  to  work  in  and  not  merely 
spaces  for  machinery.  Good  lighting  and  drainage  have 
long  been  a  rarity  in  such  places.  It  is  human  nature 
for  a  man  to  give  better  attention  to  a  machine  in  a 
clean  and  dry  place  than  in  a  sloppy,  greasy  pit.     Many 


pits  are  provided  with  one  or  two  floor  drains,  but  the 
assistance  of  a  broom  is  required  to  complete  the  drain- 
age, and  drain  pipes  have  a  way  of  getting  stopped  up. 

Drain  trenches  should  be  run  the  full  length  of  the 
pits  and  should  be  covered  with  cast-iron  grids  instead 
of  plates.  The  trenches  should  be  so  located  that  no 
I'art  of  the  floor  is  more  than  6  or  8  ft.  from  a  trench, 
and  the  trenches  should  be  about  one  foot  wide  and 
deep.  The  floor  should  slope  toward  the  trenches  at 
least  one  inch  for  every  three  or  four  feet.  Drains  from 
bedplates,  glands  and  water  seals  should  be  piped  to 
the  trenches  and  not  allowed  to  run  across  the  floor.  If 
proper  attention  is  given  to  lighting  and  drainage,  there 
will  be  no  excuse  for  the  operators  not  keeping  the  pit 
and  machinery  within  it  clean  and  in  good  order. 

Providence,  R.  I.  C.  P.  Lawton. 

Preventing  Ice  Troubles 

In  severe  winter  climates  heated  gatehouses  are  often 
provided  at  head  works  or  at  the  gates  of  spillways  of 
hydro-electric  plants.  At  waste  gates  these  houses  may 
not  cover  all  the  gates,  as  it  may  jiot  be  necessary  to  keep 
all  che  gates  free.  Steam-heated  gate  chambers  are  also 
used  which  cover  individual  gates. 

During  the  low-water  period 
of  winter  many  plants  use  all  the 
water,  and  if  the  gates  are  not 
kept  free  of  ice  they  may  freeze 
so  solid  that  it  may  take  consid- 
erable time  to  chop  them  free. 
Under  these  conditions  the  head 
elevation  should  be  maintained  a 
sufficient  distance  below  the  dam 
crest  to  allow  ample  time  to  free 
enough  gates  to  waste  the  water 
in  place  of  it  going  through  the 
turbines,  in  case  the  latter  lose 
their  load  in  the  event  of  trans- 
mission-line failure. 

At  a  new  installation  it  may 
be  advisable  to  find  out  how  long 
it  takes  to  free  certain  gates  and 
what  tools  are  best  adapted  for 
the  gates  in  question  before  the 
actual  need  arises.  Saws,  picks 
and  axes  are  the  tools  generally 
used.  Ice  picks  with  three  sharp 
prongs  are  excellent  for  such 
work  and  linemen's  safety  belts 
are  handy  when  M^orking  on  ice-covered  gates. 

Head-gate  houses  may  be  heated  electrically.  At  one 
large  plant  a  50-hp.  motor  drives  a  fan  which  delivers 
air  from  the  generator  room  through  a  chamber  con- 
taining a  300-kw.  electric  heater  to  the  head-gate  house. 
Here  some  of  the  air  discharges  so  that  it  blows  against 
the  racks  and  steelwork  of  the  head  gates  at  a  temper- 
aiure  of  60  deg.  C.,  which  keeps  the  ice  from  forming. 
Experience  indicates  that  if  the  tops  of  the  racks  are 
exposed  to  cold  air  above  water,  the  steel  conveys  the 
heat  from  the  water  to  the  air  and  results  in  the  racks 
having  a  lower  temperature  than  the  water,  causing  ice 
formation  on  the  racks.  For  this  reason  some  rack  in- 
stallations are  designed  so  that  the  racks  do  not  project 
above  the  water.  Others  are  removable  to  allow  the 
water  to  pass  freely  in  case  of  anchor  or  frazil  ice. 

Charles  H.  Bromley's  article  in  Power,  June  3,  1919, 
covered  the  ice  situation  at  Holtwood  so  thoroughly 
that  any  further  space  given  to  this  matter  would  ne- 
cessitate duplication,  as  the  conditions  encountered  at 
Holtwood  are  typical. 

Iron  Mountain,'  Mich.  L.  W.  Wyss. 
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Inside  and  Outside  Calking — Is  it  customary  to  calk 
boiler  seams  inside  as  well  as  outside  of  the  boiler? 

L.  E.  F. 

Calking  usually  is  done  only  on  the  outside.  In  marine 
boilers  and  very  carefully  constructed  boilers  a  preliminary 
calking  is  given  to  the  inside  laps,  and  absolute  tightness  is 
afterward  secured  by  a  calking  on  the  outside. 


Merits  of  Chain  or  Ring  Methods  of  Lubrication — What 
are  the  merits  of  the  chain  or  the  ring  method  of  supplying 
oil  to  a  bearing?  R.  M. 

These  methods  have  the  serious  defect  that  the  spent  and 
dirty  oil  is  returned  again  and  again  to  the  bearing  and,  unless 
replenished,  the  oil  finally  becomes  so  loaded  with  foreign 
matter  that  it  is  a  less  efficient  method  of  lubrication  than 
occasionally  oiling  with  a  squirt-can.  The  chain  or  the  ring 
method  is  serviceable  only  in  situations  where  the  oil  well  is 
thoroughly  cleaned  at  frequent  intervals  and  refilled  with  oil 
free  from  dirt.  

Blowing  Off  a  Cut-Out  Boiler — When  a  boiler  is  cut  out 
from  the  main  line  for  cleaning,  should  it  be  blown  out  when 
steam  has  become  reduced'  to  about  15  lb.  pressure,  or  left 
standing  for  several  days  filled  with  cold  water?        A.  F.  B. 

A  boiler  should  not  be  blown  off  under  pressure  or  while 
the  brickwork  is  hot.  Sudden  reduction  of  pressure  is  in- 
jurious to  the  joints,  and  if  the  boiler  and  brickwork  are  not 
cool,  the  heat  will  bake  the  mud  and  scale  in  the  boiler,  mak- 
ing it  difficult  to  clean  the  shell  and  tubes.  After  cutting  out, 
there  will  be  no  advantage  in  allowing  the  boiler  to  stand 
longer  than  necessary  for  allowing  it  and  the  brickwork  to 
become  cooled.  

Reporting    Average    Cost    per    Pound    of    Steam — The 

monthly  report  blanks  of  our  vacuum-heating  plant  provide 
for  "average  cost  per  pound  of  steam  in  system"  and  "average 
cost  per  pound  of  steam  in  boiler."  How  should  these  items 
be  computed?  F.  D.  C. 

For  obtaining  the  "average  cost  per  pound  of  steam  in  the 
system,"  divide  the  total  cost  of  fuel,  labor  and  other  ex- 
penses for  the  month,  by  the  total  number  of  pounds  of  steam 
supplied  to  the  coils  or  radiators,  as  ascertained  by  weighing 
or  metering  the  water  that  has  been  discharged  by  the  vacuum 
pump,  less  the  weight  of  injected  water.  For  ascertaining 
the  "average  cost  per  pound  of  steam  in  boiler,"  divide  the 
total  cost  by  the  number  of  pounds  of  water  fed  to  the  boiler. 


Trying  Glass-Gage  Connections — How  often  should  the 
glass  water  gage  of  a  boiler  be  blown  out?  M.  D.  T. 

Glass  gages  should  be  blown  out  at  least  once  a  day,  and  as 
much  oftener  as  may  be  found  necessary  to  make  sure  they 
are  in  proper  working  order,  and  when  this  is  done  the 
operator  should  be  careful  to  see  that  the  cocks  are  open 
or  the  gage  will  not  indicate  correctly.  If  the  lower  connec- 
tion is  open  and  the  top  one  closed,  the  boiler  pressure  will 
force  the  water  too  high  in  the  glass,  and  if  the  bottom  con- 
nection is  closed  and  the  top  one  open,  the  steam  entering 
at  the  top  will  be  condensed  and  gradually  show  a  higher 
water  line  than  actually  in  the  boiler.  Of  course  if  both  con- 
nections are  closed,  the  gage  will  not  indicate  changes  of  the 
water  level  and  high  or  low  water  may  result  without  the 
knowledge  of  the  fireman. 


Preventing  Siphonage  of  Oil — We  are  having  trouble 
with  leads  on  a  number  of  starting  compensators  siphoning 
oil  from  the  tanks.  What  method  can  be  recommended  to 
remedy  this  difficulty?  A.  A.  F. 

The  siphoning  of  oil  along  the  leads  of  transformers  or 
compensators  may  be  prevented  by  first  removing  the  insulation 
from  each  lead  above  the  highest  oil  level  for  about  two  inches. 
Then  sweat  the  strands  of  the  leads  solidly  together  so  that 
there  will  be  no  openings  between  them  for  the  oil  to  pass 
through.  After  this  is  done,  insulate  the  leads  with  treated 
linen  tape,  wrapping  the  tape  very  tightly  around  the  con- 
ductor, and  paint  each  layer  with  insulating  varnish  while 
wrapping.  Allow  the  tape  to  extend  about  one  inch  down  over 
the  insulation  on  the  conductor. 


M.  E.  P.  of  Engine  for  Generation  of  Stated  Kilowatt 
Load — What  m.e.p.  would  be  necessary  for  a  lOxlO-in. 
engine  running  300  r.p.m.  for  operation  of  a  35-kw.  direct- 
current  generator  when  developing  full  capacity?  G.  B. 

The  efficiency  of  a  generator  of  the  given  capacity  under  full 
load  would  be  about  90  per  cent,  and  the  mechanical  efficiency 
of  an  engine  of  the  stated  size  and  speed  when  driving  the 
load  given  would  be  about  88  per  cent,  depending  on  the 
design,  construction  and  adjustment.  As  1  lew.  =  44,240  ft.-lb. 
per   min.,    the    assumed    efficiencies    would    require   the    steam 

44,240  X  35 
actuig  on   the   piston   to   develop  n  on  y  n  S«    =  1,955,050  ft.-lb. 

per  min.    Neglecting  the  reduction  of  piston  area  by  the  piston 
rod,  1  lb.  m.e.p.  would  develop 

(10  X  10  X  0.7854)  X  j|  X  2  X  300  =  39,270  ft.-lb.  per  min. 

so  that  development  of  1,955,050  ft.-lb.  would  require 
1,955,050  -^  39,270  =  49.78  lb.  m.e.p. 


Running  Over  or  Under — Is  more  power  derivable  from 
an  engine  running  over  that,  running  under,  and  if  so,  why? 

T.  B. 

When  running  over,  pressure  from  the  crosshead  is  on  the 
lower  guide  and  is  due  to  reaction  of  the  connecting-rod  and 
weight  of  the  crosshead,  anc  as  much  weight  of  the  piston  rod 
and  connecting  rod  as  is  supported  by  the  crosshead.  When 
running  under,  the  pressure  from  reaction  of  the  connecting- 
rod  comes  on  the  upper  guide,  but  it  is  reduced  by  the  weight 
of  the  crosshead  and  parts  supported  by  the  crosshead.  There- 
fore in  running  under  the  guide  friction  is  less  and  if  anything 
the  actual  or  brake  power  developed  for  the  same  mean  effec- 
tive pressure  the  piston  would  be  greater.  But  under  ordinary 
conditions  the  friction  of  guides  is  such  r  small  percentage  of 
engine  friction  that  the  difference  of  friction  running  over  or 
under  would  be  imperceptible.  The  principal  advantage  of  run- 
ning over  is  that  with  the  pressure  from  the  crosshead  down- 
ward there  is  better  opportunity  for  lubricatior  of  the  guide 
that  receives  the  principal  wear,  better  opportunity  for  adjust- 
ing and  maintaining  the  alignment  of  the  crosshead  and  less 
tendency  of  the  crosshead  to  pound  at  the  ends  of  the  stroke. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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Operation  and  Maintenance  of  Railroad 

Stationary  Plants* 


KEEPING  soot  from  accumulating  on  tubes  and  flues  is 
one  of  the  most  important  steps  toward  economical 
operation.  Flues  should  be  blown  at  least  once  each 
eight  hours,  and  when  boilers  are  down  for  a  washout  they 
should  be  thoroughly  cleaned  with  a  brush  or  scraper.  In 
water-tube  boilers  the  tubes  should  be  thoroughly  blown  when 
the  combustion  space  is  cleaned.  The  boilers  should  be  blown 
down  at  least  once  each  eight  hours,  and  the  men  coming  on  shift 
should  test  the  water  columns,  try-cocks  and  pop  valves.  Feed 
the  boilers  continuously,  maintaining  a  constant  water  level. 
Regulate  the  draft  with  the  stack  damper  rather  than  the 
ashpit  doors. 

When  the  boilers  are  down  for  a  washout,  be  sure  that 
they  are  cleaned.  Rattle  or  turbine  the  tubes  if  necessary  and 
scale  the  shell.  Clean  out  the  furnace  and  combustion  cham- 
ber, the  bridge-wall  and  the  smokebox.  See  that  all  repairs 
to  the  furnace  and  combustion-chamber  walls  and  arches  are 
taken  care  of.  Repair  the  blowoff  valves  and  feed  valves  if 
necessary,  and  see  that  all  doors  are  air-tight.  Minor  furnace 
and  combustion-chamber  repairs  can  be  made  with  plastic 
cement,  and  air  leaks  can  be  stopped  up  with  a  plastic  boile. 
covering.  Stacks  should  be  painted  with  an  approved  stack 
paint  at  least  once  a  year. 

See  that  nonreturn  valves  are  kept  in  working  order  and 
that  all  valves  are  kept  packed ;  paint  valve  stems  with  graph- 
ite and  oil  about  once  a  week  to  save  valve-stem  packing.  If 
the  insulation  is  removed  from  the  piping  to  make  repairs, 
see  that  it  is  replaced  promptly. 

The  time  to  clean  feed-water  heaters  can  be  determined  by 
watching  the  temperature  of  the  feed  water,  which  should 
never  be  allowed  to  drop  below  200  deg.  Carry  the  water 
level  in  the  heater  at  such 'a  point  as  to  keep  a  head  of  water 
on  the  pump  at  all  times,  but  not  so  high  as  to  cause  the 
heater  to  overflow  continuously. 

Feed  pumps  should  be  repacked  once  every  30  days.  This 
insures  one  good  pump  on  the  job  all  the  time. 

Air  compressors  and  power  equipment  should  have  the  rods 
and  bearings  keyed  up  at  all  times.  Indicate  all  engines  and 
compressors  frequently  and  take  care  of  leaky  valves  and 
faulty  settings  as  quickly  as  possible.  Such  equipment  needs 
a  general  overhauling  every  three  to  five  years.  Inspect  the 
water  jackets  on  the  compressors  frequently,  as  they  may  fill 
up  quickly  with  mud  and  scale. 

The  exhaust-steam  heating  system  is  the  most  economical 
device  in  the  plant  if  properly  operated.  Almost  any  railroad 
exhaust-steam  heating  system  should  operate  with  satisfaction 
on  two  or  three  pounds  pressure.  A  well-designed  and  well- 
operated  exhaust-steam  heating  system  will  reclaim  about  90 
per  cent  of  the  heat  in  the  steam,  and  the  greater  part  of  the 
other  10  per  cent  goes  into  the  feed  water.  A  vacuum  of  5 
to  10  in.  of  mercury  should  be  sufficient,  provided  the  return 
lines  are  tight  and  the  traps  are  not  leaking. 

During  the  summer  of  each  year  all  heating-system  traps 
and  sediment  chambers  should  be  removed  and  cleaned.  See 
that  the  return  lines  are  all  in  good  shape  and  air-tight,  and 
overhaul  the  vacuum  Dumps.  If  it  becomes  necessary  during 
the  winter  to  shut  the  heat  off  for  a  short  time,  be  sure  that 
all  drains  from  the  system  are  opened  to  the  sewer  to  prevent 
freezing,  and  keep  them  open  after  the  heat  is  again  turned 
on  until  the  system  has  been  warmed  up,  then  cut  in  the 
vacuum  pump. 

If  loss  of  vacuum  occurs,  find  out  in  what  section  the  trou- 
ble lies,  by  isolating  each  section  in  turn;  then  test  the  pumps 
by  shutting  off  the  returns.  Having  located  the  section,  go 
over  the  return  lines  in  this  section  with  a  torch,  which  is 
about  the  simplest  method  for  locating  leaks  in  vacuum  lines. 
If  the  leak  is  not  located  in  the  return  lines,  look  for  a  leaky 
trap,  by  shutting  the  steam  valve  on  each  coil  in  turn. 

See  that  all  steam,  air  and  water  lines  and  valves  are  kept 


•Excerpts  from  report  of  Committee  on  Railroad  Stationary  Power 
Plants  presented  to  eleventh  annual  convention  of  the  Association  of 
Railway  Electrical   Engineers. 


in  repair.  Do  not  allow  pipe  covering  to  become  ragged  and 
fall  off.  Do  not  allow  pipe-line  supports  and  hangers  to  be- 
come loose.  Keep  boiler  and  engine  rooms  clean  and  painted. 
Do  not  allow  temporary  shacks,  piping  and  scaffolds  to  stand 
after  they  have  served  their  purpose.  Put  in  the  broken  win- 
dow lights,  rehang  sagging  doors,  and  paint  the  walls,  piping 
and  foundations.  Make  the  stationary  plant  a  clean  and  de- 
sirable place  to  work  in. 

Fuels  and  Combustion 

When  oil  and  gas  are  in  active  competition  with  coal,  they  can 
be  burned  with  great  economy.  There  are  only  a  few  places 
where  gas  is  used,  and  the  supply  of  natural  gas  is  too  small 
to  make  this  fuel  very  active  for  commercial  purposes.  Burn- 
ing of  oil  in  boiler  furnaces  has  assumed  great  importance 
during  the  last  few  years,  and  the  continual  rise  in  price  of 
coal  is  making  oil  an  active  competitor  of  coal  in  the  Middle 
Western  territory. 

Steam  seems  to  be  the  favorite  medium  of  atomization,  al- 
though low-pressure  air  has  been  used  with  success.  Any 
burner  that  will  atomize  the  oil  efficiently,  with  a  minimum 
of  steam  consumption,  will  give  economical  results,  although 
the  design  of  the  furnace  has  considerable  to  do  with  the 
economy.  The  use  of  preheated  air  (air  usually  heated  by 
passing  through  ducts  in  the  furnace  and  floor,  side  walls  or 
arches)  does  much  to  increase  the  efficiency  of  oil-burning 
furnaces.  When  using  oil  in  rtturn-tubular  settings,  care 
should  be  taken  to  direct  the  flame  so  that  it  will  not  impinge 
on  the  boiler  shell. 

The  use  of  powdered  coal  at  this  time  is  not  recommended. 
It  is  still  in  the  experimental  stage  and  there  is  considerable 
danger  in  handling  and  transporting  it.  It  is  understood  that 
the  plant  at  Parsons,  Kan.,  which  was  the  pioneer  in  pow- 
dered-coal burning  at  stationary  plants,  has  abandoned  that 
fuel   for  oil. 

The  United  States  Shipping  Board  has  been  experimenting 
with  "Colloidal"  fuel  for  over  a  year,  and  according  to  all 
reports,  has  obtained  good  results.  It  consists  of  a  fuel  oil 
having  powdered  coal  held  in  suspension  by  a  secret  "colloid" 
added  to  the  mixture.  "Colloidal"  fuel  burning  presents  about 
the  same  conditions  as  oil  burning,  and  it  can  be  burned  in 
the  same  burners.  It  has  all  the  advantages  of  powdered  coal 
and  none  of  the  dangers  in  handling  and  transporting.  "Col- 
loidal" fuel  is  heavier  than  water,  and  when  dumped  upon  the 
surface  of  water,  it  will  sink,  so  that  the  fire  hazard  is  reduced 
even  over  oil. 

Smoke  is  usually  an  indication  of  inefficient  operation,  and 
at  best  is  a  nuisance.  Smokeless  combustion  involves  the 
proper  and  right  relation  of  air  and  unburned  gases,  and  the 
maintaining  of  a  sufficiently  high  temperature  during  com- 
bustion of  the  gases.  Tht  proper  mixing  of  air  and  gases 
usually  involves  a  secondary  admission  of  air,  and  the  temper- 
ature is  maintained  usually  by  brickwork  in  the  form  of  sec- 
ondary arches,  bridge-walls,  etc.  If  secondary  admission  of  air 
is  used,  great  care  should  be  taken  to  see  that  this  admission 
is  properly  controlled,  for  great  damage  and  loss  of  efficiency 
may  result  from  its  improper  use.  Also,  remember  that  intro- 
duction of  smoke  and  secondary  arches  results  in  a  loss  of 
draft,  and  that  due  allowance  should  be  inade.  While  "dutch 
oven"  furnaces  are  recommended  in  some  cases,  there  are 
many  coals  for  which  it  is  not  suitable.  Furnace  temperatures 
with  "dutch  ovens"  are  always  high.  With  a  coal  having  ash 
of  low  fusing  point,  extremely  high  furnace  temperatures  are 
likely  to  resuk  in  the  formation  of  clinkers.  Keep  the  fur- 
nace temperatures  as  high  as  is  consistent  with  the  fusing 
point  of  the  ash,  but  keep  the  combustion-chamber  temper- 
atures as  high  as  can  be  obtained.  There  are  many  places 
where,  if  the  "dutch  oven"  arch  was  moved  out  of  the  furnace 
and  into  the  combustion  chamber,  a  saving  of  fuel  and  higher 
boiler  capacity  would  be  effected. 

There  is  no  doubt  that  forced  draft  will  increase  the  capac- 
ity  of   anv   furnace,    for   it   increases   the   rate   cf   combustion. 
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But  forced  draft  may  become  the  source  of  great  loss  of 
economy  when  used  inadvisedly.  The  maintenance  cost  of 
forced-draft  equipment  is  also  an  item  deserving  considera- 
tion, as  is  furnace  maintenance  cost,  which  will  be  increased. 

To  overcome  the  bad  features  of  forced  draft,  go  a  step 
farther  and  install  balanced  draft.  There  are  several  such 
systems  on  the  market,  and  in  choosing  any  one  of  them_  be 
sure  to  analyze  the  system  completely.  There  are  two  pomts 
to  consider  as  the  basis  of  regulation— the  load  conditions,  of 
which  the  steam  pressure  is  an  indication,  and  the  furnace  con- 
ditions indicated  by  the  furnace  draft.  All  the  controlled 
forced-draft  systems  admit  of  regulation  for  load  conditions 
by  a  pressure  regulator  which  speeds  up  or  slows  down  the 
fan,  accordingly  as  the  pressure  drops  or  rises.  As  for  the 
second  point  of  regulation,  the  furnace  condition  is  primary. 
So,  in  choosing  any  of  the  controlled-  or  balanced-draft  sys- 
tems, be  sure  that  the  furnace  is  used  primarily  as  a  basis  of 
regulation. 

Urges  Greater  Use  of  Niagara  Power 

Addressing  the  American  Electrochemical  Society  at  Buffalo 
on  Feb.  3,  John  L.  Harper,  chief  engineer  of  the  Niagara 
Falls  Power  Co.,  gave  a  convincing  argument  for  _  further 
development  of  power  at  the  Falls,  and  reviewed  briefly,  by 
means  of  slides,  the  present  development,  especially  as  pertains 
to  the  Hydraulic  Plant,  the  recent  extension  of  which  contains 
the    three    largest    water-power    units    in    existence;    namely, 

40,000  hp.  apiece.  ,•   •  ,    . 

Water-power  propositions,  said  Mr.  Harper,  may  be  divided 
into  two  general  classes— those  in  which  the  rate  of  develop- 
ing the  water  power  may  be  controlled  by  full  or  partial  water 
storage,  and  those  in  which  no  storage  Is  possible.  To  the 
latter  class  belongs  Niagara  power.  In  the  first  class  the  use 
of  the  water  is  controllable  over  certain  hours  of  the  day,  or 
even  certain  seasons  of  the  year,  whereas  in  the  second  class 
any  diminution  of  use  represents  a  total  loss.  The  Ideal  load 
for  the   second   class   of  power  is   represented   by  that   of   the 


electrochemical  and  metallurgical  processes,  where  the  use 
factor  Is  large  and  where  the  cost  of  pov/er  entering  into  the 
process  is  large  compared  with  the  cost  of  labor.  In  fact,  95 
per  cent  of  the  fcrro  alloys  of  domestic  manufacture  are  made 
at  Niagara.  Other  types  of  load,  such  as  light  manufacturing, 
where  the  cost  of  power  is  relatively  a  small  factor,  and_  light- 
ing or  street-railway  service,  where  a  variable  load  Is^  en- 
countered, should,  in  the  speaker's  opinion,  be  left  for  either 
steam  power  or  water  power  having  storage  facilities;  or,  as 
an  alternative,  the  base  load  might  be  cared  for  by  the  hydro- 
electric power  and  the  peak  by  steam  power. 

New  York  State  has  two  major  sources  of  hydro-electric 
power— the  Adirondack  and  St.  Lawrence  section,  and  the 
Niagara  River  section.  The  former  is  somewhat  removed 
from  good  transportation  facilities,  and  In  this  case  it  would 
be  permissible  to  transmit  power  a  considerable  distance  to 
manufacturing  centers.  The  situation  at  Niagara,  however, 
is  different.  It  is  near  a  shipping  center,  both  rail  and  water, 
and  It  would  be  poor  engineering  to  transmit  this  power  over  a 
long  distance,  with  the  accompanying  transmission  costs  and 
losses,  when  the  industries  can  be  located  right  at  the  source 
of  the  power. 

Mr.  Harper  was  strongly  opposed  to  any  system  that  would 
tax  the  people  of  the  state  for  the  development  of  hydro- 
electric power,  from  which  they  would  derive  no  direct  benefit. 
He  believes  that  the  cost  of  development  should  be  borne 
on'y  by  the  people  who  benefit  by  it  through  rates  which  they 
individually  pay  for  this  service,  or  indirectly  in  the  price  of 
the  commodities  manufactured  or  distributed  by  means  of  it. 
The  speaker  threw  on  the  screen  a  map  showing  the  first 
survey  of  Niagara  Falls  in  1764.  This  showed  a  distinctly 
different  contour  of  the  falls  from  that  of  the  present  map 
and  illustrated  how  the  falls  are  receding  year  by  year;  on 
the  Canadian  side  this  recession  is  estimated  at  six  feet  per 
year.  It  has  served  to  increase  the  length  of  crest  by  about 
50  per  cent  during  this  period,  and  this  greater  length,  together 
with  the  fact  that  the  recession  is  wearing  a  channel  at  the 
middle  of  the  falls,  accounts  for  considerable  rock  showing  at 


TWO   OF   THE   NEW  40.00n-Hr.   TTNITS   AT   THE   HYDRAULIC   PLANT.   NIAGARA 


February  24,  1920 


POWER 


315 


the  edges.  This,  it  was  pointed  out,  is  what  is  sometimes  mis- 
taken by  conservationists  as  an  indication  that  less  water  is 
going  over  the  falls.  The  total  flow  of  the  river  is  210,000,000 
ft.-sec,  and  Mr.  Harper  believes  that  60  per  cent  could  be 
diverted  for  hydro-electric  purposes  without  marring  the  beauty 
of  the  falls.  It  would  be  necessary  to  leave  40  per  cent  in 
order  to  maintain  the  river  and  discharge  ice  in  the  winter 
time. 

With  a  diversion  of  60  per  cent  of  the  water,  and  the  placing 
of  concrete  booms  in  the  upper  river  so  as  to  divert  the  water 
from  the  channel  and  spread  it  over  the  falls,  the  rocks 
would  be  completely  covered  and  the  level  of  the  water  in 
the  river  below  the  falls  would  be  lowered  considerably,  thus 
having  the  effect  of  increasing  the  height  of  the  falls.  At 
present  it  is  estimated  that  the  depth  of  the  river  below  the 
falls  is  about  200  ft.  A  diversion  of  60  per  cent  of  the  water 
would  make  available  about  3,600,000  hp. 

The  extension  to  the  Hydraulic  Plant,  which  is  now  near- 
ing  completion,  was  undertaken  during  the  war  at  the  request 


of  the  War  Department,  for  emergency  power,  it  being  de- 
sired to  add  approximately  100,000  hp.,  bringing  the  diver- 
sion of  water  up  to  the  maximum  allowable  by  the  Burton 
Act.  The  time  from  starting  construction  to  the  putting  the 
first  unit  in  service,  December,  1919,  v.as  19  months,  a  really 
remarkable  record,  considering  the  difficulties  that  had  to  be 
overcome  in  constructing  the  penstocks  through  sohd  rock, 
constructing  the  plant  at  the  edge  of  the  gorge  and  lowering 
all  material  and  equipment  over  the  cliff  a  distance  of  215 
feet.' 

The  three  new  units,  two  ot  which  are  now  in  service,  are 
each  rated  at  37,500  hp.,  although  they  have  carried  40,000 
hp.  They  are  of  the  vertical  type  running  at  150  r.p.m.  under 
an  effective  head  of  215  ft.  and  direct-connected  to  32,500-kva. 
three-phase  25-cycle  12,000-volt  generators.  A  view  of  two  of 
these  units  is   shown  in   the   illustration. 


^Power  expect.s  to  publish  a  detailed  description  of  this  plant  when  con- 
struction has  been  completed  and  the  information  leleased.  This,  it  is 
believed,  will  be  within  two  or  three  months. 


Personals 


l„ 


Thomas  H.  Macauley,  who  has  been 
manager  of  construction  and  operation  of 
the  Calgary  (Canada)  Municipal  Railway 
since  1909,  is  now  general  manager  of  the 
New  Brunswick   Power  Co. 

John  A.  Stevens,  consulting  engineer  in 
power-plant  design  and  construction  at 
Lowell,  Mass.,  has  opened  a  branch  office 
in  Fall  River,  to  handle  business  in  the 
southern    New    England    district. 

Edward  C.  Jones,  who  has  been  chief 
engineer  of  the  gas  department  of  the  Pa- 
cific Gas  and  Electric  Co.  since  1891,  has 
resigned  to  go  into  business  for  himself  in 
San  Francisco,  where  he  has  opened 
offices. 

John  Clyde  Oswald,  president  of  the  Os- 
wald Publishing  Co.  and  publisher  of  the 
"American  Printer,"  has  been  appointed 
vice  president  of  the  Preston  Trading  Co., 
New  York  City.  Mr.  Oswald  has  also  been 
elected  pre-sident  of  the  National  Paper 
Trades  Exchange. 

Robert  N.  Hodgson  has  resigned  as  gen- 
eral manager  of  the  Binghamton  Light, 
Heat  and  Power  Co.,  and  as  general  sales 
manager  of  the  controlling  company,  the 
W.  S.  Barstow  Co.,  to  give  his  time  to  his 
own  business  interests.  He  is  succeeded 
by  R.  L.  Peterman,  who  was  formerly  su- 
perintendent of  the  vitilities  company  at 
Easton,   Penn. 

Frank  R.  Towles,  formerly  general  su- 
perintendent of  the  York  County  Light  and 
Power  Co.,  has  resigned  to  become  super- 
intendent of  the  Cumberland  County  Power 
and  Light  Co.,  at  Portland,  Me.  "William 
E.  Shaw,  local  manager  of  the  former 
plant,  succeeds  Mr.  Towles  as  superin- 
tendent of  the  electrical  division,  and 
Ralph  W.  Hawks  succeeds  Mr.  Shaw  as 
local   manager. 

Harry  Z.  Bixler,  formerly  chief  engineer 
for  the  Youngstown  (Ohio)  Steel  Co.,  and 
in  the  same  capacity  with  the  Brier  Hill 
Steel  Co.  since  the  latter's  incorporation, 
has  resigned  to  identify  himself  with  the 
development  of  what  promises  to  be  a  new 
era  in  the  manufacture  of  iron  and  steel  in 
this  country  and  throughout  the  world. 
He  is  succeeded  by  W.  H.  Ramage,  for- 
merly assistant  chief  engineer.  T.  M. 
Phillips,  who  was  superintendent  of  the 
washed  metal  plant  during  the  joint  regime 
of  the  two  companies,  has  associated  him- 
self with  the  same  development  in  which 
Mr.    Bixler   is   interested. 


Engineering  Affairs 


The  American  Association  of  Engineers 
will  hold  its  annual  convention  at  St.  Louis, 
Mo.,  May  10-11,  with  headquarters  in  the 
Planters   Hotel. 

The  Electric  Club  of  Chicago  has  opened 
permanent  headquarters  on  the  mezzanine 
floor  in  the  Hotel  Morrison.  A  part  of 
the  quarters  is  devoted  to  a  library,  which 
will  be  equipped  with  all  the  popular  mag- 
azines as  well  as  those  applying  to  the 
club's   own    industry. 


The  American  Society  of  Mechanical  En- 
gineers announces  the  following  section 
meetings:  Atlanta,  Ga.,  at  the  Georgia 
School  of  Technology,  Feb.  24;  subject, 
illustrated  lecture  on  "Building  a  30,000- 
kw.  Turbo-Generator  Set,"  by  H.  E.  Bus- 
sey.  St.  Louis,  Mo.,  April  7,  joint  meet- 
ing of  the  Associated  Engineering  So- 
cieties of  St.  Louis,  at  which  F.  O.  Pahl- 
meyer,  engineer  of  th  ^  Heine  Safety  Boiler 
Co.,  will  deliver  an  illustrated  paper  on 
the  "Different  Processes  in  the  Manufac- 
ture of  a  Heine  Boiler."  Baltimore,  Md., 
Feb.  27;  subject  for  discussion,  "Voca- 
tional Education,"  and  many  prominent 
speakers  are  expected  to  attend. 

The  Association  of  Iror.  and  Steel  Elec- 
trical Engineers  announces  the  following 
meetings:  Cleveland,  Ohio,  Feb.  28,  at 
Union  Electric  League  Rooms,  Hotel  Stat- 
ler;  E.  S.  Lammers  will  talk  on  "Auto- 
matic Control  of  Electrically  Operated 
Blooming  Mills."  Pittsburgh,  Penn.,  sec- 
tion: March  20;  T.  D.  Lynch,  research 
engineer  of  the  Westinghouse  Electric  and 
Manufacturing  Co.,  East  Pittsburgh,  will 
talk  on  "Babbitt  and  Babbitting."  April 
17,  Robert  B.  Treat,  electrical  engineer  of 
the  General  Electric  Co.,  will  talk  on 
"Grounded  Neutral."  On  May  22  there  will 
be  an  inspection  of  one  of  the  largest  steel 
plants  in  the  state  of  Ohio.  June  12,  R.  H. 
Keil,  power  engineer  of  Jones  &  Laughlin 
Steel  Co.,  will  talk  on  "Current  Limit  Re- 
actance." 


Miscellaneous  News 


The  National  Exposition  of  American 
IVIanufacturers,  which  was  to  have  been 
held  in  April.  1920,  at  Buenos  Aires,  Ar- 
gentine Republic,  has  been  postponed  until 
November,  1920,  to  allow  more  time  for 
adequate  preparations  and  shipments  from 
other  parts   of   North   and   South  America. 

The  International  Conference  of  Refrig- 
eration, held  at  Paris  last  month,  was  con- 
vened in  view  of  examining  the  creation 
of  an  international  organism  to  insure 
common  action  as  regards  the  economic 
affairs  of  each  nation  and  efforts  of  scien- 
tists, economists  and  industrials  engaged 
in  the  study  of  refrigerating  questions. 
After  January,  1920,  the  Institute  will  issue 
a  monthly  bulletin  of  information  on  re- 
frigeration, edited  in  two  languages,  Fng- 
lish  and  French,  in  which  all  scientific, 
technical  and  economical  data  sent  to  the 
Institute  and  appearing  in  all  parts  of  the 
world  will  be  classified. 

The  National  Marine  League  has  begun 
the  promotion  of  a  national  publicity  cam- 
paign to  start  the  American  people  think- 
ing seriously  upon  the  problem  and  pos- 
sibilities of  a  merchant  marine.  The  cam- 
paign will  culminate  in  National  Marine 
Week,  Apr.  12-17,  and  while  nationwide 
in  scope  will  center  in  New  York  C\ty. 
where  a  series  of  celebrations  and  demon- 
strations will  be  given.  The  ceremonie.s 
for  the  week  will  be  opened  aboard  an 
American  built,  owned,  operated  and 
manned  ship  in  New  York  harbor,  by 
Chairman  Payne,  of  the  Shipping  Board, 
and  Secretary  of  Commerce  Alexander. 
The  formal  opening  of  the  National  Marine 
Exposition  will  be  the  same  evening  at 
Grand  Central  Palace.  On  Tuesday  after- 
noon the  free  Marine  Art  Exhibit  will  be 
opened  under  the  direction  of  the  leading 


artists  of  the  country.  A  feature  of  this 
exhibit  will  be  the  grreatest  gathering  of 
ship  models  ever  assembled  in  America. 
The  annual  dinner  of  the  National  Marine 
League  will  be  held  that  night.  Wednes- 
day will  be  Shipbuilding  day;  Thursday. 
Merchant  Mariners'  day:  Friday,  Fuel  and 
Engineering  day;  Saturday,  Inland  Water- 
ways and  Harbors  day,  when  demonstra- 
tion parades  will  be  reviewed  by  Govern- 
ment officials. 


Business  Items 


Yarnall-Warlng  Co.,  Philadelphia,  Penn., 
has  opened  a  branch  office  in  Detroit,  In 
the  Builders'  and  Traders'  Exchange,  Pen- 
obscot Building,  with  Walter  G.  Heacock 
in  charge. 

C.  F.  Braun  &  Co.,  manufacturing  me- 
chanical engineers,  of  San  Francisco,  Cal., 
have  removed  their  executive  offices  to 
the  tenth  floor  of  the  Atlas  Building,  604 
Mission  St.,  San  Francisco. 

The  Automatic  Fuel  Saving  Co.,  Phila- 
delphia, has  purchased  from  the  "Vapor 
Vacuum  Heating  Co.  and  George  C.  G. 
Gray  the  patent  and  goodwill  of  the  Gray 
system  of  combustion  control  for  power 
plants.  The  new  company  has  adopted 
the  na"me  of  automatic  fuel  saver  for  the 
system. 

The  Chicago  Fuse  Manufacturing  Co. 
has  purchased  from  the  Otis  Elevator  Co. 
the  property  at  the  southwe.<;t  comer  of 
Fifteenth  and  Laflin  Sts.,  Chicago.  It  is 
expected  the  company's  two  plants  at 
West  Congress  St.  and  at  South  Throop 
St.  will  be  transferred  shortly  to  the  new 
location. 

The  Maher  Engineering  Co.,  30  North 
INIichigan  Ave.,  Chicago,  announces  the 
opening  of  a  branch  office  at  708  Schofleld 
Building,  Cleveland  Ohio,  handling  the  dis- 
tribution of  Erie  Engine  "Works  engines. 
Dayton-Dowd  Co.  centrifugal  pumps  and 
Galland  Henning  hydraulic  presses.  The 
office  w.;;  be  under  the  management  of 
Lincoln  E.'  Maher. 

The  Collins- Lotz  Co.,  recently  formed, 
has  opened  an  office  at  26  Hartforil  Trust 
Building.  Hartford,  Conn.,  for  the  sale  and 
application  of  heat  and  cold  insulation  ma- 
terials of  all  kinds.  A  warehou.^e  will  also 
be  maintined  at  Hartford.  Mr.  Collins 
was  formerly  the  treasurer  ani  manager 
of  sales  and  contracts  of  Robt.  A.  Keasbey 
Co..  New  Yo»-k  City.  Mr.  Lotz  was  for 
many  years  manager  o'  the  Hartford  office 
of  the   same   company. 

The  Chicago  Pneumatic  Tool  Co.  an- 
nounces the  following  appointments:  Ed- 
ward A.  Woodworth  as  special  railroad 
representative  attached  to  the  staff  of 
manager  of  western  railroaa  sales,  with 
headquarters  at  Fisher  Building.  Chicago. 
H!.  Mr.  Woodworth  has  been  for  several 
>-ears  secretary«of  the  Committee  on  Stand- 
ards, U.  S.  Railroad  Administration,  Wash- 
ington, D.  C.  C.  E.  Laverenz  as  special 
railroad  representative  attached  to  the  staff 
of  manager  of  western  railroad  sales.  Mr. 
I.,averenz  for  several  years  was  an  In- 
spector In  the  Ordnance  Department  of 
the  U.  S.  Navy,  and  previou.«lv  held  posi- 
tions as  boilermaker  and  foreman  of  the 
Chicago  &r  Northwestern  and  Illinois  Cen- 
tral   Railroads. 
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!                                                         1    I                                                                        New  Construction 
Trade  Catalogs  j    |      ^jjj,  ^.q^L  MARKET       |    P ^ 

■'"""" "" "      I  I  PROPOSED  WORK 

'"1  °',^,  f  ^-"tt'^il'LLH  *hv      '"""" " """""""" '" "'" Me.,    Mt.    Desert    Island— The    Bureau    of 

-    booklet    just    issued    by  Vards  .4  Docks    Navv  Dept.,  Wash..  D.  C. 

._....               tal    Co.      New    York    City.  BOSTON-^rrent    prices    per    gro«.  ton    f.o.b.    New      ^^f,^<i|o^„  ^ocks.^  Navy   U^^ 

U    contains    intimate    and    instructive    m-  y^rk  loading  ports:  ^^^^^^^   building  and   for  the   installa- 

formation    concerning    babbitt    metais,    noi  ..,u„,,,.  tion     of    heating      plumbing    and     electric 

generally    known     and    users    and    buyers  Anthracite  Hght    systems    at    the    Navfl    Transmitting 

will  find  it  a  useful  guide  in  selecting  such  Company        afotinn     here 

products.     A  copy   may   be   had   free  upon  Co.l  Station,    here, 

request.  Egg    Tisl  905         Conn.,    New     Haven— The    State    Bd.    of 

.      rCtaut ;:;;:::::::;::;:::.'.'i  8:55®  9:05   Health,  sos  church  st.,  Hartford  and 

Laclede-Chrlsty,     St.     Louis,      Mo.,     has     ^"l*™""^ 7.05@  7.40  Bilderbeck    &    Langdin,    Archts.,    Manwar- 

issued   a    42-page    bulletin    entitled    "Boiler     Buckwhisit ■■■.;.•.■. 5-tSi  ?tS  ing   Bldg.,    New    London,   will    receive   bids 

Capacities    with    Chain    Grates,"     showing     Rice   2.30®  2.50  ^bout  March  1  for  the  construction  of  a  3 

the    importance    of    fuel-bed    temperatures     Barlw ^-^^  story    51    x   111    ft.    laboratory   and   experi- 

in    increasing    the    maximum    capacity    at-  bi4„„,i„„„.  mental  station  on  Highland  St.     A  vacuum 

tainable,    in    a   way    that    is    easily    under-  Bituminoui  steam   heating   system,    including   new  L.P. 

stood        The     booklet    was     compiled     and  Ca.ml)rias  and  boilers,    hot    water    supply    and    refrigerat- 

edlted  by  Loyd  R.   Stowe,   manager  of  the  .Po®"^,*o'^,'r  .,^??^1frft  ing   equipment,    will    be   installed   in   same. 

company's  stoker  department,  and  contains     F.o.b.  mines    net  tona ,--v*H?i*H^  *5  sil^s  96  Total   estimated   cost,    $125,000. 

much    useful    information    on    this    subject.  F.o.b.  PhUadelph.a  ^^g^oss,  _tons.  5.05|  5.60    5.35|  5.90 

Aio'niside  Boston    (water  coal),  N.    Y.,     Brooklyn— The    Anier.     Mfg.    Co., 

"Fuel    Oil    Applied   to    Power    Boilers"    is        gross   tons    •.•,•••••„•.••••  '^•"''®  JiLiL   0^   the     Noble  and  West  Sts.,   is  having  plans  pre- 

the  title  of  an  interesting  16-page  booklet  Pocahontas  and  New  River  "«  p  ,lf  nno^^d  at  pared  for  the  construction  of  a  2  story, 
recently  fssued  by  the  l!nginee?ing  Dept.  f-f.%,X  '=<«"^--  """■"»*•  ""^  ^'  '^"°"^'  "'  150  x  440  ft.  warehouse  at  24  Greenpoint 
of  the  Coatesville  Boiler  Works,  Coates-  '"vj^*  YORK-Current  quotations.  White  Ash,  per  Ave.  A  steam,  heating  system  will  be  in- 
ville  Penn.  It  contains  some  valuable  in-  ^g^a  tons,  f.o.b.  Tidewater.  At  the  lower  ports  are  as  stalled  in  same.  Total  estimated  cost, 
formation  as  to  the  relative  merits  of  dif-     foiiown:  $155,000.     W.    Higginson,    18   East   41st   St., 

ferent    fuels    for    use    under    boilers    of    all  New  York  City,   Archt.   and  Engr. 

tvpes,    as   well    as    on    the    dimensions   and  Anthracite 

capacity   in   gallons  of  horizontal   and  ver-  Company  |\j      y.^     Brooklyn — The    Brooklyn    Retail 

tical   storage   tanks.     A   copy   may   be   had  Coai  Butchers   Corp.,    3285    Fulton    St.,    plans   to 

free  upon  request.  Broken    sin®  865     build  a  3  story,  130  x  135  ft.  ice  plant  and 

Bp    •Hslfhos      storage    house    on    Atlantic    Ave.    and    Ft 

"Securing     Better    Combustion     of     Mid-     rl"/°tnut '.y.'.'.'.WWW'.WW'.'.'.'.'.'.'..  s'.ss®  9.05     Greene   PI.     A   steam   heating   systeni   will 

west,    Western    and    Southwestern    Fuels"     p^    „:..:::.;.: 7.05®  7.40     be  installed  in  same.     Total  estimated  cost 

is    the    title   of   a   31-page    booklet   recently     Buckwheat 5.15  $400,000.     A.   Rosen,    Pres. 

issued   by    the    Green    Engineering   Co.,    of     Rice     '-g^ 

East   Chicago,   Ind.     It   is  a  compilation  of     °"JfJ    ;;■;  4:35  N.     Y.,     Syracuse— The     Onondaga    Milk 

articles  that   have  appeared  in   Power  and     '*<>""    •  "•  Producer's    Cooperative    As.sociation,    S.    A. 

Electrical   World  during  the  last  year,   dis-  Bituminous  and    K.    Bldg.,    has    awarded    the    contract 

cussing    the    many    problems    which    arise  ^qj.    ^^e    installation    of    electrical    work    in 

in  securing  efficient  combustion  with  above         Goverament  prices  at  mines:  opo'  j^^    plant    on    Burnet   Ave.,    to   the   Hughes 

mentioned    fuels,    and    pointing    out    their     Scuti  Fork   (best) ::::::::::;  sloo®  3:25     Electrical  Corp.,  413  South  Clinton  St.    One 

solutions.     A  copy  of  the   bulletin  may  be     ^^■"gj}*     ordinaj^)" ■."■."". 2.60®  2.90     75   hp.,   one   25  hp.,   two  15  hp.,   two  5  hp., 

had  free  upon  request.  Clearfield   (best)    3.00®  3.25     ggven  1  hp.,  one  71/2  hp.,   four  10  hp.,  eight 

Clearfield     (ordinary) o  fi?!  5  «S      2    hp.,    and    four    2    hp.    motors    will    be    m- 

The     De      Pere-Burton      Company,     Mil-     «SmSi|    i:::::::::::::::::::::::  IM®  dl     stalled  m  same.     Cost  to  exceed  $10,000. 

waukee.     Wis.,     is    now    sending    out    upon      Somerset   (medium)    3.00®  3.25  ,     tt      -i^      •        „«/i 

request   a  32-page  loose-leaf  catalog  deal-     somerset   (poor)    2.50®  2.75         p^^     Scranton— Edward    H.     Davis    and 

ing    with    the    Burton    semi-sectional    and     Western  Maryland   99^1  tin     George    M.     D.     Lewis,    Associate    Archts., 

De   Pere   improved   cross-drum   water  tube     Faii>i}ont    ||g^  2  9^     Union  Natl.   Bank,  are  preparing  plans  for 

boilers.      The    publication    enters    into    the     i;'!I°^,,* i'.!;!;!!!".!!  2:75®  3.00     the  construction  of  a  5  story,   25  x  100  ft. 

construction  and  the  many  good  points  of     westmoi^land' %"in;;;;.- 3.40®  3.50     store    building.      A    steam    heating    systern 

design   attributed   to   these   types   of   boiler     Westmoreland    run-of-mlne 2.75®  3.00     .^vill  he  installed  in  same.     Total  estimated 

and  pictures  their  application  to  stationai-y         phil.adeij'HIA— Bituminous   coal    prices   vary    &•-     cost,    $125,000.      Owner's    name   withheld, 
and    marine    service.      The    adaptability    of     cording  to  district  from  which  t^fy   ^^e  mined.     For 

the    boiler    to    waste-heat    service    is    fea-      ordinary  slack  the  price  is  $2.45@$2.55;  lump.  »v5.uuo  p^       Scranton— The    Welfare    League    Is 

tured,    and    mention    is    made    of    excellent      *3.35^tthe^  mines.  having    plans    prepared    for    the    construc- 

facilities  in  a  shop   that  has  had  years  of        avim&u^f—  ^.^^    of    a    1    story,    100    x    100    ft.    private 

boiler  experience.  Anthracite  school    on    Wabash    St.      A    steam    heating 

n..r«.r«     At  Curb       system    will    be    installed    in    same       Total 
The    Carrick    Engineerina    Co..    Chicago,  Gr'Js^  Ton    NetTon     estimated   cost,   $85,000.     Edward  H.   Davis 

has   issued   a   12-page   catalog,    letter   size,     „    ,  $8.55  $io.80     and  George  M.  D.  Lewis,  Union  Natl.  Bank 

describing  the  Carrick  Combustion  Control     ggg    ..'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'. 8.80  10.65      Bldg.,  Archts. 

which  automatically  synchronizes  fuel  feed     stove     f-J^  }5  o5 

and    damper    position    to    correspond    with     Chestnut    |-i^  ^^.,5         f^^      Highlandtown    (Baltimore    P.    O.) — 

the    load,    holding    the    proper    relation    for     ^6=^    ••••• ;  siq  7.75     The   Crown   Cork  and   Seal  Co.,    1511   Guil- 

efficient     results.       Due     to     a     graduated     BucKwneai    ^^^^    Ave.,    has    awarded    the    contract    for 

movement,    it    takes    and   holds    any    inter-  Bltumlnoui  the   construction   of  a  1   story,    30   x   40   ft. 

mediate    position    that    is    required    for   the  transformer  house   on  Eastern  Ave.,   to  H. 

load  carried  and  instantly  moves  to  a  new     Allegheny  Valley    'I*"      q     Barnes     2631    Wilkens   Ave.      Estimated 

position  if  there   is  a   slight  change   in  the     Pittsburgh     ^  gj      ^^^^    $6  000 

load    or   steam    flow,    in    feed    water   or    in     No.    s    Lump '.'.'..'.'.  4.8O 

furnace    conditions..     It    autoniatically   cor-      ^^^^^    ::::::::::::::::::::::::".'. JiJ         s     C,    Columbla-The    state    Leglslatm-e 

relates    fuel    and    air    supply    by    individual     smokeless    ......,••. ^-^J     ^ni  appropriate  $50,000  for  repairs  and  in- 

control    of    stoker    engines,    stoker    motors.     Pennsylvania   Smithing 5.70     3;''  ,'V;',' T,V  VioaHni'^  n  in   the  several 

dampers,    forced    draft    and    induced    draft        CLBVELAND-Prices   of  coal   per   net  ton   delivered     s  a  nation  of  heating  plants   ^g  the  several 
fans.     A   copy  of  the  catalog  will   be   sent     m  Cleveland  arc:  'Tl^^fvf  ^r.^ii^«  universuj 

upon   written   request.  Anthracite  Carolina. 

P,.  $12.25@$12.4»         Tenn.,  Chattanooga— The  Thatcher  Spin- 

"Westlnghouse   Underfeed   Stoker"   is  the     chestnut".' .■.■.'.'.'.■.'.'.'.'••  •'•'•• 12.50®  12:0     ^j^g  Co.,   2714  East  18th  St.,  has  awarded 

title    of    a    36-page,    sy2    x    11    in.    booklet.     Grate    JHni  ]lln     the  contract  for  the  construction  of  an  ad- 

with   an   attractive   three-color   cover,    just     Stove    1^40®  i-.ou     ^jtion  to  its  spinning  plant,  to  the  Turner 

issued    by    the    Westinghouse    Electric    and  d      h    ♦       "^  Constr.   Co.,    244   Madison   Ave.,    New   York 

Manufacturing  Co.,   East  Pittsburgh,  Penn.  pocanontas  ^.^^      ^  steam  heating  system  will  be  in- 

Under    the    head    of    Details    of    Construe-     Mine-run    ♦'•°"     stalled    in    same.       Total     estimated    cost, 

tion,    it  gives  a   comprehensive   description  Domestic   Bituminous  $1,200,000. 

of  the   leading   features  of  design   contrib-     TO^t  virrinla  soUt *^-^'' 

uting    to    the    efflciency    and    reliability    of     no    g  Pittsburgh 'SS"!  tin         O.,    Bloomville— The    Bd.    Educ.    plans    to 

operation.      The    interconnection    of    grates     Masslllon    lump    8.25®  8.50     construct  a  2  story,  80  x  126  ft.  school.    A 

and  tuveres  and  the  arrangement  of  brack-     Coshocton   lump    '•"      steam   heating  system   will   be   installed   m 

ets,    gears    and    fuel    deflecting   plates,    are  _    ,  same.        Total      estimated     cost,      $110,000. 

clearly    described.      Taking    up    the    prin-  s"*""  ^"^  « «/a,s.i  so     Glass  &  Austin,  Grand  Theatre  Bldg.,  Co- 

ciples   of   operation,    the    circular    explains.     No.    «   slack B  io@  s'50     lumbus,  Archts. 

by    use    of   sectional    cuts   and    charts,    the     S°:,„?,„„J^„  •  ",•  •  V '.".'.'.'.'.  625®  5^50  ,      ,     ^   -, 

distinctive    features    of    the    Westinghouse     Youghiogheny  slack   :::;::::::::::::  b:70@  6.00         O.,     Cleveland— The     Cleveland     Railway 

zone  system  of  air  distribution.     The  sub-     ^0!    6   mine-niii!;.;;; ' 8-25@  6.60      co.,  Leader-News  Bldg..  plans  to  construct 

iects   of   efficiency   and   capacity  are   taken     no.    8   mine-run ■•••  S-^'     a    1    story    power    sub-station    on    JJenlson 

up    together   with    flexibility.      Curves    set-         Only  coal  available  It  mine-run  Pocahontas.  c;^  _   Lorain  Dist.     Estimated  cost.   $200,000. 

ting     forth     extensive     performance     data ^^^    ^,  .„,.,,„„.    w«i,    r<Lr.  at      Mr.    Radcliffe,    Mgr.      L.    P.    Crocelius,    700 

relative    to    these    subjects    and    others   are        MroOLB  WBST-Chicago   Quotations    F.o.b.   cars  »t      Leader-News   Bldg.,    Engr. 
used  to  amplify  the  text.     Under  the  sub-     °"°*=  n  ^  .^  m 

jects  of  the  coal-saving  problem  and  fuel  r^rt^^vine  O.  Cleveland— The  Cleveland  Telephone 
burning  equipment  of  modern  power  sta-  Williamson'  Grundy.  co  c/o  R  Pate,  Engineers  Bldg.,  will  re- 
tions,  an  interesting  and  instructive  array  Franklin,  Ia  Salle.  roive  bids  in  the  spring  for  the  construc- 
of  information  is  given  for  the  benefit  of  Siiiino,  Fulton,  bureau,  .  of  a  2  story.  07  x  145  ft.  telephone 
those  who  have  the  operation  of  stokers  Harrisburg  ,,P6?fi»  .  ,,  ,JU'io  .n  exch  building  on"  Dille  Rd.  A  steam  heat- 
in    charge.     A   large   list   of   representative     Lump    n-'il^^lll    »2-95@$3.i0    «3.25|$3.40      [^^n^^nmiam^,^^  ^^  installed  in  same.     To- 

installations   making   use   of   these   stokers     ^f^'^- 2  35®  2.50     '2.7!5'@"2:96     sloo®  siis      tal   e.stimated  cost.   $2.50,000.     A.   N.  Symes, 

i<^      given.        The      booklet      is      illustrated     §^crecni"«9 '•'••••  2- "5®  2.20      2.35®  2.50     2.75®  2.90      Kngineers  Bldg..   Engr. 
throughout. 
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O.,  Cleveland — S.  Cowan,  Society  for 
Saving's  lildg.,  is  having  plans  prepared 
for  the  construction  of  a  4  story,  140  x  240 
ft.  family  hotel  on  Kast  105th  St.  and 
Ansel  Rd.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,  $400,000.  S.  H.  Weiss,  1032  Schofleld 
Bldg.,   Archt. 

O.,  Cleveland — The  city  received  only 
hid  for  the  installation  of  a  heating  sys- 
tem in  the  bath  house,  here,  from  the 
Ohio    Heating    &    Pipe    Bending    Co.,    1063 

West  nth  St.,  .$33,153. 

O.,  Cleveland — The  East  End  Chamber 
of  Commerce  had  plans  prepared  for  the 
construction  of  an  8  story,  f-O  x  120  ft.  com- 
mercial building  at  East  105th  St.  and  Su- 
perior Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$400,000.  Address  S.  H.  Kennard,  10708 
Superior  Ave. 

O.,  Cleveland — G.  A.  Tenbusch,  Union 
Bldg.,  i.s  having  plans  prepared  for  the 
construction  of  a  4  story  hotel  at  1906  East 
105th  St.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$250,000.  W.  S.  Ferguson  Co.,  1900  Euclid 
Ave.,   Archts. 

O.,  Columbus — G.  R.  Bassett,  Archt., 
Central  Natl.  Bank  Bldg.,  will  soon  award 
the  contract  for  the  construction  of  a  3 
story,  60  x  188  ft.  salesroom  on  9th  and 
Broad  Sts..  for  the  Ohio  Sales  Co.,  771 
North  High  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $150,000. 

O.,  Grafton — The  village  will  receive 
bids  about  April  15  for  the  construction  of 
a  waterworks  system,  including  an  18  x  20 
ft.  pump  house,  2  deep  well  pumps,  etc. 
Total  estimated  cost,  $35,000.  R.  Winthrop 
Pratt,    Hippodrome   Bldg.,    Cleveland,  Engr. 

O.,  Kent — The  Bd.  Educ.  will  receive 
bids  about  April  1  for  the  construction  of 
a  3  story,  100  x  200  ft.  high  school.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $250,000. 
Mills  &  Millspaugh,  67  East  T^ong  St..  Co- 
lumbus,  Archts. 

Mich.,  Atlas — The  city  engaged  Van 
Leyen,  Schilling  &  Keough,  Archts.  and 
Engrs.,  1115  Union  Trust  Bldg.,  Detroit,  to 
prepare  preliminary  plans  for  the  construc- 
tion of  a  2  story  hospital.  A  steam  heat- 
ing svstem  will  be  installed  in  same.  To- 
tal  estimated  cost,    $150,000. 

Mich.,  Battle  Creek — The  city  plans  to 
install  a  centrifugal  pump,  air  lift  and  elec- 
tric motor  at  the  pumping  station. 

Mich.,  Detroit — A  syndicate  headed  by 
C.  F.  Clippert,  2051  West  Grand  Blvd.,  is 
having  plans  prepared  for  the  construc- 
tion of  a  2  story,  130  x  200  ft.  theatre  and 
office  building  along  the  Grand  River  an4 
West  Grand  Blvd.  Steam  heating  appar- 
atus, with  forced  ventilating  system,  etc., 
will  be  installed  in  same.  Total  estimated 
cost,  $2,000,000.  C.  W.  and  G.  L.  Rapp, 
190    North    State    St.,    Chicago,    Archts. 

Mich.,  Ecorse — G.  W.  Graves.  Archt.,  43 
John  R.  St.,  Detroit,  will  receive  bids  until 
Feb.  20  for  the  construction  of  a  2  story, 
96  X  200  ft.  school  on  Webster  and  State 
Sts.,  for  the  St.  Francis  Xavier  Parish. 
A  steam  heating  system  will  be  installed 
in  same.  Ammerman  &  McCoU,  2348  Pen- 
obscot  Bldg.,   Detroit,   Engrs. 

Mich.,  Lansing— The  City  Light  &  Water 
Bd.  plans  to  build  the  first  unit  of  an  elec- 
tric power  station  to  have  a  capacity  of 
10,000  kw.,  ultimate  capacity,  40,000  kw., 
on  Division  St.  Modern  power  plant  equip- 
ment, including  conveyors  for  coal  and 
ashes,  automatic  stokers,  boilers  with  tur- 
bine engine  to  run  generator,  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$500,000.     G.   G.   Crane,   City  Hall,  Mgr. 

Mich.,  Port  Huron — A.  B.  Parfet,  Mil- 
itary St.,  plans  to  construct  a  2  story  100  x 
250  ft.  service  station.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated   cost,    $100,000. 

Mich.,  Redford— W.  E.  N.  Hunter  and 
Neil  C.  Sorenson,  Archts.,  Chamber  of 
Commerce,  Detroit,  will  receive  bids  until 
March  20  for  the  construction  of  a  1  story,. 
60  X  150  ft.  church  on  Grand  River  Ave., 
for  the  Redford  Methodist  Episcopal  Con- 
gregation. A  steam  heating  system  will 
be  installed  In  same.  Total  estimated 
cost,   $150,000. 

Mich.,  Wyandotte — The  Bd.  Educ.  will 
soon  award  the  contract  for  the  construc- 
tion of  a  2  story,  150  x  350  ft.  high  school 
on  Superior  St.     Steam  heating  and  venti- 


lating systems  will  be  installed  in  same. 
Total  estimated  cost,  $400,000.  B.  C.  Wet- 
zel &  Co..  2317  Dime  Bank  Bldg.,  Detroit, 
Archts. 

III.,  Vandalla — The  "ity  will  .soon  award 
the  contract  for  the  construction  of  an 
electric  light  and  power  plant.  Work  in- 
volves the  in.stallation  of  one  300  hp.  water 
tube  boiler,  breeching  grates,  fittings,  one 
steam  engine  to  operate  300  kva.  gener- 
ator, one  300  kva.  directed  connected  gen- 
erator and  one  15  kw.  exciter,  etc.  Fuller 
&  Beard,  Chemical  Bldg.,  St.  I>ouis,  Mo., 
Engrs.  , 

III.,  Wauconda— The  city  plans  to  build 
a  system  of  10  to  24  in.  storm  and  sanitary 
sewers,  also  a  water  plant  including  a 
pumping  plant,  etc.  J.  L,.  Pickens,  Kan- 
kakee,  Engr. 

Wis.,  Milwaukee — H.  A.  Kulas,  Archt.. 
883  Windlake  Ave.,  is  preparing  plans  for 
tlie  construction  of  a  2  story.  50  x  80  ft. 
factory  and  a  20  x  50  ft.  boiler  house.  A 
high  pressure  boiler  will  be  installed  in 
same.     Owner's   name   withheld. 

Wis.,  St.  Francis  (Milwaukee  P.  O.) — 
The  Milwaukee  Electric  Ky.  &  Light  Co., 
Pub.  Serv.  Bldg.,  is  having  preliminary 
plans  prepared  for  the  construction  of  a 
185  x  400  ft.  power  house.  Generators,  en- 
gines, boilers,  etc.,  will  be  installed  in 
same.  Estimated  cost,  between  $500,000 
and   $700,000.      R.    H.    Pinkiey.    Engr. 

Minn.,  Chlsholm — j^.  Drew,  Secy,  of  Bd. 
Educ,  will  soon  awird  the  contract  for 
the  construction  of  a  3  story,  72  x  147  ft. 
grade  school  on  1st  Ave.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $200,000.  W.  T.  Bray, 
Exch.    Bldg.,    Duluth,    Archt.    and    Engr. 

S.  D.,  Brookings— P.  J.  Erie,  Clk.  Bd. 
Educ,  will  soon  award  the  contract  for 
the  construction  of  a  2  story,  152  x  176  ft. 
high  school.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,  $200,000.  Tyrie  &  Chapman,  Audi- 
torium Bldg.,  Minneapolis,  Minn.,  Archts. 
C.  L.  Pillsbury  Co.,  Metropolitan  Life 
Bldg.,    Minneapolis,    Minn.,    Engrs. 

Cal.,  Benlcia — The  Eng.  Dept.  of  Ben- 
icia  Arsenal  has  prepared  plans  for  mo- 
torizing the  mechanical  shop,  requiring 
about  forty  5  to  35  hp.  motors.  E.  P. 
O'Hern,   Commandant. 

Cal.,  Los  Angeles — The  California  Wal- 
nut Growers  Assn.,  1326  East  7th  St.,  is 
having  plans  prepared  for  the  construc- 
tion of  a  7  story,  100  x  150  ft.  warehouse 
and  packing  building  on  7th  and  Mill  Sts. 
Conveyors,  elevators,  etc.,  will  be  installed 
in  same.  Total  estimated  cost,  between 
$150,000  and  $200,000.  A.  C.  Martin,  430 
Higgins  Bldg.,  Archt. 

Cal.,  Newport  Beach — The  Southern  Cali- 
fornia Edison  Co.,  120  East  4th  St.,  Los 
Angeles,  will  burld  a  sub-station,  cost, 
$20,000,  and  a  20  mi.  auxiliary  transmis- 
sion line  from  here  to  San  Jose  Capis- 
trano,  cost,   $30,000. 

Ont.,  Havelock  —  The  Hydro-Electric 
Commission  of  Ontario,  190  University 
Ave.,  Toronto,  has  submitted  a  by-law  to 
the  taxpayers  for  the  construction  of  the 
hydro-electric  lighting  and  power  system. 
About  300  house  service  meters  will  be  in- 
stalled. Estimated  cost,  $28,000.  F.  A. 
Gaky,  Engr. 

Ont.,  London — The  Greene  Swift  Co.  will 
receive  bids  until  March  15  for  the  con- 
struction of  a  3  story.  100  x  148  ft.  cloth- 
ing factory  on  Talbot  St.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost.  $125,000.  W.  G.  Murray, 
Dominion  Savings  Bldg.,  Archt. 

Ont.,  Toronto — The  Bd.  Educ.  plans  to 
construct  2  and  3  story  additions  to  the 
various  schools  in  the  city.  Vacuum  steam 
heating  svstems  will  be  installed  in  same. 
Total  estimated  cost,  $1,500,000.  W.  W. 
Pearse,    155    College    St.,    Mgr. 

Ont.,  Toronto — The  Westminster  Presby- 
terian Church.  47  Bloor  St.,  E.,  plans,  to 
rebuild  the  1  and  2  story  church  and  Sun- 
day school  recently  destroyed  by  fire.  A 
steam  heating  system  will  be  installed  in 
same.      Total    estimated    cost,    $165,000. 

Ont.,  Windsor — M.  A.  Dickinson.  City 
Clk.,  will  soon  award  the  contract  for  fur- 
nishing a  motor  driven  street  flusher,  1,000 
gal.  capacity,  with  4  flushing  nozzles  and 
2  sprinkling  heads,  centrifugal  or  rotary 
gear  pimip  to  be  operated  by  separate 
motor  or  engine.  Estimated  cost.  $15,000. 
M.   E.   Brian.   City   Hall.   Engr. 


CONTRACTS    AWARDED. 

Mass.,  Boston — A.  Rosenthal,  1035  O.  S. 
HIdg..  has  awarded  the  contract  for  the 
construction  of  an  11  story,  100  x  120  ft. 
office  building  on  Atlantic  Ave.,  to  Gas- 
coigne  &  I..indenlhal,  43  Tremont  St.  A 
.steam  hr-ating  system  will  be  installed  In 
same.      'i'olal    estimated    cost,    $1,000,000. 

N.  Y.,  Arverne— A.  Messer,  6C  East  104tii 
St.,  New  York  City,  has  awarded  the  con- 
tract for  the  construction  of  a  3  storv. 
xO  x  100  ft.  hotel  on  Cedar  Ave.,  to  Car- 
ucci  <&  Wolpert,  186  Remsen  St.,  Brooklyn. 
A  .steam  heating  system  will  be  installed 
in    .same. 

N.  Y.,  Bronxville— The  Village  Investing 
<'o.,  Aicade  .Studios,  will  build  a  1  story. 
25  X  30  ft.  power  house  on  Fairfield  Rd.  A 
.steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $25,000.  Work 
will    be    done    by    day    labor. 

N.  Y.,  Brooklyn— Humbert  &  Andrews, 
646  Dean  St.,  will  buiid  a  factory  for 
manufacturing  preserves,  on  Vanderbilt 
Ave.  and  Bergen  St.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost.  $120,000.  Work  will  be 
done   by  day   labor. 

N.  Y.,  Long  Island  City— The  Astoria 
Light  &  Power  Co..  Shore  ltd.,  Astoria,  has 
awarded  the  contract  for  the  construction 
of  an  office  and  loft  building  on  Van  Alst 
Ave.,  to  Bartlett-Hayward  Co.,  100  B'way 
New  York  City.  A  steam  heating  svstem 
will  be  installed  in  same.  Total  estimated 
cost.    $1,000,000. 

N.  Y.,  New  York— The  Amer.  Surety  Co 
100  B'way,  has  awarded  the  contract  for 
the  construction  of  a  21  story  office  build- 
ing at  96  B'way,  to  Cauldwell-Wingate 
Co.,  331  4th  Ave.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,    $1,500,000. 

N.  Y.,  New  York — Clarence  Davies,  51 
East  42nd  St.,  has  awarded  the  contract 
for  the  construction  of  a  100  x  125  ft 
theatre  on  Burnside  Ave.  and  "Walton  St 
to  Patrick  Murphy,  371  East  144th  St.  A 
steam  heating  system  will  be  installed  in 
same.     Total   estimated   cost,   $200,000. 

N.  Y.,  New  York— The  Exchange  Buffet 
Corp.,  o2  William  St.,  has  awarded  the 
contract  for  the  construction  of  a  2  story 
restaurant  and  store  building  at  17-23  John 
St.,  to  Cauldwell-Wingate  Co.,  331  4th  Ave 
A  steam  heating  system  will  be  installed  in 
same.      Total    estimated   cost,    $250,000. 

N.  Y.,  New  York— The  Forty-eighth  St. 
Co.,  241  West  43rd  St.,  will  build  an  8 
story,  100  x  100  ft.  printing  building  at  331 
West  44th  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $400,000.  Work  will  be  done  by  dav 
labor. 

N.  Y..  New  York— The  Interborough 
Rapid  Transit  Co..  165  B'way.  will  build  a 
1  story.  50  x  90  ft.  power  house  on  West- 
chester Ave  (Bronx  Boro.).  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal estimated  cost,  $50,000.  Work  will  be 
done  by  day  labor. 

N.  Y.,  New  York— The  T.  Klein  Constr. 
Co..  Inc..  652  West  185th  St.,  will  build  a 
1  story,  199  x  385  ft.  garage  on  5th  Ave., 
between  136th  and  137th  Sts.  A  steam 
heating  system  will  be  installed  in  same 
Total  estimated  cost.  $150,000.  AVork  will 
be  done  by  day  labor. 

N.  Y.,  N«w  York— The  Realtv  Managers. 
Inc.,  200  B'way.  will  build  a  1  storv,  20  x 
300  ft.  store  building  on  Jerome  and  David- 
.son  Aves.  (Bronx  Boro.).  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal estimated  cost.  $2tu,000.  Work  will  be 
done   by  day  labor. 

N.  Y.,  Syracuse— The  Onondaga  Milk 
Producers'  Cooperative  Assn..  S.  A.  and  K. 
Bldg..  has  awarded  the  contract  for  the 
installation  of  heating  and  \  lumbing  svs- 
tems in  its  plant,  to  AV.  B.  Goldie,  274 
James  St.  Two  200  hp.  boilers  with  a  low 
and  high  pressure  steam  line  for  radiation 
will  be  installed  ir.  same.  Total  estimated 
cost,    $40,000. 

Pa.,  Attoona — The  Altoona  School  Dlst. 
plans  an  election  to  vote  on  a  $1,000,000 
bond  i.ssue.  $'00,000  of  which  will  bo  used 
for  th'>  con-struction  of  a  3  story.  200  x  250 
ft.  juiuoi-  high  school  on  14th  St  and  5th 
and  fith  Aves..  including  a  power  plant 
capable  of  boating  this  Viuilding  and  pres- 
ent building,  together  with  ■<  steam  sys- 
tems for  grade  schools.     C.  M.  Piper.  Secy. 
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Pa.,  Johnstown — The  Johnstown  Term- 
inal Warehouse,  Johnstown  Ti-ust  Bldg.. 
has  awarded  the  contract  for  the  construc- 
tion of  a  5  story,  250  x  132  ft.  warehouse 
and  storage  house  on  Maple  St.,  to  Wil- 
liam Steele  Sons  Co.,  16th  and  Arch  Sts., 
Phila.      Total    estimated   cost,    $300,000. 

Pa.,  Leola — N.  E.  Martin  is  in  the  mar- 
ket for  100  and  150  hp.  return  tube  boilers 
with  lap  seam  good  for  50  lbs.  working 
pressure. 

Pa.,  Philadelphia — Sears  Roebuck  &  Co., 
Arthington  and  Honian  Aves.,  Chicago,  has 
awarded  the  contract  for  installing  six  500 
hp.  steam  boilers,  one  300  kw.,  engine  drive, 
220  volt  d.c.  generator,  one  750  kw.,  en- 
gine drive,  220  volt  d.c.  generator  and  one 
1,500  kw.,  geared  turbine,  220  volt  d.c.  gen- 
erator in  the  proposed  new  plant,  here,  to 
Comstock  &  Co.,  Inc.,  30  North  Michigan 
Ave.,   Chicago. 

Md.,  Baltimore — A.  H.  Kuhlemaun  Co., 
2961  Frederick  Ave.,  has  awarded  the  con- 
tract for  the  construction  of  a  3  story,  75  x 
200  ft.  oleomargarine  factory,  to  W.  L.  and 
G.  H.  O'Shea,  29  B'way,  New  York  City. 
A  steam  heating  system  will  be  installed 
in  same.     Total  estimated  cost,   $100,000. 

W.  Va.,  Elklns — The  city  plans  to  con- 
struct a  pumping  station  and  filtration 
plant.      Estimated   cost,    $130,000. 

Ga.,    Atlanta — R.  S.    Armstrong    &    Bro., 

676    Marietta    St.,  is    in    the    market    for 

hoisting  engines,   7  x   10  and  l^A  x  10  cyl- 
inders. 

O.,  Cleveland— The  Bd.  Educ,  East  6th 
St.  and  Rockwell  Ave.,  has  awarded  the 
contract  for  installing  a  steam  heating 
system  in  the  proposed  school  addition  on 
St.  Clair  Ave.  and  Ruple  Rd.,  to  the  J. 
Roemer  Heating  Co.,  East  22nd  St.,  at 
$16,960.     Noted  Jan.   20. 

O.,  Cleveland — The  city  has  purchased  a 
site  on  Starkweather  Ave.,  opposite  Lin- 
coln Park,  and  plans  to  build  a  2  story, 
76  x  76  ft.  bath  house  on  same.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $100,000.  Ed.  Shat- 
tuck,  Purch.  Agt.  F.  H.  Betz,  604  City 
Hall,   Archt. 

O.,  Columbus — H.  C.  Godman  Co.,  31 
North  4th  St.,  has  awarded  the  contract 
for  the  construction  of  a  3  story,  45  x  187 
ft.  shoe  factory  on  Thurinan  Ave.,  to  H.  H. 
Carr,  2582  West  Broad  St.  A  steam  heat- 
ink  system  will  be  installed  in  same.  Total 
estimated  cost,   $100,000. 

O.,  Dayton — The  Peckham  Coal  &  Ice 
Co.,  Daller  St.,  has  awarded  the  contract 
for  the  construction  of  a  1  story,  100  x  110 
ft.  ice  plant  on  Linden  Ave.,  to  the  A.  C. 
Bishop  Contg.  Co.,  Guardian  Bldg.,  Cleve- 
land.    Estimated  cost,    $50,000. 

Ind.,  Vincennes — The  City  Clerk  is  in 
the  market  for  additional  machinery  for 
the  municipal  light  plant,  including  2  high 
pressure  boilers,  one  500  kw.  turbine  driven 
generator,  automatic  coal  stokers  and  con- 
veyors. A  bond  issue  for  $70,000  has  been 
authorized  for  the  above.  Ezra  Mattingly, 
City  Attorney. 


Mich.,  Detroit— The  First  and  Old  De- 
troit Natl.  Bank,  Ford  Bldg.,  has  awarded 
the  contract  for  the  construction  of  a  24 
story,  169  x  186  ft.  office  building  on  Wood- 
ward Ave.  and  Cadillac  Sq.,  to  the  Founda- 
tion Co.,  233  B'way,  New  York  City. 
Steam  heating  equipment  will  be  installed 
in   same.     Total   estimated  cost,    $4,000,000. 

Mich.,  Detroit — Ben  Robinson,  Penobscot 
Bldg.,  has  awarded  the  contract  for  the 
construction  of  a  5  story,  80  x  100  ft.  hotel 
on  Abbott  St.,  to  Shank  &  Co.,  38  South 
Dearborn  St.,  Chicago,  111.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,   $350,000. 

Mich.,  Detroit — Ben  Robinson,  Penobscot 
Bldg.,  has  awarded  the  contract  for  the 
construction  of  an  8  story,  144  x  200  ft. 
hotel  on  Woodward  Ave.,  to  Shank  &  Co., 
38  South  Dearborn  St.,  Chicago,  111.  Steam 
heating,  ventilating  and  refrigerating  sys- 
tems will  be  installed  in  same.  Total  es- 
timated  cost,    $900,000. 

Mich.,  Grand  Rapids — The  Knott  Realty 
Co.,  Commerce  Ave.,  has  awarded  the  con- 
tract for  the  construction  of  a  5  story, 
50  X  100  ft.  mercantile  building  on  Com- 
merce Ave.  and  Island  St.,  to  Owen  Ames, 
Kimball  Co.,  42  Pearl  St.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal  estimated   cost,   $75,000. 

111.,  Chicago— The  Flexible  Steel  Lacing 
Co.,  522  South  Clinton  St.,  is  having  plans 
prepared  for  the  construction  of  a  1  story, 
200  x  200  ft.  factory  on  Polk  St.  and  the 
Belt  Line  R.  R.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $200,000.  W.  G.  Carnegie,  189  "West 
Washington  St.,  Archt. 

III.,  Marion— The  Bd.  Supervs.  of  Wil- 
liam Co.  is  having  plans  prepared  for  the 
construction  of  a  3  story,  80  x  100  ft.  court 
house.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$250,000.  N.  S.  Spencer  &  Sons,  37  West 
Van  Buren  St.,   Chicago,  Archts. 

III.,  Moline — Charles  D.  Wyman,  11th 
Ave.  and  8th  St.,  has  awarded  the  contract 
for  the  installation  of  a  steam  heating 
system  in  the  proposed  4  story,  56  x  125  ft. 
store  building  on  5th  Ave.  and  11th  St., 
to  the  Moline  Heating  Co.  Total  esti- 
mated  cost,    $125,000. 

Wis.,  Milwaukee — Philip  Schwab  Co., 
16th  and  Canal  Sts.,  has  awarded  the  con- 
tract for  the  construction  of  a  1  story, 
60  X  200  ft.  boiler  shop  on  Canal  St.,  to 
Riesen  Bros.  Co.,  86  Michigan  St.  Esti- 
mated cost,  $50,000. 

Wis.,  Sheboygan  Falls — The  city,  c/o  S. 
DeLong,  Mayor,  has  awarded  the  contract 
for  furnishing  1  air  pumping  unit,  piping, 
compressor  motor,  air  receiver  with  auto- 
matic control  and  2  ore  centrifugal  pumps, 
450  gal,  per  min.  direct  connected  to  motor 
of  proper  design,  to  the  Indiana  Air  Pump 
Co.,  812  Indiana  Pythian,  Indianapolis,  at 
$10,824. 

Minn.,  Minneapolis — The  Orpheum  The- 
atre Co.,  21  South  7th  St.,  is  having  plans 
prepared  for  the  construction  of  a  4  story 
theatre  on  Hennepin  Ave.  and  9th  St.  A 
steam  heating  system  will  be  installed  in 
same.     Total   estimated  cost,   $800,000. 


Minn.,  Renville — The  Bd.  Educ.  is  hav- 
ing preliminary  plans  prepared  for  the 
construction  of  a  2  story  school.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $250,000.  A.  R. 
Ilolmberg,  Clk.  Croft  &  Boerner,  833  Pal- 
ace  Bldg.,    Minneapolis,    Archts. 

Neb.,  Ord — Valley  Co.  has  awarded  the 
contract  for  the  installation  of  a  steam 
heating  system  in  the  proposed  3  story, 
78  X  101  ft.  court  house,  to  John  A.  An- 
derson, 2404  Leavenworth  St.,  Omaha,  at 
$33,729. 

Neb.,  West  Point— The  School  Bd.  will 
soon  award  the  contract  for  the  construc- 
tion of  a  2  story,  80  x  175  ft.  high  school. 
A  separate  contract  for  installing  a  heat- 
ing system  will  be  let.  EUery  Davis,  51i> 
Security   Mutual   Bldg.,    Lincoln,    Archt. 

Mo.,  Leadwood — The  St.  Joseph  Lead 
Co.,  61  B'way,  New  York  City,  has  award- 
ed  the   contract   for  the   construction   of  a 

1  sory  power  house,  to  Stone  &  Webster, 
120  B'way,  New  York  City.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal  estimated   cost.    $700,000. 

Tex.,  Dallas— Reilly  &  Hall.,  Archts.  and 
Engrs.,  749  5th  Ave.,  New  York  City,  are 
preparing  plans  for  the  construction  of  a 
20  story  office  building,  here.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $2,500,000.  Ownier's 
name   withheld. 

Cal.,  Berkeley — The  Bd.  Educ.  will  soon 
award  the  contract  for  the  construction' 
of  a  3  story,  64  x  301  ft.  and  an  80  x  301 
ft.  high  school  on  Grove  and  Milvia  Sts. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $400,000. 
William  C.  Hays,  First  Natl.  Bank  Bldg.. 
San   Francisco,   Archt. 

Cal.,  Whittler — The  city  has  awarded  the 
contract  for  furnishing  2  electrically  driveri 
centrifugal  pumps  for  the  proposed  water- 
woi-ks  system,  to  the  Byron-Jackson  Iron 
Wks.,  336  East  2nd  St.,  Los  Angeles,  at 
$6,855.      Noted    Feb.    9. 

Ont.,  Ottawa — The  Bd.  Educ.  is  having 
plans    prepared    for    the    construction    of    a 

2  story  school.  A  vacuum  steam  heating 
system  with  coils  for  heating  ventilating 
air  will  be  installed  in  same.  Total  esti- 
mated cost,  $250,000.  W.  C.  Seattle,  Elgin 
St.,   Archt. 

NEW    INSTALLATIONS   IN    POWER 

Ont.,  Ottawa — The  city  is  in  the  market 
for  one  75  hp.  electric  motor  and  an  oiT 
pump  for  road  oil  work. 

N.  F.,  KIngwell,  P,  B. — Rodway  Bros  are 
In  the  market  for  marine  engines  and  mo- 
tor  engines. 

Sask.,  Saskatoon— The  Electric  Light  & 
Power  Dept.,  City  Hall,  plans  to  install  a 
6,000  kva.  west  turbo  generator.  J.  R.  Cow- 
ley,   Electrical    Engr. 

Alta.,  Calgary — The  Municipal  Electric 
Light  &  Power  Dept.  plans  to  construct 
an  addition  to  boiler  plant  and  ash  han- 
dling.    J-.    Curliss,    City   Hall,    Mgr. 
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Practical  Refrigeration  for  the  Operating  Engineer 
— Getting  Acquainted  with  the  Plant 


By  B.  E.  hill 

Formerly    Refrigerating    Engineer,    Armour    &    Company 


WHEN  once  the  engineer  has  the  operation  of 
the  compression  system  of  refrigeration  as  se- 
curely fixed  in  his  mind  as  he  has  the  steam 
plant,  he  will  make  a  long  step  toward  a  better  under- 
standing of  both  systems,  together  with  better  results. 

The  actual  operation  of  the  compression  system  is 
so  nearly  like  that  of  the  steam-boiler  plant,  where  the 
latter  is  in  connection  with  a  compound  condensing  en- 
gine, that  when  one  system  is  thoroughly  understood  it 
is  easy  to  understand  the  other,  as  the  two  are  based 
on  the  economical  evaporation  and  use  of  two  liquids, 
one  of  which  is  evaporated  to  produce  power  and  the 
other  to  produce  refrigeration.  Fig.  1  shows  a  small 
ice  plant. 

There  are  many  engineers  who  appreciate  this  sim- 
ilarity of  operation  and  are  thoroughly  familiar  with 
the  two  systems.  But  as  I  have  found  many  more,  espe- 
cially among  the  younger  engineers  and  some  of  the 
older  ones,  who  do  not  understand,  this  and  other  ar- 
ticles to  follow  will  make  comparisons  and  give  exper- 
iences intended  for  the  engineer  who  has  not  had  the 
advantage  or  the  years  of  experience  in  connection  with 
ihe  operation  and  correction  of  refrigerating-plant 
troubles. 

With  a  steam  boiler  or  steam-generating  plant  in 
connection  with  a  compound  condensing  engine  the 
water  is  pumped  into,  the  boiler  and  evaporated  into 
steam  by  means  of  heat  from  the  fire  in  the  furnace. 
The  steam  is  carried  at  a  pressure  ranging  from  5  lb.  to 
more  than  250  lb.  per  sq.in.  The  steam  is  delivered  to 
the  engine  in  a  saturated  or  superheated  condition 
through  the  high-and  low-pressure  cylinders  and  from 
there  to  a  sur- 
face steam 
c  o  n  d  e  nser, 
where  it  is 
condensed  to 
water  and 
pumped  back 
into  the  boil- 
er. If  there 
were  no 
losses  of  wa- 
ter due  to 
leakage,  the 
same  water 
could  be  used 
i  n  d  efinitely. 
Now  follow 
the  compres- 
s  i  o  n  system 
of  refrigera- 
tion through 
a  similar  cir- 
cuit, starting 
at  the  boiler 
for  the  liquid 
a  n  h  V  d  rous 


ammonia. 
Suppose  we 
P  1  a  c  e  t  h  e 
liquid   am-      fig.  i.  a  ten-ton  raw^-water,  flooded-ice  plant,  york  type,  at  wilson.  ark. 


monia  in  the  evaporating,  or  so  called  expansion, 
coils.  The  heat  from  the  brine  or  surrounding  temper- 
ature of  the  room,  as  the  case  may  be,  on  the  outside 
of  the  coils  will  evaporate  the  liquid  ammonia  to  a 
saturated  gas  which  passes  from  the  evaporating  coils 
to  the  compressor,  through  the  compressor  cylinder  to 
the  ammonia  condenser,  where  the  gas  is  condensed 
back  to  liquid,  and  from  the  condenser  the  liquid  is 
carried  bac^c  to  the  evaporating  coils  ready  to  be  fed 
into  them  and  start  another  complete  circuit.  If  there 
were  no  losses  due  to  leakage,  etc.,  the  same  liquid 
ammonia  could  be  used  indefinitely. 

So  far  as  a  point  of  operation  is  concerned,  there  is 
not  much  difference.  One  is  a  transfer  of  heat  to  pro- 
duce power,  and  the  other  is  a  transfer  of  heat  to 
produce  cold. 

When  speaking  of  boiling  points  or  heat,  we  uncon- 
sciously compare  the  term  with  something  that  has  a 
higher  temperature  than  the  body,  or  to  the  sense  of 
touch,  but  all  temperatures  above  450  deg.  F.  below 
zero,  which  is  absolute  zero,  are  designated  by  science 
as  degrees  of  heat.  It  is  easy  to  understand  that  the 
boiling  points  of  liquid  refrigerants  are  cold.  The 
boiling  point  of  liquid  air  is  312  deg.  F.  below  zero,  and 
science  has  not  as  yet  discovered  anything  with  a  boil- 
ing temperature  low  enough  to  freeze  it.  We  might 
consider  that  the  boiling  points  of  various  liquid  re- 
frigerants range  in  temperature  anywhere  from  312 
deg.  F.  below  zero  to  40  or  50  above;  but  as  we  are 
considering  ammonia  only,  we  will  confine  ourselves  to 
this  refrigerant. 

With  any  liquid  that  boils  under  all  ordinary  temper- 

a  t  u  r  e  s  and 
pressures 
where  refrig- 
eration is  re- 
quired, it  is 
necessary  to 
confine  the 
gas  (after 
being  evapo- 
rated) under 
pressure  and 
apply  cold 
water  to  con- 
vert it  back 
to  liquid  so 
that  it  may 
be  again 
e  V  a  p  orated 
by  taking  up 
heat  from 
s  u  rrounding 
brine  or  air. 
Ammonia 
being  a  liquid 
that  boils  at 
2Sy2  deg.  be- 
low zero  un- 
d  e  r  atmos- 
pheric p  r  e  s- 
sure.      it      is 
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necessary  to  use  a  conden- 
ser. These  condensers  are 
of  many  types  and  designs 
the  same  as  steam  con- 
densers, and  are  following 
the  same  lines  of  develop- 
ment as  the  latter.  Fig.  2 
shows  an  atmospheric 
flooded-type  condenser.  To 
further  consider  from 
an  operating  standpoint, 
let  us  assume  that  the  am- 
monia gas  has  gone  through 
the  process  of  liquefaction 
and  is  ready  for  use  as  a 
refrigerant.  Suppose  we 
now  feed  the  liquid  am- 
monia into  a  set  of  coils 
placed  in  an  insulated  tank 
and  submerged  in  salt 
brine.  The  boiling  point  of 
the  liquid  ammonia  enter- 
ing these  coils  will  vary  in 
temperature  with  the  rise 
and  fall  of  pressure,  the 
same  as  the  boiling  point  of 
water  under  different  pres- 
sures. It  is  necessary  only 
to  consult  the  tables  in 
either  case  for  the  proper- 
ties of  saturated  ammonia 
or  steam.  Assume  that  the 
brine  surrounding  the  am- 
monia coils  is  at  a  temper- 
ature  of   20   deg.    F.   aod 

that  the  liquid  ammonia  and  gas  inside  the  coils 
are  under  a  pressure  of  15  lb.  Then,  by  consult- 
ing the  tables  it  will  be  found  that  the  ammonia  will 
boil  at  about  0  deg.  F.,  which  is  20  deg.  F.  below  the 
temperature  of  the  brine ;  or  in  other  words,  if  the  brine 
is  20  deg.  F.  above  the  boiling  point  of  the  liquid  am- 
monia, the  ammonia  will  readily  be  evaporated  into  a 
gas  the  same  as  water  when  fed  into  the  boiler  to  be 
evaporated  into  steam. 

The  various  types  of  evaporating  coils  or  brine  cool- 
ers are  as  numerous  as  the  types  of  s-team  boilers,  but 
the  only  kind  we  will  consider  at  present  is  the  old  type 
with  the  submerged  coils  in  an  insulated  tank.  The 
brine  tank  is 
insulated  t  o 
save  heat 
through  radi- 
a  t  i  on  the 
same  as  the 
boiler  walls, 
steam  piping, 
etc.,  which 
are  insulated 
for  the  same 
purpose.  The 
brine  on  the 
outside  of  the 
coils,  being  at 
a  temperature 
of  20  deg.  F., 
has  the  same 
function  t  o 
perform  a  s 
the  fire  in  the 
furnace  in 
evaporat  i  n  g 


FIG.    2.      FLOODED  AMMONIA   CONDENSER,   YORK 
ATMOSPHERIC  TYPE,  AT  PHILADELPHIA 


the    water,  fig.  3.    exterior  of  a  75-ton  ice  plant.  Philadelphia 


and  as  the  brine  is  20 
deg.  F.  above  the  boiling 
point  of  the  liquid  am- 
monia, the  i^mmonia  is 
evaporated  into  a  saturated 
gas  which  is  taken  by  the 
compressor  and  delivered 
to  a  set  of  coils  (the  con- 
denser) under  a  pressure 
of  150  to  185  lb.  These 
coils  are  supplied  with 
condensing  water  ranging 
in  temperature  from  50  to 
70  deg.  F.  ordinarily,  which 
condenses  the  gas  back  to  a 
liquid  which  drains  from 
the  coils  to  a  tank  below 
the  condenser  coils,  called 
a  liquid  receiver;  from  the 
receiver  it  is  ready  to  be 
delivered  to  the  evaporat- 
ing or  brine  cooler  and  is 
now  ready  to  be  reevapor- 
ated.  In  the  operation  of 
the  feed  valves,  or  so-called 
■'expansion  valves,"  which 
regulate  or  feed  the  liquid 
ammonia  into  the  evapor- 
ating coils,  it  is  important 
that  the  engineer  should 
not  t'y  to  force  the  temper- 
ature of  the  brine  down  by 
feeding  too  much  liquid 
into  the  coils,  as  the  effect 
would  be  the  same  as  try- 
ing to  raise  steam  in  a  boiler  by  opening  the  feed 
valve  till  the  water  carried  over  to  the  engine  cylinder. 
Many  a  compressor  head  has  been  knocked  out  by  this 
irocess  of  operation. 

The  liquid  in  the  coils  at  15  lb.  back  pressure  is 
l)oiling  at  about  zero  degrees  F.,  and  the  amount  of 
liquid  that  can  be  evaporated  will  depend  on  the 
evaporating  surface  of  the  coils  (heating  surface),  dif- 
ference in  temperature  between  the  boiling  liquid  inside 
the  coils,  the  temperature  of  the  brine  outside,  and  the 
rate  of  circulation  of  the  brine. 

To  prevent  the  liquid  ammonia  being  carried  over  to 
the  compressor,  the  engineer    or    "temperature    man" 

should  watch 
the  outlet  or 
return  end  of 
the  coil  or 
coils,  if  pos- 
sible, and  not 
depend  on 
guesswork  or 
wait  imtil  the 
c  o  m  p  ressor 
shows  signs 
of  distress  by 
the  valves 
p  o  u  n  d  i  ng. 
discharge  get- 
ting too  cold, 
or  until  the 
c  o  m  p  ressor 
gets  a  "slug" 
and  raises  the 
engineer  up 
on  his  toes 
and  his  hair 
on  end  while 
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he  makes  a  mad  lusli  for  the  throttle.  By  the  time  he 
reaches  the  engine  and  is  lucky  enough  to  get  it  slowed 
down  without  having  the  compressor  head  punched  out, 
he  generally  finds  himself  alone.  Occasionally,  he  will 
find  one  of  the  old-time  oilers  that  will  run  to  the  com- 
pressor suction  valves  and  get  them  closed. 

Cases  of  this  kind,  especially  in  large  plants,  are  gen- 
erally due  to  the  fact  that  the  temperature  or  "expan- 
sion" man  has  not  had  enough  experience  to  properly 
operate  the  feed  valves,  and  the  same  applies  to  many 
engineers  who  have  not  had  the  proper  training  and 
experience;  and  although  the  operation  of  the  feed 
valves  is  simple,  I  have  found  many  young  engineers 
and  some  of  the  older  ones  who  do  riot  know  how  or 
where  to  look  for  a  valve  that  is  feeding  too  much 
liquid  and  is  "freezing  back"  too  strongly,  and  will  cut 
back  on  all  the  valves  (where  there  are  a  number  lead- 
ing into  one  suction  line)  to  get  the  right  one,  and  in 
this  way  it  is  easy,  and  it  generally  is  the  case  that  sev- 
eral valves  are  cut  ofif  that  are  not  freezing  through 
the  coils.    Fig.  3  is  an  exterior  view  of  a  75-ton  plant. 

If  the  engineer  of  a  steam  plant  is  getting  a  dose  of 
water,  he  will  hurry  to  the  boiler  room  to  see  if  the 
watertender  is  carrying  the  water  too  high.  He  has 
only  to  look  at  the  gage-glass,  which  shows  him  the 
water  level,  but  it  is  diflferent  in  feeding  the  evaporat- 
ing coils  with  liquid  ammonia,  as  there  is  no  glass  to 
show  where  the  liquid  stands  in  the  coils ;  but  if  the 
engineer  will  clean  ofif  a  small  place  on  the  outlet  or 
return  end  of  each  coil,  after  he  has  scraped  the  frost 
and  ice  ofif  down  to  the  clean  iron  surface,  he  can  apply 
the  "stick  test,"  which  is  simple  and  efifective.  He  can 
regulate  the  feed  to  the  limit  on  any  one  or  any  number 
of  coils  without  endangering  the  compressor,  and  be- 
sides, he  can  run  the  plant  up  to  the  limit  of  capacity 
so  far  as  the  evaporating  coils  are  concerned. 


The  "stick  test"  is  applied  by  cleaning  a  small  place 
on  the  return  end  of  the  coil,  as  already  explained, 
wetting  the  thumb  and  applying  it  to  the  clean  surface 
of  the  pipe.  If  the  moisture  freezes  instantly  and  sticks- 
hard  enough  to  almost  take  the  skin  ofif  when  removed 
from  the  pipe,  the  coil  is  freezing  back  to  the  machine,, 
but  if  it  barely  sticks  after  holding  the  thumb  on  the 
pipe  for  a  second  or  two,  it  is  not  doing  any  harm  in 
the  engine  room.  In  case  there  is  no  stick  at  all,  the 
feed  valve  should  be  opened  a  little  more. 

The  "stick  test"  is  to  the  evaporating  coils  what  the 
water  glass  is  to  the  steam  boiler,  and  with  a  little 
practice,  it  may  be  made  almost  as  efl"ective  in  the  proper 
regulation  of  "slugs"  or  overfeeding  of  tlie  evaporating 
coils. 

Do  not  try  the  stick  test  twice  in  the  same  place- 
without  first  cleaning  the  pipe  surface,  as  there  will  be 
?  thin  skin  of  ice  left  on  the  pipe  from  the  freezing  of 
moisture  on  the  thumb,  which  acts  as  an  insulation  and 
will  not  give  a  good  test. 

The  coils  that  generally  give  the  most  trouble  are 
those  located  in  a  room  where  the  lowest  temperatures 
are  held,  such  as  sharp  freezers  (where  direct  expan- 
sion is  generally  used),  which  are  carried  at  a  temper- 
ature of  zero  to  20  deg.  below,  or  storage  coolers,  which 
are  held  around  5  to  10  deg.  above  zero. 

There  is  more  danger  from  "slugs"  in  direct-expan- 
sion quick- freezers  than  from  any  other  source,  due  to 
the  fact  that  the  liquid  ammonia  evaporates  very  slowly,, 
and  for  this  reason  the  coils  often  fill  up;  then  the  am- 
monia is  referred  to  as  being  "sluggish"  or  of  an  infer- 
ior quality,  or  is  "hiding  out,"  "lost,"  etc..  when  in  fact, 
the  sharp  or  low-temperature  freezer  coils  evaporate  the 
ammonia  so  slowly  that  they  fill  up  with  liquid  ammonia 
and  in  many  cases  will  rob  the  rest  of  the  coolers  of 
the  liquid  they  should  get. 


Steam-Turbine  Lubrication 


Bv  W.  F.  OSBORNE 


Discusses  the  lubrication  problems  presented 
by  the  high  speeds  and  high  bearing  tempera- 
tures met  zvith  in  steam  turbines.  As  most  of 
the  larger  turbines  are  equipped  with  oil-cir- 
culating systems,  the  layout  and  operation  re- 
quirements of  such  systems  are  considered. 
The  extra  problems  involved  when  reduction 
gearing  is  used  are  discussed.  The  description 
and  viscosities  of  oils  for  the  various  condi- 
tions of  turbine  work  are  given. 


THE  high  speeds  at  which  steam  turbines  nor- 
mally operate  are  responsible  for  many  of  the 
advantages  secured  through  their  use.  At  the 
same  time  they  make  necessary  a  greater  care  in  the 
design  of  the  bearings  and  a  closer  attention  to  their 
lubrication.  When  properly  lubricated,  high-speed  bear- 
ings will  cause  no  more  trouble  than  low-speed  bear- 
ings, but  if  anything  should  occur  to  prevent  the  flow 
of  sufficient  oil  of  the  right  body  they  may  burn  up 
very  quickly.  Consequently,  the  greatest  care  should 
be  exercised  in  selecting  turbine  oils  and  in  taking  the 
proper  care  of  them  while  in  use. 

Ring-oiled  turbine  bearings  are  no  harder  to  lubri- 
cate than  any  other  high-speed  bearing  operating  at  the 
s?me  temperature.  All  turbine  bearings  naturally  run 
warm  on  account  of  the  speed  of   the  shaft  and   the 


radiated  and  conducted  heat  from  the  turbine  casing- 
On  some  of  the  smaller  turbines  w,hich  have  the  bear- 
ings located  very  close  to  the  casing,  they  may  get  as- 
hot  as  250  deg.  F.,  which,  of  course,  thins  down  any 
oil  that  is  used. 

To  reduce  these  high  temperatures,  the  bearings  are 
usually  water-jacketed,  and  when  so  located  as  to  pre- 
vent excessive  heating  from  the  casing  they  run  fron> 
125  deg.  F.  to  150  deg.  F.  For  such  turbines  a  higli- 
grade  light-bodied  oil  of  150-200  sec.  viscosity  at  100' 
ditg  F.  is  about  right.  When  the  very  high  tempera- 
tures previously  mentioned  exist,  it  is  sometimes  neces- 
sary to  use  a  heavier  oil  of  perhaps  300-500  sec.  vis- 
cosity, as  the  quantity  of  oil  in  the  bearing  reservoir 
is  not  usually  enough  to  give  time  for  very  much  cool- 
ing of  the  oil.  It  is  always  best  to  use  the  thinnest- 
bodied  oil  that  will  lubricate  the  bearings,  because  of 
tliC  lower  friction  of  such  oils,  particularlv  at  speeds 
of  3,000  to  10,000  r.p.m. 

Practirally  all  steam  turbines  except  those  of  smalf 
size  are  equipped  with  continuous  circulating  oiling  sys- 
tems. A  pump  geared  to  the  turbine  shaft  supplies  al? 
the  bearings  with  oil  under  a  pressure  varying  fron> 
2  lb.  to  15  lb.  per  sq.in.,  depending  upon  the  type  of 
the  turbine,  although  vertical  turbines  have  much 
higher  pressures.  This  pressure  insures  an  ample  sup- 
ply of  oil  to  all  rubbing  surfaces,  washing  them  clean 
of  any  bits  of  worn  metal  and  cooling  them  by  carry- 
ing away  the  heat.     The  oil  pump  is  always  provided 
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Avith  a  bypass  with  which  the  pressure  and  the  quantity 
of  oil  going  to  the  bearings  may  be  controlled — a  very 
valuable  feature  if  it  should  be  necessary  to  increase 
the  flow  of  oil  to  a  hot  bearing. 

These  circulating  systems  are  carefully  inclosed  to  pre- 
vent splashing  of  oil  from  the  turbine  and  to  keep  out 
all  foreign  matter.  Any  small  bits  of  grit  carried  by 
the  oil  between  the  rubbing  parts  at  high  speeds  could 
•cause  a  lot  of  trouble  very  quickly.  The  oil  drained 
from  the  bearings  flows  to  a  catch  tank,  thence  through 
a  cooler  consisting  ef  a  number  of  coils  of  pipe  in  which 
•cool  water  is  circulated  to  absorb  the  heat  taken  up  from 
the  bearings. 

The  temperatures  to  which  the  oil  is  heated  in  the 
bearings  frequently  range  from  150  to  175  deg.  F. 
Heating  to  these  temperatures  causes  the  lighter  por- 
tions of  the  oil  to  vaporize  and  in  addition  slowly  de- 
composes the  oil.  Although  the  system  may  be  ever 
so  carefully  inclosed,  part  of  the  vapor  gets  away  and 
the  viscosity  of  the  oil  remaining  in  the  system  is  in- 
creased.' The  rapidity  of  this  thickening  depends  a 
good  deal  upon  the  quality  of  the  oil,  the  temperature, 
the  amount  of  agitation  and  the  length  of  service. 
Properly  refined  oils  having  a  minimum  evapora- 
tion will  last  a  long  time  without  a  serious  increase 
in  viscosity,  and  there  are  records  of  turbines  operating 
for  years  on  the  same  oil,  only  a  small  amount  being 
added  from  time  to  time  to  make  up  for  evaporation 
and  leakage. 

Turbine  Oils  Grow  Dark  with  Use 

All  turbine  oils  change  in  color,  growing  darker  with 
use  because  of  slow  oxidation  or  decomposition  at  the 
temperatures  to  which  they  are  exposed.  This  change 
in  the  oil  is  more  noticeabk  in  the  pale  oils  than  in  the 
led  oils,  although  the  physical  change  in  the  latter  is 
equally  great. 

The  engineer  may  now  ask,  and  quite  properly :  "How 
long  should  the  oil  remain  in  the  system?  How  can  I 
tell  when  to  change  it  and  what  will  happen  if  I  don't?" 

It  is,  of  course,  manifestly  impossible  to  lay  down 
any  fixed  rule  about  the  length  of  time  a  turbine  oil 
-should  be  used  because  there  are  so  many  sets  of  op- 
erating conditions,  all  affecting  the  oil.  If  samples  are 
taken  from  the  system  at  regular  intervals  of  two  or 
three  months  and  analyzed  for  oleic  acidity,  it  is  some- 
times possible  to  foretell  when  the  oil  is  reaching  the 
limit  of  its  usefulness.  Oleic  acid  is  caused  by  decom- 
position of  the  oil,  the  decomposition  being  accom- 
panied by  a  very  marked  tendency  to  emulsify.  As 
king  as  the  samples  show  a  slow  uniform  increase  in 
I  acidity,  the  oil  may  be  used  with  safety,  but  as  soon  as 
the  increase  becomes  more  rapid,  the  wise  engineer  will 
take  out  at  least  a  portion  of  the  oil  and  replace  it  with 
new.  By  this  method  the  consumption  may  be  reduced 
to  a  minimum  without  any  danger  of  the  oil  being  held 
in  service  so  long  as  to  cause  trouble  through  emulsi- 
tication.  The  amount  of  oleic  acid  can  be  determined 
only  by  laboratory  tests.  A  description  of  the  method  of 
n.aking  these  tests  is  given  in  Archbutt  and  Deeley's 
■"Lubrication  and  Lubricants,"  on  pages  241-2. 

Emulsification  Troubles 

As  previously  stated,  oil  that  has  been  used  too  long 
•may  emulsify  if  a  small  quantity  of  water  should  get 
into  it  from  leaking  cooling  coils  or  from  steam  blow- 
ing through  the  turbine-shaft  stuffing-boxes.  High- 
grade  new  oils  and  pure  water,  however  well  mixed, 
will  separate  cleanly  if  given  an  opportunity.  If  some 
impurity,  such  as  a  small  amount  of  alkali  or  boiler 
■compound,  is  added  to  the  water,  a  thorough  agitation 


sixh  as  the  oil  receives  in  a  turbine  circulating  system 
will  form  a  mixture  which  does  not  separate  as  readily. 
If  in  addition,  the  oil  is  impure,  through  not  being  prop- 
erly refined  or  from  being  used  too  long,  an  emulsion 
will  be  formed  which  is  very  difficult  to  break  up.  On 
being  circulated  through  the  system,  this  mixture  grad- 
ually picks  up  foreign  matter  and  more  water,  increas- 
ing in  volume  and  becoming  very  thick — so  thick  and 
heavy  sometimes  that  it  clogs  up  the  oil  pipes  and  bear- 
ing grooves.  Boiler  compounds  carried  into  the  oiling 
system  by  steam  leaks  through  stufifing-boxes  are  a 
common  cause  of  this  sort  of  trouble. 

These  emulsions  are  difificult  to  break  up,  although 
it  can  be  done  sometimes  by  drav/ing  off  a  portion  of 
the  oil  and  heating  it  before  settling.  It  is  therefore  of 
the  greatest  importance  to  secure  the  very  best  quality 
oil  and  to  exercise  the  greatest  caife  to  prevent  foreign 
matter  of  any  kind  getting  into  the  system. 

A  very  common  source  of  trouble  with  turbine  oiling 
systems  is  the  small  capacity  of  many  installations.  The 
force-feed  pump  geared  to  the  turbine  drives  the  oil 
through  the  system  very  rapidly  and  thoroughly  mixes 
with  it  any  impurities  that  may  not  have  settled  out 
when  the  oil  was  in  the  reservoir  or  coolers.  The 
duality  and  life  of  the  oil  many  times  can  be  improved 
by  increasing  the  volume  of  oil  in  the  system  through 
the  addition  of  storage  tanks  or  filters  in  which  part  of 
the  oil  may  be  brought  to  rest  and  the  foreign  matter 
allowed  to  settle  out.  Some  oils  have  the  necessary 
characteristics  which  permit  them  to  be  cleaned  even 
v.'hen  circulated  at  high  speeds ;  other  oils  can  be  used 
only  when  the  system  contains  enough  oil  so  that  each 
part  of  it  reaches  the  bearings  only  a  few  times  per  day. 
This  increased  volume  also  allows  the  oil  to  cool  off. 
thereby  lowering  the  temperature  of  the  bearings  and 
decreasir^  the  rate  of  evaporation.  All  these  things 
naturally  improve  the  quality  of  the  oil  and  increase  its 
life  of  good  service. 

Sometimes  the  oil  in  a  circulating  system  will  begin 
to  foam  for  no  apparent  reason  and  will  overflow  the 
reservoir,  spilling  onto  the  ermine-room  floor.  This 
foaming  may  be  caused  by  water  getting  into  the  oil 
and  being  churned  by  the  rapid  circulation  through  the 
pump.  If  the  water  does  not  have  a  chance  to  separate 
so  that  it  may  be  drained  off,  the  total  amount  of  the 
m.ixture  of  water  and  oil  will  soon  become  larger  than 
the  capacity  of  the  system,  and  it  overflows.  The 
remedy  is  to  keep  the  water  out  or  to  increase  the  ca- 
pacity of  the  system  by  adding  a  separate  tank  into 
which  a  part  of  the  oil  can  be  removed  from  the  system 
periodically  and  the  water  separated. 

Leaking  Oil  Causes  Foaming 

Air  getting  into  the  system  through  leaks  in  the  pump 
suction  or  forced  into  the  bearings  by  the  ventilating 
system  of  an  electric  generator  will  also  cause  foam- 
ing. When  this  air  is  churned  up  with  the  oil,  minute 
bubbles  are  formed  which  do  not  separate  quickly  and 
may  increase  the  volume  of  the  oil  in  the  system  suffi- 
ciently to  cause  it  to  overflow.  Sometimes  the  drain 
lines  are  too  high  above  the  oil  level  in  the  reservoir 
so  that  the  fall  of  the  oil  into  the  reservoir  is  sufficient 
to  cause  a  foam  that  rapidly  accumulates.  In  either 
case,  when  the  an-  is  released  it  carries  with  it  some  oil 
vapor,  thus  increasing  the  evaporation  and  deteriora- 
tion of  the  oil. 

Deposits  in  coolers,  on  bearings  and  in  oil  lines  are 
caused  principally  by  the  use  of  oils  unsuited  to  the 
high  temperatures  and  the  agitation  to  which  they  are 
subjected.  Oils  that  have  not  been  highly  refined  and 
carefully  filtered  to  remove  anv  foreign  matter  or  hea\T 
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hydrocarbons,  that  might  decompose,  will  sludge  or 
throw  down  a  heavy  slimy  substance.  If  oils  are  used 
too  long,  the  same  sort  of  sludging  is  sometimes  ob- 
served. When  these  deposits  form  on  the  coils  of  the 
ccioler,  they  act  as  an  insulation,  greatly  reducing  the 
efficiency  of  the  cooler  and  raising  the  temperature  of 
the  oil  in  the  system.  This  necessitates  a  thorough 
cleaning  of  all  the  pipes  and  tanks. 

Hot  turbine  bearings  may  be  caused  by  lack  of  lubri- 
ciition  through  stoppage  of  the  oil  lines  or  oil  grooves 
c)r  a  failure  of  the  pump.  Sometimes  they  run  hot  be- 
cause the  clearance  along  the  side  of  the  bearing  is  not 
la-tge  enough  to  allow  the  oil  to  be  carried  between  the 
working  portions  of  the  surfaces.  In  other  instances 
too  heavy  an  oil  or  an  oil  thickened  through  long  use 
or  partly  emulsified  will  cause  this  trouble.  Perma- 
nent temperature  reductions  may  be  made  only  by  lo- 
cating the  true  cause  and  applying  the  proper  remedy. 

When  reduction  gear  drives  were  added  to  steam  tur- 
bines, an  entirely  new  demand  was  placed  upon  the  oil. 
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VISCOSITIES    OF    SOME   WELL-KNOWN    TURBINE    OILS 

The  pressure  per  square  inch  on  the  teeth  of  the  gears 
is  many  times  greater  than  the  load  on  any  bearing, 
so  that  heavier-bodied  oils  are  necessary  to  prevent  a 
breakdown  of  the  film  and  wear  of  the  teeth.  Further- 
more, unless  the  gears  are  carefully  made  and  lined  up, 
there  is  a  great  likelihood  of  there  being  some  noise  as 
they  mesh.  Steam-turbine  reduction  gears  are  of  the 
herringbone  type  which  reduces  the  noise  to  a  mini- 
mum, and  when  lubricated  with  a  sufficiently  viscous 
oil  they  should  be  comparatively  quiet. 

The  reduction  gears  are  usually  inclosed  within  an 
oil-tight  casing,  and  the  gear  bearings  are  so  arranged 
that  the  oil  draining  from  them  goes  into  tlie  gear  case. 
On  this  account  it  is  necessary  to  use  to  lubricate  the 
gears  something  that  can  also  be  used  on  the  bearings 
without  causing  trouble.  When  the  gears  and  their 
bearings  are  isolated  from  the  steam-turbine  oiling  sys- 
tem, it  is  possible  to  use  a  heavy-bodied  oil  of  the  proper 
viscosity  to  take  care  of  the  gears.  On  such  installa- 
tions a  pump  is  provided  to  take  the  oil  from  the  gear 
case  and  deliver  it  under  pressure  to  the  bearings  and 
spray  it  onto  the  gears  at  the  point  of  meshing.  In 
this  way  there  is  nothing  to  afifect  the  oil  except  the 
temperatures  within  the  gear  case,  and  a  heavy-bodied 
oil  can  be  used  for  a  long  time  without  any  trouble. 


A  very  common  practice,  however,  is  to  include  the 
lubrication  of  the  gears  and  gear  bearings  in  the  circu- 
lating oiling  system  for  the  turbine  bearings.  These 
bearings  normally  require  a  light-bodied  oil,  and  an 
exceptionally  viscous  oil  will  cause  them  to  heat  ex- 
cessively. Moreover,  the  heavy-bodied  oils  do  not  sep- 
arate from  water  and  foreign  matter  as  readily  as  the 
lighter  oils;  consequently,  a  compromise  must  be  ef- 
fected and  an  oil  selected  which  will  lubricate  the  gears 
as  well  as  possible  and  at  the  same  time  be  thin  enough 
to  operate  in  the  circulating  system  without  trouble. 

As  mentioned  before,  the  heavier-bodied  oils  made 
necessary  by  the  addition  of  gears  do  not  separate  from 
moisture  as  quickly  as  lighter  oil,  and  therefore  have  a 
gi  eater  tendency  toward  sludging,  emulsification  and 
decomposition.  This  means  that  greater  opportunities 
must  be  provided  for  rest  and  cleaning.  This  can  be 
done  by  using  a  larger  oiling  system  or  by  adding  set- 
tling tanks  to  increase  the  capacity,  thus  reducing  the 
frequency  with  which  the  oil  passes  over  the  bearings 
or  gears.  Efficient  coolers  are  essential,  because  the 
high  temperatures  of  the  turbine  bearings  will  thin 
down  the  oil  so  that  if  the  temperature  of  that  going 
to  the  gears  is  not  sufficiently  low,  its  viscosity  will  be 
reduced  to  such  a  point  that  it  will  be  of  little  value. 

The  viscosities  of  some  of  the  better  known  tur- 
bine oils  are  shown  in  the  curves.  Some  of  these  oils 
are  very  well  suited  to  the  lubrication  of  turbines  with- 
out reduction  gears,  while  others  are  more  suitable  for 
the  geared  types.  For  instance,  the  oil  shown  by  curve 
No.  3,  when  cooled  down  to  about  100  deg.  F.,  is  quite 
heavy  and  if  supplied  to  the  reduction  gears  at  this 
temperature,  is  very  satisfactory.  It  also  has  the  ad- 
vj-ntage  of  thinning  down  with  increased  temperatures 
more  rapidly  than  some  of  the  others,  and  when  at  the 
temperature  of  the  turbine  bearings,  between  150  and 
175  deg.  F.,  it  is  thin  enough  to  prevent  any  extra  fric- 
tion in  the  bearings.  This  quality  makes  it  easily 
cleaned  when  heated,  very  desirable  when  heavy-bodied 
oils  are  used  for  circulating  systems. 

One  of  the  principal  troubles  with  reduction-gear  lu- 
brication has  been  a  tendency  of  the  gears  to  pit  along 
the  pitch  line.  This  shows  up  at  first  in  the  form  of 
very  small  pits,  which  grow  larger  as  the  wear  increases 
until  a  serious  groove  or  ridge  is  formed.  There  is  still 
some  question  as  to  just  what  causes  this  pitting  and 
the  best  method  of  overcoming  the  trouble.  It  may  be 
caused  by  surface  crystallization  due  to  vibration  of  .the 
gears  through  an  insufficiently  stiflf  framework  or 
slightly  worn  bearings,  a  situation  that  could  evidently 
be  reduced  by  the  use  of  higher-viscosity  oils.  In  a 
number  of  installations  the  heavier-bodied  oils  have 
slopped  the  trouble  completely,  but  whether  they  will 
do  so  in  all  cases  yet  remains  to  be  demonstrated. 

When  we  attempt  to  write  a  specification  for  a  high- 
grade  turbine  oil,  we  must  carefully  consider  all  these 
various  things  that  influence  the  life  of  the  oil  and  the 
possibility  of  its  emulsifying  or  sludging  in  the  system. 
A  suitable  turbine  oil  should  be  a  highly  filtered,  prop- 
erly refined,  pure  mineral  oil,  free  from  acid  or  alkali, 
having  the  best  possible  ability  to  separate  quickly  from 
water  without  the  formation  of  emulsions  or  sludging, 
as  shown  by  the  emulsification  test.  The  correct  vis- 
cosity is  determined  by  the  oiling  system  of  the  turbine 
and  the  temperature  conditions.  Standard  practice  has 
found  the  following  viscosities,  all  at  100  deg.  F.,  to 
give  satisfaction: 

Ring  oiled  bearings  with  or  without  water  jackets 150-200  sec. 

Ring  oiled  bearings  subjected  to  extreme  radiated  heat 300-SOO  £ec 

Circulating  systems,  ordinary  conditions 150-200  sec. 

Circulating   systems,   with    reduction   gears 250-350  sec. 

Circulating  systems,  with  reduction  gears  and  vibration 350-750  sec. 

Circulating   systems,   marine   reduction   gears 450-750  sec. 
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Most  Common  Defects 


A.  M.  Diidley 


The  Ten  Most  Common  Faults  in  In- 
duction-Motor Windings  Are  Enumer- 
ated, and  the  Methods  Usually  Followed 
in  Locating  and  Correcting  These  Faults 
Are  Discussed. 


THE  winding  of  an  induction  motor  is  made  up 
of  a  number  of  similar  coils  connected  into 
groups.  These  groups  in  turn  are  connected  in 
such  a  manner  that  when  an  alternating  current  of  the 
proper  characteristics  flows  through  them,  a  magnetic 
field  having  alternate  north  and  south  poles  is  set  up 
and  caused  to  rotate  in  the  motor.  The  coil  itself  is 
usually  made  up  of  two  or  more  turns  of  wire  or  strap 
so  that  there  are  at  least  ten  chances  for  defects  in  the 
winding  after  the  coils  are  all  in  place  and  connected. 
S  o  m  e  of  t  h  e  s  e 
faults  are  simple 
and  readily  recti- 
fied, while  others 
are  more  obscure 
and  difficult  to 
handle. 

These  ten  most 
common  defects  in 
the  order  of  their 
likelihood  are : 

1.  The  winding 
grounded  on  the 
core. 

2.  One  or  more 
turns  in  one  or 
more  coils  short- 
circuited. 

3.  One  or  more 
complete     coils 
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short-circuited    at    the    coil    ends    or    at    the    "stubs.'' 

4.  A  complete  coil  reversed  or  connected  so  that  the 
current  flows  through  it  in  the  wrong  direction. 

5.  A  complete  group  of  coils  or  pole-phase  group  is 
reversed;  that  is,  connected  so  that  the  current  flows 
through  the  group  in  the  wrong  direction,  making  a 
north  po^e  where  a  south  should  be  or  vice  versa. 

6.  Owing  to  lack  of  care  in  counting,  two  or  more 
pole-phase  groups  may  include  the  wrong  number  of 
coils. 

^ 7.     A     complete 

phase  in  a  three- 
phase  star  or  delta 
winding  is  re- 
versed. 

8.  The  winding 
connections  may  be 
properly  made  in 
themselves,  but  not 
right  for  the  volt- 
age upon  which  the 
motor  is  to  be  op- 
erated. That  is, 
the  motor  may  be 
connected  properly 
for  110  or  440 
volts,  but  the  mo- 
tor is  to  operate  on 
220  volts. 

9.  The  winding 
connections  are 
properly  made,  but 


FIGS.  1  TO  5  SHOW         DIFFERENT  STEPS  IN  THE  AV  INDING  OF  AN   INDUCTION  MOTOR 
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they  are  for  the  wrong  number  of  poles,  and  hence 
the  motor  runs  at  a  dilTerent  speed  from  that  which  was 
intended. 

10.  An  open  circuit  somewhere  in  the  winding,  or 
one  or  more  coils  are  omitted  and  left  out  of  the  wind- 
ing, known  as  "dead"  coils. 


The  first  fault  listed — grounding  of  the  winding  on 
the  core — occurs  when  in  some  manner  the  insulation 
becomes  stripped  from  the  coil  and  also  the  cotton  cov- 
eiing  from  the  wire  so  that  at  some  point,  as  at  A^ 


FIG.  6.     con.  WITH  TURNS  SEPARATED 

The  manner  in  which  these  various  faults  occur  can 
be  best  understood  by  referring  to  what  takes  place, 
first,  in  winding  and  insulating  the  coils,  and,  second,  in 
placing  them  in  the  core  and  connecting  them. 

Fig.  1  shows  a  coil  of  the  usual  form  wound  up  from 
several  turns  of  wire  and  insulated  ready  to  be  used  in 
the  slot;  Fig.  2,  the  operation  of  winding  these  coils  in 
place  in  the  core ;  and  Fig.  3,  the  coils  all  in  place  ready 
for  connecting.  The  coils  connected  into  pole-phase 
gioups,  with  the  coil  ends  at  the  beginning  of  each 
group  bent  into  the  bore  and  the  coil  ends  at  the  end 


FIG.   7.      SINGLE  COIL  PLACED  IN   STATOR   SLOTS 

Fig.  7,  the  bare-copper  conductor  touches  the  lami- 
nated-iron core  and  by  so  doing  "grounds"  the  wind- 
ing. This  means  that  a  live-current  carrying  part  is 
touching  the  metal  structure  of  the  motor,  and  when 
this  condition  exists  anyone  who  touches  the  frame  of 


FIGS.  8  AND  9.     STAR-CONNECTED  INDUCTION-  MOTOR  WINDINGS  SHOWING  DIFFERENT  FAULTS 


of  each  group  bent  out  toward  the  frame  are  shown  in 
Fig.  4.  The  cross-connections  are  made  in  Fig.  5,  thus 
completing  the  winding  connections.  Fig.  6  shows  the 
coil  in  Fig.  1  as  it  would  appear  if  the  insulation  were 
stripped  off  and  individual  turns  of  wire  separated. 


the  motor  actually  touches  a  live  conductor.  This  may 
nor  be  detected  if  the  entire  winding  and  the  supply 
circuit  otherwise  is  free  from  grounds,  but  it  often  hap- 
pens that  other  grounds  are  present  somewhere  in  the 
system  so  that  in  standing  on  the  ground  and  touching 
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the  frame  of  the  machine  the  chances  arc  very  good 
of  getting  a  shock  at  a  voltage  that  may  equal  that  of 
the  supply  circuit. 

Referring  to  Figs.  6  and  7,  should  two  grounds  occur 
simultaneously,  as  for  example,  at  A  and  B,  a  short- 
circuit  would  be  formed  in  the  loop,  Fig.  6,  from  /) 
through  11,  12  and  13  to  A;  and  if  the  normal  voltage 
remained  on  the  motor,  this  short-circuited  turn  would 
immediately  become  hot  enough  to  destroy  the  insula- 
tion on  the  complete  coil.  This  is  the  second  fault  listed 
and  may  occur  without  grounding  by  the  touching  uf 
ti.e  bare  conductor  of  adincent  turns  as  at  C.  where  the 


B  FIG.  lO  G  B  FIG.  U 

FIGS.    10  AND   11.      VOLTAGIO    N'lOCTOR   DIAGH.\M.s 

complete  short-circuit  follows  the  path  of  C  2,  3,  4,  ?, 
t,  7  and  C. 

The  third  fault — short-circuiting  a  complete  coil — 
can  also  be  seen  from  Fig.  6  and  exists  when  the  in- 
sulation of  the  ends  of  the  coil  1  and  14  become  dam- 
aged and  allow  these  two  wires  to  touch,  as  at  D.  A 
current  then  flows  in  the  entire  coil,  in  addition  to  and 
aside  from  the  line  current,  equal  to  the  voltage  of  the 
coil  divided  by  its  impedance.  In  other  words,  what 
happens  is  equivalent  to  removing  that  particular  coil 
from  the  main  winding  where  it  Is  generating  its  share 
of  the  useful  counter-electromotive  force  and  using  up 
this  same  generated  or  induced  counter-voltage,  simply, 
t^'  force  current  through  the  coil  itself.  This  coil  would 
l:eat  up  practically  as  fast  as  would  any  induction  motor 
winding  if  the  rotor  was  held  from  rotating  and  full- 
line  voltage  applied  to  the  stator  winding. 

The  fourth  fault  occurs  when  the  two  leads  of  a  coil 
are  interchanged,  as  at  X,  Fig.  8.  This  has  the  effect  of 
causing  the  one  coil,  or  in  this  case  coil  Y ,  to  "buck"  all 
the  otber  coils  in  the  same  pole-phase  group.  Express- 
ing this  in  another  way,  the  cross-connected  coil  is  trying 
to  produce  a  magnetic  north  pole  when  all  the  other 
coils  in  its  group  are  producing  a  south  pole.  The  ef- 
fect of  this  is  magnetic  dissymmetry  and  manifests  it- 
self, as  do  most  irregularities  in  winding,  in  noise  and 
heating. 

The  fifth  fault,  and  one  that  can  occur  readily  in  con- 
necting, is  when  an  entire  pole-phase  group  is  reversed, 
as  at  Z,  Fig.  8.  This  can  be  understood  from  Fig.  4. 
Tlie  beginnings  of  all  pole-phase  groups  are  bent  in 
toward  the  center  of  the  bore,  and  the  endings  are 
all  bent  out.  Should*  one  of  the  ends  bent  out  be  used 
as  a  beginning  and  the  other  end  as  an  ending,  the  en- 
tire group  would  be  reversed  with  consequent  magnetic 
distortion  and  trouble  due  to  noise  and  heating. 

The  sixth  fault  is  one  due  wholly  to  wrong  counting 
in  grouping  the  coils.  In  a  three-phase  four-pole  motor 
with  48  coils  there  should  be  in  each  group  48  -r- 
(3X4)  =4  coils,  and  the  presence  of  3  coils  or  5  coils 
in  any  group  constitutes  the  sixth  fault  as  they  are  here 
listed.  This  is  also  shown  in  Fig.  8,  where  all  the 
groups  have  4  coils  except  A^  and  B'^,  which  have  5 
and  3  coils  respectively. 

The  seventh  fault  is  present  only  in  the  case  of  three- 


Ijliase  motors  and  consists  in  reversing  the  ends  of  one- 
third  of  the  winding  so  that  one  leg  of  the  star  or  one 
side  of  the  delta  is  connected  in  such  a  way  that  the 
voltages  generated  in  the  three  phases  are  only  60  elec- 
trical degrees  apart,  whereas  the  currents  supplied  from 
any  normal  three-phase  generator  are  120  electrical  de- 
grees apart,  and  hence  these  three  voltages  and  currents 
cannot  combine  to  produce  power  as  they  properly 
should.  This  can  be  understood  by  referring  to  Fig.-. 
10  and  11.  Fig.  10  .shows  the  three  voltages  generated 
in  a  three-phase  winding  as  represented  by  three  arrows 
or  vectors  arranged  120  deg.  apart.  If,  however,  one 
phase  of  the  winding  was  reversed  and  the  lead  con- 
nected t(.  the  star  point  and  vice  versa,  the  back,  or 
counter-electromotive,  force  generated  in  that  winding 
would  be  reversed  and  would  no  longer  be  120  deg. 
from  the  voltages  in  the  other  two  phases,  but  would 
be  60  deg.  from  them,  as  in  Fig.  11.  This  would  mean 
that  the  magnetic  field  in  the  stator,  instead  of  being  a 
balanced  succession  of  north  and  south  poles  rotating 
and  pulling  the  rotor  around,  would  become  unbalanced 
and  would  no  longer  rotate  properly.  According  to  an- 
other method  of  looking  at  the  matter,  there  would  be 
one  field  rotating  clockwise  and  another  different  kind 
of  a  field  rotating  counterclockwise,  and  the  natural 
lesult  would  be  that  these  two  fields  would  interfere, 
and  instead  of  rotating,  the  motor  woulcl  remain  at  a 
standstill,  emitting  an  unusual  amount  of  noise  and 
reaching  a  dangerous  temperature  in  a  very  short  time. 

A  four-pole  three-phase  winding  with  the  B  phase  re- 
versed is  shown  in  Fig.  9.  It  will  be  observed  that  in- 
stead of  the  arrows  on  the  pole-phase  groups  pointing 
in  alternate  opposite  directions,  as  they  should  for  a 
correct  connection,  they  point  in  opposite  directions  in 
groups  of  three.  Further  consideration  will  be  given 
this  feature  in  the  next  article. 

In  the  eighth  fault  the  winding  connections  are  ail 
made  properly  to  form  the  magnetic  poles  in  their 
proper  sequence,  but  there  are  only  half  as  many  turns 
in  series  or  perhaps  twice  as  many  as  there  should  be. 
When  this  is  discovered,  the  winding  may  be  such  as  to 
permit  connecting  in  series  instead  of  parallel  or  vice 
versa,  but  under  the  worst  conditions  it  may  be  neces- 
sary to  remove  the  entire  set  of  coils  and  replace  with  a 
new  set  having  the  proper  number  of  turns  for  the  re- 
quired voltage. 

The  ninth  fault  is  sometimes  overlooked  unless  the 
speed  is  taken  with  a  tachometer  or  speed  counter,  in 
which  case  it  is  readily  detected.  Its  correction  is  not 
always  either  evident  or  simple,  but  can  often  be  ac- 
complished without  change  in  coils  by  following  some 
one  of  the  various  methods  described  in  the  articles  on 
"Reconnecting  for  Changes  in  Number  of  Poles,"  in 
Power  for  Apr.  9,  1918,  Aug.  20,  1918,  and  Jan.  7.  1919. 

The  tenth  fault,  "open-circuits,"  may  be  due  to  fail- 
ure to  solder  a  joint  properly  or  to  a  joint  being  broken 
mechanically  after  having  been  once  made.  "Dead"  coils 
are  usually  purely  inadvertent  and  are  sometimes  pres- 
ent without  being  discovered  at  all.  Such  an  occurrence 
could  hardly  happen  unless  there  were  a  large  number 
of  small  coils  crowded  together. 

(The  next  and  last  article  will  explain  how  to  make 
the  tests  necessary  to  locate  the  ten  faults  outlined  i;i 
iJris  article.) 


Henry  Ford's  new  gasoline  driven  street  car  is  nearly 
ready.  If  it  is  successful  and  Mayor  Couzen's  municipal 
ownership  plan  is  adopted  Apr.  5,  the  new  car  may  be- 
come a  fixture  on  Detroit  streets.  The  motors  are  75 
and  150  hp.  and  will  be  fitted  to  burn  alcohol  in  addi- 
tion to  srasoHne  or  kerosene. 
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Illustrates  and  describes  the  Curtis  direct-type 
governor,  its  care  and  adjustments.  Direc- 
tions are  given  for  putting  in  a  new  spindle 
and  for  testing  the  emergency  stop. 


CURTIS  turbines  from  25  and  35  kw.  capacity, 
3,600  r.p.m.,  are  provided  with  direct,  spring- 
tension  type  governors.  Fig.  1  shows  one  of 
these  machines  connected  to  a  generator.  The  governor 
is  mounted  on  the  end  of  the  mainshaft  and  operates 
a  double-seated  balanced  throttle  valve  through  a  bell 
crank  directly  connected  to  the  valve  spindle,  as  shown 
in  Fig.  3,  which  shows  the  governor  all  the  way  out  and 
the  regulating  or  governor  valve  open.  Weighted  arms 
A  A  supported  on  knife-edges  DD  and  BB  pull  outward 
against  the  spring  due  to  centrifugal  force.  The  gov- 
ernor transmits  motion  to  the  bell  crank  through  a  spin- 
dle C,  which  moves  forward  and  backward  with  the 
spring  and  struts.  The  whole  governor  frame  revolves, 
but  only  the  spring,  spindle  and  struts  move  forward 
and  backward  and  these  do  so  in  a  straight  line. 
The  spindle  and  struts  are  held  in  place  by  the  spring 
and  weights  only.  The  spindle  does  not  move  in  a  close- 
fitting  guide  and  is  not  lubricated.  The  knife-edges  of 
the  struts  and  weights  have  little  movement  and  must 
not  be  oiled. 

Formerly  a  so-called  "lapseat"  thrust  was  furnished 
on  the  outer  end  of  the  governor  spindle,  but  this  type 
has  been  discontinued  and  a 
ball  thrust  E,  being  more 
sensitive,  is  now  used.  As 
shown,  the  thrust  is  in  the 
hollow  end  of  the  bell  crank 
and  has  one  large  ball 
screwed  on  the  end  of  the 
spindle.  This  ball  is 
grooved  for  a  guide,  but  the 
guide  makes  little  or  no  con- 
tact in  the  groove  as  the 
large  ball  rolls  on  the  small 
ones.  The  frictional  resist- 
ance of  this  thrust  is  small, 
but  the  thrust  depends  on 
adequate  lubrication  to  en- 
able it  to  work  well.  The 
lower  half  of  the  bell  crank 
is  hollow  and  provided  with 
braided  yarn,  oil  being  sup- 
plied   to   the   yarn    from   an 


Steam-Turbine 
Governors 

Shaft    Governors    of    Small 
Curtis    Turbines 


oil  cup  connected  to  the  trunnion,  which  is  provided 
with  an  oil  passage.  It  is  important  that  this  cup  be  kept 
filled  with  a  medium  cylinder  oil.  If  the  turbine  is  ex- 
posed to  very  low  temperatures,  a  lighter  oil,  as  engine 
oil,  should  be  used.  The  oil  passages  must,  of  course, 
be  kept  clear. 

The  Governor  Valve — The  valve  stem  is  a  loose  fit 
in  the  governor  valve  to  promote  self-alignment.  When 
full  open,  the  valve  is  }i  in.  off  the  seat  and  will  seat 
tightly  before  the  governor  completes  its  travel.  Ad- 
justment of  this  difference  may  be  made  by  raising  or 
lowering  the  valve  stem  at  F,  Fig.  3.  The  travel  of 
the  governor  spindle  should  be  }i  in.  and  may  be  kept 
?t  that  by  adjusting  shims  held  in  the  end  of  the  main- 
shaft  by  a  long  screw  G,  Fig.  3. 

Putting  in  a  New  Spindle — Refer  to  Fig.  3.  To  put 
in  a  new  governor  spindle,  remove  the  governor  casing, 
take  out  the  plug  H  and  unscrew  the  ball  E  from  the 
spindle  (right-hand  thread)  by  using  a  screwdriver, 
the  ball  being  slotted  to  receive  one.  Remove  the  bell 
crank,  but  do  not  remove  the  ball  or  its  seats.  The 
governor  is  next  removed  from  the  shaft  (right-hand 
thread)  by  a  special  spanner  furnished  with  the  tur- 
bine. The  governor  is  screwed  on  tightly,  and  it  may 
be  necessary  to  strike  the  spanner  a  rather  sharp  blow 
vvith  a  hammer  to  start  the  nut.  Remove  the  nut  J  with 
the  spanner ;  this  will  relieve  the  knife-edge  seats,  after 
which  the  pin  K  may  be  removed,  the  spindle  taken 
out  and  a  new  one  put  in.  Do  not  change  the  position  of 
ether  nuts.     Care  must,  of  course,  be  taken  not  to  han- 


FIG.    1.      SMALL,  GENERAL   ELECTRIC   TURBO-GENERATOR 
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die  the  governor  so  roughly  as  to  bend  the  spindle  or 
dull  the  knife-edges. 

The  Emergency  Governor — The  emergency  governor 
valve  M,  Fig.  1,  is  of  the  plain  flap  type,  held  open  by  a 
trigger.  The  valve  and  its  mechanism  are  mounted  on  a 
separate  chest,  the  valve  fitting  loosely  on  the  resetting 
sliaft  A,  Fig.  2.  The  latch  holding  the  valve  open  is 
mounted  on  a  tripping  shaft  D,  having  a  lever  keyed  to 
the  outer  end.  The  square  rod  C  riveted  to  the  other 
end  of  the  lever  holds  the  tripping  lever  and  the  latch 
in  position  by  being  held  up  by  a  trigger  D.     A  clock 


nipping  the  emergency  stop,  as  the  packed  shaft  or 
spindles  will  stick  from  non-use  and  may  fail  to  work 
wl.en  most  needed. 

When  these  small  Curtis  sets  are  first  started,  "feel" 
ihe  governor  by  pushing  in  on  the  adjusting  nut  0, 
Fig.  3,  the  governor  casings  having  been  removed.  Test 
ihe  emergency  stop  by  holding  the  bell  crank  out  with 
a  piece  of  cord  or  wire.  At  about  8  per  cent  overspeed 
ih.c  spring  E,  Fig.  2,  should  begin  to  fly  out,  and  at  10 
per  cent  should  trip  the  trigger.  If  the  emergency  gov- 
ernor needs  adjusting,  loosen  the  nut  holding  the  spring. 


FIG.    2. 


EMERGENCY  GOVERNOR. 
TURBINES 


SMALL   CURTIS 


spring  E  revolves  with  the  shaft,  and  at  about  10  per 
cent  overspeed  will  fly  out,  striking  the  trigger  B,  allow- 
ing the  spring  F  to  trip  the  mechanism  which  allows  the 
valve  to  close. 

Resetting  the  Emergency  Stop — If  the  emergency 
stop  trips  and  the  turbine  is  to  be  started,  close  the 
throttle,  bleed  the  steam  from  the  chamber  through  the 
plugged  hole  A^,  Fig.  3,  and  raise  the  resetting  lever  as 
far  as  it  will  go.  Always  return  the  lever  to  its  stop 
so  that  the  emergency  valve  will  not  have  to  move  this 
lever  the  next  time  it  trips.  If  the  lever  is  not  returned 
to  the  stop,  the  next  time  the  valve  trips  it  must  do  so 
against  the  frictional  resistance  offered  by  the  packing 
in  the  stuffing-box  of  the  tripping  shaft.  The  tripping- 
shaft  bushing  is  not  packed,  and  the  little  steam  escap- 
ing is  piped  to  the  turbine  casing. 

It  is  good  practice  to  stop  frequently  any  turbine  by 


FIG.    3.      SECTION   OF   SH.\FT   GOVERNOR   AND   GOVERNOR 
VALVE.    SMALL   CURTIS    TURBINES 

Turn  the  stud  so  that  the  spring  bears  harder  against 
the  stop  /  if  the  emergency  trips  at  too  slow  a  speed 
and  not  so  hard  if  it  trips  at  too  fast  a  speed. 

When  tightening  the  nut,  be  careful  that  the  adjust- 
ment of  the  spring  is  not  disturbed. 

Finally,  as  a  word  of  caution,  do  not  oil  the  knife- 
edges  of  the  speed  governor,  as  they  will  collect  dirt, 
cause  poor  regulation  and  quickly  wear. 


The  application  of  pulverized  coal  to  copper  blast  fur- 
naces has  beer  made  successfully,  according  to  the  Com- 
pressed Air  Magazine.  This  is  a  comparatively  new 
application  of  pulverized  coal  to  industry.  The  pulver- 
ized fuel  is  introduced  into  the  blast  pipes  above  the 
tuyeres  without  disturbing  seriously  the  existing  condi- 
tions at  any  modern  blast  furnace  plant. 
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Turtiae-Driverv  versus 
Ek^irve  -Dri  veil 
Alternators -I 


By  S./fMortenseri' 


A  comparison  of  the  construction  and  opera- 
tion of  the  rotor  of  these  two  distinctly  differ- 
ent types  of  alternator.  One  slow  speed  with 
a  short  rotor  of  large  diameter  and  many  poles 
as  compared  to  a  long  rotor  of  small  diameter 
and  few  poles  built  for  high  peripheral  speeds. 


OPERATING  speed  in  revolutions  per  minute 
of  an  engine-type  alternator  is  necessarily 
much  lower  than  the  corresponding  speed  of  a 
generator  driven  by  a  steam  turbine,  and  its  number  o£ 
poles  for  the  same  frequency  must  then  be  correspond- 
ingly larger.  The  relationship  between  frequency  F 
of  an  alternator,  its  rotating  speed  in  number  of  revolu- 
tions per  second  A^  and  its  number  of  poles  P  is, 

For  example,  an  alternator  rotating  at  120  revolutions 
per  minute,  or  2  revolutions  per  second,  must  have  60 
poles  to  give  a  60-cycle  current,  whereas  an  alternator 
driven  by  a  steam  turbine  at  3,600  revolutions  per  min- 
ute, or  60  revolutions  per  second,  requires  only  two 
poles  to  develop  this  frequency. 

This  difference  in  the  number  of  poles  and  revolutions 


engine-type  machines.  Comparative  features  of  engine 
and  steam-turbine  driven  alternators  are  indicated  in 
the  accompanying  table  and  are  shown  in  the  sketches, 


.SECTION    THROUGH    1,000-KW. 
Al>TBRNATOR 


TURBINK- DRIVEN 


FIG.   1.     CHIEF  DIMENSIONS  OF  1.000-KW.   ENGINE-  DRIVEN  ALTERNATOR 


leads  to  distinctly  different  types  of  machines.  The 
extreme  operating  speed  of  the  turbo-alternator  imposes 
problems  in  design  and  operation  that  are  unknown  in 

*  Electrical   engineer,    AUis-Chalmers   Manufacturing  Company. 


Figs.  1  and  2,  which  depict  the  corresponding  machine-. 
Fig.  3  shows  the  rotor  construction  of  a  slow-speed 
alternator.  In  this  type  of  machine 
the  diameter  has  to  be  large  enough 
to  permit  mounting  the  required 
number  of  poles  on  the  rotor  spider 
and  allow  the  proper  clearance  be- 
tween the  adjacent  coils.  The  ax- 
ial width  of  the  pole  is  determined 
by  the  cross-section  required  to 
carry  the  magnetic  flux  of  the  ma- 
chine. 

As  the  operating  speed  of  such 
machines  is  low,  the  mechanical 
features  present  no  difficult  prob- 
lems. The  pole  may  be  held  to  the 
spider  by  means  of  bolts  or  dove- 
tails, and  the  rotor  field  coils  are 
supported  between  the  spider  and 
the  projecting  pole  tips.  The  field 
coils  are  wound  with  copper  strip 
bent  on  edge  and  insulated  from 
each  other  by  treated  paper.  Fig. 
4  shows  such  a  strap-wound  coil 
before  and  after  it  is  mounted  on 
the  polepiece.  As  the  total  outer 
surfaces  of  the  field  coils  are  ex- 
posed to  the  air,  they  are  well  ven- 
tilated and  there  is  little  danger  of 
their  overheating.  However,  the 
large  flywheel  that  generally  is  mounted  close  to  the 
alternator  interferes  with  the  ventilation  and  makes  it 
necessary  to  place  small  vanes  or  fan  blades  on  the  spider 
to  direct  the  air  and  insure  even  ventilation. 
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Flywheels  may  either  be  constructed  as  a  part  of  the 
alternator  spider  or  bp  mounted  as  a  separate  element 
on  the  rotor  shaft.  They  are  required  to  compensate 
for  the  variation  in  the  turning  effort  during  the  revo- 
lution, inherent  to  reciprocating  engines,  and  caused  by 
the  varying  pressure  on  their  pistons.  The  flyw^heel 
effect  of  the  rotating  parts  of  the  alternator  must  then 
be  sufficient  to  hold  the  variation  in  the  engine  speed 
<!uring  the  revolution  within  certain  limits  fixed  by  the 
requirements  of  the  connected  machines.  For  alter- 
nators operating  in  parallel,  these  limits  are  necessarily 
narrow.  •  If  one  rotor  for  any  reason  drops  behind, 
power  will  flow  from  the  faster  to  the  slower  machine, 
tending  to  accelerate  it.  If  the  displacement  between 
the  rotors  exceeds  certain  values,  parallel  operation  be- 
comes impossible  and  the  alternators  fall  out  of  step. 


FIG.    3.      ENGINE-TYPE   ALTERNATOR    120-POLE   ROTOR 

Even  with  small  displacements  objectionable  cross-cur- 
rents will  flow  between  the  armatures,  causing  extra 
losses  and  heating  in  their  windings.  For  practical  pur- 
poses the  flywheel  must  be  heavy  enough  to  limit  the 
rotor-speed  variation  to  2.5  electrical  degrees  on  each 
side  of  the  position  that  a  given  point  would  occupy  if 

P 
its  speed  was  uniform.     One  mechanical  degree  =  -^ 

electrical  degrees,  where  P  =  ihe  number  of  poles  of 
the  alternator. 

For  engine-driven  alternators  the  collector  rings  have 
to  be  large  enough  in  diameter  to  be  mounted  on  the 
heavy  engine  shaft  or  on  the  spider  hub,  and  generally 
are  so  liberal  in  size  and  brush  capacity  that  they  re- 
quire practically  no  care  after  once  they  are  adjusted. 
They  are  made  from  cast  iron  or  bronze  alloy  and  work 
vvith  carbon  brushes.  The  rings  for  the  machine  of 
Fig.  2  are  shown  in  Fig".  8. 

Turbo-alternator   rotors   have  to  meet  the   same   re- 


quirements as  the  fields  on  engine-type  machines,  but 
in  addition  the  mechanical  stresses  inherent  to  high- 
speed operation  limit  their  diameter  and  lead  to  rotors 
of  great  axial  length.  Figs.  5,  6,  7  and  8  sliow  four 
different  stages  of  completion  of  a  rotor  made  from  a 
solid  steel  forging.  Fig.  8  shows  the  finished  rotor. 
To  take  care  of  mechanical  stresses  due  to  the  centrifu- 


I'lO.     4. 


STRAP-WOUND    FIELD    COIL.S    FOP.    .SLOW-SPEED 
ALTERNATOR 


gal  force,  the  field  coils  are  subdivided  and  embedded 
in  radial  slots  in  the  rotor.  Heavy  metal  wedges  are 
fitted  into  grooves  in  the  rotor  slots  for  holding  the 
rotor  coils  in  position.  The  individual  turn  in  such  a 
field  winding  is  placed  in  the  rotor  slots  with  great  care 
and  the  insulation  between  the  turns  as  well  as  between 
the  completed  coils  is  generally  made  from  micanite  or 
asbestos,  rendering  the  field  fireproof.     This  class  of 

COMPAR.\TIVE      DATA     ON      ENGINE     AND      STEAM-TURBINE 
DRIVEN  ALTERNATORS 

Engine- 
Turbo-  Type 
Generator  Generator 

Maximum  capacity,  kw.   at  80%   p.f 1,000  1,000 

Frequency     60  60 

Revolutions    per    min 3,600  120 

Number    of   poles 2  60 

Diameter  of  rotor  over  poles  (A)   in 18  151 

Length  of  rotor  over  poles  (B)  in 36  10 

Peripheral  velocity,   ft.   per  min 16,900  4.7S0 

Ratio    A/B 0.5  15.1 

Weight   rotor,   net,   lb 3,750  22,000 

Weight  stator,   net,  lb 15,000  27,850 

Losses  due  to  windage  and  friction,  kw 20  6 

Copper  loss  and  stray  loss,  kw 12  30 

Excitation,    kw 11  20 

Air  for  forced  vent.,  cu.  ft.  oer  min 5,500  none 

Full-load    efficiency 95  93.3 

insulation  will  operate  continuously  at  temperatures 
reaching  150  deg.  C.  (302  deg.  F.). 

In  the  design  of  turbo-rotors  the  main  problem  is  in 
the  choosing  of  the  rotor  diameter  together  with  the 


FIGS.  5  AND  6. 


FORGED  ROTOR  CORE  BEFORE  AND  AFTER 
MACHINING 


number  and  si-'.e  of  slots  for  the  field  coils.  The  diam- 
eter is  to  be  kept  as  small  as  practicable  to  limit  the 
centrifugal  force  and  also  the  windage  losses  of  the 
machine,  but  it  has  to  be  sufficient  to  permit  the  re- 
quired amount  of  space  for  the  field  winding.  For 
I'-iige  machines  the  rotor  velocity  is  limited  by  the 
strength  of  the  material  available  for  their  construc- 
tion.    At   the  present   time  the   peripheral    velocity  of 
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FIG.   7. 


TURBINE-DRIVEN  ALTERNATOR'S   ROTOR   IN 
PROCESS  OF  WINDING 


rotors  is  limited  to  approximately  25,000  ft.  per  minute. 

The  highest-stressed  material  is  not  found  in  the 
rotor  body  proper,  but  in  the  metal  caps  or  rings  that 
hold  the  projecting  ends  of  the  field  coils  in  place  (see 
R  in  Fig.  8).  For  large-sized  machines  these  rings 
aie  manufactured  from  the  strongest  and  toughest  ma- 
terial available,  which  is  alloy  steel  having  an  ultimate 
strength  of  120,000  lb.  per  sq.in.,  or  more. 

Instead  of  being  made  from  one  forging,  as  shown 
in  Fig.  5,  smaller  rotors  may  be  built  from  punchings 
mounted  on  a  shaft  and  clamped  securely  between  heavy 
metal  end  plates,  or  from  a  number  of  steel  disks  either 
mounted  upon  the  shaft  or  clamped  between  stub 
shafts.  In  either  case  the  general  appearance  of  the 
rotor  will  be  as  shown  in  Fig.  8.     The  choice  between 


the  solid  and  laminated  rotors  is  generally  decided  by 
their  tendency  to  vibrate,  which  for  large  high-speed 
machines  necessitates  the  adoption  of  the  most  rigid 
construction  available — the  solid  forged  rotor.  The 
fans  shown  on  the  ends  of  the  rotor  in  Fig.  8  supply 
the  air  for  ventilating  the  stator  and  rotor,  and  great 
care  should  be  exercised  in  the  shaping  of  the  fan 
blades.  Turbo-driven  alternators  do  not  need  fly- 
wheels, as  the  turning  effort  of  the  steam  turbine  is 
uniform  throughout  the  revolution. 

On  the  turbo-generator  the  collector  rings  are  neces- 


FTG.   8. 


FINISHED  ROTOR  FOR  TURBINE-DRIVEN 
ALTERNATOR 


sarily  run  at  much  higher  peripheral  velocity  than  is 
the  case  with  engine-type  machines.  Either  alloy  or 
steel  rings  are  used  with  copper  gauze  or  carbon 
brushes.  Care  must  be  used  to  insure  the  correct  set- 
tings of  the  brushes  and  likewise  the  proper  brush  pres- 
sure. The  steel  rings  and  carbon  brushes  are  used  on 
most  modern  machines.  With  the  proper  setting  of  the 
brushes,  the  rings  will  acquire  a  polished  surface  and 
work  with  practically  no  wear  on  either  rings  or 
brushes.     However,  they  should  be  examined  at  regu- 


AUXILIARY    OIL    PUMP 


FIG.  9.     LOW-PRESSURE  SYSTEM  OF  LUBRICATION   FOR  TURBO-ALTERNATORS 
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lar  intervals,  and  if  the  surface  of  the  rings  is  found 
to  be  cut  or  rough,  it  should  be  turned  and  polished  at 
the  earliest  opportunity,  as  otherwise  sparking  and  heat- 
ing will  develop  and  cause  excessive  wear  on  the 
brushes. 

On  engine-type  alternators  the  bearing  and  lubricat- 
ing system  is  of  the  well-known  oil-ring  type.  The 
<iiT:ount  of  oil  in  the  bearings,  combined  with  their  radi- 


FIG.   10.     SELF-ADJUSTING  SPLIT  BEARING  OF  BALL  AND 
SOCKET  PATTERN 

ating  surface,  makes  it  unnecessary  to  provide  for  any 
special  arrangement  for  carrying  off  the  heat  generated 
by  the  bearing  friction.  With  the  proper  inspection  of 
this  class  of  bearing,  accidents  such  as  wiping  of  the 
bearing  lining  can  be  eliminated,  as  the  increase  in  the 


t'.'mperalures  of  the  bearings  inherent  to  abnormal  op- 
eration gives  ample  warning  for  the  shutting  down  of 
llie  machine  before  any  damage  is  done. 

Bearings  and  lubrication  of  the  turbo-generators  re- 
quire careful  attention  in  design  and  construction.  In 
the  design  of  the  bearings  on  the  early  turbo-generators 
great  ingenuity  was  displayed,  but  with  the  improve- 
ments in  the  accuracy  of  tools  and  workmanship  attain- 
able in  modern  shops,  the  self-adjusting  split  bearing 
of  the  ball-and-socket  pattern  lined  with  babbitt  has 
proved  itself  satisfactory  for  this  class  of*  operation. 
I'lg.  10  shows  a  bearing  of  this  type  with  arrows  indi- 
catmg  the  oil  flow.  The  lubrication  of  bearings  is  al- 
ways of  great  importance,  but  especially  in  high-speed 
work,  where  even  a  momentary  interruption  in  the  oil- 
ing system  invariably  leads  to  grave  results.  Effective 
lubrication  is  obtained  by  admitting  the  oil  to  the 
bearings  at  a  point  of  low  pressure  which,  for  horizon- 
tal turbo  bearings,  is  on  the  top  and  sides  as  all  the 
pressure  on  a  properly  erected  machine  is  downward. 

Several  systems  of  forced  oiling  are  in  use,  and  in 
Fig.  9  one  such  system  is  shown  diagrammaticallv. 
The  oil  is  pumped  from  an  oil  tank  through  a  strainer 
and  an  oil  cooler  and  from  there  to  the  top  and  sides 
of  the  bearings.  The  rotation  of  the  shaft  establishes 
the  oil  film,  and  the  heat  generated  by  the  rotation  of 
the  journals  is  absorbed  by  the  continuously  circulating 
oil  carried  to  the  cooling  system  and  dissipated.  This 
arrangement  may  be  termed  a  low-pressure  system,  in- 
a-^much  as  the  oil  pump  develops  only  sufficient  pressure 
to  maintain  an  adequate  flow  of  oil  to  the  bearings. 
The  system  shown  in  Fig.  9  has,  in  addition  to  the 
mam  od  pump,  a  separately  driven  auxiliary  pump  for 
establishing  oil  circulation  during  the  starting  period. 


Elements  of  Combustion  of  Fuel  Oil 


Perhaps  nothing  better  dealing  with  the  me- 
chanics of  combustion  of  fuel  oil  has  been 
written  than  that  by  the  United  States  Naval 
Liquid  Fuel  Board,  whose  report  appeared  a 
number  of  years  ago.  In  vietv  of  the  interest 
now  taken  in  fuel  oil  in  stationary  plants,  par- 
ticidarly  along  the  Atlantic  Coast,  zvhat  the 
Board  has  to  say  about  this  subject  ^is  of  in- 
terest. 


WHILE  the  theory  of  combustion  is  well  under- 
stood by  all  having  a  knowledge  of  the  ele- 
mentary principles  of  chemistry,  there  are  par- 
ticular considerations  that  enter  into  the  matter  of  burn- 
ing both  oil  and  coal  as  a  fuel,  and  therefore  the  eco- 
nomical consumption  of  fuel  in  large  quantities  can  be 
effected  only  in  boiler  or  furnace  installations  which 
have  been  designed  by  technically  trained  experts  pos- 
sessing a  knowledge  of  what  well  may  be  termed  the 
practical  mechanics  of  combustion. 

Hundreds  of  oil  burners  have  been  designed,  which, 
viewed  from  a  mechanical  or  theoretical  standpoint, 
should  have  operated  efficiently ;  and  yet  when  such 
appliances  were  subjected  to  actual  test  the  devices 
proved  unsatisfactory.  There  are,  therefore,  practical 
conditions  as  well  as  chemical  principles  that  must  be 
considered  in  the  solution  of  the  liquid-fuel  problem, 
and  the  Board  thus  regards  the  mechanical  feature  of 
the  oil-fuel  combustion  question  as  a  subject  deserving 
special  study  and  investigation. 

Everyone  is  aware  that  with  a  charcoal  or  coke  fire 


It  is  possible  to  maintain  intense  combustion  within  a 
comparatively  small  space,  and  with  little  smoke.  This 
sort  of  fire  was  known  to  the  smelters  of  the  Bronze 
Age,  and  it  is  still  used  in  blast  furnaces  and  other  op- 
erations where  great  concentration  is  required. 

The  explanation  lies  in  the  fact  that  the  fuel  is  solid, 
even  at  the  highest  temperature.  The  solid  particles  in 
the  smoke  are  probably  particles  of  ash,  but  whether 
they  are  ash  or  unconsumed  carbon,  they  are  exceed- 
ingly small,  as  shown  by  the  bright-blue  color  of  the 
smoke.  As  a  result  of  this  solidity  no  carbon  can  leave 
the  bed  of  hot  coals  except  as  a  constituent  of  CO  or 
COg.  In  either  case  the  combustion  will  be  free  of  soot 
or  smoke,  since  both  gasc  >  are  colorless  and  transparent. 
If  the  carbon  goes  up  the  stack  as  a  constituent  of  CO, 
It  carries  with  it  two-thirds  of  the  heat  that  it  is  pri- 
marily capable  of  yielding  up,  and  it  is  only  with  respect 
to  the  possible  formation  of  CO  instead  of  CO.  that  a 
charcoal  fire  fails  to  give  perfect  results.  Were  it  not 
for  this  possibility  there  would  be  no  reason  whv  a 
charcoal  fire  should  need  more  space  than  is  sufficient 
to  contain  the  fuel  itself. 

The  obvious  way  to  prevent  the  formation  of  CO.,  is 
to  force  a  larger  quantity  of  air  through  the  bed" of 
coal,  but  this  alone  is  insufficient.  Experience  shows 
that  even  when  the  amount  of  oxygen  passing  through 
the  bed  of  coal  is  twice  that  requisite  for  the  complete 
combustion  of  carbon,  there  is  still  some  of  the  carbon 
that  leaves  the_  furnace  in  a  partly  burned  condition. 
The  only  way  in  which  this  carbon  can  be  completely 
burned  is  by  subsequent  diffusion  of  the  gases,  whereby 
each  molecule  of  CO  sooner  or  later  meets  with  an 
atom  of  free  oxygen  and  so  becomes  COo.     But  this 
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diffusion  requires  time,  and  as  the  gases  are  being  con- 
stantly cooled  as  they  are  carried  along  it  may  happen 
that  they  will  be  cooled  below  the  ignition  temperature 
before  union  takes  place.  So  that  even  in  a  charcoal 
ftre  the  need  for  appreciable  combustion  space  is  obvious. 

Thorough  Mixture  Essential  to  Good  Combustion 

Complete  combustion  requires  that  for  every  atom  of 
carbon,  and  for  every  two  atoms  of  hydrogen,  there 
shall  be  at  least  one  atom  of  oxygen  brought  in  close 
proximity,  and  then  and  there  subjected  to  a  tempera- 
ture sufficient  for  ignition.  In  other  words,  there  must 
be  a  thorough  mixture,  and  then  ignition.  It  is  doubt- 
ful if  a  mere  mechanical  mixture,  however  complete, 
could  ever  be  perfect  enough  to  bring  about  the  desired 
result.  This  is  w-ell  illustrated  by  contrasting  the  smoky 
combustion  of  black  gunpowder,  where  there  is  a  me- 
chanical mixture,  with  the  combustion  of  the  so-called 
smokeless  powders  in  which  the  mixture  is  so  thorough 
and  minute  that  similar  proportions  of  oxygen,  carbon 
and  hydrogen  occur  in  each  separate  molecule. 

In  all  ordinary  cases  of  combustion,  however,  where 
we  draw  our  supply  of  oxygen  from  the  atmosphere,  it 
is  only  by  virtue  of  the  property  of  diffusion  that  a 
sufficiently  intimate  mixture  is  attained.  As  to  the  real 
nature  of  diffusion,  it  is  known  that  at  ordinary  tem- 
peratures the  particles  of  oxygen  in  the  air  are  moving 
in  every  conceivable  flirection  with  velocities  averaging 
over  1600  ft.  per  sec.  Any  one  atom,  however,  moves 
only  an  inappreciable  distance  before  being  arrested  h\ 
collision  with  another  atom,  so  that  although  the  average 
velocity  of  the  atoms  is  probably  equal  to  that  of  n 
rifle  ball,  it  still  takes  an  appreciable  time  for  a  particle 
to  travel  even  a  moderate  distance.  It  is  this  time  ele- 
ment that  constitutes  the  great  stumbling  block  when 
the  attempt  is  made  to  burn  a  large  amount  of  com- 
bustible in  a  small  space. 

Combustion  of  Hydro-Carbons 

As  before  noted,  the  reason  why  intense  combustion 
is  easily  attained  with  a  charcoal  fire  is  that  the  fuel  is 
solid  at  the  temperature  of  ignition.  Being  solid  it  can 
present  a  large  surface  for  the  oxygen  to  act  upon,  and 
an  atom  cannot  break  away  and  go  up  the  chimney  first 
without  being  united  with  at  least  one  atom  of  oxygen. 
In  the  combustion  of  hydro-carbons,  on  the  other  hand, 
we  have  the  following  condition :  The  fuel  is  already 
on  its  way  to  the  chimney  before  it  is  even  partly 
burned.  The  first  effect  of  the  heat  is  to  dissociate  the 
carbon  from  the  hydrogen.  Whether  or  not  the  latter 
unites  with  the  oxygen  does  not  affect  the  soot  or 
smoke  question,  since  the  constituents,  and  also  the 
products  of  combustion  of  hydrogen,  are  like  trans- 
parent colorless  gases.  But  in  any  case  the  carbon  left 
alone  in  the  form  of  an  impalpable  dust  is  much  less 
favorably  circumstanced  than  that  in  a  charcoal  fire. 
If  it  were  attached  to  a  hot  coal,  as  in  the  charcoal  fire, 
so  as  to  be  capable  of  receiving  a  blast  of  air,  its  com- 
bustion would  be  easily  accomplished.  But  instead  of 
this  it  is  carried  along  by  the  current  of  gases,  and 
unless  it  is  given  plenty  of  time  before  being  cooled  it 
will  be  left  alone  as  a  particle  of  soot. 

An  examination  of  the  nature  of  flaming  leads  to 
similar  conclusions.  The  luminous  part  of  a  flame  is 
caused  by  the  white-hot  particles  of  carbon.  These  par- 
ticles have  been  robbed  of  the  hydrogen  with  which 
they  were  formerly  associated,  and  they  have  not  yet 
met  the  oxygen  necessary  for  complete  combustion. 
This  process  of  finding,  or  of  being  found  by,  the  oxy- 
gen requires  time,  and  if  perchance  the  temperature  falls 
below  that  of  ignition  before  the  process  is  completed, 


the  carbon  will  be  deposited  as  soot  or  else  go  on  up  the 
stack  as  smoke  along  with  the  excess  oxygen,  with 
which  it  should  have  been  united.  Thus  an  unmis- 
takable symbol  of  the  conditions  that  are  necessary  to 
burn  a  large  amount  of  combustible  in  a  small  space 
is  a  short  flame.  The  circumstances  which  conduce  to 
shortness  of  flame  are:  First,  pure  carbon  fuel,  be- 
cause the  fuel  cannot  leave  the  grate  or  furnace  until 
it  is  burned  to  CO  at  least.  In  any  case  it  cannot  de- 
posit soot,  since  CO,  when  cooled,  is  a  transparent  gas. 
Second,  intimate  initial  mixture  of  oxygen  with  the 
fuel,  since  the  more  intimate  the  mechanical  mixture 
the  less  time  will  it  take  the  gases,  by  the  process  of 
diffusion,  to  become  perfectly  mixed.  Third,  initial 
heating  of  the  air,  since  the  rate  of  diffusion  increases 
with  temperature.  Fourth,  large  surface  of  fuel  pre- 
sented for  impact  of  the  oxygen. 

Proper  Size  of  Combustion  Space 

The  desirability  of  supplying  a  combustion  chamber 
whose  volume  is  at  least  equal  to  the  volume  of  the 
flame  seems  obvious.  In  this  connection  the  fact  should 
not  be  overlooked  that  a  slight  increase  in  the  volume 
of  the  combustion  space  acts  two  ways  to  improve  the 
solidity  of  combustion.  One  way — that  having  to  do 
with  the  greater  time  permitted  for  diffusion — has  al- 
ready been  touched  upon ;  but  apart  from  that  there  are 
influences  that  work,  in  consequence  of  which  an  in- 
crease in  Jhe  volume  of  the  combustion  space  actually 
diminishes  the  volume  of  the  flame.  This  is  because 
the  temperature  of  the  larger  space  is  higher,  and  the 
higher  temperature  hastens  the  process  of  diffusion. 

During  the  process  of  diffusion  heat  is  being  liberated 
at  all  points  throughout  the  combustion  space.  There- 
fore, all  parts  of  the  space  are  being  traversed  by  heat 
rays  emanating  from  every  other  part  of  the  combus- 
tion chamber.  It  is  readily  seen  that  the  temperature 
within  the  space  must  under  these  conditions  increase 
with  the  volume  to  an  extent  limited  only  by  the  trans- 
parency to  radiant  heat,  and  by  the  temperature  of 
dissociation  at  which  necessarily  heat  ceases  to  be  lib- 
erated. Since  the  transparency  of  the  combustion  space 
is  diminished  by  the  presence  of  solid  carbon  (for 
whether  black  or  incandescent,  it  is  in  any  case  opaque), 
it  follows  that  the  increase  of  temperature  with  a  given 
increase  of  volume  will  be  less  in  a  space  filled  with 
luminous  flame  than  in  one  filled  with  burning  hydrogen 
or  CO. 

Incandescent  Walls  Hasten  Diffusion 

The  question  of  the  proper  size  of  the  combustion 
space  is  further  complicated  by  the  presence  and  con- 
dition of  the  solid  walls  of  the  furnace;  whether,  for 
mstance,  they  are  themselves  incandescent,  or  merely 
black  absorbers  of  heat.  There  seems  no  reasonable 
doubt,  however,  that  incandescent  walls  wdll  hasten  dif- 
fusion and  hence  shorten  flame. 

Where  it  is  possible  for  the  diffusion  to  be  completed 
before  combustion  begins  as  in  the  bunsen  gas  burner, 
the  difficulties  naturally  disappear,  and  there  is  readily 
attained  a  very  short  flame,  which,  moreover,  is  in- 
capable of  depositing  soot,  even  on  a  cold  body. 

In  the  caoC  of  liquid  fuel,  which  is  incapable  of  vapor- 
ization, the  diffusion  and  ignition  must  occur  simulta- 
neously. With  such  a  fuel  there  is  bound  to  be  consid- 
erable flaming.  Another  difficulty,  and  one  from  which 
all  solid  fuels  are  free,  arises  from  this  sort  of  fuel 
from  the  action  of  capillary  or  surface  tension.  Thus 
no  matter  how  finely  the  liquid  is  pulverized,  each  tiny 
drop  assumes  a  spherical  shape  and  so  presents  the  least 
possible  surface  for  the  impact  of  oxygen  atoms. 
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From  what  has  been  said  it  is  clear  that  a  Hquid  fuel, 
such  as  crude  petroleum,  requires  an  ample  combustion 
space — more,  indeed,  than  does  almost  any  other  sort  of 
combustible  material. 

The  relative  dimensions,  like  breadth  and  depth,  of 
the  combustion  space  are  of  minor  importance.  A  pri- 
mary requisite  is  volume,  and  that  alone  provided  all 
parts  of  it  are  traversed  by  the  same  quantity  of  gas 
in  a  given  time — in  other  words,  provided  tlie  gases  are 
not  short-circuited  through  or  across  some  parts  of  the 
space  to  the  neglect  of  others.  The  advantages  are  in 
favor  of  the  combustion  space  of  large  cross-section 
and  short  in  the  direction  of  the  flow  of  the  gases. 

A  primary  requisite  for  the  successful  burning  of  a 
nonvolatile  liquid  fuel  is  the  exposure  of  the  fuel  to  the 
heat  of  the  furnace  in  such  a  form  that  it  presents  the 
largest  possible  surface  for  the  impact  of  the  atoms  of 
oxygen.  From  the  principles  of  capillary  action  it  is 
possible  to  establish  a  standard  by  which  to  judge  of  the 
efficiency  of  the  various  methods  of  increasing  the 
free  surfaces  of  the  oil. 

Oil  in  bulk  has  practically  no  surface.  When  broken 
up  into  fine  drops,  the  surface  is  the  aggregate  surface 
of  all  of  the  drops.  The  smaller  the  drops  the  more 
perfect  the  spheres.  Hence,  drops  of  oil  one-thousandth 
of  an  inch  in  diameter  are  known  to  assume  the  sphe.  - 
ical  form  with  a  rigidity  comparable  to  that  of  a  steel 
ball  one  inch  in  diameter.  The  work  necessarily  per- 
formed by  the  atomizing  agent  is  simply  the  work  of 
stretching  the  surface. 

Automatic  Compensator  for  Starting 
Induction  Motors 

A  compensator  for  automatically  starting  and  stop- 
jiing  squirrel-cage  type   induction  motors  or   for   con- 
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AUTOMATIC  COMPENSATOR  WITH 
COVER  REMOVED 


trolling  them  from  remote  points  has  recently  been 
developed  and  placed  on  the  market  by  the  Industrial 
Controller  Co.,  Milwaukee,  Wis.  The  entire  starting 
and  stopping  is  accomplished  by  rheans  of  remote-con- 
trol stations,  one  or  more  of  which  can  be  situated  at 
convenient  locations,  while  the  compensator  can  be 
placed  near  the  motor.  A  float  switch  or  pressure  regu- 
lator may  also  be  used  to  operate  the  compensator.  The 
compensator,  shown  with  the  cover  removed  in  Fig.  1, 
consists  of  two  oil-break  magnetic  contactors,  two  auto- 


FIG. 


2.      CONTROL 
STATION 


transformers  and  two  time-limit  overload  relays.  As 
indicated  in  the  figure,  the  switch  mechanism  which  is 
immersed  in  oil  occupies  the  upper  portion  of  the  cas- 
ing. Each  of  the  contacts  is  closed  by  the  electro-mag- 
nets M  and  M,  one  connecting  the  motor  to  the  line 
through  the  auto-transformers,  and  after  a  predeter- 
mined period  the  other  magnet  connects  the  motor 
directly  across  the  line. 

The  control  stations.  Fig.  2,  are  provided  with  a  start- 
ing handle  H,  which  is  depressed  for  starting,  and  a  stop 
button  S,  provided  with  a  lock-out  mechanism  so  that 
the  control  station  may  be  locked  open,  and  the  motor 
cannot  be  started  until  the 
stop  bv^^ton  is  released.  If  de- 
sired, these  stations  can  be 
equipped  with  an  inching  but- 
ton, which  is  used  only  for 
this  purpose.  A  simple  ad- 
justment is  provided  within 
the  control  stations  so  that  the 
starting-time  interval  can  be 
changed  to  suit  each  individ- 
ual application,  without  going 
near  the  compensator.  At 
starting,  the  operator  presses 
down  the  starting  levers  on 
the  control  station,  which  au- 
tomatically throws  in  the  con- 
tactor connecting  the  auto- 
transformers  into  circuit.  Af- 
ter the  proper  time  interval  a 
positive-geared  clock  mechan- 
ism in  the  control  station, 
similar  to  that  in  an  automatic  messenger-call  box,  ener- 
gizes the  coil  that  closes  the  contactor  connecting  the 
motor  directly  to  the  line.  It  is  impossible  to  have  both 
contactors  closed  at  the  same  time,  since  they  are 
m.echanically  interlocked. 

Overload  protection  is  provided  by  two  time-limit 
overload  relays  R  and  R.  Current  adjustment  of  the 
relays  is  accomplished  by  turning  a  thumbnut  at  the  top 
of  the  relays,  and  time  adjustment  is  made  by  chang- 
ing the  size  of  the  valve  opening  in  the  dashpot  plunger. 
Proper  starting  voltage  is  obtained  at  the  motor's  ter- 
minals by  taps  brought  out  to  terminals  T  and  T  on  the 
panel  board.  To  make  the  voltage  adjustment,  all  that 
is  necessary  is  to  change  the  transformer  taps  from  one 
terminal  to  another.  Since  the  compensator  can  be 
locked  closed  and  the  controller  stations  locked  in  the 
off-position,  this  piece  of  equipment  is  strictlv  a  safety- 
first  device. 

England  Adopts  American 

Industrial  Policies 

The  average  generating  capacity  of  the  600  estab- 
lishments in  England  that  sell  electric  current  is  only 
5,000  hp.  each.  This  is  about  one-fourth  the  capacity  of 
a  generating  plant  of  economical  size.  So  unorganized 
is  the  whole  electrical  industry  that  "one-  cannot  pur- 
chase a  simple  electric  bulb  without  specifying  the  par- 
ticular type  of  socket"  in  which  it  is  to  be  used.  There 
is  a  strong  movement  in  England  today  to  divide  the 
entire  country  into  sixteen  power  zones,  under  the  con- 
trol of  the  government,  and  gradually  to  replace  exist- 
ing plants  by  sixteen  superpower  stations,  capable  of 
supplying  industrial  power  to  the  whole  of  England. 
This  movement  is  the  outgrowth  of  the  conviction  on 
the  part  of  many  officials  that  the  electrical  industry  is 
the  "key  industry"  upon  which  depends  Great  Britain's 
future  position  in  the  trade  of  the  world. 
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Pulverized  Coal  Under  Central-Station  Boilers 

By  JOHN  ANDERSON* 
Equipment  Required,  Method  of  Applying  and  Facts  Concerning  Operation. 
The  Chief  Merits  of  Powdered  Coal  Are  High  Efficiency 
and  Flexibility  To  Meet  Varying  Demands 


On  Feb.  19  and  20  the  Oneida  Street  plant  of  the 
Milwaukee  Electric  Railway  and  Light  Co.,  with  five 
'of  its  boilers  equipped  for  burning  pulverized  coal,  was 
open  for  inspection  for  the  first  time  to  visitors  who 
had  previously  registered  for  the  occasion.  Invitations 
had  been  sent  out  by  the  Technical  League  of  the  Em- 
ployees' Mutual  Benefit  Association.  Under  the  aus- 
pices of  this  company  organization  a  most  interesting 
paper  was  delivered  Thursday  evening  by  John  Ander- 
son. There  was  an  introductory  on  the  use  of  pul- 
verized coal  (reproduced  in  the  article  follozving),  a 
complete  report  and  analysis  of  a  four-day  test  on  the 
five  boilers  in  the  plant  under  average  operating  con- 
ditions, in  which  comparisons  were  made  with  under- 
feed stoker  operation,  followed  by  comments  on  the 
feasibility  of  burning  pulverized  fuel  in  the  power  plant 
by  Paul  W.  Thompson,  Technical  Engineer  of  Power 
Plants,  Detroit  Edison  Co.,  who  had  been  an  observer 
uf  the  test.  His  opinion  and  the  report  of  the  test  are 
given  on  other  pages  of  this  issue. — Editor. 

UP  TO  within  a  few  years  ago,  the  use  of  pow- 
dered coal  was  most  advantageous  in  those  fur- 
naces that  operate  under  a  slight  pressure  for 
the  purpose  of  excluding  air  when  the  doors  are  opened 
and  wherein  a  low  velocity  of  gas  travel  is  desired — 
typical  requirements  of  furnaces  in  the  cement,  copper 
and  iron  industries.  For  these  special  and  for  similar 
leasons,  pulverized  fuel  found  its  greatest  use  in  an- 
nealing and  forging  furnaces;  in  puddling  open-hearth 
steel  and  smelting  furnaces;  in  cement  and  lime  kilns; 
in  the  manufacture  of  refractories  and  substances  that 
require  drying  or  burning;  and  in  surface  treatment  of 
many  metals. 

However,  with  the  recent  heavy  increases  in  price 
of  coal  any  process  which  promised  greater  efficiency 
found  a  broad  field  opened  up  before  it  for  application 
to  stationary  boilers.  Previous  to  this  time  some  work 
had  been  done  in  developing  its  use  in  locomotives,  but 
the  reasons  for  its  application  to  stationary-boiler  fur- 
naces, and  the  small  saving  that  might  be  effected  with 
coal  at  a  low  price,  did  not  promise  to  offset  the  cost 
of  pulverization.  Such  conditions  did  not  encourage 
the  use  of  fuel  in  powdered  form,  therfore,  until  the 
higher  prices  of  the  last  three  years  forced  economy  in 
every  direction. 

In  any  industry  the  use  of  pulverized  fuel  necessi- 
tates a  special  plant  for  preparing  the  coal.  It  is  the 
cost  of  installing  and  operating  this  plant  that  will  al- 
ways determine  the  advisability  of  adopting  powdered 
coal  for  steam  generation  in  any  one  location.  In  such 
a  plant  there  must  be  equipment  to  separate  trampiron 
from  the  coal,  to  crush  it  to  a  size  suitable  for  drying 
and  feeding  it  to  the  pulverizers,  to  remove  the  moisture, 
jtnd  then  to  grind  it  to  the  desired  fineness. 

As  the  coal  is  received  at  the  plant  in  the  form  it 
left  the  mines,  it  is  necessary  to  pass  it  over  a  magnetic 
separator  which  removes  all  trampiron,  such  as  bolts, 
nuts,    pick-points,    etc.,    this    serving    as    a    safeguard 

•Chief  Engineer  «f  Power  Plants,  The  Milwaukee  Electric  Railway  and 
Light  Company. 


against  damage  to  the  pulverizing  and  conveying  ma- 
chinery. A  crusher  must  be  used  to  reduce  the  green 
coal  to  a  size  suitable  for  proper  drying  and  pulver- 
izing, unless  coal  can  be  procured  in  sizes  less  than 
3/2 -in.  screening  without  sacrificing  heat  value  which  is 
usually  at  its  lowest  in  smallest  size  screenings. 

The  fuel  is  next  dried,  the  object  being  to  bring  it  to 
a  condition  in  which  it  can  most  easily  be  pulverized 
and  most  uniformly  controlled  by  feeders  into  furnaces. 
In  a  pulverized-coal  fired  furnace  uniform  temperature 
conditions  are  obtained  with  dry  coal.  Moisture  in 
varying  or  large  quantities  in  pulverized  fuel  definitely 
prevents  a  regular  controllable  flow  of  mixed  fuel  and 
air  to  the  burners.  For  the  removal  of  moisture  a  me- 
chanical drier,  which  reduces  the  water  content  of  the 
fuel  to  about  one  or  two  per  cent,  is  installed.  This 
drier  usually  consists  of  a  double  rotating  cylinder,  so 
arranged  that  hot  gases  from  a  small  furnace  are  passed 
through  the  coal  as  it  travels  by  gravity  through  the 
shell  of  the  drier  and  is  delivered  to  the  pulverizers. 

The  dried  coal  is  next  fed  into  the  pulverizers.  The 
fuel  is  ground  to  an  impalpable  powder,  varying  in 
fineness  from  80  to  85  per  cent,  through  a  200-mesh 
screen.  This  process  completes  the  preparation  cycle, 
and  the  coal  in  this  form,  after  being  conveyed  to  stor- 
age bunkers  adjacent  to  furnaces,  is  ready  for  firing. 

Dust  collecting  and  reclaiming  equipment,  although 
only  auxiliary  to  the  drying  and  pulverizing  machinery, 
is  of  great  importance  in  the  economical  and  clean  op- 
eration of  a  preparation  plant. 

In  preparing  coal  the  cost  per  ton  depends  upon 
the  size  of  the  plant  and  the  quantity  of  fuel  handled, 
but  ordinarily  will  vary  between  the  limits  of  twenty- 
five  and  fifty  cents.  It  seems  that  a  great  deal  of  work 
toward  reducing  this  cost  remains  to  be  done,  especially 
along  lines  of  utilizing  waste  gases  for  drying,  in  plants 
not  provided  with  economizers.  Development  of  a  fur- 
nace design  that  will  allow  of  burning  a  large  percent- 
age of  finely  divided  coal,  but  capable  of  taking  care 
of  a  smaller  amount  of  larger-sized  particles,  presents 
an  opportunity  for  further  study  along  this  line.  This 
is  possible  in  view  of  the  fact  that  the  pulverizers  con- 
sume about  86  per  cent  of  the  total  electric  energy  re- 
quired for  all  moving  parts  of  the  coal  preparation 
equipment.  Both  of  the  items  mentioned  above,  if 
capable  of  being  reduced  as  suggested,  will  also  cause 
a  reduction  in  the  cost  of  the  pulverizing-department 
labor. 

Continuous  and  uniform  operation  of  the  pulverizing 
division  of  a  plant  is  dependent  largely  upon  the  ability 
of  the  operators  to  recognize  and  meet  the  varying 
properties  of  the  coal  as  it  arrives.  Drier  operation 
especially  must  be  changed  frequently  so  as  to  handle 
varying  sizes  of  coal  (from  high  percentages  of  dust 
to  high  percentages  of  small  nut)  and  varying  amounts 
of  moisture,  both  inherent  and  surface,  and  yet  supply 
continuously  a  coal  of  uniformly  low  moisture.  Irregu- 
larities in  the  drying  process  usually  manifest  them- 
selves throughout  the  entire  coal  cycle,  and  very  often 
with  the  result  that  the  fuel- feeding  system  becomes 
plugged  at  points  most  readily  affected  by  wet  coal. 
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Little  need  be  said  concerning  the  equipment  which 
feeds  the  fuel  to  the  furnaces.  Feeder  screws  driven 
by  variable-speed  motors  carry  the  fuel  from  the  storage 
bins  to  the  air-mixing  chambers  from  which  it  is  blown 
as  a  mixture  through  pipes  to  the  burners  and  then  into 
the  furnaces.  The  feeder-motor  controls  at  the  Oneida 
Street  plant  are  all  provided  with  cutouts,  and  if  at 
any  time  the  air  blast  to  the  mixing  chambers  and  burn- 
ers is  lost  due  to  a  blower  shutdown,  all  coal  feeders 
are  automatically  stopped,  thereby  preventing  serious 
plugging  with  attendant  interruption  to  the  operation 
of  the  boilers  for  what  could  easily  be  a  considerable 
period.  Air  additional  to  that  used  for  carrying  the 
fuel  into  the  furnace  is  taken  through  auxiliary  inlets 
located  in  the  furnace  front  and  can  be  varied  in  amount 
by  manipulation  of  the  stack  damper,  which  serves  to 
change  the  gas  velocities  through  the  boiler  and  thus 


furnace  efficiency  therefore  resolves  itself  mainly  into 
one  of  air  supply,  not  to  the  furnace  alone,  but  to  each 
particle  of  coal.  With  a  fuel  finely  pulverized,  air  can 
be  made  at  once  available  to  each  particle,  since  the 
surface  exposed  to  the  air  is  increased  many  times  that 
of  a  lump  and  combustion  is  rapid,  complete  and  effi- 
cient. With  fuel  in  lump  form  air  must  be  supplied 
•through  a  bed,  the  outer  surface  of  the  lumps  must 
be  burned  off,  the  process  of  combustion  eating  into 
the  lumps  slowly,  and  as  a  result  combustion  is  often 
gradual  and  unequal.  Where  the  fire  is  thin,  too  much 
air  is  passed;  where  it  is  heavy,  there  is  too  little  air. 
To  insure  complete  combustion  in  any  furnace  some 
excess  air  must  therefore  be  provided.  The  use  of  pul- 
verized fuel  reduces  this  excess  to  a  minim.um,  gives  a 
higher  and  more  uniform  percentage  of  CO^  and  there- 
fore   also    a    higher    and    a    more    uniform    efficiency. 


FIG.    1.      PULVERIZED   FUEL   FURNACES   AT  ONEIDA  STREET  STATION 


the  volume  taken  into  the  furnace.  With  coal  and  air 
supplies  easily  adjustable,  perfect  fire  control  is  assured 
cind  it  becomes  at  once  obvious  why  coal  is  burned  so 
efficiently  in  pulverized  form. 

In  further  explanation  of  this  it  is  well  to  consider 
briefly  the  indications  of  efficient  combustion  applied 
to  the  steam  boiler.  Chief  among  these  is  the  per- 
centage of  carbon  dioxide,  or  COg — the  product  of 
complete  combustion — which  is  found  in  flue  gases. 
Next  in  importance  is  the  percentage  of  carbon 
monoxide,  CO — a  product  of  incomplete  combustion — 
which  may  be  found  at  the  same  time. 

The  condition  desirable  is  that  with  the  percentage 
of  CO2  as  high  as  practicable  there  should  be  no  CO — 
a  condition  obtainable  to  a  greater  degree  in  a  pul- 
verized-fuel  furnace  than  in  any  other  type.  Complete 
combustion  with  the  least  amount  of  excess  air  requires 
the  best  distribution   of  that  air  and  the   problem   of 


In  pulverized-fuel  practice  the  percentage  of  CO, 
to  be  maintained  is  determined  to  a  great  degree  by 
furnace  limitations  rather  than  combustion  considera- 
tion. From  16  to  17  per  cent  COo  in  the  flue  gases  is 
easily  obtainable,  but  it  cannot  be  maintained  in  actual 
operation  due  to  exceedingly  high  flame  temperatures 
that  result  in  the  consequent  destruction  of  the  brick- 
work. The  temperature  of  the  fuinace  therefore  must 
be  regulated  by  varying  the  volume  of  excess  air.  The 
temperature  of  the  flame  should  not  be  above  3,000 
deg.  F.  and  that  of  the  brickwork  in  the  flame  zone 
not  more  than  2,400  or  2,500  deg.  F.  Higher  tempera- 
tuies  than  these  usually  result  in  fusion  of  the  ash 
particles  and  formation  of  a  molten  slag  that  is  very 
destructive  to  the  brickwork  with  which  it  comes  in 
contact. 

In  attempting  to  carry  combustion  conditions  of  a 
furnace  so  as  to  obtain  exceedingly  high  percentages 
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of  CO2,  usually  too  little  attention  is  given  to  the  losses 
resulting  from  the  formation  of  carbon  monoxide  or 
CO.  Carbon  monoxide,  a  highly  combustible  gas,  is 
formed  when  the  excess  air  admitted  to  the  furnace 
is  insufficient  to  properly  surround  and  completely  oxi- 
dize all  the  coal  particles.  Heat  losses  occurring  when 
carbon  monoxide  is  present  in  the  gases  of  combus- 
tion outweigh  any  gains  that  may  be  effected  by  an  ex- 
ceedingly high  COo  and  are  always  to  be  avoided. 

In  the  discussion  of  furnace  efficiencies  considera- 
tion should  be  given  to  the  adaptability  of  a  pulverized- 
fuel  fired  furnace  to  the  use  of  widely  varying  grades 
of  coal  without  resultant  losses  in  economy.  Further, 
boiler  capacity,  even  under  heavy  overloads,  is  in  no 
way  affected  when  an  inferior  quality  of  coal  is  burned. 
It  is  known  that  the  combined  efficiency  of  a  boiler  and 
furnace  does  not  decrease  when  the  fuel  is  poor,  which 
condition  does  not  hold  true  for  the  stoker.  In  the 
case  of  the  stoker,  the  dropping  off  in  efficiency  is  at  a 
more  rapid  rate  than  the  B.t.u.  value  of  the  fuel  would 
indicate  as  normal,  and  so  much  so  that  the  point  is 
rapidly  reached  when  proper  combustion  cannot  be 
maintained. 

Operation  of  a  pulverized-fuel  fired  boiler  equipped 
with  proper  instruments  can  be  varied  to  take  big  fluc- 
tuations in  load  over  very  brief  periods  of  time.  A 
heavy  overload  can  be  quickly  taken  on  or  dropped  off 
by  adjustment  of  the  coal  and  air  feeds,  and  without 
any  waste  of  fuel  as  always  occurs,  under  like  condi- 
tions in  stoker  practice.  No  losses  occur  due  to  clinker- 
ing  of  coal  or  cleaning  of  fires,  this  condition  of  opera- 
tion being  entirely  eliminated.  Irregularities  caused  by 
change  in  quality  and  variation  in  size  of  coal,  such  as 
the  fireman  cannot  successfully  cope  with  on  stokers, 
are  also  eliminated.  Furnace  conditions  necessary  to 
most    economical   combustion   are   more   perfectly   ob- 


FIG.  2.     INSTRUMENT  BOARD  FOR  TWO  BOILERS 

tained  and  hence  a  horizontal  combined  efficiency  curve 
is  possible  of  approximate  attainment. 

Due  to  its  easily  regulated  coal  and  air  supply  and 
its  perfectly  controlled  rate  of  combustion,  the  pul- 
verized-fuel furnace  practically  eliminates  losses  of 
combustible  in  ash.  Ordinarily,  this  loss  is  relatively 
large  and  varies  according  to  the  nature  of  the  coal, 
type  of  stoker  and  the  boiler  load  carried.  In  pulver- 
ized-fuel practice  the  loss  is  very  small  and  these  vari- 
ations do  not  occur. 


The  ease  with  which  the  fuel  feed  and  draft  is  con- 
trolled, the  ability  to  take  on  and  drop  off  heavy  over- 
loads in  a  brief  time,  the  thorough  combustion  of  the 
coal  and  the  uniformly  high  efficiency  obtainable  under 
normal  operation  constitute  the  chief  advantages  of 
pulverized  fuel  over  other  methods  of  coal  burning. 

An  additional  economy  is  effected  during  banked 
boiler  hours.  Banking  conditions  when  operating  with 
pulverized  fuel  are  somewhat  different  from  those  ob- 


FIG.  3.  BLOWER  UNIT  AND  FEEDER  CONTROLS 

lained  in  stoker  practice.  By  stopping  the  fuel  supply 
and  closing  up  all  dampers  and  auxiliary  air  inlets,  a 
boiler  fitted  for  use  of  pulverized  fuel  can  be  I'teld  up 
to  pressure  for  several  hours.  The  furnace  brickwork, 
having  been  heated  to  incandescence  during  operation, 
gives  off  a  radiant  heat  which  is  almost  all  absorbed 
by  the  boiler  rather  than  escaping  up  the  stack  inter- 
mixed with  an  excess  of  cooling  air.  Only  radiation 
losses  occur,  as  against  radiation  plus  stack  and  grate 
losses  in  the  case  of  the  stoker. 

Commenting  for  a  moment  on  the  maintenance  fea- 
tures of  such  a  plant  as  has  been  described,  it  is  the 
writer's  belief,  based  on  two  years'  operating  experi- 
ence, that  the  furnace  brickwork  in  a  pulverized-fuel 
furnace  will  stand  up  equally  as  well  as  a  stoker  in- 
stallation, with  a  very  great  advantage  in  favor  of  the 
former  due  to  the  elimination  of  all  ironwork  in  the 
furnace  or  anywhere  near  the  high-temperature  zones 
of  the  boiler  furnace.  Regarding  the  maintenance  of 
the  pulverizing-plant  equipment  it  has  not  been  found 
that  any  great  amount  of  maintenance  is  likely  to  be 
necessary,  as  all  the  equipment  is  of  the  slow-moving 
type  and  many  opportunities  are  afforded  of  applying 
the  same  concentration  of  effort  that  has  been  typical 
of  the  stationary  engineer's  work  in  improving  equip- 
ment when  defects  or  fast-wearing  parts  are  uncovered. 
The  pulverized-machinery  manufacturers  have  done  a 
great  deal  along  this  line,  but  there  are  still  matters 
that  can  be  improved  upon  by  the  engineer  looking  for 
the  least  troublesome  as  well  as  the  most  economical 
plant  from  a  maintenance  standpoint. 

Powdered-fuel  installations  are  not  feasible  in  every 
1  cation.  There  is  one  limitation  and  that  is  the  size 
of  boiler  phnt  to  be  served.  A  plant  of  less  than  2,500 
developed  boiler  horsepower  on  a  24-hour  operating  basis 
should  not  consider  using  powdered  fuel.  The  amount 
of  coal  pulverized  per  day,  the  cost  of  installation,  and 
the  labor  for  operating  the  preparation  plant,  when 
properly  studied,  will  bring  before  those  interested  the 
reasons  therefor. 

In  general,  we  have  found  the  powdered-fuel  method 
applied  to  our  furnaces  a  distinctly  advantageous  one. 
Our  firemen  prefer  to  operate  such  equipment  rather 
than  the  stokers  when  it  becomes  a  matter  of  choice. 
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It  has  proved  more  economical,  as  evidenced  by  the 
monthly  coal  bill.  It  seems  to  make  the  formation  of 
scale  in  the  boiler  less  than  in  stoker-fired  boilers.  There 
is  absolutely  no  trouble  from  smoke,  consequently  no 
reduction  in  ability  of  the  boiler  to  absorb  heat  flue  to 
soot  on  the  tubes. 

The  use  of  high-sulphur  coal,  which  is  so  destruc- 
tive to  boiler  tubes,  breechings,  smokestack  and  all  other 
^teel  equipment  found  in  a  boiler  plant,  is  much  more 
satisfactory  as  the  low  moisture  content  of  the  coal  as 
fired  reduces  the  opporttmity  for  attack  from  sulphuric 
acid. 

Although  frequently  cautioned  against  explosions, 
we  have  had  no  evidence  that  such  caution  is  necessary. 
The  reason  for  our  freedom  from  such  unpleasant  oc- 
currences is  due  almost  entirely  to  a  proper  care  in  pre- 


venting coal  from  being  dried  too  much  and  pulverized 
to  a  fineness  beyond  what  is  necessary.  Matters  of  a 
kind  similar  to  the  foregoing  are  in  the  hands  of  the 
operating  engineers  and  do  not  benefit  by  the  high- 
brow application  of  theories.  The  engineer  who  is 
careful  of  his  everyday  equipment  and  keeps  his  plant 
free  from  accidents  of  every  nature,  from  flywheel  ex- 
plosions to  burned-out  motors,  can  operate  a  pulverized- 
fuel  plant  successfully  without  other  assistance  than  his 
own  experience,  as  with  the  exception  of  the  drier,  the 
manipulation  of  the  plant  is  simple. 

An  actual  comparison  of  results  obtained  with  pul- 
verized fuel  and  with  a  stoker-fired  furnace  has  been 
deriveci  from  tests  conducted  on  both  at  the  Oneida 
Street  plant.  [These  tests  are  presented  on  other  pages 
of  this  issue.] 


Pulverized  Fuel  at  Oneida  Street  Plant 


By  PAUL  W.  THOMPSON 

Technical   Engineer  of  Power  Plants,   Detroit  Edison   Company 


THERE  is  at  the  present  time  a  considerable  dif- 
ference in  opinion  among  engineers  as  to  thc^ 
feasibility  of  burning  pulverized  coal  in  central 
generating  stations,  and  as  to  whether,  taking  all  facts 
into  consideration,  the  use  of  pulverized  fuel  will  result 
in  a  net  saving  over  the  results  obtained  with  modern 
stoker  installations.  It  is  to  be  presumed  that  a  gen- 
eral comparison  of  any  two  plants,  one  equipped  with 
stokers  and  one  equipped  for  the  preparation  and  burn- 
ing of  pulverized  fuel,  would  probably  not  give  results 
v,^hich  could  be  readily  comparable  in  determining  the 
ultimate  relative  value 'of  one  method  of  burning  fuel 
over  the  other  because  of  the  probable  different  con- 
ditions of  operation  and  the  difference  in  design,  kind 
and  cost  of  fuel,  cost  of  labor,  etc. 

In  order  to  determine  the  feasibility  of  burning  pul- 
verized fuel,  the  Milwaukee  Electric  Railway  and  Light 
Co.,  early  in  1918,  decided  upon  a  trial  installation  on 
one  of  the  468-hp.  boilers  in  the  Oneida  Street  power 
plant. ^  The  necessary  equipment  was  installed  and 
after  preliminary  operation  and  making  certain  changes 
which  were  found  to  be  necessary,  they  found  that  the 
installation  had  proved  to  be  entirely  successful,  so  the 
remaining  four  boilers  in  the  south  end  of  the  plant 
were  equipped  for  burning  pulverized  fuel.  By  so 
doing  they  now  have  five  468-hp.  boilers  under  which 
the  pulverized- fuel  system  has  been  installed.  This  is 
practically  one-half  the  boiler  capacity  of  the  Oneida 
Street  plant  and  is  a  sufficiently  large  installation  to 
compare  directly  with  the  other  boilers  in  this  station 
haxing  Riley  underfeed  stokers,  or  similar  boilers  in 
the  Commerce  Street  station  also  equipped  with  Riley 
stokers,  which  are  subjected  to  practically  the  same  op- 
erating conditions  as  are  the  boilers  under  which  (he 
pulverized  fuel  is  burned. 

To  obtain  data  on  the  pulverized-fuel  equipment  for 
the  purpose  of  comparing  it  with  their  stoker  installa- 
tion and  determining  the  relative  advantages,  the  Mil- 
waukee Electric  Railway  and  Light  Co.  conducted 
tests,  presented  elsewhere  in  this  issue,  at  which  the 
writer  was  present  as  an  observer.  The  five  boilers 
were  operated  at  as  nearly  a  constant  rating  as  possible 
of  120  per  cent  for  a  period  of  four  days  from  Nov.  11 
to  15.  Throughout  the  duration  of  the  test  data  were 
taken  from  which  the  over-all  efficiency  of  boilers  and 
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furnaces  was  computed  and  also  attention  was  paid  to 
the  operating  labor  cost.  It  is  unnecessary  to  go  into 
the  details  of  the  test  or  methods  employed,  as  these 
are  given  in  the  report  of  the  test.  It  is  sufficient  to 
say  that  the  test  was  properly  conducted  and  particu- 
lar care  exercised  in  obtaining  an  accurate  record  of 
all  quantities  involved.  The  water  and  coal  were 
weighed  and  the  scales  checked  for  accuracy  at  fre- 
quent intervals.  All  blowoff  piping  was  disconnected 
from  the  boilers  to  preclude  any  possibility  of  error  due 
to  leakage.  The  boilers  were  subjected  to  regular  nor- 
mal operation  except  the  rating  was  held  at  practically 
a  constant  figure,  and  no  special  effort  was  made  to 
obtain  an  efficiency  which  would  not  be  obtained  under 
normal  plant  operation. 

During  the  test  the  writer  availed  himself  of  the  op- 
portunity of  watching  carefully  the  boiler-room  opera- 
tion and  also  the  operation  of  the  pulverizing,  drying 
and  coal-handling  equipment  and  was  favorably  im- 
pressed with  the  installation  from  an  operating  view- 
point. 

The  boiler-room  operation  was  much  simpler  than  is 
obtained  with  a  stoker  installation.  The  rate  of  steam- 
ing of  the  boiler  is  controlled  by  varying  the  speed  of 
the  feeder  motor  and  adjusting  the  damper  to  take  care 
of  the  different  quantity  of  flue  gas.  It  is  unnecessary 
to  look  into  the  furnace  at  frequent  intervals  as  is  the 
case  when  firing  with  stokers  and  where  holes  in  the 
fire  or  heavy  spots  nius:  be  corrected.  In  fact,  when 
once  the  feeder  speed  is  set  to  give  a  certain  rate  of 
steaming  of  the  boiler,  there  seems  to  be  no  reason  why 
this  rating  could  not  be  maintained  continuously  so  far 
as  the  furnace  is  concerned  without  it  being  neces- 
.sary  to  make  any  changes  whatever.  Variations  in  the 
kind  and  quality  of  fuel  burned  seemed  to  have  no 
effect  on  the  operation  except  that  -vhen  feeding  at  a 
constant  quantity  the  rating  of  the  boiler  varied  with 
the  heat  value  of  the  coal.  At  one  time  during  the  test 
Youghiogheny  was  used,  this  coal  having  a  higher  heat 
value,  higher  volatile  content,  less  ash  and  less  sulphur 
than  the  mixture  of  Youghiogheny  and  Kentucky  coal 
used  throughout;  the  remainder    of  the  test. 

Losses  that  are  inherent  in  stoker  practice,  such  as 
breakdowns  in  the  stoker  itself,  breaking  up  clinkers, 
loosening  clinkers,  continually  watching  the  fire  to 
maintain  correct  and  uniform  thickness,  watching  the 
gas  passes  of  the  boiler  for  large  sparks  indicating  the 
carrying  away  of  combustible,  dumping,  and  the  many 
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other  operations  that  are  necessary  in  stoker  operation, 
are  ehminated.  In  other  words,  efficient  combustion 
is  obtained  at  all  times  without  continual  supervision 
by  an  experienced  operator  and  from  the  standpoint  of 
reliability  of  operation  the  odds  are  in  favor  of  the  pul- 
verized fuel.  This  is  an  item  for  serious  consideration  in 
plants  designed  with  4.5  kw.  capacity  or  more  per  in- 
stalled boiler  horsepower,  where  the  losing  of  a  boiler 
due  to  stoker  trouble  at  the  time  of  maximum  load  on 
the  station,  might  seriously  overload  the  remaining 
boilers  or  make  it  necessary  to  drop  a  portion  of  the 
load. 

The  handling  of  the  ash  resulting  from  combustion 
of  the  pulverized  fuel  is  a  simple  matter  due  to  the 
very  small  quantity  that  is  deposited  in  the  furnace. 
It  is  in  the  form  of  a  fine  impalpable  powder  which 
during  the  test  was  removed  twice  each  24  hours.  On 
several  occasions  during  the  first  and  second  days  of 
the  test,  slagging  occurred  in  a  furnace  due  to  not  ad- 
mitting a  sufficient  quantity  of  air.  The  direct  cause 
of  this  was  over-anxiety  on  the  part  of  the  men  con- 
ducting the  test  to  obtain  a  high  percentage  of  COg 
in  the  flue  gas.  The  reduction  in  the  excess  air  per- 
mitted the  furnace  temperature  to  rise  to  a  point  where 
slagging  occurred.  The  removing  of  this  slag  from 
the  bottom  or  floor  of  the  furnace  presented  more  dif- 
ficulty than  is  usually  experienced  in  removing  the 
refuse  from  the  ash  hopper  of  a  stoker-fired  boiler. 
This  slag  had  to  be  broken  up  and  pulled  out  before  it 
fused  to  the  brick  lining  of  the  furnace.  It  appeared 
to  the  writer  that  this  formation  of  slag  could  have 
been  eliminated  almost  entirely  by  a  more  frequent  in- 
spection of  the  floor  of  the  furnace  and  the  admitting 
of  more  air  through  the  openings  in  the  front  of  the 
furnace  if  it  was  found  that  slag  was  beginning  to  form. 
Even  at  the  time  of  removing  this  slag  it  was  possible 
to  maintain  the  rating  on  the  boiler  by  increasing  the 
coal  feed.  This,  however,  resulted  in  a  decreased  effi- 
ciency during  the  time  required,  amounting  to  about 
forty-five  minutes  in  24  hours  for  each  boiler. 

A  large  portion  of  the  ash  resulting  from  combus- 
tion is  carried  on  through  the  passes  of  the  boiler  and 
out  of  the  stack.  Owing  to  the  fineness  of  this  ash  it 
apparently  is  carried  a  considerable  distance  even  in  a 
moderate  wind  before  being  precipitated.  Throughout 
the  test  there  was  a  moderate  wind  blowing,  probably 
between  4  and  8  miles  per  hour,  and  the  writer  was 
unable  to  find  any  noticeable  deposit  in  the  streets.  Even 
at  the  time  of  blowing  the  deposit  of  ash  from  the 
boiler  tubes,  which  was  done  three  times  a  day,  requir- 
ing about  20  minutes  per  boiler  for  each  blow,  no  no- 
ticeable precipitation  of  ash  could  be  found  in  the 
streets.  At  no  time  during  the  test  was  there  any  tend- 
ency for  slag  to  form  on  the  tubes  of  the  boiler. 

Strictly  speaking,  there  is  no  such  thing  as  a  banked 
boiler  when  using  pulverized  fuel,  as  all  that  is  neces- 
sary when  it  is  desired  to  cut  out  a  boiler  is  to  shut 
off  the  coal  feed  and  close  all  the  dampers  and  auxiliary 
air  inlets  to  the  furnace.  In  this  way  the  company  has 
found  by  test  that  it  is  possible  to  hold  the  boiler  up  to 
pressure  for  about  ten  hours  by  the  radiant  heat  stored 
up  in  the  furnace  and  boiler  setting  which  is  gradually 
absorbed  by  the  boiler.  The  loss  which  occurs  and 
which  can  be  compared  to  the  banking  loss  in  a  stoker- 
fired  boiler  is  the  heat  radiated  from  the  boiler  and  set- 
ting, an  equivalent  in  amount  to  that  required  to  heat 
up  the  boiler  and  setting  again  to  the  temperature  at- 
tained when  steaming.  In  a  plant  where  the  ratio  of 
boiler  hours  to  boiler  steaming  hours  averages  43  per 
cent  or  greater,  which  corresponds  to  an  average  daily 
plant  load  factor  of  67  per  cent,  the  saving  resulting 


from  the  use  of  pulverized  coal  is  worth  considering. 
Assuming  0.2  lb.  of  coal  consumed  per  boiler-horse- 
power-banking hour  in  a  plant  equipped  with  under- 
feed stokers,  this  loss  amounts  to  about  1.5  per  cent. 
In  a  pulverized-fuel-burning  plant  the  loss  should  be  re- 
duced to  one-half  this  figure,  resulting  in  a  net  saving 
of  0.7  per  cent  on  this  one  item  alone. 

Conveying  and  preparation  of  pulverized  fuel  pre- 
sents a  somewhat  more  complex  problem,  although  the 
])resent  equipment  of  the  Oneida  Street  station  is  op- 
erating satisfactorily,  and,  during  the  test,  operated 
without  any  serious  interruptions.  Moisture  in  the  pul- 
\'erized  fuel,  caused  by  sweating  on  the  inside  of  the 
pulverized-fuel  bins,  resulted  in  some  feeder  troubles, 
but  this  was  only  a  temporary  condition  and  was  over- 
come by  closing  the  windows  just  above  the  bins,  stop- 
ping the  cold  air  from  blowing  directly  on  them.  One 
of  the  feeder  pipes  between  the  bin  and  the  furnace 
became  partly  plugged  up  due  to  a  paper  composition 
gasket  becoming  lodged  in  the  pipe  just  above  the 
burner.  The  boiler  on  which  this  occurred  was  op- 
erated for  at  least  24  hours  at  the  desired  rating  by 
increasing  the  feeder  speed  on  the  other  burner  until 
the  trouble  was  located  and  removed.  During  this  pe- 
riod the  efficiency  of  combustion  was  undoubtely  below 
the  average,  as  the  coal  that  did  come  through  the 
plugged  feeder  was  not  fed  in  with  the  correct  quan- 
tity of  air.  No  trouble  was  experienced  with  the  drier 
or  pulverizing  mills  at  any  time  during  the  test. 

The  writer  does  not  believe  that  under  test  condi- 
tions over  a  period  of  constant  boiler  rating  the  effi- 
ciency obtained  with  the  use  of  pulverized  fuel  will 
exceed  that  which  has  been  obtained  from  the  best 
stoker  practice  under  similar  operating  condition.  How- 
ever, under  normal  operation  it  is  believed  that  the 
elimination  of  the  many  variable  conditions  entering 
into  stoker  operation  will  result  in  higher  efficiency  for 
the  pulverized-fuel  installation.  Over-all  efficiencies 
of  boiler,  furnace  and  grate  as  high  as  82  or  83  per 
cent  have  been  obtained  on  test  with  stoker-fired  boilers, 
but  normal  operation  day  in  and  day  out  seldom  exceeds 
76  per  cent  in  the  very  best  practice  where  highly 
skilled  help  is  employed  in  supervising  the  boiler-room 
operation.  The  gross  over-all  efficiency  of  boiler  and 
furnace  of  79.6  per  cent,  as  obtained  from  the  results 
of  this  test,  would  unquestionably  have  been  higher  had 
the  boiler  been  cleaned  prior  to  the  test.  As  a  matter 
of  fact  each  boiler  had  been  in  operation  prior  to  the 
test  approximately  600  hours  since  being  entirely 
cleaned,  including  approximately  300  hours  on  three 
of  the  boilers  since  cleaning  the  first  four  rows. 

Certainly,  the  results  obtained  in  the  pulverized-fuel 
burning  plant  as  a  whole,  where  the  equipment  was  in- 
stalled and  made  to  fit  an  old  plant  originally  equipped 
with  Jones  stokers,  are  encouraging  enough  to  warrant 
serious  consideration  of  the  use  of  this  kind  of  fuel  in 
stations  to  be  built  in  the  future.  There  are  many  im- 
provements which  can  be  made  in  a  new  plant,  especially 
in  the  design  of  the  furnace,  location  of  the  drying  and 
coal-pulverizing  equipment,  method  of  coal  handling 
and  pulverizing,  method  of  ash  handling,  slag  pre- 
\ention,  possibility  of  using  waste  gases  for  the 
drying  of  fuel,  all  of  which  will  have  an  effect  on  the 
efficiency  which  may  be  obtained.  The  application  of 
pulverized  fuel  to  central  generating  stations  has  been 
in  use  to  a  very  limited  extent  for  several  years,  but 
there  still  remains  much  experimental  work  to  be  done 
before  we  can  hope  to  exhaust  all  the  possibilities  for 
increased  efficiency,  and  bring  it  to  as  high  a  state  of 
development  as  is  the  stoker  at  the  present  time. 
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Fatal  Accidents  on 
Low- Voltage  Circuits 

WHKN  alternating-current  systems  first  began 
to  come  into  use,  and  the  voltages  of  these 
systems  were  increased  to  eleven  hundred  or  twenty- 
two  hundred  volts,  there  was  considerable  discussion 
of  the  question  of  limiting,  by  law,  all  electric  cir- 
cuits to  one  thousand  volts  and  under,  since  an 
electric  pressure  above  this  value  was  considered  too 
hazardous  to  work  around.  However,  such  legislation 
never  was  passed,  and  the  voltages  of  electric  circuits 
have  increased  until  at  the  present  time  circuits  operat- 
ing at  one  hundred  and  fifty  thousand  volts  are  in  serv- 
ice and  the  two  hundred  and  twenty  thousand-volt  sys- 
tem is  a  possibility  of  the  near  future.  Fatal  accidents 
have  occurred  on  circuits  of  less  than  one  hundred 
volts,  yet  the  average  electrical  worker  will  handle  one 
hundred  and  twenty  and  two  hundred  and  forty  volt 
circuits  with  a  sense  of  safety.  Some  industrial  author- 
ities recommend  that  not  over  two  hundred  and  forty 
volts  should  be  used  on  direct-current  motor  circuits. 

A  report  made  by  G.  S.  Ram,  electrical  inspector  of 
factories  in  England,  contains  some  very  interesting 
data  on  this  subject.  Out  of  ninety-nine  fatal  electrical 
accidents  occurring  in  England  during  the  period  from 
1915  to  1918,  inclusive,  twenty  were  on  circuits  of  one 
thousand  volts  and  ovei^,  while  the  other  seventy-nine 
were  on  circuits  of  five  hundred  and  fifty  volts  and  less. 
Fifty-nine  of  these  were  on  circuits  having  voltages  be- 
tween five  hundred  fifty  and  three  hundred  forty-six, 
and  the  remaining  twenty  happened  on  circuits  of  two 
hundred  and  forty  down  to  as  low  as  one  hundred 
and  five  volts.  Of  the  sixty-nine  accidents  occur- 
ring on  circuits  of  four  hundred  and  forty  volts 
and  less,  it  is  doubtful  if  any  of  the  fatalities 
were  due  to  pressures  greater  than  two  hundred 
and  fifty  volts,  since  the  voltage  to  earth  on  any  of 
these  circuits  was  not  above  the  latter  value.  Ninety- 
five  of  the  total  number  occurred  on  alternating-current 
circuits.  This  is  probably  due  to  the  wide  use  of  alter- 
nating current  for  industrial  purposes.  Since  a  direct- 
current  machine  or  starting  device  is  not  in  general  as 
well  insulated  to  prevent  getting  in  contact  with  bare 
parts  as  alternating-current  equipment,  there  is  always 
greater  danger  of  receiving  a  shock  from  the  former 
than  from  the  latter.  The  direct-current  machine  al- 
ways requires  more  or  less  attention  while  in  operation, 
such  as  sandpapering  the  commutator  and  adjusting  the 
brushes,  which  is  not  required  on  polyphase  alternating- 
current  machines.  However,  in"  all  low-voltage  alter- 
nating-current circuits  there  is  always  danger  of  the 
insulation  between  the  primary  and  secondary  of  trans- 
formers breaking  down  and  subjecting  the  secondary  to 
primary  volts  to  ground,  a  dangerous  condition  unless 
the  secondary  winding  is  grounded. 

Since  the  probable  voltage  of  the  shock  in  sixty-fix 
of  the  foregoing  cases  was  between  two  hundred  fifty 
and  two  hundred  volts,  it  would  seem  that  these  voltages 
are  as  dangerous  as  five  hundred  and  fifty  volts.  One  of 
the  greatest  dangers  of  accidents  from  electric  circuits 
is  the  disregard  that  a  large  majority  of  workmen  have 
for  low-voltage  circuits,  which  develops  from  knowing 


that  under  ordinary  conditions  a  serious  shock  will  not 
be  received  from  these  circuits.  However,  if  a  low- 
resistance  circuit  to  ground  is  made  and  the  individual 
cannot  readily  get  clear  of  the  circuit,  there  is  danger 
of  as  low  as  one  hundred  and  ten  volts  or  even  less 
causing  fatal  accidents,  therefore  such  circuits  should 
always  be  treated  as  hazardous. 

Pulverized  Coal 
at  Milwaukee 

THROUGH  many  vicissitudes  pulverized  coal  in 
the  power  plant  has  at  least  reached  the  stage 
where  it  may  be  pronounced  a  commercial  success, 
although  there  still  remains  much  experimental  work 
to  be  done.  The  numerous  difficulties  that  have 
blocked  the  way  have  been  overcome  gradually,  and  it 
has  been  proved  beyond  peradventure  that  coal  in  the 
powdered  form  can  be  burned  to  advantage  over  the 
most  modern  and  recent  methods  of  combustion.  The 
general  increase  in  the  price  of  fuel  has  been  the  im- 
mediate incentive.  Under  test  conditions  the  efficiency 
of  burning  is  only  a  trifle  higher  than  in  the  modern 
type  of  stoker,  but  in  daily  operation  the  elimination  of 
the  many  variable  conditions  entering  into  stoker  opera- 
tion, the  flexibility  and  the  ease  of  control  and  other 
inherent  advantages  are  reported  to  give  to  powdered 
coal  a  margin  that  will  more  than  off^set  the  higher 
cost  of  fuel  preparation  and  the  additional  investment 
in  equipment. 

The  glory  goes  to  Milwaukee  and  in  particular  to  the 
men  who  have  struggled  for  two  years  to  make  the 
previous  claims  possible.  It  has  not  been  an  easy  task, 
and  there  were  times  when  the  difficulties  seemed  al- 
most insurmountable.  Five  times  the  furnaces  were 
changed  in  shape  and  volume  and  additional  provision 
made  for  the  admission  of  air  to  improve  combustion 
and  protect  the  brickwork  in  the  furnace  before  the 
present  satisfactory  results  were  obtainable.  The  fur- 
nace volume  selected,  0.359  cubic  foot  per  square  foot 
of  water-heating  surface,  is  not  excessive  when  it  is 
considered  that  it  is  equivalent  to  the  furnace  and  ash- 
pit of  a  stoker. 

Re-equipping  five  boilers  in  an  old  plant  made  the 
work  more  difficult  than  it  would  have  been  with  an 
original  layout.  The  story  is  told  on  other  pages  of 
this  issue.  A  resume  is  given  of  the  requirements  and 
the  advantages.  There  is  a  summary  of  a  four-day  test 
on  all  five  boilers  under  average  operating  conditions, 
and  to  confirm  th.e  reliability  of  methods  and  figures, 
there  is  comment  from  a  competent  obseiver  of  the 
test  attached  to  one  of  the  largest  :  nd  best-equipped 
stoker  plants  in  the  country.  The  proof  of  the  pudding 
is  in  the  eating,  and  in  this  case  the  verdict  has  been 
so  favorable  that  the  new  Lakeside  plant  of  the  Mil- 
waukee company  will  be  equipped  to  bur.i  pulverized 
fuel.  As  an  Initial  installation  it  is  to  have  eight  1,306- 
horsepower  boilers,  two  20,000-kilowatt  generating 
units  and  a  separate  building  for  the  preparation  of 
fuel.  The  coal  consumption  will  approximate  seven 
hundred  tons  per  day.  The  added  investment  in  build- 
ing and  equipment  for  preparing  the  fuel  over  a  stoker 
plant  has  been  estimated  to  exceed  twenty  dollars  per 
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boiler  horsepower,  but  the  saving  possible,  based  on 
improvements  suggested  by  operation  at  Oneida  Street 
station,  indicates  that  this  additional  expenditure  w^ill 
be  well  worth  while.  A  more  exact  statement  of  the 
possibilities  will  be  available  at  a  later  date. 

Referring  again  to  the  opinions  of  the  men  respon- 
sible for  the  progress  made  and  of  those  who  had  an 
opportunity  to  inspect  the  plant  at  its  present  stage  of 
development,  it  would  appear  that  boiler-room  opera- 
tion when  burning  powdered  coal  is  much  simpler  than 
with  a  stoker  installation.  The  rate  of  steaming  is 
controlled  by  varying  the  speed  of  the  feeder  motor 
and  adjusting  the  damper  for  the  variation  in  the  quan- 
tity of  flue  gas.  It  is  unnecessary  to  correct  the  holes 
and  heavy  spots  that  develop  in  the  fuel  bed  of  a 
stoker;  and  variations  in  kind  and  quality  of  fuel 
burned  seem  to  have  no  effect  on  operation  except  that 
with  a  constant  feed  the  rate  of  steaming  will  vary  with 
the  heat  value  of  the  coal.  Losses  inherent  in  stoker 
practice,  such  as  breakdowns  in  the  stoker  itself,  break- 
ing up  and  loosening  clinkers,  watching  the  fire  to  main- 
tain uniform  thickness,  dumping  and  many  other  op- 
erations, are  eliminated.  Efficient  combustion  is  main- 
tained without  continual  supervision  by  an  experienced 
operator,  and  from  the  standpoint  of  reliability  the  odds 
have  been  placed  in  favor  of  pulverized  fuel. 

With  coal  and  air  supplies  easily  adjustable,  almost 
perfect  fire  control  and  proper  air  distribution  are  ob- 
tained. This  results  in  thorough  combustion,  uniformly 
high  efficiency  under  normal  operation  and  the  ability 
to  change  from  no  load  to  two-hundred  per  cent  over- 
load in  a  few  seconds.  Regularity  of  action,  making 
it  possible  to  anticipate  results,  is  a  factor  that  appeals 
to  the  operator. 

With  powdered  coal,  banking  a  boiler  is  a  simple 
process,  requiring  no  additional  fuel  to  hold  the  fire. 
It  is  necessary  only  to  stop  the  fuel  supply  and  close 
the  dampers  and  auxiliary  air  inlets.  The  radiant  en- 
erg}'  in  the  brickwork  is  retained  and  will  hold  pres- 
sure on  th^  boiler  for  hours. 

Observation  for  a  period  of  two  years  in  the  installa- 
tion under  discussion  has  demonstrated  that  the  brick- 
work in  a  pulverized-fuel  furnace  will  stand  up  equally 
as  well  as  in  a  stoker  installation,  with  the  added  ad- 
vantage that  ironwork  is  eliminated  from  the  high-tem- 
perature zone  of  the  furnace.  Maintenance  exists  prin- 
cipally in  the  pulverizing  plant.  With  machinery  of  the 
slow-moving  type  it  is  not  excessive,  although  there  is 
room  for  improvement. 

Owing  to  the  soft  heat  and  no  impingement  of  the 
heat  on  the  tubes  caused  by  a  strong  draft,  the  forma- 
tion of  scale  in  the  boiler  seems  to  be  less.  There  is 
absolutely  no  trouble  from  smoke  and  no  soot  to  reduce 
the  heat-absorbing  ability  of  the  boiler,  although  there 
is  some  collection  of  very  light  ash.  Much  of  the  ash 
apparently  floats  out  of  the  stack,  leaving  a  compara- 
tively small  amount  to  be  removed  from  the  combus- 
tion chamber.  It  is  interesting  to  note  that  the  low 
moisture  content  of  the  coal  as  fired  reduces  the  op- 
portunity for  the  formation  of  sulphuric  acid,  so  de- 
structive to  all  ironwork  with  which  the  flue  gases  come 
in  contact. 

That  there  has  been  no  serious  trouble  from  coal- 
dust  explosions  is  attributed  to  proper  care  in  prevent- 
ing the  coal  from  being  dried  too  much  or  pulverized 
to  a  fineness  beyond  the  requirements.  The  drying 
process  requires  careful  supervision  and  ability  in  the 
opera*^or  to  recognize  and  meet  the  varying  properties 
of  the  coal  as  it  arrives.  Drier  operation  must  be 
changed  to  meet  variations  in  size  and  moisture  if  a 
uniform   i^iroduct  is  to  be  delivered.     Coal  that  is  too 


dry  increases  the  danger  from  explosion,  and  too  much 
moisture  induces  a  tendency  toward  clogging  the  sys- 
tem at  points  most  readily  affected.  At  Milwaukee 
moisture  has  been  one  of  the  bugbears  encountered. 

No  claim  is  made  that  perfection  has  been  reached 
in  the  present  installation  or  that  other  designs  of  equip- 
ment might  not  work  equally  well  or  possibly  better. 
Valuable  experience  has  been  gained,  however,  and  the 
next  installation  will  contain  a  number  of  improve- 
ments. It  is  felt  that  something  might  be  done  toward 
reducing  the  cost  of  preparing  the  fuel,  especially  along 
the  lines  of  utilizing  waste  gases  for  drying  in  plants 
not  provided  with  an  economizer.  A  furnace  that  would 
burn  a  large  percentage  of  finely  divided  coal  and  still 
care  for  a  smaller  amount  of  larger-sized  particles 
would  be  a  decided  advantage,  as  it  would  reduce  the 
work  of  the  pulverizer,  which  requires  about  seven- 
eighths  of  the  total  electrical  energy  consumed  by  all 
moving  parts  of  the  coal-preparation  equipment,  and 
also  curtail  the  labor  in  this  department. 

Admission  of  excess  air  to  prevent  slag  formation 
and  the  destruction  of  the  brickwork  tends  to  lower  the 
CO2  and  reduce  to  some  extent  the  efficiency  of  com- 
bustion, or  at  least  the  absorption  by  the  boiler  due  to 
the  lower  heat  head.  There  is  an  opportunity  here  for 
improvement.  A  more  thorough  mixing  of  the  air  and 
fuel  in  proper  proportions  before  entrance  into  the  fur- 
nace may  be  the  solution. 

The  proper  furnace  volume  per  square  foot  of  steam - 
making  surface  or  per  unit  of  coal  burned,  the  position 
of  the  furnace  relative  to  the  boiler,  the  location  of  the 
burner,  M'hether  vertical  or  horizontal,  the  best  methods 
of  mixing  coal  and  air,  location  of  equipment,  etc.,  are 
all  factors  requiring  more  study.  These  are  the  prob- 
lems of  the  future.  Suffice  it  to  say  that  the  plant 
which  has  been  made  a  success  at  Milwaukee,  has  paved 
the  way.  The  pioneer  work  has  been  done.  There  re- 
main perfection  of  detail  and  experimental  work  to 
exhaust  the  possibilities  for  increased  efficiency. 

An  interesting  point  is  the  conclusion  that  a  plant 
developing  less  than  twenty-five  hundred  boiler  horse- 
power on  a  tv/enty-four  hour  operating  basis  should 
not  consider  using  powdered  coal.  The  reasons  ad- 
vanced for  this  limitation  are  the  cost  of  installation, 
the  relatively  small  amount  of  coal  pulverized  per  day 
and  the  proportionately  large  labor  charge  for  operat- 
ing the  preparation  plant. 


A  few  weeks  ago  in  Milwaukee  a  federation  of  tech- 
nical engineers,  architects  and  draftsmen  pledged  them- 
selves to  uphold  and  sustain  the  principles  adopted  by 
the  American  Federation  of  Labor.  They  were  deter- 
mined to  have  a  voice  in  the  adjustment  of  disputes  in 
all  industries  of  which  they  were  a  part  and  use,  if  nec- 
essary, the  powerful  backing  of  labor.  The  reward  of 
individual  merit,  cooperation  or  the  policy  of  "sugges- 
tions" for  mutual  benefit,  had  no  place  in  their  sym- 
pathy. In  brief,  force  is  the  guiding  spirit.  On  the 
economic  position  of  the  engineer  the  American  Asso- 
ciation of  Engineers  takes  the  attitude  expressed  on 
other  pages  of  this  issue.  Being  a  constructive  agent, 
it  is  their  belief  that  the  engineer  should  be  opposed 
to  strikes,  which  in  their  very  nature  are  destructive. 
For  just  reward  of  individual  effort  he  should  depend 
upon  the  justice  of  the  facts,  presented  collectively  if 
necessary,  upon  enlightenment  of  public  opinion,  upon 
loyalty  between  employer  and  employee  and  upon  the 
fundamental  desire  of  the  great  majority  to  do  what  is 
fair  and  right  when  the  merits  of  the  case  are  clearly 
presented.  For  a  dignified  profession  there  is  only  one 
choice  between  the  tenets  cf  the  two  organizations. 
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Engine  Running  Twenty  Years 

On  page  668  of  the  Oct.  28-Nov.  4,  1919,  issue  of 
Power,  Mr.  Molloy  states  how  satisfactorily  his  engine 
runs  and  mentions  the  fact  that  he  does  not  intend  to 
overhaul  it  if  it  does  not  need  it. 

I  presume  Mr.  Molloy  has  lately  run  a  test  on  this 
■engine  or  keeps  a  close  record  of  operating  costs,  and 
that  his  statement  is  based  on  the  unit's  performance. 
No  doubt  these  data  would  prove  interesting  reading  in 
•comparison  with  the  same  relative  values  obtained  with 
more  up-to-date  equipment,  and  I  am  sure  that  many 
Tcaders  besides  myself  would  be  glad  to  see  these  figures 
in  Power  if  Mr.  Molloy  could  be  induced  to  submit 
them  for  publication.  Robert  W.  Riord.\n. 

Brooklyn,  N.  Y.  . 

When  the  Ground  Indicators 
Deceived 

In  a  large  generating  station  each  alternator  had  two 
■sets  of  ground  lamps  connected  across  its  exciter ;  one 
set  on  the  main  switchboard,  the  other  on  a  power-sup- 
ply switchboard  on  the  turbine-room  floor.  Each  set 
•consisted  of  two  250-volt  lamps  in  series,  with  the  wire 
•common  to  both  lamps  grounded,  as  in  Fig.  1.  Shortly 
before  peak-load  time  one  afternoon,  the  switchboard 


DIAGRAM   OF   GROUND-DETECTOR    LAMPS 

ground  lamps  of  one  of  the  units  began  to  flicker,  and 
a  warning  was  given  that  the  unit  had  a  swinging  ground 
on  its  field. 

The  ground  seemed  to  clear  itself  in  a  short  time, 
only  to  immediately  return  and  become  solid.  The  fila- 
ment of  lamp  1  was  barely  red,  while  lamp  2  was  at 
full  brilliance,  indicating  a  positive  ground.  Both  lamps 
normally  burned  at  half  brilliance  since,  being  connected 
m  series  across  a  250-volt  circuit,  they  operated  at  only 
lialf  voltage.     At  the  time  of  the  trouble  no  one  gave 


thought  to  the  scheme  of  connection.s,  or  remembered 
to  check  the  switchboard  lamps  against  the  set  in  paral- 
lel with  them  on  the  turbine  floor. 

While  arrangements  were  being  made  for  a  reduction 
of  load  on  the  station,  in  anticipation  of  trouble  with 
this  unit,  an  electrician  passing  the  turbine-room  lamps 
noticed  lamp  4  dead  and  lamp  3  dim.  He  twisted  the 
dead  lamp  in  its  socket  and  both  sets  of  lamps  came 
back  to  normal.  Vibration  had  loosened  lamp  4  in  its 
socket,  causing  the  other  three  lamps  to  flicker;  and 
when  the  circuit  was  broken  at  lamp  4,  lamps  1  and  3 
became  dim  and  lamp  2  bright.  Fraxk  Gtlt.ooly. 

Philadelphia,  Penn. 

Leaky  Safety- Valve  Seats 

If  a  safety  valve  leaks  after  having  been  reseated  ur 
ground  in,  an  examination  may  show  that  the  leakage 
occurs  between  the  seat  and  the  valve  body.  When 
the  valve  is  cold,  the  seat  may  be  found  to  be  quite  loose. 
This  may  be  accounted  for  by  the  fact  that  the  unequal 
expansion  of  the  bronze  seat  and  iron  body  compresses 
I  he  seat.  If  the  seat  seems  to  be  tight,  it  is  a  good  plan 
to  invert  the  valve  and  fill  it  with  water  in  order  to  lo- 
cate any  leakage. 

The  remedy  for  a  loose  seat  is  to  expand  it  with  an 
ordinary  tube  expander.  If  the  seat  is  of  sufficient 
length,  the  expanding  should  be  done  below  the  top  of 
it  Afterward  the  valve  should  be  reseated  and  ground 
in  in  the  usual  manner.  Some  types  of  globe  and  angle 
valves  can  be  repaired  in  the  same  manner. 

Providence,  R.  I.  C.  P.  Lawton. 

Why  Does  the  Water  in  a  Boiler  Lift 

When  the  Safety  Valve  Blows? 

Referring  to  Mr.  Fryant's  inquiry  in  the  Nov.  11-18, 
1919,  issue,  would  say  that  I  have  given  the  subject  of 
water  lifting  in  a  boiler  much  thought  and  study,  and 
it  is  my  opinion  that  high  or  low  velocity  of  the  steam 
leaving  a  boiler  has  no  effect  on  the  moisture  carried 
over;  but  it  is  the  quantity  of  steam  deHvered  in  a  unit 
of  time,  together  with  the  liberating  surface  of  water. 
The  smaller  the  drum,  or  shell  in  which  the  steam  is 
liberated  from  the  water  in  proportion  to  the  quantity  of 
steam  delivered,  the  greater  the  moisture.  Then  the 
position  of  the  nozzle  or  outlet  flange  on  the  drum  or 
drums  of  water-tube  boilers  has  quite  an  effect  on  the 
moisture,  as  the  farther  the  steam  travels  before  it  en- 
ters the  outlet  the  drier  it  is.  The  kind  of  dry  pipe  also 
has  quite  an  eflfect.  Some  dry  pipes  are  collectors  of 
moisture  instead  of  eliminators.  I  have  taken  some  dn.- 
pipes  out  over  nine  feet  long,  which  delivered  veiy  wet 
steam. 
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The  height  of  the  water  Une  in  water-tube  boilers  in 
which  the  drums  are  set  on  an  incline  affects  the  mois- 
ture, and  the  higher  the  water  is  carried  (within  reason) 
the  drier  the  steam.  This  is  caused  by  the  steam  and 
water  spouting  up  through  the  water  in  the  drum  when 
the  water  is  low,  which  it  cannot  do  when  the  water  is 
high.  The  steam  outlet  is  generally  right  over  where 
the  water  and  steam  is  liberated  from  the  tubes  in  this 
type  of  boiler,  therefore  the  steam  has  a  very  short 
travel  to  the  outlet  and  does  not  have  time  to  drop  its 
moisture. 

There  is  no  doubt  about  the  steam  being  drier  where 
the  velocity  in  the  pipes  is  high  and  the  drop  in  pres- 
sure is  high,  because  this  drop  causes  the  entrained  water 
to  be  evaporated  by  the  excess  heat  in  the  steam  over 
what  it  was  at  a  higher  pressure,  just  as  is  done  in  a 
throttling  calorimeter.  J.  T.  Fen n ell. 

Philadelphia,  Penn. 


Power-Plant  Log  Sheet 

In  the  Sept.  16,  1919,  issue  of  Power  there  was  pub- 
lished an  article  entitled  "Boiler-  and  Engine-Room 
Record  Sheets."  This  article  described  and  illustrated 
four  record  sheets  designed  by  the  author  for  use  in  the 
boiler  and  engine  rooms  of  power  plants  under  his  su- 
pervision. 

Later,  it  has  developed  that  with  a  large  number  of 
plants  reporting  to  one  supervising  officer,  the  amount 
of  clerical  work,  checking  and  figuring  on  four  reports 
could  be  dispensed  with  in  favor  of  the  revised  form 
shown  in  Fig.  1,  which  has  been  put  in  use  to  replace 
the  four  forms  previously  mentioned. 

Fig.  2  shows  a  running  record  form  by  months  and 
}  cars  of  the  fuel  consumed,  value  and  per  cent  of  in- 
crease or  decrease  in  fuel  per  year,  for  comparison  of 
four  years.     The  figures  are  transmitted  from  the  log 
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sheet  and  are  inserted  monthly  for  ready  reference  of 
the  management,  to  show  at  a  glance  what  is  being  done 
each  month  in  the  matter  of  fuel  economy.  The  load 
at  all  plants  is  not  of  such  variable  nature  as  to  have 
much  effect  on  fuels  consumed. 

Fig.   3   shows   a   statement   of  money   expended    for 
power-plant  labor,  together  with  the  number  of  man- 


FIG.  2.  raiNNING  RECORD  FORM  BY  MONTHS  AND  YEARS 
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FIG.  3.   MONTHLY  LABOR  EXPENSE  SHEET 

hours  required.  This  information  is  also  obtained  from 
the  log  sheet. 

Checking  statements  such  as  this,  together  with 
similar  statements,  are  helpful  in  indicating  just  what 
each  plant  is  doing,  and  with  recording  flow  meters, 
pressure  and  temperature  recorders,  etc.,  an  efficient 
operation  can  be  maintained. 

Hagerstown,  Md.  Paul  R.  Duffey. 

Blowing  Down  Boilers 

I  read  L.  A.  Cole's  letter  in  the  Oct.  21,  1919,  issue  of 
Pozver,  page  265,  and  from  my  point  of  view  and  ex- 
perience Mr.  Cole  displays  very  good  boiler  logic.  The 
blowing  down  of  a  boiler  should  be  governed  according 
to  the  conditions  of  the  water.  Water  that  is  not  treated 
before  it  is  fed  to  the  boiler  will  naturally  deposit  more 
dirt,  scale  and  sediment  than  water  that  does  not  have  to 
be  treated.  Such  loose  scale  and  dirt  as  is  liberated  in 
the  boiler  should  be  removed,  and  the  way  to  do  this, 
when  a  boiler  is  being  worked  up  to  its  capacity,  is  to 
blow  down  at  least  every  three  hours. 

If  a  suitable  boiler-feed  water  is  used,  blowing  down 
once  a  day  is  sufficient;  otherwise  the  boilers  should  be 
blown  down  at  such  intervals  as  will  remove  such  mud, 
scale  and  sediment  as  will  flow  to  the  blowoff  valves 
under  an  ordinary  blowdown.  There  can  be  no  fixed 
rule  as  to  the  amount  of  water  that  should  be  blown  from 
a  boiler  at  one  time. 

The  noise  mentioned  by  Mr.  Cole  in  the  blowoff  pipe 
when  he  first  begins  to  blow  down  is  caused  by  an  ac- 
cumulation of  hard  pieces  of  scale  around  the  blowoff 
pipe  outlet,  and  when  the  valve  is  first  open  this  accumu- 
lation of  scale  is  blown  out  through  the  pipe. 

Brenham,  Tex.  H.  W.  Rose. 


Home-Made  Baflfle-Wall  Mixture 

I  have  read  from  time  to  time  of  trouble  with  boiler 
'jaffles,  and  I  have  had  difficulty  in  keeping  them  from 
burning  away  at  the  first  pass  up  to  the  fourth  and  fifth 
rows  of  tubes.  We  bought  about  everything  on  the  mar- 
ket that  was  supposed  to  be  able  to  stand  up,  but  could 
not  get  the  desired  results.  I  therefore  took  it  upon 
myself  to  create  a  mixture  that  has  stood  a  very  severe 
lest,  as  our  boilers  are  forced  much  above  their  rating  for 
about  six  hours  each  night. 

I  used  a  mixture  made  up  as  follows:  About  200  lb. 
of  clinkers  that  were  thoroughly  burned  and  showed 
symptoms  of  having  been  heated  to  the  melting  point 
were  crushed  to  a  size  not  larger  than  rice  coal.  Then 
about  100  lb.  of  dry  sand  was  thoroughly  mixed  with 
the  ground  clinker.  Next  I  obtained  50  lb.  of  glass 
and  put  it  into  a  box  and  powdered  it  as  fine  as  possible. 
This  was  then  mixed  with  the  sand  and  cinders,  after 
which  50  lb.  of  good-quality  portland  cement  was  added, 
and  after  being  thoroughly  mixed  about  25  lb.  of  fine 
dry  asbestos  was  added.  The  batch  was  turned  over  and 
over  until  the  materials  were  thoroughly  mixed  in  a 
dry  state. 

When  ready  to  apply  the  mixture,  a  stick  of  }^-m. 
sto  :k  as  shown  at  A  was  obtained,  in  the  head  of  which 
No.   10  nails  were  driven  about  two  inches  apart  and 


APPLYING   THE    BAFFLE    MIXTURE 

all  the  way  through.  The  mixture  was  then  wet  just 
enough  to  make  a  stiff  paste  and  a  wad  placed  on  the 
nails,  run  up  between  the  tube  and  slapped  into  place, 
and  the  operation  repeated  until  the  job  was  finished. 
After  a  portion  of  the  baffle  was  covered  I  used  a  tool 
made  of  a  block  of  wood  2  in.  wide,  5  in.  long  and  2  in. 
thick,  having  a  handle  about  3  ft.  long,  as  shown  at  B. 
A  bamboo  fishpole  makes  a  good  handle.  This  was 
passed  up  between  the  tubes  and  used  to  hammer  the 
mixture  in  tight  and  of  a  smooth  and  uniform  thickness. 
New  Rochelle,  N.  Y.  B.  Gaddis. 
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Weld-Testing  Device 

In  order  to  test  welds  in  boiler  tubes,  the  device  illus- 
trated was  made.  It  consists  of  two  pistons,  made  as 
shown,  one  to  come  on  each  side  of  the  weld.  A  rub- 
ber hose  is  attached  to  the  rod  projection,   and  com- 


Leathen 
Cup  Washer 


DESIGN  AND  APPLICATION  OF  TUBE  TESTER 

pressed  air  is  admitted  through  the  hollow  rod  and  out- 
lets. Thick  soapsuds  are  applied  to  the  tube  over  the 
weld,  and  if  a  leak  is  present  bubbles  will  form.  No  de- 
fective welds  have  got  past  since  the  tester  has  been 
used,  whereas  before  its  use  several  tubes  had  to  be 
removed  after  they  had  been  put  in  the  boiler  and 
bteam  raised.  R.  McLaren. 

Toronto,  Canada. 

Commutating-Pole  Motor  Trouble 

A  new  commutating-pole  shunt  motor  was  installed 
to  drive  a  centrifugal  water  pump.  The  motor  was 
rated  at  21.5  amperes,  but  frequently,  when  the  ma- 
chine was  started,  the  30-ampere  fuses  protecting  the 
motor  were  blown.   Investigation  showed  that  the  motor 


FIG.    1.      INTERPOLB  MOTOR  WITH   BRUSHES   LOCATED   IN 
CORRECT    POSITION 

speed  was  too  high.  The  trouble  was  overcome  by 
shifting  the  brushes  forward,  thus  reducing  the  speed 
and  current  to  their  proper  values.  It  is  particularly 
important  that  the  speed  of  a  centrifugal  pump  be  cor- 
rect, as  the  power  required  to  drive  it  varies  with  the 
cube  of  the  speed.  It  is  also  important  that  the  brushes 
of  a  commutating-pole  motor  be  properly  set.  A  greater 
effect  is  produced  in  a  commutating-pole  motor  than  in 
a  noncommutating  pole  by  incorrect  brush  setting.  The 
theory  of  this  change  of  speed  in  an  interpole  motor  is 
as  follows : 

When  the  brushes  are  in  the  correct  position,  as 
shown  in  Fig.  1,  the  coils  on  the  armature  between 
commutating  poles  A  avd  B  are  cutting  flux  from  the 
main  pole  C.  If  they  cut  any  of  the  flux  from  the  com- 
mutating pole  N,  they  also  cut  an  equal  number  of  lines 


of  force  from  the  5"  commutating  pole,  hence  the  volt- 
age in  these  coils  is  not  influenced  by  the  commutating 
flux.  But  if  the  brushes  are  shifted  backward  to  a 
position  as  in  Fig.  2,  the  coils  between  the  sides  of  the 
coil  under  commutation  will  be  cutting  the  flux  of  the 
main  N  pole  C  and  also  from  the  flux  from  the  S  com- 
mutating pole  A.  thus  decreasing  the  effective  volts  gen- 


FIG.  2. 


INTERPOLE  MOTOR  WITH  BRUSHES  LOCATEI> 
OFF  CORRECT  POSITION 


crated  in  these  coils  and  causing  the  speed  to  increase. 
If  the  brushes  had  been  shifted  forward,  the  speed 
would  have  been  decreased. 

Washington,  D.  C.  H.  L.  Hervey. 

Removing  Retaining  Wedges  and 
Coils  from  Induction  Motors 

The  following  method  for  removing  slot  wedges  and 
coils  from  stators  has  been  used  with  considerable  suc- 
cess. Nearly  all  insulating  varnishes  and  paints  are 
softer  when  warm  than  when  cold,  hence  the  coils  and 
wedges  can  be  removed  more  easily  if  the  frame  is 
heated.  To  loosen  the  wedge  a  drift  of  iron  or  fiber 
in.   narrower   than  the   slot  and   five  or   six 


TOOLS    FOR    REMOVING   COILS 

inches  long  is  placed  on  top  of  the  wedge  and  tapped 
with  ?  hammer.  After  the  wedge  has  been  loosened 
over  its  full  length,  it  can  be  driven  out  by  driving  on 
its  end  with  a  metal  drift. 

In  removing  the  coils  the  greatest  difficulty  is  with  the 
first  one.  In  order  to  start  this  coil  the  hook  tool,  as 
shown  at  A,  is  used  to  lift  the  coil  ends  as  high  as- 
they  will  go.  The  pointed  tool  B  is  then  inserted  under 
the  coil  at  the  end  of  the  slot,  and  the  coil  is  raised. 

Washington.  D.  C.  H.  L.  Hervey. 
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INQUIRIES 

OF  GENERAL 

INTEREST 


Enlargement  of  Crankshaft  Diameter — Why  are  crank- 
shafts of  engines  made  larger  at  the  center  than  at  the  ends? 

J.  W.  H. 

Crankshafts  have  enlarged  diameters  at  the  middle  of  their 
length  to  afiford  greater  strength  and  stiffness  in  resistance 
of  bending  stresses  due  to  the  weight  of  the  flywheel,  and  ten- 
sion of  belt  or  thrust  of  driving  gears,  and  also  to  compensate 
for  the  reduction  of  strength  from  removal  of  material  for  a 
keyway. 


Handholes  for  Vertical  Fire-Tube  Boilers — How  many 
handholes   should  there  be  in  a  vertical  fire-tube  boiler? 

G.  L.  S. 

Boilers  more  than  24  in.  in  diameter  should  have  not  less 
ihan  seven  handholes ;  namely,  three  in  the  shell  at  or  about 
the  line  of  the  furnace  crown  sheet,  one  in  the  shell  at  or 
about  the  water  line  or  opposite  the  fusible  plug  when  used, 
and  three  in  the  shell  at  the  lower  part  of  the  water  leg. 


Additional    Steam    for    Increased    Back    Pressvire — How 

does  increase  of  back  pressure  afifect  the  quantity  of  steam  re- 
quired by  an  engine?  ,  J.  R.  A. 

For  the  same  load  on  the  engine  each  pound  of  additional 
average  back  pressure  will  require  an  additional  pound  of 
average  forward  pressure,  so  that  to  meet  an  increase  of  back 
pressure,  the  supply  of  steam  will  have  to  be  increased  as 
much  as  though  the  load  had  been  increased  to  require  the 
same  additional  mean  effective  pressure. 


Forward  Pressure,  Back  Pressure,  and  M.E.P. — What  is 
meant  by  the  terms  average  pressure,  mean  forward  pressure, 
mean  back  pressure  and  mean  effective  pressure  of  an  engine? 

W.  P.  S. 

The  word  "mean"  is  to  be  understood  to  signify  simple 
average.  The  pressure  that  urges  a  piston  forward  in  the  di- 
rection that  it  travels  in  performing  useful  work  is  called  for- 
ward pressure,  and  the  average  forward  pressure  is  frequently 
designated  as  the  mean  forward  pressure.  Pressure  that  op- 
poses the  motion  of  the  piston  in  performance  of  useful  work 
is  called  back  pressure,  and  the  average  back  pressure  is  also 
called  the  mean  back  pressure.  The  difference  between  the 
mean  forward  pressure  and  the  mean  back  pressure  is  called 
the  mean  effective  pressure. 


Carbon  Brush  Wear — In  one  of  our  direct-current  motors 
that  has  four  brushes  on  the  commutator,  two  of  the  brushes 
wear  away  faster  than  the  other  two.  What  would  cause  this 
uneven  wear  when  all  four  brushes  are  of  the  same  grade? 

T.  A. 

The  brushes  from  which  the  current  flows  into  the  commuta- 
tor always  wear  away  faster  than  those  through  which  the  flow 
is  from  the  commutator.  The  brushes  through  which  the  current 
flows  into  the  commutator  would  be  positive  on  a  motor  and 
negative  on  a  generator.  The  additional  wear  on  these  brushes 
is  due  to  small  particles  of  carbon  carried  by  the  current  from 
the  brush  contact  surface  and  deposited  on  the  commutator.  If 
two  of  four  brushes,  of  the  same  polarity,  were  to  wear  away 
faster  than  the  other  two,  a  difference  in  resistance  in  the 
shunts  from  the  brushes  to  the  brush-holder,  or  a  difference 
in  the  tension  on  the  brushes,  would  cause  an  unequal  distribu- 
tion of  the  current  between  the  brushes  and  unequal  wear. 


Starting-Compensator  Oil — What  is  tlic  ijcst  trradc  oi  oil 
to  use  in  starting  compensators  employed  on  220-volt  induc- 
tion motors  ranging  in  size  from  10  to  75  hp.  W'ould  a  poor 
grade  of  oil  cause  the  contacts  to  burn?  M.  C.   R 

In  compensators  employed  for  starting  squirrel-cage  motor* 
a  mineral  oil  having  a  high  flash  point  should  be  used ;  it 
should  be  free  from  any  trace  of  alkali  or  acid  and  have  a 
low  factor  of  evaporation.  Under  operating  conditions  the 
oil  should  not  form  deposits  in  the  tank.  One  of  the  surest 
ways  of  securing  the  proper  grade  of  oil  is  to  obtain  it  from 
<^he  manufacturers  of  the  compensators.  The  design  of  the 
contacts,  operating  conditions  and  application  of  the  com- 
pensator in  general  have  a  much  greater  influence  on  the 
burning  of  the  contacts  than  the  grade  of  oil.  If  the  contact*; 
are  designed  to  give  a  rubbing  make-and-break  and  the  com- 
pensator is  not  abused  either  through  improper  handling  or 
misapplication,  little  trouble  should  be  experienced  with  burn- 
ing and  pitting,  although  a  certain  amount  of  this  will  occur 
under  the  best  of  conditions.  In  general  the  oil  should  be 
changed  when  it  turns  dark  in  color  and  sediment  forms  in 
the  bottom  of  the  tank. 

Flashing  Point  of  Fuel  Oil — What  is  meant  by  the  flasii 
point  of  a  fuel  oil,  and  what  do  the  "cpen"  and  "closed"  tests 
consist  of?  W.  T.  D. 

The  flashing  point  of  an  oil  is  that  temperature  to  which 
the  oil  must  be  heated,  at  a  specified  rate,  to  cause  it  to  give 
off  a  vapor  which  will  ignite  when  mixed  with  air  and  ex- 
posed to  a  flame  near  the  surface  of  the  oil.  The  "open  test" 
consists  in  heating  some  of  the  oil,  in  which  the  bulb  of  a 
thermometer  is  placed,  in  a  small  open  metallic  cup,  a  porce- 
lain crucible  embedded  in  sand  or  some  equivalent  contrivance, 
heated  by  application  of  a  gas  flame  or  other  source  of  heat 
that  is  under  the  control  of  the  experimenter  so  that  the 
temperature  of  the  oil  increases  at  the  rate  of  10  deg.  F.  per 
minute.  A  small  flame  from  a  taper  or  gas  tube  is  passed 
across  the  surface  of  the  oil  for  ever>'  five  degrees  rise  in 
temperature  until  the  vapor  ignites  or  flashes.  The  temper- 
ature at  which  this  flash  is  first  observed  is  taken  as  the 
flashing  point  of  the  oil.  The  open-cup  method  is  beset  by 
uncertainties.  The  temperatur:  at  which  the  first  flash  is  ob- 
tained depends  on  the  presence  or  absence  of  air  currents,  the 
actual  rate  of  heating,  the  size  and  shape  of  the  vessel  con- 
taining the  sample,  the  distance  of  the  flame  from  the  oil 
surface  and  the  skill  of  the  experimenter. 

The  closed  test,  as  the  name  implies,  is  performed  with  ap- 
paratus from  which  air  currents  are  excluded  and  in  which 
the  oil  and  vapor  are  stirred  and  the  heat  applied  may  be  so 
regulated  that  when  the  temperature  nears  the  flash  point,  the 
rise  in  temperature  is  so  reduced  that  the  testing  flame  may 
be  quickly  applied  to  the  surface  of  the  oil  every  two  degrees 
rise  of  its  temperature  until  the  flashing  point  is  reached. 

Open-cup  testing  usually  gives  5  to  25  degrees  higher  flash 
point  than  closed-cup  testing,  and  the  presence  of  much  mois- 
ture causes  irregular  and  incorrect  results  by  either  method  of 
testing.  

[Correspondents  sending  us  i  nquiries  should  sign  their 
communications  with  full  names  and  post  ofiice  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.] 
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Emergency  Fleet  Corporation  Water-Tube 
Boilers  for  Wood  Ships* 


By  F.  W.  dean  and  HENRY  KREI SINGER 


This  paper  describes  and  reports  tests  upon  the 
Standard  water-tube  marine  boilers  planned  by  the 
United  States  Shipping  Board,  Emergency  Fleet  Cor- 
poration. It  also  reports  the  results  of  special  investi- 
gations of  the  mixture  of  air  and  combustible  gases  in 
the  furnace  and    of    the    temperature    of    the    gases. 


IN  1917  the  Emergency  Fleet  Corporation  intended  to  build 
one  thousand  wood  ships  of  3,500  tons  dead-weight  capac- 
ity.    Each  ship  would  require  two  boilers  containing  about 
2,500  sq.ft.  of  heating  surface  each.    The  problem  of  securing 
two  thousand  good-sized  boilers  was  a  serious  one,  and  natu- 


edges  by  channel-shaped  pieces,  the  two  headers  being  con- 
nected by  tubes.  The  front  header  is  surmounted  by  a  sad- 
dle, which  is  riveted  to  both  the  steam  drum  and  the  header, 
and  holes  in  the  bottom  of  the  drum,  within  the  limits  of  the 
saddle,  furnish  the  means  of  connecting  the  interior  of  the 
drum  and  the  header,  and  two  rows  of  so-called  circulating 
tubes  connect  the  upper  part  of  the  back  header  with  the  drum 
and  serve  to  conduct  the  steam  to  it. 

The  header  plates  were  stayed  by  means  of  hollow  iron 
stay-bolts,  ♦^he  holes  being  54  i"-  in  diameter.  The  handholes 
of  the  first  706  boilers  were  closed  by  means  of  taper  plugs 
surrounded  by  thin  copper  ferrules.  The  plugs  had  a  threaded 
shank  secured  by  a  yoke  and  nuts,  as  usual  for  handhole 
plates.     While  these  plugs  have  in  general  given  satisfactory 
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FIG.   1.     THREE-PASS   STANDARD  WATER- TUBE  MARINE  BOILER  FOR  WOOD  SHIPS 


rally  caused  careful  consideration  of  the  relative  merits  of  the 
water-tube  and  of  the  Scotch  boiler.  It  was  finally  decided 
to  use  water-tube  boilers,  and  to  show  the  saving  in  steel 
caused  by  this  decision,  the  weight  of  that  metal  in  one  of 
these  boilers,  with  casing,  is  41,200  lb.,  while  for  the  equivalent 
Scotch  boiler  it  is  110,000  lb.  Although  finally  only  1,352 
boilers  were  ordered,  the  saving  of  steel  by  the  use  of  the 
water-tube  type  was  more  than  nine  million  pounds.  Further- 
more, the  adoption  of  the  water-tube  type  rendered  most  of 
the  inland  boiler  shops  of  the  country  available  for  this  work, 
since  this  type  could  be  transported  easily.  Another  great 
advantage  of  this  design  came  from  the  fact  that  all  the 
boilers  in  the  first  lot  of  706  units  were  alike,  and  differed 
only  slightly  from  the  later  orders  of  646  units,  which  were 
also  alike.  The  differences  in  the  design  came  from  changing 
the  number  of  baffles  from  three  to  four  and  in  using  Key 
handhole  caps  instead  of  plugs  with  copper  ferrules. 

The  boiler  as  first  designed  is  shown  in  Fig.  1.     It  consists 
of  two  headers  each  composed  of  two  plates  connected  at  the 


•Abstract    from    a    paper    read    before    the    American    Society    of    Me- 
chanical  Engineers  at  the  Annual  Meeting,   December,   1919. 


service,  it  was  recognized  that  the  Key  cap  is  better,  and  all 
boilers    afterward    ordered    were    provided    with    these    caps. 

The  drum  was  made  with  the  longitudinal  joint  where  the 
circulating  tubes  entered,  there  being  here  an  inside  and  an 
outside  strap,  and  the  expanding  occurred  only  in  the  straps, 
since  the  holes  in  the  shell  are  larger  than  the  tubes.  The 
tubes  are  seamless  hot-rolled  steel.  The  baffles  are  of  the 
longitudinal  type,  of  which  the  first  boiler  mentioned  has 
three,  forming  three  passes,  as  shown  in  Fig.  1.  After  some 
testing,  it  was  decided  to  place  the  lowest  baffle  on  the  lowest 
row  of  '.ubes  in  order  to  render  the  second  and  third  rows 
of  tubes  more  active  as  heating  surface.  When  this  change 
was  being  made,  it  was  seen  that  there  was  room  for  four 
passes,  and  accordingly  four  baffles  were  inserted.  This  ren- 
dered the  boiler  somewhat  more  efficient,  especially  at  the 
highei    powers. 

In  the  three-pass  boiler  the  upper  baffle  was  of  steel  plate 
and  the  others  of  tiles,  but  in  the  four-pass  boiler  the  two 
upper  baffles  were  of  steel,  and  the  indications  are  that  the 
others  might  be  of  steel  also  if  the  tubes  were  sufficiently  near 
together  to  touch  the  baffles  on  both  sides.    By  using  the  steel 
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baffles  in  the  four-pass  boiler,  34  more  tubes  could  be  put  in. 
In  the  drum  of  the  four-pass  boiler  there  is  the  usual 
deflector-plate,  which  compels  the  steam  as  it  comes  through 
the  circulating  tubes  to  pass  to  the  end  of  the  drum.  This 
deflector  was  removed  for  a  time,  and  no  difference  in  the 
behavior  of  the  boiler  could  be  observed  except  that  the  water 
as  it  appeared  in  the  glass  was  livelier.  In  a  seaway  other 
advantages  might  appear.     In  the  top  of  the  drum  was  a  per- 
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FIG.  2. 


DIAGRAM  SHOWING  METHOD  OF  TESTING  THREE- 
PASS  BOILER 


forated  dry  pipe  having  eighty-eight  ^-in.  holes,  and  tests 
with  and  without  this  dry  pipe  proved  that  it  had  an  impor- 
tant effect  in  separating  moisture  from  the  steam.  At  ordi- 
nary rates  of  working  the  loss  in  pressure  amounted  to  little, 
but  when  forcing,  it  occasionally  reached  to  six  or  eight  inches 
of  mercury  for  a  short  period. 

The  casing  of  the  boiler  is  made  up  of  steel  plates  joined 
together  by  external  and  internal  shapes  secured  to  a  channel 
frame  at  the  bottom,  which  rests  on  the  keelson  of  the  ship. 
At  the  front  there  are  two  vertical  channels  acting  as  columns, 
which  are  secured  to  the  channel  frame  and  bolted  to  tees 
riveted  to  the  bottom  of  the  header.  The  rear  header  rests 
on  a  shelf  formed  in  the  casing.  The  front  column  forms  the 
only  rigid  connection  to  the  channel  base,  and  the  boiler  is 
free  to  slide  in  the  rear  part  of  the  casing.  In  the  front  and 
back  of  the  casing  are  sheet-iron  doors  covering  the  headers, 
and  soot  blowers  are  installed  between  the  headers  and  the 
doors. 

In  the  three-pass  boiler  there  are  four  fire-doors  and  four  ash- 
pit doors,  but  in  the  four-pass  boiler  there  are  three  of  each. 
These  doors  are  of  the  inswinging  type.  Above  each  is  a 
hollow  perforated  lintel  with  air  entering  through  holes  in 
the  casing,  and  on  the  sides  of  the  door  there  are  perforated 
jambs  with  air  supplies  from  the  outside.  These  air  openings 
are  all  useful  in  protecting  the  parts  from  burning  and  they 
also  promote  economy,  for  none  too  much  air  enters  the 
furnace  through  them. 

The  grates  are  of  the  fixed  type  of  double  bars  in  two 
lengths  and  have  J^-in.  air  and  J/a-in.  iron  spacing.  Across 
the  back  end  of  the  furnace  there  is  a  cast-iron  bridge-wal' 
with  narrow  air  spaces,  which  saved  nearly  2  per  cent  of  coal, 
perceptibly  diminished  smoke,  improved  gas  analysis,  saved 
the  brickwork  and  reduced  the  time  and  labor  of  cleaning  fires 
nearly  50  per  cent. 

The  leading  dimensions  of  the  boiler  are  given  in  Table  I. 

The  tests  described  here  were  made  for  the  purpose  of 
studying  the  behavior  of  the  boiler  and,  if  possible,  improving 


it.  In  connection  with  this  work  the  Bureau  of  Mines  hai 
named  Henry  Kreisinger  to  take  charge  of  the  high-temper- 
ature measurements  and  the  various  investigations  in  connec- 
tion with  the  paths  and  velocity  of  the  gases,  the  draft  mag- 
nitudes, losses  through  the  passes,  the  advisable  quantity  of 
air  and  position  of  its  admission. 

Georges  Creek,  Cumberland  coal  from  the  Big  View  vein, 
was  used  on  all  tests  in  order  to  have  a  standard  coal  of  uni- 
form quality.  Tests  were  made  with  fixed  grates,  shaking 
grates,  without  a  bridge-wall,  with  the  iron  bridge-wall  and 
with  the  brick  bridge-wall  covering  the  same  area.  Tests  were 
also  made  with  several  kinds  of  oil  furnaces  using  Mexican  oil 

By  the  addition  of  the  iron  bridge-wall,  admitting  air 
around  the  fire-doors,  lengthening  and  otherwise  changing 
the  baffles  and  studying  the  method  of  firing,  the  efficiency  of 
the  three-pass  boiler  was  raised  from  about  60  per  cent  to 
about  71  per  cent  based  upon  dry  coal,  and  the  efficiency  of 
the  four-pass  boiler  was  about  llYi  per  cent  based  upon  dry 
coal..    These  tests  were  made  when  firing  by  hand. 

Results  of  the  Tests 

Tables  II,  III,  IV  and  V  show  the  general  results  of  the 
tests  of  the  three-pass  and  four-pass  boilers  under  various 
conditions,  both   with  hand   and   stoker  firing. 

Tests  were  run  at  various  rates  to  determine  the  effect  of 
forcing  on  the  economy.  In  one  the  four-pass  boiler  was 
worked  at  131  per  cent  of  marine  rating  and  229  per  cent  of 
land  rating.  Even  at  this  high  rate  the  efficiency  was  about 
71  per  cent  and  but  little  below  that  of  lower  rates.  With 
stokers  the  boiler  was  operated  at  162  per  cent  of  marine 
rating  and  282  per  cent  of  land  rating,  and  at  this  rate  the 
efficiency  was  73.3  per  cent  based  upon  combustible.     The  test 
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FIG.    3.     DIAGRAM   OF  FOUR-PASS   BOILER   SHOWING 
METHODS  OF  INTRODUCING  AIR  OVER  FUEL  BED 

of  Apr.  8  shows  a  very  high  efficiency,  but  this  is  open  to  sus- 
picion because  the  heat  balance  did  not  work  out  quite  prop- 
erly, due,  it  is  thought,  to  an  error  in  the  coal  weight  of  one 
hour. 

The  conclusion  arrived  at  is  that  the  boiler  is  of  excellent 
efficiency  and  that  the  four-pass  boiler  is  well  adapi.ed  to  over- 
load. The  only  defect  of  the  latter  is,  as  might  be  expected, 
that  there  is  considerable  absorption  of  draft  in  the  passes, 
and  the  greatest  loss  was  in  the  third  pass  from  the  bottom. 

As  an  experiment  half  of  the  circulating  tubes  and  half  the 
number  of  holes  in  the  bottom  of  the  drum  were  plugged, 
together  and  separately,  to  determine  the  effect  on  the  circu- 
lation, but  no  effect  could  be  observed.  The  conclusion  was 
that  an   unnecessarj'  number  of  such  tubes  and  openings  are 
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used  in  this  type  of  boiler  and  by  reducing  them   the   drum 
will  be  made  a  safer  structure. 

The  quality  of  the  steam  was  most  satisfactory  when  water 
was  carried  at  a  proper  level,  and  it  was  necessary  to  carry  it 

TABLE  I.     DIMENSIONS  OF  BOILER 

Width  of  casing  at  floor  level 13  ft.  4  in. 

Length  of  casing  at  floor  level 7  ft.  10^4  in. 

Height  of  center  of  dnim  above  floor 11  ft.  8f^  in. 

Thickness  of  header  plates H  in. 

Width  of  water  spaces  of  headers 8  in. 

Outside  diameter  of  tubes 3  in. 

Exposed  length  of  tubes  between  headers 7  ft.  7j4  in. 

Number  of  tubes  between  headers 388 

Number  of  tubes  between  rear  header  and  drum 21 

Inside  diameter  of  drum 42  in. 

Thickness  of  drum  plates ^  in. 

Width  of  furnace 12  ft. 

Depth  of  furnace 6^4   ft. 

Height  of  furnace  at  center 3  ft.  8  in. 

Firing  doors IS  in.  by  18  in. 

Width  of  grate 11   ft.   11  in. 

Depth  of  grate  without  bridge-wall 6  ft.  6  in. 

Depth  of  grate  with  bridge-wall 5  ft.  8  in. 

Grate  area  without  bridge-wall 77 1^  sq.  ft. 

Grate  area  with  bridge-wall 67  yi  sq.  ft. 

Heating  surface  fire  sides 2518  sq.  ft. 

Thickness  of  brick  lining syi  in. 

near  the  top  of  the  glass  before  the  limit  of  a  throttling  calo- 
rimeter was  reached. 

The  Preliminary  Tests 
The  preliminary  tests  to  determine  the  best  arrangement  of 
baffles  and  distribution  of  air  inlets  consisted  principally  of  a 
study  of  combustion  by  means  of  gas  analyses   and   temper- 


ature readings.  The  gases  were  sampled  with  water-cooled 
sampling  tubes  and  collected  in  glass  holders  over  mercury. 
Each  group  of  samples  was  collected  simultaneously  over  a 
period  varying  from  15  to  40  minutes.  The  samples  collected 
at  the  base  of  the  stack  were  analyzed  with  the  Orsat  apparatus 
for  CO2,  O2  and  CO.  The  gas  samples  taken  in  the  furnace 
were  analyzed  by  Hempel's  method,  for  CO2,  O2,  CO,  H2,  CH*, 
and  unsaturated  hydrocarbons. 

Fig.  2  is  a  diagram  of  the  three-pass  boiler  as  originally 
designed.  After  the  first  few  tests  the  baffles  were  extended, 
making  smaller  gas  passages  between  their  ends  and  the  water- 
legs.  Other  changes  were  also  made  as  the  investigation  indi- 
cated the  need  for  them.  The  points  at  which  the  gas  samples 
were  collected  are  indicated  by  the  small  circles  designated 
by  the  capital  letters  A  to  /. 

During  the  first  six  tests  a  large  amount  of  combustible  gas 
passed  out  of  the  furnace  and  either  burned  at  the  base  of 
the  stack  or  escaped  unburned.  It  was  apparent  that  not 
enough  air  was  admitted  over  the  fuel  bed  and  that  the  air 
which  was  admitted  was  not  sufficiently  mixed  with  the  gases 
to  cause  them  to  burn  completely  in  the  furnace.  Some  of  the 
air  admitted  through  the  firing  door  found  its  way  out  of 
the  furnace  through  the  opening  at  /,  between  the  first  baffle 
and  the  front  water-leg,  as  indicated  by  the  arrow  in  Fig  2. 
A  large  part  of  the  air  also  passed  around  the  ends  of  the 
first  baffle  without  mixing  thoroughly  with  the  combustible 
gases   rising    from    the    fuel    bed.     Evidently,    the   combustion 


TABLE  II.     RESULTS  OF  EVAPORATIVE  TESTS  OF  THREE-PASS 

BOILER  EQUIPPED  WITH  WAGER  BRIDGE-WALL 

AND  HAND-FIRED 

1  Date,    1918    June  12     June  13    June  14 

2  Duration,    hours    10  10  10 

Dimensions  and  Proportions 

3  Grate   area,    sq.ft 65.54  65.54  65.54 

4  Heating   surface,    sq.ft 2,500  2,500  2,500 

5  Ratio  heating  surface  to  grate  area 38.20  38.20  38.20 

Average  Pressures 

6  Gage    pressure,    lb 179  178  179 

7  Atmospheric   pressure,    lb 14.28  14.41  14.41 

8  Absolute   pressure,    lb 193.28  192.41  193.41 

9  Draft  between  damper  and  boiler,  in 0.53  0.58  O.e."* 

Average  Temperature 

10  External  air,  deg.   F 59  64  64 

1 1  Fire  room,   deg.   F 74  77  70 

12  Feed  water,  deg.  F 204  209  207 

13  Escaping  gases,  deg.   F 538  543  551 

Fuel 

14  Moist  coal  consumed  per  hour,  lb 1,455  1,411  1,521 

15  Moisture   in   coal,   per  cent 2.19  2.39  2.02 

16  Dry  coal   per   hour,   lb 1,423  1,380  1,490 

17  Dry  refuse  per  hour  weight,  lb 151  143  159 

18  Dry  refuse  per  cent 10.60  10.35  10.65 

19  Combustible   per   hour,    lb 1,272  1,237  1,331 

Quality  of  Steam 

20  Moisture  in  steam,  per  cent 0.51  0.62  0.41 

Heat  Value  of  Coal  and  Efficiency 

21  Heat  value  of  a  pound  of  dry  coal,   B.t.u. ..  14,380        14,396        14,350 

22  Efficiency  of  boiler  based  on  dry  coal,  per  cent   70.30  71.50  70.80 

23  Efficiency  of  boiler  based   on   combustible,   per 

cent    72.00         73.20         73.00 

Water 

24  Water  supplied  to  boiler  per  hour,  lb 14,032        13,922        14,780 

25  Dry   steam   generated,   lb 13,962        13,836        14,719 

26  Factor  of  evaporation 1.057  1.052  1.054 

27  Equivalent   evaporation   from   and  at   212   deg., 

lb 14,758       14,555       15,514 

Evaporative  Performance 

28  Water  evaporated  per  pound  of  dry  coal,  lb.      9.81  10.05  9  90 

29  Equivalent   from  and  at   212  deg.,   lb 10  36  10.56  10.42 

30  Water   evaporated    per    pound    of    combustible, 

lb " 10.95         11.22         11.05 

31  Equivalent  from  and  at   212   deg.,  lb 11.56  11.78  11.68 

Rate  of  Combustion 

32  Dry  coal  burned  per  sq.ft.   of  grate   per  hour, 

lb 21.80         21.10         22.80 

33  Dry  coal  burned  per  sq.ft.  heating  surface  per 

hour,  lb 0.57  0.35  0.60 

Rate  of  Evaporation 

34  Water  evap.  from  and  at  212  per  sq.ft.  h.  s. 

per    hour,    lb 5.90  5.80  6.20 

35  Water   evap.    from   and   at   212   deg.    per   sq.ft. 

grate  per  hour,   lb 226  222  257 

Power  of  Boiler 

36  Commercial  horsepower  for  land  use 428  422  450 

37  Exces.-,    above    commercial    rating    of    250    hp., 

per   cent    71  69  80 

38  Marine    rating,    water   evap.    fiom    and    at    212 

deg.   per  hour,  lb 15,000        15,000        15,000 

39  Equivalent    commercial    horsepower   of   marine 

rating     435  435  435 

40  Excess  above  or  below  marine  rating,  per  cent      1.80  3.20  3.20 

below         below         above 


TABLE    III.      RESULTS    OF    EVAPORATIVE   TESTS    OF   THREE- 
PASS  BOILER   EQUIPPED  WITH  WAGER  BRIDGE-WALL 
AND  HAND-FIRED 

1  Date,   1918   June  17     June  18    June  19    June  20 

2  Duration,   hours    10  10  10  10 

Dimensions   and    Proportions 

3  Grate  area,  sq.ft 65.54         65. S4         65.54         65.54 

4  Heating    surface,    sq.ft 2,500         2,500         2,500         2,500 

5  Ratio  grate  area  to  heating  surface ....  ....  .... 

Average  Pressures 

6  Gage  pressure,  lb 175.00       178.00       182.10       180.30 

7  Atmospheric   pressure,   lb 14.49         14.54         14.56         14.53 

8  Absolute    pressure,    lb 189.49       192.54       196.66       194.83 

9  Draft  between  damper  and  boiler,  in.     0.64  0.64  0.61  0.39 

Average  Temperatures 

10  External   air,   deg.    F 74  68  68  61 

11  Fire   room,   deg.    F 83  80  80  69 

12  Feed   water,   d(g.    F 211  212  211  216 

13  Escaping  gases,   deg.   F 538  531  556  510 

Fuel 

14  Moist  coal  consumed  per  hour,  lb.  .    1,478  1,436  1,530  1,274 

15  Moisture  in  coal,  per  cent 1.76  2.02  2.09  2.04 

16  Dry  coal  consumed,  per  hour,  lb...    1,450  1,406  1,498  1,248 

17  Dry  refuse  per  hour,   lb 152  138  132  109 

18  Dry  refuse  in  per  cent 10.50  9.80  8.80  8.75 

19  Combustible  consumed  per  hour,  lb.   1,298  1,268  1,366  1,139 

Quality  of  Steam 

20  Moisture  in  steam,  per  cent 0.40  0.40  0.30  0.30 

Heat  Value  of  Coal  and  Efficiency 

21  Heat    value    of    one    pound    of    dry 

coal,  B.t.u 14,409       14,237       14,441        14,251 

22  Efficiency    of    boiler    based    on    dry 

coal,   per   cent 69.80         70.80         67.30         68.60 

23  Efficiency    of    boiler    based    on    com- 

bustible,  per  cent 72.00         71.50         68.30         69.00 

Water 

24  Water  supplied  to  boiler  per  hr.,  lb.  14,345        13,915        14,242        12,094 

25  Dry  steam  generated  per  hour,  lb.. 14,284       13,859        14,196       ',2,056 

26  Factor   of    evaporation 1.049  1.048  1.050  1.045 

27  Equivalent  evaporation   from   and  at 

212   deg.   per  hour,   lb 14,984        14.524        14,906        12,599 

Evaporative  Performance 

28  Water  evaporated  per  poi-nd  of  dry 

coal,   lb 9.87  9.84  9.50  9.65 

29  Equivalent  from  and  at  212  deg.,  lb.   10.32         10.33  9.96         10.02 

30  Water     evaporated     per     pound     of 

combustible,    lb 11.00         10.90         10.40         10.55 

31  Equivalent  from  and  at  212  deg.,  lb.    11.55  11.45  10.<J2  1105 

Rate  of  Combustion 

32  Dry  coal  burned  per  sq.ft.    of  grate 

per  hour,  lb 21.10         21.50         22.90  19.00 

33  Dry  coal   burned   per  sq.ft.   of  heat- 

ing surface  per  hour,   lb 0.58  0.56  0.60  0.50 

Rat'!  of  Evaporation 

34  Water   evap.    from   and    at    212    deg. 

per  sq.ft.  h.s.  per  hour,  lb 5.94  3  81  5.96  5.04 

33      Water   evap.    from    and    at   212    deg. 

per  sq.ft.   grate  per  hour,   lb...       229  222  228  192 

Power  of  Boiler 

36  Commercial  horsepower  for  land  use      434  421  432  365 

37  E-.cess   above    commercial    rating   of 

250   hp.,   per   cent 74  68  73  46 

38  Marine    rating    in    water    evap.    per 

hour  from  and  at  212  deg.,  lb..  15, 000       15,000       15,000       15,000 

39  Equivalent     commercial     horsepower 

of    marine    rating 435  435  435  435 

40  Excess  above   or   below  marine   rat- 

ing,  per   cent 0.20  3.20  0.70  15 

below         below         below        below 
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space  was  too  small  and  the  path  of  the  gases  and  air  through 
the  furnace  was  too  short  for  the  two  to  form  an  intimate 
mixture. 

It  was  apparent  that  more  air  had  to  be  admitted  over  the 
fuel  bed  and  better  means  provided  for  mixing  it  with  the 
-combustible.  It  is  a  proven  fact  that  in  a  hand-fired  furnace, 
when  the  fuel  bed  is  level  and  five  inches  or  more  deep,  no 
free  oxygen  can  be  forced  through  it,  no  matter  what  air 
pressure  is  used  in  the  ashpit.  It  is  true  that  if  the  fuel  bed 
contains  holes  or  thin  spots,  air  passes  through  them.  How- 
ever, admission  of  air  through  holes  in  the  fire  is  undesirable 
because  the  size  of  holes  cannot  be  controlled.  It  is  therefore 
much  better  to  admit  air  over  the  fuel  bed  through  special 
openings  in  the  firing  door  or  in  the  bridge-wall,  as  the  quan- 
tity of  air  admitted  through  such  openings  can  be  very  easily  con- 
trolled. The  air  should  be  supplied  in  a  large  number  of 
small  jets  and  as  close  to  the  fuel  bed  as  practicable,  so  that 
as  much  as  possible  of  the  combustion  space  above  the  fuel 
bed  is  utilized   for  mixing  and  combustion. 

Following  these  principles  a  number  of  J^-in.  holes  were 
made  in  each  firing  door;  the  opening  in  the  first  baffle  at 
/  was  closed  and  the  baffle  extended,  making  the  gas  passage 
between  the  end  of  the  baffle  and  the  rear  water-leg  36  in. 
wide.  This  had  the  effect  of  causing  the  air  admitted  through 
the  firing  door  to  flow  farther  to  the  rear  of  the  furnace 
and  to  facilitate  better  mixing  with  the  combustible  gases. 
In  addition  to  these  changes  Wager's  bridge-wall  was  in- 
stalled,  as   shown   in   Fig.  3,   to    supply  additional   air   to   the 

TABLE  IV.     RESULTS  OF  EVAPORATIVE  TESTS  OF  FOUR-PASS 

BOILER    EQUIPPED   WITH   WAGER  BRIDGE-WALL 

AND  HAND-FIRED. 

1  Date,    1918    Dec.  19     Dec.  16     Dec.  17     Dec.  18 

2  Duration,   hours    12.01  7.97         10.07  8.27 

Dimensions  and  Proportions 

3  Grate    area,    sq.ft 66.53  66.53  66.53  66.53 

4  Heating  surface,  sq.ft 2,500  2,500  2,500  2,500 

5  Ratio  grate  area  to  heating  surface.   37.58  37.58  37.58  37.58 

Average  Pressures 

<5     Gage  pressure,  lb 200.50  200.00  197.30  198.60 

7  Atmospheric    pressure,    lb 14.67  14.67  14.68  14.70 

8  Absolute    pressure,    lb 215.17  214.67  211.98  213.30 

9  Draft  between  boiler  and  damper,  in.     0.34  0.44  0.78  1.56 

Average    Temperatures 

10  External   air,    deg.    F 49  37  38  41 

1 1  Fire  room,   deg.   F 63  59  57  59 

12  Feed  water,   deg.    F 207.80  184.50  206.00  198.90 

13  Escaping  gases,  deg.   F 506  513  557  648 

Fuel 

14  Moist  coal  consumed  per  hour,  lb..  1,032   1,149.70  1,443.70  1,934 

15  Moisture  in  coal,  per  cent 1.49  2.15  1.54  1.91 

16  Dry  coal  per  hour,  lb 1,017  1,125  1,411.50  1,897 

17  Dry  refuse  per  hour  weight,  lb 111  168  143.40  166.50 

18  Dry  refuse,  per  cent 10.95  '3.45  10.15  8.80 

19  Combustible  per  hour,  lb 906  957  1,268.10  1,730.50 

Quality  of  Steam 

20  Moisture   in   steam,   per  cent 0.61  1.07  0.62  0.54 

Hect  Value  of  Coal  and  Efficiency 

21  Heat    value    of    one    pound    of    dry 

coal,  B.t.u 14,292       13,990       14,213       14,216 

22  Efficiency    of    boiler    based    on    dry 

coal,    per   cent    72.60  72.80  71.00  70.90 

23  Efficiency   of   boiler    based    on    com- 

bustible, per   cent 74.30  76.60  72.30  71.00 

Water 

24  Water  supplied  to  boiler  per  hr.,  lb.  10,349  11,074  14,042  18,509 

25  Dry  steam  generated  per  hour,  lb..  10,286  10,956  13,955  18,409 

26  Factor   of  evaporation 1.053  1.077  1.055  1.073 

27  Equivalent   evaporation  from   and  at 

212  deg.  per  hour,  lb 10,831       11,800       14,723       19,753 

Evaporative  Performance 

28  Water  evaporated  per  pound  of  drv 

coal,   lb '.  10.10  0.7,^  g.90  9.75 

29  Equivalent  from  and  at  212  deg.  lb.  10.70  10.50  10.40  10.40 

30  Water  evap.  per  lb.  combustible,  lb.  11.30  11.45  11.00  10.62 

31  Equivalent  from  and  at  212  d,eg.  lb.  11.95  12.30  11.61  11.40 

Rate  of  Combustion 

32  Dry  coal  burned  per  sq.ft.  grate  per 

hour,   lb 15.30         16.90         21.30         28.60 

33  Dry   coal   burned   per    sq.ft.    heating 

surface  per  hour,  lb 0.41  0.45  0.57  0.76 

Rate  of  Evaporation 

34  Water  evap.    from   and   at   212   deg. 

per  sq.ft.   h.  s.    per  hour,  lb....      4..'.0  4.72  5.90  7.50 

35  Water  evap.    from   and   at   212   deg. 

per  sq.ft.   grate  per  hour,  lb...       163        177.50  222  297 

Power  of  Boiler 

36  Commercial  horsepower  for  land  use      314  342  427  573 

37  Excess   above   commercial    rating   of 

250   hp.,   per   cent 26  37  71  12Q 

J8     Marine  rating  in   water  evap.   from 

and  at  212  deg.  per  hour,  lb...  15,000       15,000       15,000       15,000 

39  Equivalent     commercial     horsepower 

marine  rating 435  435  435  435 

40  Excess  above  or   below  marine   rat- 

ing, per  cent 28  22  2  31 

below        below        below        above 


rear  part  of  the  furnace.  This  bridge-wall  consists  of  a 
large  number  of  cast-iron  bars  placed  in  the  rear  wall  of 
the  furnace  and  form.";  a  structure  similar  to  a  plain  grate. 
The  air  passes  into  the  furnace  in  a  large  number  of  thin 
streams   through   narrow  slots  between  the  bars. 

With  the  air  admitted  through  the  firing  door  and  through 
the  bridge-wall,  the  combustible  gases  rising  from  the  fuel 
bed  are  squeezed  between  two  streams  of  air  coming  in  from 
two  different  directions,  and  the  mixing  is  greatly  aided.  The 
total  area  for  admission  of  air  over  the  fuel  bed,  including 
the  openings  in  the  fire-doors,  the  space  between  the  door 
frames  and  the  fire-doors  and  the  space  in  the  bridge-wall, 
was  about  160  sq.  in.  This  opening  is  approximately  2  per 
cent  of  the  grate  area. 

The  analyses  of  the  gas  samples  taken  from  various  parts 
of  the  furnace  were  studied  to  determine  the  effect  of  the 
different  methods  of  admitting  air.  It  was  found  that  the  use 
of  the  Wager  bridge-wall  provided  the  best  condition  for 
combustion,  if  too  thick  a  fuel  bed  was  not  maintained  next 
to  the  bridge-wall.  If  the  fuel  bed  was  too  thick,  it  cut  down 
the  available  area  for  admission  of  air  over  the  fuel.  In  parts 
of  these  tests  air  was  admitted  through  nozzles  in  the  first 
baffle,  as  shown  in  Fig.  3.  It  was  found  in  general  that  the 
admission  of  air  through  the  bridge-wall  under  pressure 
proved  to  be  undesirable  in  this  type  of  furnace,  and  while 
the  test  using  the  nozzles  proved  satisfactory,  the  installation 
of  these  nozzles  was  omitted  as  entailing  undesirable  compli- 
cations in   boiler  plants   for   ships. 

TABLE  V.     RESULTS  OF  EVAPORATIVE  TESTS  OF  FOUR-PASS 

BOILER  EQUIPPED  WITH  TWO  TYPE   "E" 

UNDERFEED  STOKERS 

1  Date,    1919    April  8      April  9    April  13   .April  12 

2  Duration,   hours    24  24  24  24 

Dimensions  and  Proportions 

3  Grate    area,    so.ft 77.J0  77.50  77.50  77.50 

4  Heating  surface,    sq.ft 2,500  2,500  2,500  2,500 

5  Ratio  grate  area  to  heating  surface.  32.26  32.26  32.26  32.26 

Average  Pressures 

6  Gage  pressure,   lb 199.00  199.00  197.00  198.40 

7  Atmospheric   pressure,    lb 14.51  14.51  14.50  14.44 

8  Absolute    pressure,    lb 213.51  213.51  211.50  212.84 

9  Draft  between  damper  and  boiler,  in.     0.35  0.85  1.40  1.43 

Average  Temperatures 

10  External  air,   deg.   F 47  53  50  44 

1 1  Fire  room,  deg.   F 61  68  63  62 

12  Feed  water,   deg.   F 66  67  66  63.40 

13  Escaping  gases,   deg.    F 535  591  618  659 

Fuel 

14  Moist  coa!  consumed  per  hour,  lb..  1,189  1,614  2,000  2,392 

15  Moisture  in  coal,  per  cent 2.92  2.82  3.35  4.14 

16  Dry  coal   consumed  per  hour,   lb...  1,155  1,568  1,933  2,293 

17  Dry  refuse  per  hour,  lb 126  160  184  214 

18  Dry  refuse  in  per  cent 10.90  10.20  9.50  9.30 

19  Combustible  consumed  per  hour,  lb.  1,029  1,408  1,749  2.079 

Quality  of  Steam 

20  Moisture  in  steam,  per  cent 0.75  0.75  0.S5  1.02 

Heat   Value  of  Coal  and  Efficiency 

21  Heat    value    of    one    pound    of    dry 

coal,   B.t.u 14,040        14,342        14,234        14.404 

22  Efficiency    of    boiler    based    on    dry 

coal,   per   cent 79.20         75.00         72.50         71.40 

23  Efficiency   of   boiler   based    on    com- 

bustible,  per   cent 80.20  76.50  72.90  72.50 

Water 

24  Water  supplied  to  boiler  per  hour,  Ib.ll, 124  14,588  17.253  20,390 

25  Dry  steam  generated,  per  hour,  lb.  11,041  14,479  17,106  20,182 

26  Factor  of  evaporation 1.20  1.20  1.20  1.204 

27  Equivalent   evaporation   from   c-  d   at 

212  deg.   per   hour,   lb 13,249        17,375       20,527       24.299 

Evaporative  Performance 

28  Water  evaporated  per  pound   of  dry 

coal,   lb 9.55  9.23  8.87  8.8C 

29  Equivalent  from  and  at  212  deg.,  lb.    11.47  11.08  10.62  10.60 

30  Water     evaporated     per     pound     of 

combustible,  lb 10.85         10.21  9.80  9.66: 

31  Equivalent  from  and  at  212  deg.,  lb    12.90  12.54  11.70  11.68 

Rate  of  Combustion 

32  Dry    coal     burned    per    .sq.ft.     grate 

per   hour,    lb 14.90         20.23  23.80  29.60 

33  Dry   coal   burned   per   sq.ft.    heating 

surface   per   hour,   lb 0.46  0.62  0.77  0.92 

Rate  of  Evaporation 

34  Water   evap.    from   and   at   212   deg. 

per  sq.ft.  h.s.  per  hour,  lb 5.30  6.95  8.21  9.72 

35  Water   evap.    from    and   at   212   deg. 

per  sq.ft.   grate  per  hour,   lb...  170. 90       234.20       264.00       313.60 
P  uer  of  B.'iler 

36  Commercial   horsepower   for  land  use      384  504  595  704 

37  Excess    above    conmercial    rating   of 

250   hp.,   per   cent 54  102  138  182 

38  Marine    rating    in    water    evap.    per 

hour  from  and  at  212  deg.,  lb.  15,000       15.000       15,000       15.0u0 

39  Equiv.     commercial     hp.     of    marine 

rating    435  435  435  435 

40  E.xcess   above   or  below   marine   rat- 

ing,  per   cent 12  16  37  62 

below         above        above         above 
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The  temperatures  were  measured  with  thermocouples  in- 
serted in  the  setting  through  the  hollow  stay-bolts  and  moved 
across  the  gas  passages,  as  indicated  by  the  straight  lines 
labeled  couples,  or  C,  in  Figs.  2  and  3.  These  temperatures 
were  measured  across  the  space  between  the  end  of  the  baffles 
and  the  water-leg. 

An  analysis  of  the  temperature  readings  at  various  points 
in  the  passage  gave  considerable  information  as  to  the  flow  of 
the  gases.  In  the  three-pass  boiler  there  appeared  no  regular 
variation  in  temperature  in  the  first  pass.  This  indicates  that 
the  distribution  of  the  hot  gases  through  this  pass  is  nearly 
uniform.  The  second  pass,  however,  shows  the  highest  temper- 
ature one  foot  from  the  end  of  the  baffle  and  the  temperature 
drops  down  rapidly  on  each  side  of  this  point.  This  seems 
to  indicate  that  a  large  part  of  the  hot  gases  had  passed 
through  the  space  between  6  in.  and  24  in.  from  the  end  of  the 
baffle.  The  remaining  space  of  about  24  in.  next  to  the  front 
water-leg  contains  only  slowly  moving  and  comparatively  cool 
gases. 

The  same  condition  exists  in  the  third  pass,  most  of  the 
hot  gases  passing  through  the  18-in.  space  next  to  the  end 
of  the  third  baffle.  These  temperature  measurements  show 
the  desirability  of  lengthening  the  second  and  third  baffles  and 
thus  causing  the  hot  gases  to  pass  over  the  greater  part  of 
the  heating  surface  of  the  boiler.  Although  the  temperature 
measurements  did  not  show  the  desirability  of  lengthening  the 
first  baffle,  this  baffle  was  made  10  in.  longer  after  the  first 
six  tests,  for  the  purpose  of  improving  the  mixing  of  the  air 
and  combustible  gases  rising  from  the  fuel  bed.  The  variation 
in  temperature  measurements  showed  the  difficulty  of  meas- 
uring temperature  with  a  single  couple.  Such  measurements 
might  easily  be  several  hundred  degrees  higher  or  lower  than 
the  average  temperature  in  the  pass.  In  general  the  temper- 
ature -measurements  in  the  four-pass  boilers  indicated  the 
same  characteristics  as  were  found  in  the  three-pass  boilers. 
These  measurements  showed  the  desirability  of  decreasing  the 
area  of  the  passages  so  that  more  heating  surface  might  be 
available  even  though  it  caused  a  greater  frictional  resistance 
to  the  passage  of  the  gases. 

Oil  Fuel  Versus  Coal 

By  David  Moffat  Myers 

Oil  is  almost  an  ideal  fuel.  It  is  the  most  beautiful  fuel 
from  an  engineering  standpoint  with  the  exception  of  natural 
gas.  Like  natural  gas,  its  supply  is  distinctly  limited.  One 
estimate  gives  20  to  25  years  as  the  probable  period  that  oil 
fuel  will  last.  It  should,  therefore,  be  applied  to  very  special 
uses  where  its  natural  characteristics  are  distinctly  and  spe- 
cially in  demand,  as  in  naval  and  certain  classes  of  marine 
practice  and  for  special  processes,  etc.  It  should  not  be 
burned  indiscriminately  and  wasted,  as  our  present  coal  supply 
is,  and  has  been  for  many  years. 

Under  equally  favorable  conditions,  it  is  true  that  a  some- 
what higher  thermal  efficiency  can  be  obtained  with  oil  than 
with  stoker-fired  soft  coal.  On  the  other  hand,  an  oil  fire 
may  be  flooded  with  a  tremendous  excess  of  air  without  in- 
dicating the  fact  to  the  operator,  as  a  coal  fire  would  under 
the  same  conditions.  It  is  really  easier  to  fail  in  the  efficient 
operation  of  oil  than  with  coal,  so  that  in  the  long  run, 
especially  in  small  plants,  it  is  quite  possible  that  the  efficiency 
with  oil  might  run  below  that  which  would  probably  obtain 
with  coal.  In  a  recent  examination  of  a  plant  there  was 
found  an  extravagant  waste  of  oil  on  account  of  the  reasons 
just  stated. 

The  labor  of  ash  handling  with  oil  burning  is,  of  course, 
entirely  eliminated.  In  the  small  plant,  however,  it  would 
frequently  be  impossible  actually  to  save  any  money,  as  the 
time  of  one  man  could  not  be  eliminated  even  if  ash  handling 
had  become  unnecessary.  In  large  plants,  on  the  other  hand, 
it  is  possible  that  a  considerable  labor  saving  can  be  made  by 
the  elimination  of  the  handling  of  ash.  For  the  sake  of  safety 
in  any  boiler  plant  at  least  two  men  should  be  on  the  job  so 
that  the  apparent  saving  of  hbor  does  not  always  reflect  itself 
in  money  saving. 

*From  paper  presented  at  annual  meeting  of  the  American  Society  of 
Heating  and  Ventilating  Engineers,  New  York,  January,   1920. 


Owing  to  the  extremely  small  supply  of  oil  as  compared  to 
coal,  the  former  fuel  should  be  used,  as  has  been  previously 
indicated,  for  special  purposes  which  require  its  advantages, 
and  it  is  evident  that  it  should  not  be  consumed  wastefully. 
In  the  average  office  building  not  over  4  or  5  per  cent  of  the 
heat  energy  in  the  fuel  as  fired  is  converted  into  electrical 
energy  at  the  busbars.  It  seems  a  crime  to  consume  so  rare 
and  valuable  a  fuel  as  oil  with  a  heat  loss  of  25  per  cent. 
It  is  bad  enough  to  do  this  with  cheaper  coal  of  which  there 
is  an  infinitely  greater  supply.  Of  course  during  the  heating 
season,  when  possibly  as  high  as  60  per  cent  of  the  original 
heat  value  of  the  fuel  is  rendered  useful  by  the  application 
of  exhaust  steam  to  heating  and  process,  the  case  takes  on  a 
different  aspect. 

It  is  probable,  however,  that  not  much  "discouraging"  will 
be  necessary.  I  recently  endeavored  to  secure  a  supply  of 
fuel  oil  for  one  of  the  legitimate  cases,  for  a  plant  just  outside 
New  York  City  limits,  and  found  it  impossible  to  obtain  a 
contract  frjm  any  of  the  oil  companies.  These  companies 
were  unable  to  say  how  soon  they  would  be  able  to  make  any 
further  contracts  and  in  any  event  did  not  wish  to  consider 
guaranteeing  a  supply  for  more  than  a  three  months'  period. 
One  stated  they  might,  at  some  distant  time,  give  a  one-year 
contract. 

We  have  recently  been  called  to  report  on  the  oil  and  coal 
situation  in  a  very  large  office-building  plant  in  Philadelphia, 
which  is  to  be  constructed.  Our  findings  may  be  briefly  sum- 
marized as  follows : 

A.  For  the  safe  storage  of  oil  an  additional  $60,000  would 
have  to  be  spent,  of  which  excavation  alone  would 
cost  $25,000. 

B.  Owing  to  the  uncertainty  in  supply,  it  would  not  be 
safe  to  equip  such  a  building  to  depend  on  oil  exclusive- 
ly. Consequently,  a  coal-burning  equipment  would  have 
to  be  installed  in  any  event,  and  if  oil  were  used  it 
would  be  used  only  as  an  auxiliary  fuel  at  such  times 
when  prices  might  favor  its  use. 

C.  No  saving  in  operation  at  existing  prices  of  oil  and  coal 
could  be  shown  in  favor  of  oil.  In  fact,  the  difference 
in  operating  cost  favors  coal. 

This  does  not  mean  that  there  may  not  be  a  great  many 
cases,  as  there  undoubtedly  are,  where  oil  would  be  the  more 
economical  fuel  to  employ.  In  fact,  we  have  recently  reported 
in  favor  of  oil  for  a  certain  industrial  plant  where  a  long 
contract  for  oil  supply  could  be  secured  and  where  the  labor 
situation  was  the  deciding  factor  in  the  problem.  In  this 
plant,  however,  the  exhaust  steam  was  entirely  utilized  so 
that  the  over-all  efficiency  of  the  plant  would  be  high  and  the 
oil   would  be  economically   applied. 

Ball  Bearings  in  Steamship  Engine 
Construction 

The  Swedish  ball-bearing  manufacturers,  after  introducing 
successfully  ball  bearings  in  Swedish  rolling  stock,  especially 
the  Swedish  State  railways,  are  now  entering  new  fields  •  of 
experimentation,  which  have  for  their  object  the  introduction 
of  the  ball-bearing  principle  in  ship  construction,  especially 
in  connection  with  propeller  shafting.  The  problem  comprise^ 
the  construction  of  a  bearing  able  to  withstand  all  axial  pres- 
sure from  the  propeller  and  excluding  all  possibilities  of  hot- 
box  and  kindred  troubles.  The  successful  ball  bearing,  it  is 
claimed,  must  under  the  most  trying  conditions  be  able  to 
withstand  the  axial  pressure  automatically  and  require  little  or 
no  attention  and  must  be  of  such  simple  and  reliable  con- 
struction that  friction  within  the  same  is  minimal  and  that 
the  ship's  movements  may  not  influence  disadvantageously  the 
ball-bearing  mechanism. 

The  bearings  hitherto  used  have  proved  unsatisfactory  in 
these  respects,  it  is  said. 

While  ball  bearings  are  used  to  a  considerable  extent  in 
marine  engineering,  their  application  and  their  mounting  have 
seen  their  highest  development  in  Swedish  shipyards.  This 
is  the  contention  of  Swedish  shipbuilders  generally,  but  will 
doubtless  meet  challenge  in  the  United  States  and  Great 
Britain,  where  shipbuilding  yards  have  not  been  slow  to  see 
the  advantages  offered  by  the  ball  bearings  in  modern  ship 
construction. — Commerce  Reports. 
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Condensed-Clipping  Index  of  Equipment 

Clip,  paste  on  3  x  S-in.  cards  and  file  as  desired 


Pump,  Squeegee  Rotary 

Avamore    Engineering   Co.,    Ltd.,    Queen    Victoria   Street,    Lon- 
don, England. 

"Power,"  Dec.  16-23-30,   1919 

This  pump  consists  of 
.six  main  parts  —  the 
casing,  two  covers,  shaft 
and  two  rotors,  which 
in  the  standard  design 
are  covered  with  India 
rubber.  The  eccentrics, 
which  are  solid  with  the 
shaft  and  have  only  a 
small  throw,  i  m  pa  r  t 
movement  to  the  rotors, 
which  are  a  loose  fit  on 
the  eccentrics.  The  dis- 
placement is  caused  by 
the  rolling  of  the  rotor  when  driven  around  by  the  eccentric  on 
the  main  shaft.  With  the  shaft  rotating  in  an  anti-clockwise 
direction,  the  rotor  rolls  around  in  the  same  direction,  but  on 
account  of  its  being  smaller  in  circumference  than  the  track  in 
the  casing,  it  rotates  in  a  clockwise  direction  in  proportion  to 
the  difference  between  the  circumference  of  the  casing  and  that 
of  the  rotor.  Small  deflecting  valves,  one  for  each  rotor,  are 
placed  in  the  upper  portion  of  the  casing,  and  are  held  in  position 
against  the  rotor  by  small  springs.  The  pumps  are  made  in 
sizes  from  1  to  4  in.  diameter  pipe  connection,  with  a  capacity  of 
700  gal.  to  1,300  gal.  per  hour  when  run  at  1,250  and  720  r.p.m. 
respectively. 


Valve,  Universal  All-Service 
Universal  All-.Service  Valve  Co.,  12419  Lancelot  Ave.,  Clevelaud. 
Ohio. 

"Power,"   Nov.   11-18,   1919 


This  valve  is  made  so  that  it  can  be  used 
as  a  straightway,  three-way  or  angle  valve 
by  merely  changing  the  position  of  a  remov- 
able flange.  The  disk  is  round  and  taper- 
shaped  and  is  removed  from  the  action  of  the 
flow  of  liquid  to  the  valve  when  in  the  open 
position.  A  pocket  is  found  below  the  disk 
in  which  sediment  is  deposited  and  can  be 
removed  through  a  blowoff  pipe  or  by  remov- 
ing the  bottom  flange.  In  large  valves  a  by- 
pass is  arranged,  connecting  with  tha  valve 
body  and  the  bottom  flange,  so  that  when  the 
pressure  is  equalized,  the  pressure  also  exerts 
itself  against  the  bottom  of  the  flange  of  the 
disk  and  assists  in  opening  it.  The  vaive  is 
adaptable  for  steam  lines,   blowoffs,  etc. 


I 
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Valve,  Defiance  Packless 
Defiance  Packless  Valve  Co.,  St.  Louis,  Mo. 

"Power,"  Nov.  25,  Dec.  2-9,  1919 


This  valve  is  made  with  a  metal-to- 
metal  seat  at  the  top  of  a  nonrising 
stem.  The  one-piece  bonnet  is  inter- 
changeable with  practically  all  valve 
bodies.  No  packing  is  employed.  The 
stem  acts  as  a  key  to  raise  and  lower 
the  valve  disk.  It  is  double-seated  in 
the  bonnet  at  angles  of  10  and  30 
deg.,  and  is  held  against  the  seats  by 
a  spring.  The  valve  stem  is  made 
square  in  cross-section,  and  of  metal 
harder  than  the  bonnet,  to  take  care 
of  expansion  and  contraction  and  to 
guard  against  cutting  or  grinding. 
Turning  the  handle  will  raise  or  lower 
the  valve  disk  without  imparting  a 
similar  movement  to  the  stem. 


Filter,  Bowser  Seven  F 
S.  F.  Bowser  &  Co.,  Inc.,  Fort  Wayne,  Ind. 
"Power,"  Nov.  11-18,  1919 


In  this  filter  four  operations  are 
performed,  in  the  order  following: 
Screening,  precipitation  of  water, 
precipitation  of  solids,  and  filtering 
and  storing  of  the  clarified  oil. 
Foreign  material  in  the  oil  is  sepa- 
rated in  a  strainer,  and  the  oil 
then  passes  down  around  the  steam 
coils  and  up  and  around  a  pre- 
cipitating tray,  and  then  into  a 
separate  compartment  into  filtering 
bags,  from  which  the  oil  runa  to  a 
storage  base  below. 


Cleaner,  Adrlance-Bates  Mechanical  Flue 
Adriance-Bates   Steam   Fuel   Economy   Corp.,    80   Richards   St., 
Brooklyn,  N.  Y. 

"Power,"  Nov.  11-18,  1919 

This  cleaner  has  six 
nozzles,  built  so  that 
each  one  blows  an  in- 
dividual tube  of  the 
boiler  on  which  it  Is 
installed.  The  steam 
blast  is  controlled  by 
valves  on  the  exterior 
of  the  boiler  setting. 
Condensation  is  taken 
care  of  by  a  bleeder 
pipe.  When  in  use, 
the  pressure  entering 
the  tube  passes 
through  jets  designed 
to  create  centrifugal 
force  of  great  velocity. 

The   cleaner   does   not   interfere   with    the    natural    draft   and   is 

removable  by  disconnecting  a  ground  joint.     It  requires  less  than 

three  minutes  to  blow  the  tube  of  a  boiler. 


Meter,  Boiler  Coal 
Lee  Recorder  Co.,  Ltd.,  28  Deans  Gate,  Manchester,  England 
"Power,"  Sept.  16,  1919 


This  device  is  especially  In- 
tended for  boilers  operating  with 
chain  grates  and  works  on  same 
lines  as  the  V-notch  recorder  and 
integrator  for  water  measure- 
ments. The  amount  of  coal  pass- 
ing under  the  fire-door  is  re- 
garded as  the  flow,  but  the  depth 
and  velocity  of  the  fuel  are  sub- 
ject to  variation.  The  reading  is 
easily  made,  no  skilled  attention 
is  required,  and  the  makers  give 
a  guarantee  of  accuracy  to  with- 
in 5  per  cent. 
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Bearings  for   High   Speed  Gears 
British  Westinghouse  Electric  &  Mfg.  Co.,  London,  England. 
"Power,"  ,Dec.  16-23-30,  1919 
,  This   bearing   is    sup- 

"1  ported    in    rosltion    by 

^  ^^  films    of   oil   which    are 

maintained  by  forcing 
the  oil  through  one  or 
more  relatively  small 
clearance  spaces  pro- 
vided between  the 
bearing  and  its  support. 
The  position  of  one 
bearing  with  respect  to 
another  may  be  ad- 
justed by  forcing  a 
greater  quantity  of  oil 
through  the  clearance 
space  or  spaces  between 
the  bearings  and  its 
support  than  through 
the  clearance  space  or 
spaces  of  the  other  bearing.  This  adjustment  may  be  made 
while  the  apparatus  is  in  motion. 


Latch,  De  Waters  Safety 

De  Waters  Safety  Latch  Co.,  Central  Ave.,  Far  Rockaway.  N.  Y. 
"Power,"  Dec.  16-23-30.  1919 

This  latch  la  designed 
to  prevent  furnace  doors 
from  being  forced  open 
in  case  of  ruptured 
boiler  tubes.  The  latch 
cannot  be  lifted,  except 
by  external  force  ap- 
plied to  a  weight,  which 
always  tends  to  force 
the  latch  nose  -lown  on 
the  ki  eper.  Tiie  latch 
is  always  in  a  position 
ready  to  lock.  Its  r  move- 
ment is  limited  by  a 
double  stop  space  to  the  amount  required  to  clear  the  keeper. 
When  released,  it  rests  or.  a  beveled  stop  face  in  a  position  to 
ride  over  the  keeper  when  the  door  is  closed.  This  latch  is  also 
applicable  to  elevators,  fire-doors  and  other  openings. 
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Four-Day  Test  on  Five  Oneida  Street  Boilers 
Burning  Pulverized  Coal 


THE  isometric  sketch,  Fig.  1,  and  the  sectional  view,  Fig.  2, 
set  forth  the  equipment  used  in  the  operation  of  the 
pulverized-fuel  burning  plant  at  the  Oneida  Street  sta- 
tion. Screenings  coal  is  delivered  to  the  station  by  barge  and 
run  over  an  automatic  scale,  discharged  onto  a  short  belt 
conveyor  equipped  with  a  magnetic  separator  pulley  for  re- 
moval of  trampiron  and  then  into  a  bucket  conveyor  which 
carries  it  to  the  green-coal  storage  bunkers,  the  starting  point 
as  shown  on  the  sketch.  From  there  it  is  conveyed  and  ele- 
vated to  a  disintegrator,  where  it  is  prepared  for  drying  by 
being  crushed,  discharged  into  a  small  storage  bin  and  fed 
to  the  drier.  The  drier  is  of  the  double-shell  type  and  is 
so  arranged  that  the  gases  exhausted  from  it  are  discharged 
through  a  cyclone  separator  where  coal  dust,  carried  from  the 
shell,  is  reclaimed  and  conveyed  to  the  pulverizers.  The  gases 
discharged  from  the  separator  are  vented  into  the  smoke- 
stack.    The  dried  coal  is  carried  from  the  drier  discharge  by 


rangements  for  frequent  checks  were  made  wherever  possible. 
Preliminary  tests  were  made  on  the  various  parts  of  the 
system  so  as  to  insure  proper  operating  conditions  during  the 
final  test.  A  24-hour  preliminary  test  was  conducted  on  the 
entire  plant  for  the  purpose  of  training  the  personnel  as  well 
as  that  of  trying  out  the  test  equipment. 

Apparatus  and  Instruments 

The  coal  was  weighed  on  an  Avery  scale,  the  automatic 
devices  of  which  had  been  disconnected,  making  a  hand  scale, 
with  dead  weight  on  one  side  of  the  fulcrum  and  coal  on  the 
other.  The  rapacity  was  3,000  lb.  per  dump.  The  scale  was 
checked  at  regular  intervals,  not  more  than  120  tons  being 
weighed  between  calibrations.  The  accuracy  was  tested  with 
3,000  lb.  in  the  form  of  50-lb.  standard  scale  blocks. 

Four  2,000-lb.  capacity  tanks  placed  on  platform  scales  were 
used  for  weighing  water,  these  being  mounted  so  as  to  empty 


FTG.  1.  LAYOUT  OF  PULVERIZED-  FUEL  PLANT  AT  ONEIDA  STREET  STATION 


a  bucket-elevator  to  the  dry-coal  storage  bins,  to  which  are 
connected  the  pulverizer  feeders.  The  pulverizers  are  of 
the  five-roll  type.  Pulverized  coal  from  the  mill  outlets  is 
conveyed  by  screw  coniJ^eyors  to  the  pulverized-fuel  storage 
bins.  Screw  feeders  take  the  fuel  to  the  air-mixing  chamber 
from  where  it  is  blown  to  the  furnaces. 

To  obtain  complete  data  on  the  pulverized-fuel  installation 
for  the  purpose  of  making  comparison  with  the  stoker  instal- 
lation, no  attempt  was  made  to  establish  boiler-room  conditions 
other  than  those  maintained  during  regular  operation. 

To  insure  against  any  breakdowns  during  the  test,  the  phys- 
ical condition  of  the  plant  was  carefully  checked  over,  repairs 
being  made  wherever  considered  necessary.  Boiler  settings 
were  examined  and  made  airtight  and  all  heat-radiating  sur- 
faces were  properly  insulated. 

All  necessary  precautions  against  water  leakage,  from  or  to 
the  boiler,  were  taken.  Blowoff  lines  were  disconnected  and 
blanked.  Water-column  connections  were  broken  and  all 
regular  feed  lines  to  the  boilers  were  disconnected  and  blanked. 

Ail   instruments   were  carefully  calibrated  and  set,   and   ar-  . 


into  a  receiving  reservoir  below,  which  was  connected  to  the 
feed  pump.  The  scales  were  balanced  and  checked  at  regular 
intervals. 

Slag,  ash  and  refuse  were  weighed  on  an  ordinary  platform 
scale.  An  aneroid  barometer  was  used  for  the  determination 
of  atmospheric  pressures.  For  obtaining  flame  temperatures, 
an  optical  pyrometer  was  used.  Stack  and  steam  temperatures 
were  recorded  by  instruments.  For  all  other  temperature  de- 
terminations mercury  indicating  thermometers  were  used. 
Drafts  w«re  read  from  liquid  gages  of  the  U-tube  and  mul- 
tiplying types.  For  determination  of  the  composition  of  flue 
gases,  Orsat  instruments  were  used.  Solutions  in  these  were 
renewed  daily.  A  recording  machine  was  also  connected  and 
used  for  comparison.  Electrical  data  were  obtained  from 
integrating  watt-hour  meters.  All  pressure,  gages  were  set 
from  a  calibrated  standard  test  gage,  with  proper  allowances 
for  water  columns. 

All  data  were  recorded  on  prepared  forms.  Instrument 
readings  were  taken  at  regular  intervals,  varying  from  fifteen- 
minute  periods  on   some  instruments  to  one-hour  periods   on 
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others.  Wherever  possible  automatic  counters  were  used  to 
check  tallies  made  by  operators.  In  other  instances  a  double 
tally  was  made,  each  independent  of  the  other.  Data  were 
so  arranged  that  approximate  checks  could  be  made  after  the 
burning  of  each  40.5  tons  of  coal.  Hourly  checks  were  made 
on  the  water  in  order  to  maintain  a  uniform  rating. 

Kind  of  Coal  U.skd  i.\  tiik  Tkst 

With  the  exception  of  the  first  day,  when  100  per  cent 
Youghiogheny  was  used,  the  coal  for  the  test  was  a  mixture 
50  per  cent  each  Eastern  Kentucky  and  Youghiogheny  screen- 
ins^;^,  nuining  approximately  25  per  cent  nut.  45  per  cent  pea 
and  30  per  cent  slack.  This  coal  is  the  same  as  is  used  in 
daily  operation.  The  coal  as  supplied  to  the  drier  after  pass- 
ing through  the  disintegrator  was  approximately  50  per  cent 
■^lack  aiifl  50  per  cent  small  pea  and  nut,  not  any  of  the  pieces 
being  larger  than  J^  inch. 

During  the  progress  of  the  test  the  coal  was  regularly 
sampled  at  five  points  along  the  line  of  fuel  travel.  Samples 
taken  at  the  coal  scale  were  for  moisture,  proximate  and  ulti- 
mate analyses,  while  those  taken  at  the  drier  inlet  and  outlet, 
and  burner  outlets  were  for  moisture  determinations  only.  All 
pulverizer  outlets,  and  burner  outlets  were  for  moisture  determi- 
nations only.  All  samples  were  taken  and  made  up  according 
to  the  A.  S.  M.  E.  standards.  All  determinations  and  analyses 
were  made  at  the  laboratories  of  the  company,  according  to 
approved  practices  of  the  Bureau  of  Mines.  An  Emerson 
Bomb  was  used  for  obtaining  caloric  values  of  the  coal. 

In  pulverized-fuel  test  practice  standard  methods  cannot  be 
followed.  The  levels  of  pulverized  fuel  in  the  storage  bins  is 
the  determining  factor  in  starting,  checking  and  stopping. 

Previous  to  the  starting  signal  for  the  final  test  the  green- 
coal  system  was  run  clean  of  fuel  and  the  pulverized-fuel 
system  filled  to  capacity.  The  conditions  of  the  respective 
systems  were  identical  for  each  check  (after  the  burning  of 
40.5  tons  of  coal)  and  at  the  close  of  the  test.  The  amount 
of  coal  to  be  burned  between  checks  was  determined  by  the 
capacity  of  the  green-coal  storage  bunkers.  Three  bunkers 
of  40.5  tons  capacity  each  were  available  during  the  test,  all 
of  which   were  filled  once  in  twenty-four  hours. 

Operating  Conditions 

Operation  in  the  pulverizing  room  was  changed  somewhat 
during  the  test  in  order  to  fulfill  conditions  required  in  making 
the  periodic  checks  of  boiler  operation.  It  was  essential  that 
the  levels  of  the  fuel  in  the  pulverized  bins  should  be  con- 
trollable at  certain  hours  of  the  day  (at  the  time  of  check) 
and  therefore  operation  of  pulverizer  equipment  was  extended 
over  twenty-four  hours,  although,  without  these  considerations, 
sufficient  coal  could  have  been  pulverized  during  an  eighteen- 
hour  run.  As  a  result,  irregular  operation  of  the  equipment — 
frequent  starts  and  short  runs — increased  power  consumption 
and  decreased  hourly  capacities. 

No  interruptions  due  to  failure  of  equipment  occurred  dur- 
ing the  test.  The  pulverized-fuel  conveyor  choked  up  on  two 
occasions  when  the  storage  bins  were  allowed  to  overfill  at  a 
check  hour.  Uniform  and  satisfactory  removal  of  moisture 
was  affected  by  the  drier  without  any  unusual  regulation.  The 
firing  of  the  furnace  was  varied,  as  it  is  ordinarily,  depending 
upon  the  moisture  content  of  the  green  coal.  The  pulverizers 
operated  uninterruptedly  and  provided  fuel  of  the  desired 
fineness  with  little  variation. 

During  the  first  twenty-four  hours  of  the  test,  it  appeared 
that  moisture,  with  its  attendant  difficulties,  was  collecting  in 
the  storage  binds.  Cold-air  drafts  through  windows  along 
the  side  of  the  bins  caused  this  condition  by  rapidly  condensing 
the  vapor  in  the  entrained  air.  When  the  windows  were 
tightly  closed,  it  was  eliminated. 

Choking  and  plugging  of  the  screw  feeders  and  feeder  pipes 
were  the  chief  causes  of  interruption  in  the  fire  room.  It  was 
on  the  second  day  that  the  tendency  of  the  feeder  lines  to 
choke  was  most  noticeable,  and  this  must  be  attributed  to  the 
moisture  conditions  encountered  the  night  previous.  In  one 
instance,  however,  one  of  the  lines  to  a  burner  stopped  feed- 
ing when  a  piece  of  tarred  paper  lodged  in  it  above  the 
burner.  No  doubt  this  had  been  dropped  into  the  pulverized- 
fuel  system  accidentally.  Operation  of  the  furnace  on  which 
this  occurred  had  been  noticeably  aflFected  during  the  twenty- 


four  hours  previous  to  the  removal  of  the  pipe  and  the  dis- 
covery of  the  source  of  trouble.  A  total  of  four  feeder  hours 
were  lost  during  the  test. 

A  high  percentage  of  CO2  was  easily  obtainable,  but  could 
not  be  maintained  for  longer  than  an  hour  at  a  time,  owing 
to  excessive  slagging  on  the  hearth  This  slagging  on  the 
hearth  and  furnace  bottoms  may  be  attributed  to  flame  char- 
acteristics resulting  from  certain  draft  conditions  and  can  be 
avoided  only  by  air  regulation.  On  the  newer  type  of  Lopulco 
furnaces,  such  as  are  in  use  at  the  Oneida  Street  plant,  the 
method  of  air  regulation  is  such  that  while  admitting  air  for 
slag  prevention,  a  large  volume  not  needed  for  combustion, 
enters,  bypasses  the  flame  zone  and  is  carried  with  the  products 
of  combustion  in  the  form  of  excess  air.  The  high  percentage 
of  excess  air,  together  with  a  correspondingly  low  percentage 
of  CO2,  as  indicated  by  the  flue-gas  analysis,  was  not  deter- 


FIG.  2.     TRANSVERSE  SECTION  THROUGH  ONEIDA  STREET 
BOILER   PLANT 

mined  by  combustion  considerations  but  rather  by  furnace 
limitations. 

No  slagging  occurred  on  the  boiler  tubes.  Flues  were  blown 
once  every  eight  hours.  Slag  was  withdrawn  from  the  fur- 
naces twice  in  twenty-four  hours.  Back-chamber  ash  was  re- 
moved once  every  two  days. 

Owing  to  the  use  of  a  single  stack  for  the  entire  boiler  plant, 
which  includes  six  underfeed-stoker  boilers,  no  smoke  observa- 
tions were  made.  Smoke  from  the  pulverizcd-coal  furnaces, 
however,  has  proved  on  all  occasions  when  pulverized  fuel 
alone  is  used,  to  be  of  a  negligible  quantity  and  appears  in 
the  form  of  a  light  yellow  haze,  which  disappears  within  25 
yards  of  the  stack.  The  ash  particles  are  so  fine  that  no 
estimate  can  be  made  of  the  distance  they  are  carried  before 
being  dropped  from  the  air.  No  noticeable  deposit  has  accu- 
mulated on  or  about  the  plant,  although  continuous  operation 
has  been  carried  on  for  more  than  a  year. 
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TABLE   I.     TEST   OF   FIVE   468-HP.    BOILERS 

November  U-IS,  1919 

Dimensions 

Number  and  kind  of  boilers Five  Edge  Moor  water-tube  boilers 

Kind   of   furnaces Pulverized  Fuel   Equipment   Corporation 

Volume  of  combustion  space,  per  boiler,  cu.  ft 

Water  heating  surface,  sq.ft.,  per  boUer 

Superheating  surface,  sq.ft.  per  boiler  (approxunate;  . . . . 

(a)  Type   of  superheater 

Total  heating  surface,  sq.ft.,  per  boiler. 

(a)  Ratio  of  water  heating  surface  to  volume  of  combus- 

tion  space    • c'  "  '  V" 

(b)  Ratio  of  total  heating  surface  to  volume  of  combus- 

tion space  

Date,  Duration,  Etc. 

jjatg    November  IMS,   1919 

Duration,  hours    .^^ 

(a)   Boiler,  hours  • ••      .      c     ~ 

Kind    and    size    of    coal Mixture— SO    per    cent    Yough.    Scrgs 


1678 

4680 

S94 

Foster 

S274 

1   to  0.359 

1  to  0.318 


SO  per  cent  Eastern  Kentucky  Screenings. 

Average  Pressures,    Temperatures,    Etc. 

Steam  pressure  by  gage,  lb.  per  sq.  in 

(a)   Barometric  pressure,  in.   of  mercury 

Steam  pressure,  absolute,  lb.  per  sq.in j"  *  *  "t^ 

Temperature  of  steam  leaving  superheaters,  deg.   r. 

(a)  Normal  temp.  sat.  steam  at  above  pres.,  deg.   F 

Temperature  of  feed  water  entering  boiler,  deg.   F 

Temperature  of  escaping  gases,  deg.  F. 

(a)  Temperature  of  flame  above  hearth,  deg.  F 

(b)  Temperature  of  furnace  bottoms,  deg.   F 

Draft  under  damper,  inches  of  water 

Draft  in  furnaces,  inches  of  water 

Air  pressure  at  blower,  inches  of  water i"j" 

(a)  Pressure   of   air  mixing   with   coal   at   screw   feeder, 
inches   of  water • •  • 

(b)  Pressure  of  air  and  coal  mixture  above  burner  outlet, 
inches  of   water 

State  of  weather. 

(a)  Temperature  outside,  deg.  F 

(b)  Relative  humidity,  per  cent 

(c)  Room  temperature,  deg.  F 

19.     Number  of  degrees  of  superheat 

Total   Quantities 

Total  weight  of  coal,  as  received,  pounds 

Percentage  of  moisture 

Total  weight  of  coal,  as  fired,  pounds 

Percentage  of  moisture 

Total  weight  of  dry  coal,  pounds 

Slag,  ash  and  refuse  (dry,  laboratory  basis)  per  cent 

(A)  Withdrawn  from  furnace  bottom,  pounds  total.... 

(a)  Withdrawn    from   furnace  bottom,   pounds  per 
hour  per  boiler 

(B)  Withdrawn  from  tubes,  flues  and  combustion  cham- 
ber, pounds  total 

(b)  Withdrawn    from   tubes,   flues   and   combustion 
chamber,  pounds  per  hour,  per  boiler 

(C)  Blown  away  with  gases,  pounds  (difference  between 
laboratory  and  actual  weighed) 

(c)  Blown  away  with  gases,  pounds  per  hour  per 
boiler  

(D)  Percentage  of  total  lost  with  gases 

(E)  Percentage  of  combustible  in  slag  and  ash  recovered, 
per  cent  (combined  analysis) 

Total  combustible  burned,  pounds 


10 


18. 


26. 
27. 
28. 

29. 

30. 
31. 
32. 


33. 


34. 
3S. 


36. 


37. 
38. 
39. 
40. 
41. 

42. 

43. 
44. 


4S. 
46. 
47. 
48. 


49. 
50. 
51. 


167.8 
29.49 
182.3 
441.9 
374.2 
156.3 
496.6 
2,767 
2,180 
0.173 
0.031 
6.36 

6.00 

1.00 

28. 

72. 
75.7 
67.7 


958,074 

7.23 

894,800 

0.67 

888,805 

11.90 

9,770 

19.8 

9,862 

20.0 

87,549 

176.8 
82.8 

6.9 
781,622 


Total  weight  of  water  fed  to  boilers 8,249,536 


1.1473 


52. 


Factor  of  evaporation 

Total  equiv.  evap.  f.  and  a.  212  deg.  F.,  lb 9,464,693 

Hourly   Quantities   and   Rates 

Dry  coal  per  hour,  pounds 

(a)   Dry  coal  per  hour,  per  boiler,  lb • 

Water  evap.  per  hour,  lb.  actual 

(a)   Water  evap.  per  hour,  per  boiler,  lb.  actual 

Equiv.  evap.  per  hour  f.  and  a.  212  deg.  F.,  lb 

(a)   Equiv.  evap.  per  hour,  per  boiler,  f.  and  a.  212  deg. 

F.,    lb ;  • 

Equiv.  evap.  per  hour,  f.  and  a.  212  deg.  P.,  per  sq.ft. 

of  water  heating  surface,  lb 

Capacity 

Evap.  per  hour,  f.  and  a.  212  deg.  F.,  per  boiler,  lb 

(a)   Boiler  horsepower  developed 

Rated  cap.  per  hr.  f.  and  a.  212  deg.  F.,  per  boiler,  lb.. 

(a)   Rated  boiler  horsepower 

Percentage  of  rated  capacity  developed 

Eco7iomy 

Water  fed  per  lb.  of  coal,  as  received,  lb 

Water  fed  per  lb.  of  coal,  as  fired,  lb 

Water  evap.  per  lb.  of  ccal  dry,  lb 

Water  evap.  per  lb.  of  comoustible,  lb 

Equiv.   evap.   f.   and  a.   212  deg.   F.,  per  lb.  of  coal,  as 

received,  lb.    

Equiv.   evap.   f.   and  a.  212  deg.   F.,  per  lb.   of  coal,  as 

fired,  lb 

Equiv.  evap.  f.  and  a.  212  deg.  F.,  per  lb.  of  coal  dry,  lb. 
Equiv.   evap.   f.   and  a.  212  deg.   F.,  per  lb.   of  combus- 
tible, lb 

Gross  Efficiencies 
Calorific  value  of  1  lb.  of  dry  coal  by  calorimeter,  B.t.u. . 

Gross  Efficiency  of  boiler  and  furnace,  per  cent 

Efficiency  of  furnace,  per  cent 

Smoke   data See   notes 

Analyses  of  Flue  Gases 

Carbon  dioxide,  per  cent 

Oxygen,   per  cent 

Carbon  monoxide,  per  cent 

Analyses  of  Coal 

Proximate.  ..,       .      ,  .     _.      , 

As  Received  As  Fired 

(a)  Moisture    7.23  0.67 


8,978 

1,796 

83,328 

16,666 

95,603 

19,121 

4.09 


19,121 
554 

16,146 

468 

118.4 


8.611 

9.219 

9.282 

10.554 

9.879 

10.577 
10.649 

12.109 


12,810 
80.67 
99.79 


12.26 
6.82 
0.00 


Dry 


TABLE  I— CONTINUED 

(b)  Volatile    32.13  34.40  34.65 

(c)  Fixed   Carbon    49.60  53.11  53.47 

(d)  Ash    11.04  11.82  11.90 

100.00  100.00  100.00 

(e)  Sulphur  separately   determined  referred  to  dry  coal  1.62 

53.  Ultimate  Analyses. 

(a)  Carbon    73.57 

(b)  Hydrogen   4.35 

(c)  Oxygen    ' -22 

(d)  Nitrogen  1-34 

(e)  Sulphur   1-62 

(f)  Ash   n.9Q 

100.00 

54.  Analyses  of — 

Combustion         Combustion 
Slag  Ash  Retained  Ash  Lost 

(a)  Moisture   0.00  13.00 

(b)  Combustible     0.59  13.76  Unknown 

(c)  Earthy    matter     99.41  86.24 

Heat  Balance 

Method 

, A.S.M.E. .  . Uehling 

Per  Per 

B.t.u.  Cent.  B.t.u.  Cent, 

ra)   Heat  abs.   by  boiler 10334  80.67  10334  80.67 

(b)  Loss   due   to   evap.    of   mois- 

ture in  coal 8  0.06  8  0.06 

(c)  Loss    due    to    heat     carried 

away  by  steam  fonned  by 

the    burning    of    hydrogen       486  3.79  463  3.61 

(d)  Loss    due     to    heat    carried 

away  in  dry  flue  gases. .  .      1527  11.93  1551  12.11 

(e)  Loss  due  to  carbon  monoxide  0  0.00  0  0.00 
(f  )   Loss  due   to  combustible   in 

ash    23  0.18  23  0.18 

(g)   Loss  due  to  heating  moisture 

in  air   39  0.30  39  0.30 

(h)  Loss  due  to  combustible  car- 
ried away  with  flue  gases, 
unconsumed  hydrogen,  hy- 
drocarbons, radiation  and 
unaccounted   for    393  3.07  393  3.07 

(i  )  Total  calorific  value  of  1  lb. 

of  dry  coal 12810  12810  

(j  )   Total    per   cent 100.00  100.00 

Analyses  of  Losses 

Losses  due  to  the  evaporation  of  moisture  in  coal,  when  ex- 
pressed in  a  heat  balance,  are  dependent  upon  the  quantity  of 
moisture  in  the  coal  as  fired,  and  ordinarily  are  independent 
of  installation.  Since  in  this  case,  the  coal  was  dried  to  0.67 
of  1  per  cent  of  moisture,  only  a  small  loss,  0.06  of  1  per  cent, 
due  to  the  presence  of  moisture,  occurred  in  combustion.  The 
actual  loss  resultirg  from  this  factor  is  set  forth  in  the  table 
showing  net  boiler  efficiency.  It  exceeds  the  minimum  the- 
oretical loss,  dependent  upon  quantity  of  moisture  that  is 
always  assumed  in  a  heat  balance  and  which  in  this  case  would 
be  (if  coal  had  not  been  dried)  equal  to  0.6  per  cent.  The 
efficiency  of  the  drier  referred  to  this  basis  is  but  40  per  cent. 

Losses  due  to  hydrogen  in  the  coal  are  independent  of  the 
installation.  In  view  of  the  fact  that  the  boilers  were  operated 
at  the  most  economical  rating,  losses  due  to  heat  carried  away 
in  the  drv  flue  gases  were  higher  than  expected.  To  account 
for  them,  it  must  be  considered  that  up  to  the  time  of  the  test 
three  of  the  five  boilers  had  been  operated  about  300  hours 
since  receiving  a  partial  wash,  and  that  each  of  the  five  had 
been  in  service  600  hours  since  the  last  full  cleaning.  This 
condition,  together  with  the  fact  that  90  per  cent  of  the  feed 
water  was  untreated  reduced  the  heat  absorption  of  the  boilers 
appreciably.  One  of  the  boilers  examined  subsequent  to  the 
test  showed  scale  deposits  sufficient  to  affect  efficiency. 

Further  losses  under  this  heading  may  be  attributed  to  an 
excess  of  air,  not  needed  for  proper  combustion,  but  essential 
to  the  control  of  furnace  temperatures  and  the  prevention  of 
excessive  slagging  on  the  hearth  and  furnace  bottoms. 

Losses  due  to  carbon  monoxide  were  not  measurable,  since 
but  few  analyses  showed  CO  present,  and  then  only  in  traces. 

The  loss  due  to  combustible  in  the  ash  is  very  small  and 
denotes  the  completeness  of  combustion.  Since  but  17.2  per 
cent  of  the  total  ash  (laboratory  basis)  was  recovered  and  half 
of  that — the  slag — contained  no  combustible,  it  might  be  as- 
sumed that,  with  the  82.8  per  cent  of  ash  that  escaped  with 
the  flue  gases,  a  large  amount  of  combustible  was  carried 
away.  On  the  other  hand,  it  is  more  likely  that  since  the 
unaccounted  for  losses  are  less  than  in  the  average  boiler  test, 
most  of  the  unburned  combustible  lodged  in  the  combustion 
chamber,  and  was  without  doubt  the  heavier  particles. 

Losses  due  to  evaporation  of  moisture  in  the  air  are  inde- 
pendent of  the  installation.  The  losses  due  to  combustible 
carried  away  with  the  flue  gases,  unconsumed  hydrogen,  hydro- 
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carbons,  radiation  and  unaccounted  for  losses  are  not  great 
comparatively,  and  are  not  wholly  preventable.  Radiation  was 
reduced  to  a  minimum  by  properly  covering  and  lagging  the 
boilers. 

Analyses  ok  Com.  Duking  Tkst 

In  twelve  proximate  analyses  of  the  coal  made  during  the 
test,  the  moisture  averaged  1 22>  per  cent  in  the  coal  as  re- 
ceived at  the  plant.     In  the  dry  coal  the   following  averages 

wfre   obtained:      Fixed  carbon,   53.47;    volatilq  matter,  34.63; 

lABLE  II.     TEST  ON  FUEL  PULVERIZING  EQUIPMENT 
November  11-15,   1919 
Average  Temperatures 

1        Temp,  of  air  entering  drier  furnace,  deg.  F 93.8 

2.  Temp,   of  gases  leaving  drier,  dcg.   F 181.8 

3.  Humidity  of  outside  air,  per  cent 72.0 

4.  Draft  through  drier,   in.   of   water 0.77 

No.  1  No.  2 

5.  Vacuum   in  pulverizers,   in.   of  water 5.0  5.16     Av.     5.08 

Coal  Temperatures,  Moistures  and  Fineness 

Temp,   of  coal  entering  drier,  deg.   F 88.2 

Temp,  of  coal  leaving  drier,   deg.    F 237.9 

Temp,  of  coal  leaving  pulverizers,  deg.   F 169.7 

Moisture  of  coal  entering  drier,  per  cent 5.59 

Moisture  of  coal  leaving  drier,  per  cent 1.61 

Moisture  of  coal   leaving  pulverizers,   per  cent 1.03 

Fineness  of  pulverized  coal,  200  mesh,  per  cent 81.30 

Fineness  of  pulverized  coal,   100  mesh,   per  cent 97.40 

Fineness  of  pulverized  coal,     80  mesh,  per  cent 99.30 

Fineness  of  pulverized  coal,     60  mesh,  per  cent 100.00 

Total  and  Hourly   Quantities 

Total  coal  crushed,  as  received  at  crusher,  tons 479.0 

Coal  crushed  per  hour,   as   received,  tons 17.5 

Total  coal   dried,   as  received  at   drier,   tons 471.2 

Total  coal  dried  per  hour  of  drier  operation,  as  received,  tons  6.7 

Total  coal  pulverized,  coal  from  drier,  tons 447.4 

Capacity  of  pulverizer  per   hour,   tons 5.0 

Coal  pulverized  per   hour,   dry,   tons  total 7.90 

Coal  pulverized  per  hour,  dry,  tons  per  mill 3.95 

Coal  pulverized  per  hour,   per  mill,  as  received  at  plant,   tons  4.23 

Consumption  of  Lubricants 

Total  grease  consumed  by  elevators  and  conveyors,  lb 6.0 

Grease  per  ton  of  coal,  as  received,  lb 0.012 

Total  grease  consumed  by  pul^^erizers,  lb 13.0 

Grease  consumed  per  pulverizer  per  hour  of  operation,  lb....  0.112 
Grease  consumed  per  pulverizer  per  ton  of  coal  pulverized,  lb.  0.028 
Grease   consumed    on    all    equipment    per   ton    of   coal,    as    re- 
ceived, lb 0.040 

Total  oil  consumed  on  all  equipment,  quarts 17.0 

Oil  consumed  per  ton  of  coal  as  received,  quarts 0.036 

Electric  Energy   and   Coal   Consumption 

Total   energy  consumed   by   crusher   and   green   coal   elevator, 

kw.-hr 220.0 

Energy   per   ton   of   coal,    as   received,   kw.-hr. 0.47 

Total  energy  consumed  by  drier,  kw.-hr 735 

Energy  per  ton  of  coal,  as  received,  consumed  by  drier 1.53 

Total  energy  consumed  by  pulverizers,  kw.-hr.   (fan  and  drive 

motor)    8010 

Mill  No.  1     Mill  No.  2 

Motor   input    per    hour,    hp.. 93.8  90.2 

Energy  consumed   by   pulverizer   per   ton   of  coal,   as  received 

kw.-hr 16.72 

Energy  consumed  bv  pulverizer  per  ton  of  coal,  as  pulverized, 

kw.-hr ■ 17.90 

Total   energy  consumed   by   pulverized   coal   conveyors,    feeder 

blowers   and   feeders 1 789 

Total  energy   consumed   by  pulverized   coal  conveyors,   feeder 

blowers  and  feeders  per  ton  of  coal  as   received 3.73 

Total  energy  consumed  by  pulverized  coal  conveyors,  feeder 

blowers  and  feeders  per  ton  of  coal  as  fired 4.00 

Total  energy  consumed  by  all   equipment  on  preparation   and 

firing  of  pulverized   fuel,   kw.-hr 10754 

Energy  per  ton  of  coal,  as  received,  kw.-hr. — grand  total....  22.45 

Coal  equivalent  for  this  energy  at  1.5  lb.  coal  per  kw.-hr.,  lb.  33.68 

Total  coal  used  in  drier  furnace 12291 

Coal  per  ton  of  fuel  dried,  lb.  (based  on  coal  as  received)  . .  25.66 
Total  coal  and  equivalent  consumed  in  preparation  and  firing 

of  one  ton  of  pulverized   fu'el,  lb 59.34 

Cost    of   Preparation — Operation    and    Maintenance 

49.  Cost   of  labor  per   ton   of  coal — operation $  0.143 

50.  Cost  of  fuel  for  drying  plus  fuel  for  electric  ene.gy — coal  at 

$4  per  ton 0.119 

51.  Cost  of  lubricants  per  ton  of  coal — grease  at  9c  per  lb 0.007 

52.  Cost  of  labor  per  ton  of  coal — maintenance 0.036 

53.  Cost   of  material — maintenance 0.020 

54.  Total  cost  per  ton  of  coal 0.325 

Note:      Item   49    is   based   on   the   labor   required  to   pulverize  coal 
sufficient  for  five  boilers  thiough  a  twenty-four  hour  run  per  day. 


lo. 
17. 
18. 
19. 
20. 
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22. 
23. 
24. 


24. 
25. 

26. 

27. 
28. 
29. 

30. 
31. 


i2. 

33. 
34. 
35. 
36. 


37. 
38. 


40. 


44. 
45. 
46. 
47. 
48. 


From  an  average  of  twelve  tests  the  per  cent  of  moisture 
in  the  coal  at  various  points  along  the  line  of  fuel  travel  was 
as  follows:  As  received  at  the  plant,  7.23;  at  the  drier  inlet, 
5.59;  at  the  drier  outlet,  1.61;  at  the  pulverizer  outlet,  1.03; 
in  the  coal  at  the  burners,  0.67.  The  fineness  of  the  coal  aver- 
aged through  a  200-mesh  screen,  81.3  per  cent;  through  a  100 
mesh  .screen,  97.4  per  cent;  through  an  80-mesh  screen,  99  3 
per  cent,  and  through  a  60-mesh  screen,  100  per  cent. 

TABLE    III.      .SUMMARY    OF    RESULTS 
Electric  Energy  and  Fuel  Consumption  Per  Ton  of  Coal  Pulverized 

1.  Energy    consumed    by    conveyors,    crushers,    elevators,    drier, 

blowers   and   feeders,   kw.-hr 5.73 

2.  Energy  consumed  by  pulverizer,  kw.-hr 16.72 

3.  Total   energy,   kw.-hr 22.45 

4.  Coal  equivalent  at  1.5  lb.  per  kw.-hr.,  lb 33.68 

5.  Coal  coi.sumed  in  drier  furnace,  lb.  per  ton  of  fuel  dried....  25.66 

6.  Total  coal   and   equivalent,   lb 59.34 

7.  Gross  efficiency  less  deductions  for   total   coal   and   equivalent 

—Item    6    78.36 

Cost  of  Fuel  Preparation,  Firing  and  Ash  Disposal 

8.  Labor — Coal  preparation   $0,143 

9.  Labor — Firing     0.112 

10.  Labor — Ash   removal    '  0.025 

1 1.  Drier  fuel — Coal  at  $4  per  ton 0.051 

12.  Electric  energy — Coal  per  kw.-hr.  at  l.S  lb 0.068 

13.  Maintenance    (Labor   at    3.6c,    material   at   2c,   manufacturers' 

estimate,  lubricants  at  0.7c) 0.063 

14.  Total  cost  of   fuel  preparation,  firing,  ash   disposal  and  main- 

tenance         0.462 

15.  Price  of  coal  as  purchased,  per  ton 4.000 

16.  Total  cost    4.462 

Effici''ncies 

17.  Actual   gross  efficiency,   per   cent 80.67 

18.  Net   efficiency   after    all    incidental   costs   have  been   accounted 

for,  per  cent 72.32 

Conclusions  can  be  best  drawn  from  a  comparison  between 
pulverized-fuel  burning  equipment  and  mechanical  stokers  such 
as  is  given  in  Table  IV. 

TABLE     IV.       COMPARATIVE     RESULTS     WITH     PULVERIZED 

FUEL    AND    UNDERFEED    STOKER    PER    TON  OF 

COAL  BURNED 

Pulv.  Fuel  Modern 
System  Stoker 
Energy     consumed     by     conveyors,     crusher,     ele- 
vators,  driers,   fans  and   feeders,   kw.-hr 5.73  10.94 

Energy  consumed  by  pulverizer,  kw.-hr 16.72  

Total    energy,   kw.-hr 22.45  10.94 

Coal  equiv.   at   1.5  lb.   per  kw.-hr.,   lb 33.68  16.41 

Coal  consumed  in  drier  furnace,  lb 25.66  

Total  coal  and  equivalent,  lb 59.34  16.41 

Cost  of  Fuel  Preparation,  Firing  and  Ask  Disposal 

Labor — coal     preparation $0,143  $0.00U 

Labor — firing    0.112  0.140 

Labor — ash  removal   (in  plant) 0.025  0.064 

Drier  fuel — coal  at  $4  per  ton 0.051  0.000 

Electric  energy— coal  per  kw.-hr.  at  l.S  lb 0.068  0.033 

Maintenance: 

Labor    at    $0.036 — material    at 

$0,020,    manufacturer's   esti-  Labor    at    $0,046,    material    at 

mate— lubricants  at  $0.007. $0,063  $0,049,  lubricants  at  $0.002. $0,097 
Total  cost   of  fuel  preparation,   firing,  ash   dis)>osal 

and  maintenance    $0,462  $0,334 

Price  of  coal   as  purchased   per   ton 4.000  4.000 

Total  cost  per  ton 4.462  4^334 

Cost  per  ton   of  coal   in   P.F.   system   over  modern 

stoker    0. 128 

Efficiency 

Actual  gross   -ifficiency,   per   cent 80.67  76.80 

Net   efficiency   after   all   incidental   costs  have   been 

accounted    for,    per   cent 72.32  70.88 

Difference    in    favor    of    pulverized    fuel    system, 

per   cent    1.44  

The  tests  were  conducted  by  the  engineers  of  the  Milwaukee 
Electric  Railway  and  Light  Co.,  being  directly  supervised  by 
Fred  Dornbrook,  chief  engineer  of  the  Commerce  Street  sta- 
tion, assisted  by  Messrs.  Schubert  and  Mistele,  test  engineers. 
Paul  W.  Thompson,  technical  engineer  of  power  plants,  De- 
troit Edison  Co.,  was  present  throughout  the  four  days  as  an 
observer.  The  test  was  approved  by  John  Anderson,  chief 
engineer  of  povv"?r  plants,  for  the  company. 


ash,  11.90.  In  the  coal  as  received  the  B.t.u.  per  pound  aver- 
aged 11,884  and  in  the  dry  coal,  12,810.  The  average  of  four 
ultimate  analyses  of  dry  coal  showed  73.57  per  cent  carbon, 
4.35  per  cent  hydrogen,  7.22  per  cent  oxygen,  1.34  per  cent 
nitrogen,  1.62  per  cent  sulphur  and  11.90  per  cent  ash. 


The  expenditure  which  it  is  proposed  to  make  on  the  de- 
velopment of  the  water  power  of  the  St.  Lawrence  is  $26,000,- 
000,  while  the  output,  it  is  said,  will  be  1,000,000  hp.  The 
80,000  hp.  made  available  by  the  closing  of  the  miniition  fac- 
tories has  already  been  used  up,  and  there  are  applications  for 
110,000  hp.,  which  cannot  be  supplied. 
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Trade  Unionism  in  the  Engineering 
Profession 

On  Feb.  24  the  Milwaukee  Chapter  of  the  American  Asso- 
ciation of  Engineers  held  an  interesting  meeting  devoted  to 
trade  unionism  in  the  profession.  Dr.  Isham  Randolph  and 
C.  E.  Dreyer,  national  secretary  of  the  association,  and  A.  E. 
Holcomb,  president  of  the  Milwaukee  Chapter,  addressed  the 
gathering,  consisting  of  some  five  hundred  local  engineers  and 
architects.  In  reviewing  the  past  and  picturing  the  future  of 
the  engineer.  Dr.  Randolph  expressed  the  firm  belief  that  the 
engineer  would  win  by  hard  work  and  by  abiding  by  prin- 
ciples—not force.  He  urged  the  adoption  of  the  Jones-Reavis 
bill.  According  to  Secretary  Dreyer,  the  unions  and  the 
American  Association  of  Engineers  have  only  one  thing  in 
common,  and  that  is  to  improve  economic  conditions  of  their 
members.  Violence  and  waste  of  strikes  was  a  thing  of  hor- 
ror to  the  engineers.  In  contradistinction  from  the  unions 
the  association  is  an  incorporated  organization  responsible  for 
its  acts.  On  this  question  the  attitude  of  the  association  is 
more  fully  expressed  in  the  following  printed  statement  used 
in   circularizing  the   meeting. 

"The  engineer  is  the  medium  through  which  both  capital  and 
labor  are  used  in  production  and  in  industrial  development. 
The  aim  of  the  profession  is  to  advance  civilization  and  render 
the  highest  service  to  society.  Except  when  their  acts  further 
this  aim,  it  is  an  advocate  of  neither  capital  nor  labor. 

"Production  should  be  increased — not  limited.  The  profes- 
sion cannot  support  strikes  or  lockouts  or  any  other  methods 
that  may  benefit  any  class  at  the  expense  of  the  nation  as  a 
whole.  They  are  unsound  and  must  inevitably  lead  to  economic 
disaster.  The  law  of  supply  and  demand  for  men  or  material 
must  ultimately  prevail.  Attempts  may  be  made  to  limit  the 
supply  of  either,  but  looking  toward  the  upbuilding  of  civiliza- 
tion we  believe  rather  in  increasing  the  demand  through  the 
promotion  of  legitimate  enterprises. 

"Rewards  should  be  according  to  ability,  initiative  and  con- 
structive effort.  Men  are  not  equal  in  these  respects.  Each 
man  should  be  encouraged  to  do  his  utmost  and  be  given  com- 
pensation according  to  ability  and  will  to  increase  production 
and  to  achieve  large  results. 

"The  engineer,  as  an  educated  professional  man,  believes  in 
basing  his  claims  for  proper  and  just  reward  for  his  services 
upon  the  justice  of  the  facts  presented,  upon  enlightenment 
of  public  opinion,  upon  loyalty  between  employer  and  employee, 
and  upon  the  underlying  fundamental  desire  of  the  great  ma- 
jority to  do  what  is  fair  and  right  when  the  merits  of  the  case 
in  question  are  clearly  presented  and  demonstrated.  We  believe 
in  organized  representation  for  the  correction  of  wrong,  the 
advancement  of  the  profession  and  service  to  the  public  but 


are   opposed   to   methods   inconsistent   with   the   dignity   of   the 
profession  which  would  lessen  public  confidence." 

In  his  concluding  remarks  Mr.  Dreyer  told  of  the  work  of 
the  association  in  the  railroad  and  civic  fields,  of  its  service 
department  and  of  its  eflforts  to  promote  ethics.  A.  E.  Hol- 
comb  reviewed  local   work  along  similar  lines. 


President  Wilson  has  signed  the  oil-land  leasing  bill,  which 
opens  up  for  development  millions  of  acres  of  land  in  the 
west.  The  total  area  thrown  open  for  lease  under  the  bill 
is  estimated  by  the  Geological  Survey  at  more  than  6,700,000 
acres,  while  proven  coal  lands  under  Government  withdrawal 
total  approximately  30,000,000  acres,  with  39,000,000  acres  stili 
to  be  classified. 


IF  DREAMS  CAME  TRUE 


Obituary 


Harold  M.  Davis,  advertising  manager  of 
the  SpragTje  Electric  Works,  died  at  his 
home  in  Brooklyn  on  Feb.  9,  after  a  linger- 
ing illness.  Mr.  Davis  was  born  in  Jersey- 
ville.  111..  Aug.  26,  1860.  and  was  the  son  of 
Samuel  W.  and  Mary  J.  McGill  Davis. 
His  early  boyhood  was  spent  in  Paola,  Kan- 
sas, and  after  finishing  high  school  he  se- 
cured a  position  as  office  boy  in  a  lead 
and  oil  factory,  later  receiving  an  appoint- 
ment as  chief  clerk  of  the  St.  Louis  United 
States  Assay  Office.  A  government  posi- 
tion was  too  slow  and  uncertain  for  him. 
however,  so  he  carne  to  New  York  to  study 
architecture.  The  financial  panic  of  1893 
offered  a  chance  to  get  into  the  advertising 
line,  in  which  he  had  had  some  experience 
while  in  St.  JLouis,  and  for  four  years  he 
was  advertising  manager  of  a  trade  paper 
in  New  York,  later  becoming  connected 
with  an  advertising  agency  and  finally,  in 
1899,  he  was  made  manager  of  the  adver- 
tising department  of  Sprague  Electric 
Works  of  the  General  Electric  Company. 


Personals 


F.  M.  Nourse  joined  the  Chas.  L.  Benja- 
min organization  at  Chicago  on  January 
1st.     Mr.  Nourse  has  been  engineer  in  the 


advertising  department  of  the  Cutler-Ham- 
mer Manufacturing  Co.  at  Milwaukee  for 
the  past  two  years  and  prior  to  that  was 
associated  with  the  Wisconsin  Power,  Light 
and  Heat  Co.  at  Portage,  Wisconsin.  He 
is  a  University  of  Illinois  graduate  in  elec- 
trical engineering  and  worked  for  the  Pub- 
lic Service  Company  of  Northern  Illinois 
both  before  and  after  his  graduation. 

W.  K.  Eicher,  formerly  with  the  General 
Electric  Co.  of  Detroit,  is  now  associated 
with  the  C.  H.  Wheeler  Manufacturing  Co., 
with  headquarters  at  the  Marquette  Build- 
ing, Chicago. 


Engineering  Affairs 


The    Amei  ican    Association    of    Engineers 

has  adopted  a  policy  of  appropriating  for 
the  furtherance  of  license  legislation  a 
I'easonable  amount  of  money  from  the 
general  fund  equal  to  that  raised  by  any 
state  society,  either  alone  or  in  conjunc- 
tion with  any  other  chapter  or  society. 
Under  siich  an  arrangement  the  proposed 
bill  and  the  general  plan  of  campaign  must 
be  submitted  to  the  board  of  directors  of 
the  association  for  approval. 

A.    A.    E.    OFFERS    NATIONAL    UNITY 
PLAN 

A  plan   for  a  unified  engineering  organi- 
zation   for   the   United   States   is   contained 


in  an  announcement  made  by  the  American 
Association  of  Engineers  that  one-half  the 
entrance  fee  of  $10  will  be  waived  to  ap- 
plicants who  are  members  of  recognized 
national  and  local  engineering  societies  and 
clubs  of  the  United  States.  This  arrange- 
ment will  be  in  effect  only  until  the  sixth 
annual  convention  to  be  held  May  10.  11 
and  12  in  St.  Louis,  unless  it  is  extended 
by  the  convention.  The  resolution  is  fl." 
follows: 

"Inasmuch  as  the  support  in  mem- 
bership of  every  professional  engineer 
in  the  United  States  is  needed  by  the 
American  Association  of  Engineers  to 
accomplish  professional  unity,  and  in- 
asmuch as  many  engineers  have  helped 
the  profession  by  giving  time  and 
money  for  a  number  of  years  to  that 
end  through  recognized  societies  and 
clubs: 

"Be  it  resolved,  that  until  the  1920 
convention  (May  10-11)  the  member- 
ship committee  be  authorized  to  waive 
one-half  of  the  entrance  fee  of  $10  to 
applicants  who  are  in  good  standing  in 
such  recognized  clubs  and  societies  and 
to  accept  such  applications  when  ac- 
companied by  an  entrance  fee  of  $5." 

Business  Items  I 


E.  R.  Ladew.  Inc.,  the  large  leather  belt- 
ing concern  at  Glen  Cove,  L.  I.,  has  been 
sold  to  Graton  &  Knight,  leather  belting 
manufacturers  at  Worcester,  Mass.  Mil- 
lions of  dollars  are  Involved  in  the  deal. 


March  2,  1920 
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THE  COAL  MARKET 


New  Construction 


BOSTON — Current  price*  p«r  grou  ton  f.o.b.  New 
York  loading  ports: 

Anthraolt* 

Oompan; 
Coal 

Bgg     J8.20@$8.65 

Stove    ■ 8.45®  'J. 05 

Chestnut     8.55®  9.05 

Pea     7.05®  7.40 

Buekwheat     ...   3.60®  3.80 

Bice    2.30®  2.50 

Barley 1.25 

Bltumlnoui 

Cambrlas  and 
Clearflelds      Somersets 

F.o.b.   mines,   net  tons $2.85®$3.35  $3.16®$3.60 

F.o.b.    Philadelphia,   gross  tons,  5.05®  5.60    5.36®  8.80 

F.o.b.   New  York,   gross  tons...  5.40®  5.95     5.78®  6.25 

Alongside  Boston    (water  coal), 

gross    tons    7.00®  7.75     7.60®  8.00 

Pocahontas    and    New    River    are    practically    off    the 

market    (or    coastwise    shipment,     but    are    quoted    at 

$6. 25®  $7. 00. 
NEW    YORK — Current    Quotations,    White    Ash,     per 

gross  tons,   r.o.b.   Tidewater,    at  the  lower  ports  are  M 

follows: 

Anthracite 

Companj 
Coal 

Broken    $7.80®$8.25 

Bgg     8.20®  8.65 

StoTO     8.45®  9.05 

Chestnut     8.55®  9.05 

Pea    7.05®  T.40 

Buckwheat     6.15 

Bice     4.50 

Barley    4.85 

Boiler 4.85 

Bituminous 

Government  prices  at  mines:  Spot 

South   Fork    (best) $3.25@$3.50 

Cambria     (best)     3.00®  3.25 

Cambria    (ordinary)     2.60®   2.90 

Clearfield    (best)    3.00®  3.25 

Clearfield      (ordinary) 2.60@  2.90 

Be.vnoldsvilIe     2.85®  2.90 

Quemahonlng    3.25®  3.50 

Somerset    (medium)    3.00®  3.25 

Somerset    (poor)    2.50®  2.75 

Western   Maryland    2.50®  2.75 

Kairmont     2. 25@   2.50 

Latrobe     2.60®  2.90 

Greensburg     t.  2.75®  3.00 

Westmoreland    %    In 3.40®  3.50 

Westmoreland    nin-of-mlne 2.75®  3.00 

PHILADEI,PHIA — Bituniiiioiis  coal  prices  vary  ac- 
cording to  district  from  whicli  tney  are  mined.  For 
ordinary  slack  the  price  is  $2.4f)@$2.55;  lump.  $3.00® 
fS.a.5.    at   the    mines. 

RnFFALO— 

Anthracite 

Ott  Cars,  At  Curb, 

Gross  Ton  Net  Ton 

Grate     $8.85  $10.80 

Egg     8.80  10.65 

Stove     9.00  10.85 

Chestnut     9.10  10.85 

Pea    7.75  9.30 

Buckwheat     5.70  7.75 

Bituminous 

Allegheny   Valley    $4.80 

Pittsburgh     4.65 

No.    8    Lump 4.65 

Mine    Bun    4.80 

Slack 4.10 

Smokeless    4.60 

Pennsylvania    Smithing    5.70 

CLEVELAND— Prices  of  coal  per  net  ton  delivered 
In   Cleveland  are:  • 

Anthracite 

Egg     $12.25®$12.40 

Chestnut     12.80®  12.70 

Grate     12.25®  12.40 

Stove    12.40®  12.60 

Pooahontas 
Mine-run     $7.50 

Domsstle   Bituminous 

West  Virginia   spilt .'.  $8.50 

No.    8    PltUburgh $6.60®  6.90 

Masslllon    liunp    8.25®  8.50 

Coshocton   lump    7.15 

Steam  Coal 

No.    6    slack $5.25@$5.50 

No.    8    slack 8.10®  8.50 

Youghlogheny   slack    6.25®  5.50 

No.    8    K   In 5.70®  6.00 

No.    6    mine-run 5.2.'i@  5.50 

No.    8    mine-run 'i.75 

Only  coal  available  Is  mine- run  Pocahontas. 

MIDDLE  WEST — Chicago  quotations,  F.o.b.  cars  at 
mine: 

Springfield. 
Carte  rvl  lie, 

Williamson,  Grundy, 

Franklin,  La  Salle, 

Saline,  Fulton,            Bureau, 

Harrlsburg  Peoria                 Will 

Lump     $2.55®$2.70  $2.95@$3.10     $3.25®$3.40 

Washed    2.75®   2.90      3.45®  3.60 

Mine  nm    2.35®   2.50  2.75®  2.90       3.00®  3.15 

Screenings    2.05®  2.20  2.35®  2.50       2.75®  2.90 


PROPOSED   WORK 

Mass.,  Boston — The  Olympia  Theatres, 
Inc.,  35  Piedmont  St.,  plan  to  construct  an 
11  story,  88  x  300  ft.  theatre  and  office 
building  on  Washington  and  Milk  Sts.  A 
steam  heating  system  will  be  Installed  in 
same.  Total  estimated  cost,  $1,000,000.  G. 
U.    Crocker,    Pres. 

Mass.,  East  Springfield— The  Westing- 
house  Electric  Co.,  6905  Susquehanna  St., 
will  soon  award  the  contract  for  the  con- 
struction of  a  1  story  machine  shop  at  its 
plant.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$360,000. 

Mass.,  Lowell — O'Connell  &  shaw,  Archts., 
18  Boylston  St.,  Boston,  will  soon  award 
the  contract  for  the  construction  of  a  7 
story,  80  x  100  ft.  hotel  on  Middle  St.,  for 
F.  E.  Harris,  c/o  Hotel  Harrisonia.  A 
steam  heating  system  will  be  installed  in 
same.      Total    estimated    cost,    $175,000. 

Mass.,  Newton  Upper  Falls — Lockwood. 
Green  &  Co.,  Engrs.,  60  Federal  St.,  Bos- 
ton, will  receive  bids  about  March  1  for 
the  construction  of  a  2  story,  200  x  350  ft. 
foundry,  for  the  Saco-Lowell  Shops,  77 
Franklin  St.,  Boston.  Electric  motors  for 
power  will  be  installed  in  same.  H.  M. 
Lane  Co.,  701  Owen  Bldg.,  Detroit,  Mich., 
Engr. 

Mass.,  Northampton — Charles  F.  Atkin- 
son, c/o  Funk  &  Wilco:  ,  Archts.,  1148  Old 
South  Bldg.,  Boston,  plans  to  construct  a 
1  and  2  story,  85  x  190  ft.  theatre  and 
business  building  on-  King  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total   estimated   cost,    $150,000. 

N.  Y.,  Albany — Charles  F.  Rattigan, 
Supt.  of  Prisons,  Capitol,  Albany,  will  re- 
ceive bids  until  March  9  for  the  construc- 
tion of  underground  tunnels  and  installa- 
tion of  underground  heating  mains,  sewer 
and  water  connections,  etc.  Separate  bids 
will  be  received  for  the  construction,  heat- 
ing,   sanitary   and   electric   work. 

N.  Y.,  Hornell — The  Wayne  Power  Co., 
Sodus,  plans  to  construct  a  30  mi.  high 
tension  transmission  line  from  here  to 
Wallace.  Estimated  cost,  between  $35,000 
and   $40,000. 

N.  Y.,  New  York  (Borough  of  Bronx) — 
The  Bd.  of  Educ,  500  Park  Ave.,  Manhat- 
tan, will  receive  bids  about  March  4  for 
the  construction  of  a  5  story  school  at 
Crotona  Park  and  Charlotte  Ave.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $500,000.  C.  B.  J. 
Snyder,  Municipal  Bldg.,  Manhattan, 
Archt.   and  Engr. 

N.  Y.,  New  York  (Borough  of  Bronx) — 
The  Bd.  of  Educ,  500  Park  Ave.,  Manhat- 
tan, will  receive  bids  about  March  4  for 
the  construction  of  a  5  story,  230  x  280  ft. 
school  on  Southern  Blvd.  and  Leggett  Ave. 
A  steam  healing  system  will  be  installed 
in  same.  Total  estimated  cost,  $600,000. 
C.  B.  J.  Snyder,  Municipal  Bldg,,  Man- 
hattan, Archt.  and  Engr. 

N.  Y.,  Brooklyn — Dodge  &  Morrison, 
Archts.  and  Engrs.,  135  Front  St.,  New 
York  City,  will  soon  award  the  contract 
for  the  construction  of  a  4  story,  50  x  100 
ft.  factory  at  28  Waverly  Ave.,  for  the  Em- 
pire Biscuit  Co.,  30  Waverly  Ave.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $100,000. 

N.  Y.,  Long  Island  City— The  Title  Guar- 
antee &  Trust  Co.,  176  B'way,  New  Tor\ 
City,  is  having  plans  prepared  for  the  con- 
struction of  an  office  building  on  Hunter 
Ave.  and  the  Queenboro  Bridge  Plaza.  A 
steam  heating  system  will  be  installed  In 
same.  Total  estimated  cost,  $100,000.  Sev- 
erence  &  Van  Allen.  Ill  East  40th  St., 
New  York  City,  Archts.   and  Engrs. 

N.  Y.,  Marcy — The  State  Hospital  Comn., 
Capitol,  Albany,  N.  Y.,  will  receive  bids 
until  March  3  for  the  installation  of  a 
heating  system  in  the  tuberculosis  pa- 
vilion and  mortuary,  at  the  Ut'ca  State 
Hosptal,  here. 

N.  Y.,  New  York— R.  A.  Gershee.  c/o 
F.  P.  Kelly,  Archt.  and  Engr.,  477  5th 
Ave.,  is  having  plans  prepared  for  the  conr 
St  ruction  of  a  25  story.  25  x  100  ft.  office, 
show  room  and  cafeteria  at  138  West  43rd 
St.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost. 
$2,000,000. 


N.  Y.,  New  York — The  Canadian  Bank  of 
Commerce,  16  Exch.  PI.,  is  having  plans 
prepared  for  altering  the  present  8  stor>- 
bank  and  office  building,  and  building  a  2 
story  addition.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $500,000.  A.  F.  Gilbert,  80  Maiden 
Kane,    Archt.    and    Engr. 

N.  Y.,  New  York— R.  Dunther  and  R. 
Law,  Inc.,  25  Broad  St.,  are  having  plans 
prepared  ifor  the  construction  of  a  7  story, 
40  X  50  ft.  office  building  at  131  Cedar  St. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $160,000. 
A.  F.  Gilbert,  80  Maiden  Lane,  Archt.  and 
Engr. 

N.  Y.,  New  York — H.  A.  Jacobs,  Archt. 
and  Engr.,  320  5th  Ave.,  will  soon  award 
the  contract  for  the  construction  of  a  6 
story,  25  x  100  ft.  store  and  office  building 
at  675  5th  Ave.,  for  H.  D.  Downs,  552  3rd 
Ave.  A  steam  heating  system  will  be  In- 
stalled in  same.  Total  estimated  cost, 
$85,000. 

N.  Y.,  New  York— B.  H.  and  C.  N.  Whin- 
ston,  Archts.  and  Engrs.,  2  Columbus  Cir- 
cle, will  soon  award  the  contract  for  the 
construction  of  three  5  story  loft  buildings 
at  117-119-121  West  33rd  St.,  for  the  12l8t 
West  33rd  St.  Corp.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  tsti- 
mated  cost,   $150,000. 

N.  Y.,  New  York — The  Mu'nson  Steam- 
ship Line,  82  Beaver  St.,  is  having  plane 
prepared  for  the  construction  of  a  25  story, 
22  X  144  X  160  ft,  office  building  on  Pearl 
St,,  between  Beaver  and  Wall  Sts.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $2,000,000.  K. 
M.  Murchison,  101  Park  Ave.,  Archt.  and 
Engr. 

N.  Y.,  New  York — The  New  York  Tele- 
phone Co.,  15  Dey  St.,  is  having  plans  pre- 
pared for  the  construction  of  a  5  story 
telephone  exchange  on  30th  St.  and  2nd 
Ave.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost. 
$1,000,000.  McKenzie,  Voorhies  &  Gmelin. 
1123    B'way,   Archts.    and   Engrs. 

N.  Y.,  New  York— F.  E.  Vibolo,  Archt. 
and  Engr.,  56  West  45th  St.,  is  preparing 
plans  for  the  construction  of  a  10  story 
office  building  on  Franklin  St.  and  West 
B'way.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost. 
$200,000.      Owner's    name    withheld. 

N.  Y.,  Oneida — The  Adirondack  Electric 
Power  Corp.,  16%  Lenox  Ave.,  plans  to 
extend  its  transmission  line  from  here  to 
Munnsville  and  Stockbridge.  Estimated 
cost,  between  $12,000  and  $15,000.' 

N.  Y.,  Peekskill — St.  Mary's  Communit.v 
is  having  plans  prepared  for  the  construc- 
tion of  a  school  and  gymnasium.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $325,000.  C.  P.  H. 
Gilbert,  1123  B'way,  New  York  City,  Archt. 
and   Engr. 

N.  Y.,  Watertown — H.  H.  Babcock,  Fac- 
tory Sq.,  plans  to  increase  the  hydro- 
electric pov.'er  by  modern  development  of 
present  rights.  Plans  include  construc- 
tion of  power  house  and  installation  of 
generator,  etc.  Total  estimated  cost. 
$100,000. 

N.  Y.,  W'^odhaven — The  Merritt  Hosiery 
Co..  c/o  Bloch  &  Hesse.  Archts.,  18  East 
41st  St..  will  soon  award  the  contract  for 
the  construction  of  a  4  story,  60  x  180  ft. 
factory  on  104th  St.  A  steam  heating  sys- 
tem  will  be  installed  in  same. 

N.  J.,  Glassboro — The  state  plans  to 
birld  a  2  story,  42  x  79  ft.  power  house,  to 
be  used  for  the  proposed  normal  school, 
including  a  26  x  79  ft.  coal  bunker,  16  x  32 
ft.  water  tank,  fire  pump,  heater,  three 
360  hp.  boilers  and  2  generators.  Total  es- 
timated cost.  $100,000.  F.  H.  Bent,  142 
West   State   St.,   Trenton,   Archt. 

N.  J.,  Jersey  City — The  Continental  Can 
Co.  is  having  plans  prepared  for  the  con- 
struction of  a  4  story  factory  at  15th,  16th. 
Cole  and  Monmouth  Sts.  A  steam  heating 
svstem  will  be  installed  in  same.  Total 
estimated  cost,  $750,000.  Francisco  &  Ja- 
cobus. 511  5th  Ave.,  New  York  City,  Archts. 
and   Engrs. 

N.  J.,  Rahway — The  state  plans  to  build 
a  2  story,  45  x  120  ft.  refrigerator  plant, 
etc..  at  the  Rahway  Reformatory.  Esti- 
mated cost.  $20,000.  F.  H.  Bent.  142  West 
State   St..    Trenton,    Archt. 
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N.  J.,  South  River — The  Borough  Pres. 
will  receive  bids  about  March  1  for  the 
construction  of  a  1  story,  55  x  100  ft.  power 
house,  for  the  Bd.  Pub.  Wks.  Estimated 
cost,  $125,000.  Goss.  Bryce  &  Johnson,  55 
Liberty  St.,  New  York  City,  Archts.  and 
Engrs. 

Pa.,  Bethlehem— The  Bethlehem  Natl. 
Bank  plans  to  build  a  5  story,  40  x  150  ft. 
bank.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$150,000. 

Pa.,  Philadelphia— The  Arcadia  Cafe, 
Widener  Bldg.,  will  have  plans  prepared 
for  the  construction  of  a  1  story  chateau 
at  Fairmount  Park.  A  steam  heatmg  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $300,000.  Ralph  E.  White, 
Penna  Bid?.,  Archt.  and  Engr. 

Pa.,  Philadelphia — The  Apperson  Motor 
Car  Co..  Broad  and  Race  Sts.,  is  having 
plans  prepared  for  the  construction  of  a 
6  story,  75  x  100  ft.  service  building  on 
Girard  and  Broad  Sts.  A  steam  heating 
system  will  be  installed  in  same.  E.  H. 
Yardley,   1713  Sansom  St.,  Archt. 

Pa.,  Philadelphia— Heacock  &  Hohan- 
sen,  Archts.  and  Engrs.,  Bailey  Bldg.,  will 
soon  award  the  contract  for  the  construc- 
tion of  a  4  story,  40  x  90  ft.  warehouse  at 
810  Queen  St.,  for  the  Hagy  Waste  Wks., 
836  South  Swanson  St.  A  steam  heating 
system    will    be    installed   in   same. 

Pa.,  Philadelphia — The  Keller  Eng.  Serv. 
Co.,  Otis  Bldg.,  is  having  plans  prepared 
for  the  construction  of  a  4  story,  70  x  125 
ft.  store  and  office  building  on  16th  and 
Sansom  Sts.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,  $150,000.  Simon  &  Simon,  249  South 
Juniper  St.,   Archts. 

Pa.,  Philllpsburg— Oeorge  S.  Idell,  Archt., 
1705  Chestnut  St.,  Philadelphia,  will  soon 
award  the  contract  for  the  construction  of 
a  6  story,  80  x  100  ft.  hotel  building,  here, 
for  the  Phillipsburg  Hotel  Corp.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $100,000. 

Pa.,  Pittsburgh — William  Allen  Balch, 
Archt.,  756  Woodward  Ave.,  Detroit,  io 
preparing  plans   for   the   construction   of  a 

5  story,  57  x  224  garage  and  service  sta- 
tion. Steam  heating  equipment  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$200,000.     Owner's   name   withheld. 

Pa.,  Reading— S.  S.  Kresge  Co.,  Kresge 
Bldg.,  Detroit,  engaged  J.  E.  Mills  &  Son. 
Archts..  1305  Kresge  Bldg.,  Detroit,  to  pre- 
pare plans  for  altering  and  constructing  a 
4  story,  50  x  270  ft.  addition  to  mercantile 
building.  Steam  heating  equipment  will 
be  installed  in  same.  Total  estimated  cost, 
$100,000. 

Pa.,  Scranton — Edward  H.  Davis  and 
George  M.  D.  Lewis,  Associate  Archts., 
Union  Natl.  Bank,  are  preparing  plans  fof 
the  construction  of  a  3  §tory,  50  x  145  ft. 
warehouse  on  Locka  Ave.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $110,000.  Owner's  name 
withheld. 

Pa.,  Scranton — Edward  H.  Davis  and 
George  M.  D.  Lewis,  Archts.,  Union  Natl. 
Bank  Bldg.,  are  preparing  plans  for  the 
construction  of  a  3  story,  55  x  150  ft.  fac- 
tory on  Washington  Ave.  A  steam  heat- 
ing system  will  be  Installed  in  same.  To- 
tal estimated  cost,  $175,000.  Owner's  name 
withheld. 

Pa.,  WIndber — The  Windber  Hospital  is 
having  plans  prepared  for  the  construc- 
tion of  2  story,  35  x  90  ft.  and  30  x  50  ft. 
hospital  buildings.  A  .steam  heating  sys- 
tem will  be  installed  in  same.  Henry  L. 
Reinhold  Jr.,  1513  Walnut  St.,  Philadelphia, 
Archt. 

O.,  Cincinnati — The  Second  Church  of 
Christ  Scientist  will  soon  receive  bids  for 
the  construction  of  a  2  story,  90  x  120  ft. 
church  on  Clifton  and  Probasco  Aves.  An 
indirect  heating  and  ventilating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $175,000.  Arthur  Neal  Robinson, 
Candler  Bldg..   Atlanta,   Ga.,    Archt. 

O.,  Cleveland — The  Babies  Dispensary  & 
Hospital,  2500  East  35th  St.,  is  having 
plans  prepared  for  the  construction  of  a 
7  story,  60  x  120  ft.  hospital  on  Adelbert 
and  Euclid  Aves.  A  steam  heating  sys- 
tem will  be  installed  in  same  Total  esti- 
mated cost,  $600,000.  E.  B.  Green,  Treas. 
Abram  Garfield,  915  Natl.  City  Bldg.,  Archt. 

O.,    Cleveland — Christian,    Schwarzenburg 

6  Gaede    Co.,    Archts.    and    Engrs.,    1900 


Euclid  Ave.,  will  soon  award  the  contract 
for  the  construction  of  a  3  story,  96  x  221 
ft.  textile  factory  on  Buckeye  Rd.  near 
East  104th  St.,  for  Schaffner  Bros.,  1013 
Oregon  Ave.  Two  boilers  will  be  installed 
in  same.     Total  estimated  cost,  $150,000. 

C,  Cleveland — The  city  will  soon  award 
the  contract  for  installing  two  850  gal.  per 
min.  centrifugal  boiler  feed  pumps.  Esti- 
mated cost,  $10,000.  Edward  Shattuck, 
Purch.  Agt.     R.   Hoffman,   City  Hall,  Engr. 

O,  Cleveland — The  Creswell  Realty  Co., 
Union  Bldg.,  is  having  plans  revised  for 
the  construction  of  an  8  story,  100  x  125 
ft.  garage  on  Huron  Rd.  and  East  12th 
St.  A  steam  heating  system  will  be  in- 
stalled In  same.  Total  estimated  cost, 
$500,000.  W.  S.  Ferguson  Co.,  1900  Euclid 
Ave.,  Archts.  and  Engrs. 

O.,  Cleveland — The  Detroit  Lake  Ave. 
Co.,  Sloan  Bldg.,  will  receive  bids  after 
March  1  for  the  construction  of  a  6  story, 
190  X  232  ft.  theatre  and  office  building  on 
Detroit  and  L.ake  Aves.  A  steam  heating 
system  will  be  installed  in  same  Total 
estimated  cost,  $600,000.  G.  W.  Armstrong, 
Pres. 

O.,  Cleveland — Emmett  P.  and  John  L. 
Dowling,  Williamson  Bldg.,  plan  to  build 
a  6  story  commercial  building  on  East 
14th  St.  and  Caton  Court.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal  estimated  cost,    $250,000. 

O.,  Cleveland — The  Labor  Lyceum  Co., 
2460  East  9th  St.,  plans  to  build  an  8  story 
Labor  Temple  on  East  18th  St.  near  Pros- 
pect Ave.  A  steam  heating  system  will 
be  Installed  In  same.  Total  estimated 
cost,  $300,000.  Charles  Smith,  Secy.  W. 
S.    Longee,    Marshall    Bldg.,    Archt. 

O.,  Cleveland — Charles  Neuburger,  Stat- 
ler  Hotel,  Euclid  Ave.  and  East  12th  St., 
plans  to  build  a  2  or  8  story,  75  x  200  ft. 
commercial  building  on  Euclid  Ave.,  near 
East  32nd  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $200,000. 

O.,  Cleveland — The  Realty  &  Investment 
Co.,  c/o  G.  A.  Tenbusch,  Union  Bldg.,  will 
soon  award  the  contract  for  the  construc- 
tion of  a  6  story,  100  x  200  ft.  commercial 
building  on  East  65th  St.  and  Euclid  Ave. 
A  steam  heating  system  will  be  Installed 
in  same.  Total  estimated  cost,  $400,000. 
W.  S.  Ferguson  Co.,  1900  Euclid  Ave., 
Archt.  and  Engr. 

O.,  Cleveland— Frank  N.  Riley,  309  Wil- 
liamson Bldg.,  is  having  plans  prepared  for 
the  construction  of  a  4  story,  116  x  240  ft. 
commercial  building  on  East  79th  St.  and 
Hough  Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,  $250,000.  J.  Milton  Dyer,  Amer. 
Trust  Bldg.,  Archt. 

O.,  Cleveland— St.  Luke's  Hospital,  6606 
Carnegie  Ave.,  is  having  preliminary  plans 
prepared  for  the  construction  of  a  6  story 
hospital  on  Fairmount  Blvd.  Three  boilers 
with  necessary  equipment  will  be  installed 
in  same.  Total  estimated  cost,  $750,000. 
Hubbell  &  Benes,  4500  Euclid  Ave.,  Archts. 

O.,  Columbus — The  Bd.  Comrs.  Franklin 
Co.,  Court  House,  will  receive  bids  until 
March  4  for  the  construction  of  a  2  story 
tuberculosis  hospital  on  the  Infirmary 
grounds.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimat'^d  cost, 
$125,000.  W.  H.  Tremalre,  602  Chamber  of 
Commerce    Bldg.,    Archt. 

C,  Lakewood  (Cleveland  P.  O.)— The  Bd. 
Educ.  plans  to  build  a  2  story  school  to 
be  known  as  the  Lincoln  School.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $300,000.  G.  W. 
Grill.  Warren  Rd..  Clk.  C.  W.  Hopkinson, 
900  Rose  Bldg.,  Cleveland,  Archt. 

O.,  Masslllon— William  TUberth,  Clk.  Bd. 
Educ,  will  soon  award  the  contract  for  the 
construction  of  a  2  story,  70  x  95  ft.  school. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $125,000. 
O.  D.  Howard,  8  East  Broad  St.,  Columbus, 
Archt. 

O.,  Norwood — The  city  plans  to  restore 
the  municipal  electric  light  plant  which 
was  destroyed  by  fire.  Sidney  Crew,  City 
Hall,   Engr. 

O.,  Parma — The  Bd.  Educ.  plans  to  build 
three  1  story,  60  x  120  ft.  school  buildings. 
Steam  heating  systems  will  be  installed  In 
same.  Total  estimated  cost,  $400,000. 
Charles  W.  Bates,  Natl.  Bank  Bldg., 
Wheeling,    W.    Va.,    Archt. 


O.,  Springfield— S.  S.  Kresge  Co.,  High 
St.,  is  having  plans  prepared  for  the  con- 
struction of  a  4  story,  50  x  130  ft.  business 
building  on  Main  St.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $150,000.  Hall  &  Lethly,  807 
Fairbanks   Bldg.,   Archts. 

O.,  Troy — The  city  plans  to  build  a  1 
story,  40  x  60  ft.  electric  light  plant  on 
East  Water  St.  Estimated  cost,  $20,000. 
Address  V.   S.  Deaton,   Mayor. 

Mich.,  Bay  City — A.  E.  Munger,  Archt., 
420  Shearer  Office  Bldg.,  will  soon  award 
the  contract  for  the  construction  of  a  3 
story.  250  x  350  ft.  automobile  body  factory 
addition,  for  the  Wilson  Body  Co.  A  steam 
heating  system  will  be  Installed  in  same. 
Total   estimated   cost,    $500,000. 

Mich.,  Detroit— The  Bd.  Educ,  50  B'way, 
engaged  Malcolmson,  Higginbotham  & 
Palmer,  Archts.,  405  Moffat  Bldg.,  to  pre- 
pare plans  for  the  construction  of  a  2 
story,  90  x  150  ft.  school  on  the  north  side 
of  Charles  Ave.  A  Plenum  steam  heating 
system  and  ventilating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$200,000. 

Mich.,  Detroit— The  Detroit  Baptist 
Union,  1105  Vinton  Bldg.,  plans  to  build 
a  2  story.  64  x  120  ft.  church  on  Jefferson 
Ave.  and  Lakewood  Blvd.  A  steam  heat- 
ing system  will  be  installed  In  same.  Total 
estimated  cost,  $125,000.  Dalton  R.  Wells, 
435  Woodward  Ave.,   Archt.   and  Engr. 

Mich.,  Detroit — The  •  Standard  Accident 
Insurance  Co.,  34  Fort  St.,  W.,  engaged 
Albert  Kahn,  Archt.,  Marquette  Bldg.,  to 
prepare  plans  for  the  construction  of  an 
8  story  office  building  on  Bagg  St.  and 
Cass  Park.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$500,000. 

Mich.,  Flint— St.  Michael's  Parish,  6th 
St.,  Is  having  plans  prepared  for  the  con- 
struction of  a  2  story,  62  x  245  ft.  school 
on  6th  St.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,  $250,000.  Van  Leyen,  Schilling  & 
Keough,  1115  Union  Trust  Bldg.,  Detroit, 
Archts.   and  Engrs. 

Mich.,  Northvllle — C.  Frieburger.  Secy. 
Bd.  of  Health,  233  St.  Antoine  St.,  De- 
troit, will  receive  bids  until  March  1  for 
the  construction  of  a  1  story,  40  x  120  ft. 
power  plant,  in  connection  with  the  group 
of  buildings  to  be  constructed  at  the  pro- 
posed Detroit  Municipal  Tuberculosis  San- 
itarium. A  steam  heating  system.  Includ- 
ing feed  water  heater,  pump,  etc.,  will  be 
installed  in  same.  Stratton  &  Snyder,  1103 
Union  Trust  Bldg.,  Detroit,  Archts. 


Mich.,  Northvllle — L.  A.  Young,  93  Rhode 
Island  Ave.,  Detroit,  Is  having  plans  pre- 
pared for  the  construction  of  a  country 
estate,  including  a  150  x  350  ft.  bam  and 
a  2  story,  30  x  50  ft.  garage.  A  steam 
heating  system  will  be  installed  In  same. 
Total  estimated  cost,  $200,000.  C.  W. 
Brandt,    Kresge    Bldg.,    Detroit,    Archt. 

III.,  Chicago— H.  C.  Miller,  Archt.,  112 
West  Adams  St.,  will  soon  award  the  con- 
tract for  the  construction  of  a  3  story.  120 
X  140  It.  paper  box  factory  at  1701  West 
Superior  St.,  for  the  Kroeck  Paper  Box 
Co..  220  Institute  PI.  A  steam  heating 
system  will  be  Installed  in  same.  Total 
estimated  cost,   $175,000. 

Wis.,  Manitowoc — The  city  plans  to  raise 
funds  for  the  construction  of  a  3  story. 
60  X  180  ft.  armory.  A  steam  heating  sys- 
tem will  be  Installed  In  same.  Total  esti- 
mated  cost.   $125,000.     A.   Zarder,   Clk. 

Wis.,  Milwaukee — Geuder,  Paeschke  & 
Frey,  St.  Paul  Ave.  and  15th  St.,  are  hav- 
ing plans  prepared  for  the  construction  of 
a  1  story,  75  x  100  ft.  power  plant  on  St. 
Paul  Ave.  Three  300  hp.  W.T.  boilers, 
superheater,  switchboard  and  handling 
equipment  will  be  installed  in  same.  To- 
tal estimated  cost,  $150,000.  Cahill  & 
Douglas.    217   West   Water   St.,    Engrs. 

Wis.,  Saukvllle — H.  J.  Cary,  Pres.  of  the 
Ozaukee  Heating  Co.,  has  purchased  a  site 
and  plans  to  build  a  2  story,  36  x  376  ft. 
pea  canning  factory  on  Main  St.,  and  Is  in 
the  market  for  several  boilers,  etc.  Total 
estimated  cost,  $40,000. 

Wis,,  Sheboygan — The  Security  Natl. 
Bank,  529  North  8th  St..  will  soon  receive 
bids  for  the  construction  of  a  4  story, 
60  x  110  ft.  bank  and  office  building  on 
Center  and  8th  Sts.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,   $250,000. 
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W(8.,  Waupaca— J.  G.  D.  Mack,  State 
Chief  Kngr.,  Capitol  Bldg.,  Madison,  will 
receive  bids  until  March  2  for  the  entire 
reconstruction  of  the  power  house  at  the 
Wisconsin  Veterans'  Home,  here. 

Iowa,  Fairfield — The  Bd.  Educ.  will  soon 
receive  bids  for  the  construction  of  a  2 
story,  68  x  118  ft.  junior  high  school.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $150,000.  W. 
Gordon,  317  Hubbell  Bldg.,  Des  Moines, 
Archt. 

Iowa,  Grinnell — The  Bd.  Educ.  plans  to 
build  a  2  story  high  school.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal estimated  cost,  $300,000.     W.  Ray,  Secy. 

Minn.,  Arlington — The  village  Clerk  will 
soon  award  the  contract  for  the  installa- 
tion of  one  power  pump  head,  double  or 
single  stroke,  24  in.  stroke,  to  pump  water 
from  well  317  ft.  deep,  2  in.  cylinder,  being 
160  ft.  in  well,  into  elevated  tank  110  ft. 
from  ground.  Driven  by  18  in.  pulley  run- 
ning 327  r.p.m.,  pulley  1  pump  head  to 
conform   to  give   30  strokes  per  min. 

Minn.,  Duluth— The  Duluth  Builders' 
Exch.,  201  Glencoe  Bldg.,  1st  St.,  plans  to 
construct  a  10  story,  100  x  140  ft.  office 
building  on  1st  St.,  W.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $750,000. 

Minn.,  Minneapolis — The  Bureau  of  En- 
graving, 17  South  6th  St.,  is  having  plans 
prepared  for  the  construction  of  a  4  story, 
100  X  130  ft.  business  building  on  Mary  PI. 
at  12th  St.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$200,000. 

Kan.,  Abilene — The  city  plans  to  extend 
the  water  mains  and  build  a  100,000  gal. 
tank  on  an  80  ft.  tower.  Total  estimated 
cost,   $40,000. 

Neb.,  Omaha — The  Ames  Realty  Co.,  2406 
Ames  Ave.,  will  soon  award  the  contract 
for  the  construction  of  a  3  story,  125  x  133 
ft.  theatre,  store  and  apartment  building 
on  25th  St.  and  Ames  Ave.  A  steam  heat- 
ing system  will  be  installed  in  same.  To- 
tal estimated  cost,  $200,000.  Everett  S. 
Dodds,  715  Brandeis  Theatre  ©Idg.,  Archt. 

Mo.,  Carthage — ^Shepard  &  Wiser,  Archts., 
R.  A.  Long  Bldg.,  Kansas  City,  will  soon 
award  the  contract  for  the  construction 
of  a  5  story,  75  x  90  ft.  building  on  4th  and 
Howard  Sts.,  for  the  Chamber  of  Com- 
merce. A  hot  water  heating  system  and 
electric  elevator  will  be  installed  in  same. 
Total  estimated  cost,   $140,000. 

Mo.,  Kansas  City — Keene  &  Simpson, 
Archts.,  400  Reliance  Bldg.,  are  receiving 
bids  for  installing  a  steam  heating  system 
in  the  proposed  10  story,  110  x  115  ft.  office 
building  on  19th  and  "Walnut  Sts.,  for  T.  C. 
Bourke,   3520  B'way. 

Okla.,  Pryor  Creek — The  city  plans  to 
hold  an  election  to  vote  on  $75,000  bonds 
for  the  construction  of  a  filter  plant,  and  N 
mi.  of  200  kw.  6,600  volt  transmission  line 
transformers  at  both  ends  of  line,  also  the 
Installation  of  two  2,200  volt,  75  kw.  high 
pressure  motor  driven  centrifugal  pumps 
and  two  15  kw.  and  one  20  kw.  low  pres- 
sure motor  driven  centrifugal  pumps.  To- 
tal estimated  cost,  $75,000.  V.  V.  Long  & 
Co.,  1200  Colcord  Bldg.,  Oklahoma  City, 
Engr. 

Colo.,  Boulder— Walter  S.  and  L.  D. 
Cambell  head  company  which  has  been 
formed  to  build  a  pipe  line  and  power 
house,  here.  Total  estimated  cost,  $150,- 
000. 

Wash.,  Spokane — The  Bd.  of  Trustees 
of  Whitworth  Presbyterian  College,  Spo- 
kane Estates,  plan  to  build  a  1  and  2  story 
building  to  cost  $100,000,  women's  dorm- 
itory, $75,000,  and  a  central  heating  plant, 
$75,000,  on  the  college  campus.  A.  Beatie, 
Pres. 

Ore.,  Canby — The  city  plans  to  recon- 
struct the  pump  house  and  install  new 
pumping  machinery  for  the  waterworks 
system.  Estimated  cost,  $7,500.  A  special 
election  will  be  held  April  19  to  vote  on 
bonds  for  this  project. 

Ore.,    Klamath    Falls — The    Ewauna    Box 

Co.  plans  to  install  1  gang  outfit,  with  a 
100,000  ft.  capacity  every  8  hours,  one  9  ft. 
band  saw,  also  1  steam  boiler.  Cost  to 
exceed  $10,000.     F.   H.   Hunter,  Archt. 

Ore.,  Lebanon — The  L/ebanon  Electric 
Light  &  Water  Co.  plans  to  double  the 
size  of  its  power  plant  by  constructing  a 
new   plant    on    the    west    side    of   Main    St. 


and  north  side  of  Canal  St.,  including  3 
ml.  flume,  2  water  wheels,  concrete  dam, 
etc.,  also  the  installation  of  new  pumping 
equipment  and  electric  motors.  Total  esti- 
mated cost,   $75,000. 

Ore.,  Portland — The  Comrs.  Multnomah 
Co.,  Court  House,  plan  to  install  one  40  hp. 
gas  or  oil  burning  engine  at  Hoyt  Quarry. 
Estimated  cost,  $1,000.    R.  W.  Hoyt,  Chmn. 

Cal.,  Bakersfleld- The  San  Joaquin 
Light  &  Power  Co.,  122  Tulare  St..  plans 
to  build  a  power  plant  35  mi.  west  of  here, 
where  natural  gas  now  going  to  waste  will 
be  used  to  generate  electric  power.  First 
unit  will  cost  $1,000,000;  ultimate  cost,  $6,- 
000,000, 

Cal.,  San  Diego— The  Pub.  Wks.  Office, 
12th  Naval  Dist.,  Timken  Bldg.,  San  Diego, 
will  receive  bids  until  March  3  for  fur- 
nishing and  installing  complete  power 
plant  and  electric  generating  equipment, 
including  piping,  distribution  systems  for 
electric  and  steam  power,  2  oil  burning 
boilers,  oil  pumps,  feed  water  heater,  2 
engine  driven  alternators,  1  engine  driven 
and  1  electric  driven  excitor,  transform- 
ers, vacuum  pump,  separating  tank,  etc., 
for  the  Marine  Corps  Base,  here.  Total 
estimated   cost,    $150,000. 

Cal.,  Lancaster — The  Bd.  Supervs.  of 
Los  Angeles  Co.  will  soon  award  the  con- 
tract for  the  Installation  of  a  distributing 
system,  well  and  pit,  75,000  gal.  steel  tank 
on  a  90  ft.  steel  tower,  vertical  plunger 
pump  with  motor  to  lift  170  gal.  i>er  min., 
and  construction  of  pump  house,  in  Los 
Angeles  Co.  Waterworks  Dist  4.  Esti- 
mated cost,  $30,000.  W.  Davidson,  Hall  of 
Records,   Los  Angeles,  Engr. 

Cal.,   Long    Beach— The  city  voted  $500,- 

000  bonds  to  improve  the  water  system, 
including  reservoir,  pumping  equipment 
and  mains.  H.  C.  Waughop,  City  Clk.  A. 
DeRuez,  City  Engr. 

Cal.,  Orange— The  City  Trustees  plan  to 
hold  an  election  to  vote  on  bonds  to  in- 
stall a  well  and  pump.  D.  G.  Wettlin, 
City  Clk.     W.   J.   Richardson,   Water  Supt. 

Cal.,  Tujunga— The  Haines  Canyon 
Water  Co.  is  having  plans  prepared  for 
the  construction  of  2  earth  reservoirs  with 
10  in.  connecting  pipe  line  and  motor 
driven  pumps.  Total  estimated  cost,  $17,- 
000.  K.  B.  Lynch,  314  South  Brand  Bldg., 
Glendale,  Engr. 

Ont.,  London — L.  V.  Carrothers,  Archt.. 
Hydro  Offices,  will  receive  bids  until  April 

1  for  the  construction  of  two  3  story.  100  x 
185  ft.  schools  in  the  southern  part  of  the 
city,  for  the  Bd.  Educ,  City  Hall.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $275,000. 

CONTRACTS    AWARDED 

Me.,  Deer  Rips  (Lewlston  P.  O.) — The 
Androscoggin  Light  &  Power  Co.  has 
awarded  the  contract  for  the  construction 
of  a  power  house  addition,  here,  to  the 
Landeis  Engr.  Co.,  102  Exch.  St.,  Port- 
land. Boilers,  electrical  equipment  and 
heating  and  power  machinery  will  be  in- 
stalled In  same.  Total  estimated  cost, 
$50,000. 

Mass.,  Boston — The  Federal  Reserve 
Bank,  58  State  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  5  story 
bank  on  Pearl  and  Milk  Sts.,  to  L.  P. 
Soule  &  Co.,  80  Boylston  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $4,500,000. 

Mass.,  Boston — S.  S.  Kresge  Co.,  Kresge 
Bldg.,  Detroit,  Mich.,  has  awarded  the  con- 
tract for  the  construction  of  a  6  story,  90  x 
00  ft.  store  building  on  Washington  and 
Temple  Sts.,  to  George  A.  Fuller  Co.,  710 
Bd.  of  Trade  Bldg.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  es- 
timated cost,    $400,000. 

Mass.,  Lowell — The  city  has  awarded  the 
contract  for  the  construction  of  a  2  story, 
150  X  150  ft.  memorial  hall  on  River  St., 
to  George  Drapeau.  A  steam  heating  sys- 
tem will  be  installed  In  same.  Total  esti- 
mated cost,    $750,000. 

Mass.,  Robert's  Crossing  (Boston  P.O.) — 
W.  C.  Welch  Co.  has  awarded  the  contract 
for  the  construction  of  a  2  story,  40  x  100 
ft.  factory,  including  boiling  house,  fire 
room  and  garage,  to  R.  F.  Morrison  Co., 
Charlestown   (Boston  P.  O.). 

R.  I.,  Providence — L.  E.  Danforth,  76  Dor- 
rance  St.,  will  build  a  3  story,  90  x  100  ft. 
factory  and  office  building  on  Willard  Ave. 
A  steam  heating  system  will  be  Installed 
in  same.  Total  estimated  cost,  $125,000. 
Work  will  be  done  by  day  labor. 


Conn.,  Derby — The  Derby  &  Ansonia 
Hrewing  Co.,  Derby  Ave.,  has  awarded  the 
'  ontract  for  the  construction  of  a  2  story, 
■;{  X  100  ft.  ice  plant  on  Derby  Ave.,  to 
.\[.  A.  Durrschmidt,  Main  St.  Estimated 
<ost,   $25,000. 

Conn.,  Derby— The  Derby  Gas  Co.,  22 
lOUzabeth  St.,  has  awarded  the  contract 
for  the  construction  of  a  2  story,  42  x  100 
It.  boiler  house  on  Housatonie  Ave.,  to 
.NT.  A.  Durrschmidt,  Main  St.  Estimated 
«ost,   $35,000. 

N.  Y.,  Buffalo— The  Dunlap  Rubber  Co., 
1808  B'way,  New  York  City,  has  awarded 
the  contract  for  the  construction  of  & 
factory  consisting  of  twelve  1  and  2  story 
buildings,  to  the  Foundation  Co.,  233 
B'way,  New  York  City.  A  steam  heating 
system  will  be  installed  in  same.  Total 
e.stimated   cost,    $20,000,000. 

N.  Y.,  Long  Island  City— The  Metropol- 
itan Life  Insurance  Co.,  1  Madison  Ave.. 
N'ew  York  City,  has  awarded  the  contract 
lor  the  construction  of  a  5  story,  50  x  400 
ft.  printing  building  on  Court  St.  and 
Thompson  Ave.,  to  the  Turner  Constr.  Co.. 
244  Madison  Ave.,  New  York  City.  A  steam 
lieating  system  will  be  installed  in  same. 
Total  estimated  cost,   $1,000,000. 

N.  Y.,  New  York  (Borough  of  Bronx) — 
The  Jackson  Film  Corp.,  143  B'way,  Man- 
hattan, will  build  a  180  x  224  ft.  film  studio 
on  Webster  and  Jackson  Aves.  A  steam 
heating  system  will  be  Installed  in  same. 
Work  will  be  done  by  day  labor. 

N.  Y.,  Brooklyn— The  Kraslow  Bldg.  Co., 
Inc.,  190  Montague  St.,  will  build  a  12 
story  office  building  at  180-186  Montague 
St.  A  steam  heating  system  will  be  in- 
.stalled  in  same.  Total  estimated  cost. 
$1,000,000.    Work  will  be  done  by  day  labor. 

N.  Y.,  Brooklyn— L.  Mundet  &  Sons.  59 
Pearl  St.,  New  York  City,  will  build  a  4 
.story,  200  x  200  ft.  factory  on  King  and 
Ferris  Sts.,  Ridgewood.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $400,000.  Work  will  be 
done  by  day  labor. 

N.  Y.,  Brooklyn— J.  Rubin  &  Son,  142 
Greene  Ave.,  will  build  a  3  story,  100  x  100 
ft.  factory  on  Grand  and  Park  Aves.  A 
.steam  heating  system  will  be  installed  in 
.same.     Total  estimated  cost,   $150,000. 

N.  Y.,  Brooklyn— The  Union  Elton  Co., 
1784  Pitkin  Ave.,  will  build  four  4  story, 
10  X  90  ft.  factory  buildings  at  2402-2430 
Atlantic  Ave.  A  steam  heating  system 
will  be  installed  In  same.  Total  estimated 
cost,  $200,000.  W^ork  will  be  done  by  day 
labor. 

N.  Y.,  New  York— B.  Altman.  5th  Ave., 
.34th  St.,  has  awarded  the  contract  for  the 
construction  of  an  8  story,  60  x  100  ft.  de- 
partment store  at  East  35th  St.,  to  Marc 
Eidlitz,  30  East  42nd  St.  A  steam  heating 
.system  will  be  installed  In  same. 

N.  Y.,  New  York— H.  L.  Schraffts  Co., 
157  West  54th  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  4  story 
factory  at  161  West  64th  St.,  to  the  Beth- 
lehem Eng.  Co.,  527  5th  Ave.  A  steam 
heating  system  will  be  installed  in  same. 
Total    estimated    cost,    $140,000. 

N.  J.,  Athenia — The  Magor  Car  Co.  has 
awarded  the  contract  for  the  construction 
of  a  1  story,  40  x  60  ft.  power  house,  to 
W.  Hassen,  625  Main  St.,  Passaic.  A  steam 
heating  system  will  be  installed  in  same. 
Total   estimated  cost,   $35,000. 

N.  J.,  Clifton— The  Clifton  Textile  Co., 
128  Hackensack  Plank  Rd..  will  build  a  1, 
2  and  3  story.  250  x  350  ft.  factory,  con- 
sisting of  6  buildings.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost.  $600,000.  Work  will  be 
done  by  day  labor. 


N.  J.,  Jersey  City — The  W.  M.  Crane  Co.. 
Garfield  Ave.,  has  awarded  the  contract 
for  the  construction  of  two  or  three  1  story 
foundry  buildings,  to  Ballinger  &  Perrot, 
17th  and  Arch  Sts..  Philadelpiila.  A  steam 
heating  system  will  be  installed  In  same. 
Total  estimated  cost  between  $200,000  and 
$300,000. 

N.  J.,  Trenton — The  Agasote  Millboard 
Co.,  Fernwood,  has  awarded  the  contract 
for  the  construction  of  a  1  stor>',  40  x  40 
ft.  boiler  house  and  stack,  5  ft.  base  and 
150  ft.  high,  to  N.  A.  K.  Bugbee,  20S  Ea.st 
Hanover  St.     Total  estimated  cost,  $15,000. 


Pa.,  Johnstown — The  Johnstown  School 
Dist.,  601  Swank  Bldg..  has  awarded  the 
contract    for    installing    a    steam    heating 
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system  in  the  proposed  2  story  junior  high 
school,  to  the  Swanli  Hardware  Co.,  Johns- 
town, at  $30,224. 

Pa.,  Philadelphia — Friedberger  &  Arson, 
18th  and  Courtland  Sts.,  have  awarded  the 
contract  for  the  construction  of  a  3  story, 
74  X  100  ft.  factory  addition  on  Courtland 
and  Gratz  Sts.,  to  W.  Steele  &  Sons  Co., 
16th  and  Arch  Sts.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $100,000. 

N.  C,  Winston-Salem — P.  H.  Hanes 
Knitting  Co.  has  awarded  the  contract  for 
the  construction  of  a  6  story,  80  x  200  ft. 
knitting  mill  and  dye  house  to  the  South- 
ern Ferro  Concrete  Co.,  Trust  Co.  of  Ga. 
Bldg.,  Atlanta.  A  steam  heating  system 
and  electric  power  will  be  installed  in 
same.     Total  estimated  cost,  $300,000. 

O.,  Bellevue — The  Bd.  Educ.  has  award- 
ed the  contract  for  the  construction  of  a 
3  story,  80  x  90  ft.  school,  to  "Willing 
Bros.,  Bellevue.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $120,000. 

O.,  Toledo— The  Standard  Oil  Co.  of  Ohio, 
East  Ohio  Gas  Bldg.,  Cleveland,  has 
awarded  the  contract  for  the  construction 
of  a  1  story  63  x  204  ft.  boiler  house  for 
its  oil  refinery,  to  James  Stewart  &  Co., 
30  Church  St.,  New  York  City.  Estimated 
cost,    $100,000. 

O.,  Troy — The  city  has  awarded  the  con- 
tract for  furnishing  and  installing  a  1,000 
kw.  electric  turbine  generator  for  the  elec- 
tric light  plant,  to  the  Westinghouse 
Electric  &  Mfg.  Co.,  Schenectady,  N.  Y. 
Address  V.   C.   Deaton. 

Ind.,  Indianapolis— The  U.  S.  Corrugated 
Fiber  Box  Co.  has  awarded  the  contract 
for  the  construction  of  a  3  story,  100  x  160 
ft.  factory  on  Roosevelt  and  Martindale 
Aves.,  to  C.  J.  Wacker,  628  Law  Bldg. 
A  steam  heating  system  and  power  will 
be  installed  in  same.  Total  estimated  cost, 
$125,000. 

Mich.,  Lansing — The  Federal  Drop  Forge 
Co.  has  awarded  the  contract  for  the  con- 
struction of  a  1  story,  60  x  120  ft.  drop 
forge  plant,  to  the  Christmen  Constr.  Co., 
South  Bend.  Ind.  A  power  plant  will  be 
Included  in   the  project. 

III.,  Chicago — The  Agar  Provision  Co.. 
310  North  Green  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  4  story, 
125  X  190  ft.  factory  on  Fulton  and  Green 
Sts.,  to  Wells  Bros.  Constr.  Co.,  53  West 
Jackson  Blvd.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $400,000. 

III.,  Chicago— The  William  Davies  Co., 
Ltd.,  4101  South  Union  Ave.,  has  awarded 
the  contract  for  the  construction  of  a  6 
story,  100  x  130  ft.  meat  canning  plant  on 
Uion  Ave.  and  41st  St.,  to  Wells  Bros. 
Constr.  Co.,  53  West  Jackson  Blvd.  A 
steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,   $300,000. 

III.,  Chicago — Charles  Lange  &  Bros.  Co., 
2740  Arrnita-'"  Ave.,  has  awarded  the  con- 
tract for  the  construction  of  a  4  story, 
75  X  125  ft.  auto  sales  and  service  build- 
ing on  Milwaukee  and  Kedzie  Aves.,  to  G. 
Kehl  &  Son  Co.,  1225  North  Maplewood 
St.     A   steam    heating   system   will   be    in- 


stalled    in    same.       Total     estimated    cost, 
$135,000. 

111.,  Chicago — A.  Plamondon  Mfg.  Co.,  24 
North  Clinton  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  1  story, 
100  X  500  ft.  machine  shop,  foundry  and 
factory  on  52nd  St.  and  Western  Ave.,  to 
the  Overland  Constr.  Co.,  29  South  La 
Salle  St.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$250,000. 

III.,  Chicago— The  Tuthill  Spring  Co.,  760 
West  Polk  St.,  has  awarded  the  general 
contract  for  the  construction  of  a  1  and  2 
story,  210  x  420  ft.  auto  spring  factory  on 
31st  St.  and  Kilbourne  Ave.,  to  C.  B.  John- 
son &  Son,  111  West  Washington  St.  A 
steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,   $225,000. 

Iowa,  Whiting — The  Bd.  of  Educ.  of  the 
Consolidated  Dist.  has  awarded  the  con- 
tract for  installing  a  heating  system  in 
the  proposed  2  story,  60  x  150  ft.  school, 
to  Thomas  Reinhardt,  Le  Mars,  Iowa,  at 
$34,000. 

Minn.,  Duluth— The  United  Holding  Co. 
has  awarded  the  contract  for  the  con- 
struction of  a  2  story,  74  x  140  ft.  medical 
building  and  clinic  for  surgery  on  1st  St. 
and  10th  Ave.,  to  the  Bowman  Bldg.  Co., 
303  Exch.  Bldg.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $125,000. 

Neb.,  Omaha — Trimble  Bros.,  11th  and 
Howard  Sts.,  has  awarded  the  contract  for 
the  construction  of  a  3  story,  126  x  136 
ft.  warehouse  and  office  building  on  8th 
and  Jackson  Sts.,  to  Grant  Parsons,  616 
Keeline  Bldg.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $200,000. 

Mo.,  Kansas  City — The  Mutual  Drug  Co., 
1200  West  9th  St.,  Cleveland,  O.,  has 
awarded  the  contract  for  installing  steam 
heating  and  plumbing  systems  in  the  pro- 
posed 4  story,  50  x  115  ft.  business  build- 
ing on  20th  and  Main  Sts.,  to  the  Magill 
Plumbing  &   Heating   Co.,    1320   MoGee   St. 

Ariz.,  Yuma — The  city  has  awarded  the 
contract  for  the  construction  of  13  mi.  of 
pipe  line  in  Dist.  3,  including  a  sewage 
pumping  unit  and  concrete  pump  house, 
to  G.  S.  Benson  &  Sons,  Stimson  Bldg., 
Los  Angeles,   Cal.,   at  $91,324. 

Wash.,  Kennewick — The  Columbia  Yr.k- 
ima  Storage  Co.  has  awarded  the  contract 
for  the  construction  of  a  2  story,  100  x  250 
ft.  cold  storage  building,  to  Julian  S.  Gen- 
eva Co.,  Jefferson,  Iowa.  A  steam  heat- 
ing system  and  a  10  ton  ice  plant  and  re- 
frigeration machinery  will  be  installed  in 
same.      Total   estimated   cost,    $80,000. 

Ore.,  Portland — Wells  Bros.  Contg.  Co., 
53  West  Jackson  Blvd.,  Chicago,  contract- 
ors for  the  proposed  new  building  for 
Montgomery  Ward  &  Co.,  581  Upshur  St., 
has  awarded  the  contract  for  furnishing 
and  installing  plumbing,  heating  and  me- 
chanical equipment  in  same,  to  the 
Dausch-Weber  Heating  &  Eng.  Co.,  Oregon 
Bldg.,  at  $150,000. 

NEW     INSTALLATIONS     IN     POWER 

Pa.,  Wilkes- Barre — The  School  Bd.  is  in 
the  market  for  6  low  pressure  boilers  for 
the  heating  plant.  Robert  Ireland  Supt. 
and  Archt. 


Md.,  Baltimore— The  Machinery  Clearing 
House,  Wolf  Bldg.,  110  East  Lexington  St., 
IS  m  the  market  for  14  hp.,  single  phase, 
110  volt,  60  cycle  motors.  Address  A. 
Kenny,    Mgr. 

Ga.,  Cogdeii — J.  M.  Morse  is  in  the  mar- 
ket for  shingle  mill  and  lath  mill  ma- 
chinery and  for  a  75  to  100  hp.   boiler. 

III.,  Downs  Grove — The  Municipal  Elec- 
tric Light  &  Waterworks  plans  to  rebuild 
its   transmission   line.     F.    W.   Allen,    Supt. 

Iowa,  Britt — The  Britt  Light  &  Power 
Co.  plans  to  install  a  150  hp.  engine  and  a 
100  kw.  generator.  L.  M.  Goodman,  Pres. 
and  Mgr. 

Iowa,  Columbus — The  Louisa  Co.  Power 
Co.,  Columbus  Junction,  plans  to  build 
about  40  mi.  transmission  line.  R.  L.  Van 
Meter,   Pres.  and  Mgr. 

Iowa,  Earlham — The  Municipal  Electric 
Light  &  Water  Plant  plans  to  extend  its 
lural  transmission  lines.  M.  A.  Thorp. 
Supt. 

Iowa,  Farragut — The  Farragut  Pub. 
Serv.  Co.  plans  to  build  2  transmission 
farm  lines  from  their  station.  J.  J.  Whis- 
ler,    Mgr. 

Iowa,  Hawarden — The  Electric  Light. 
Power  &  Water  Dept.  plans  to  install  a 
200  kva.  engine  generator,  set  boilers  and 
build  rural  transmission  lines.  Otto  Pvles, 
Supt. 

Iowa,  Jewel — The  Henderson  L:ght  & 
Power  Co.  plans  to  build  2  transmission 
farm  lines  with  50  consumers.  R.  D.  Hen- 
derson,  Treas. 

Iowa,  Lorimor — The  Lorimor  Light  & 
Power  Co.  plans  to  build  8  mi.  2,300  volt 
transmission  farm  lines.     J.  F.  Smith,  Mgr. 

Iowa,  Manson  Lake — The  Manson  Light. 
Heating  &  Power  Co.  plans  to  change  its 
d.c.  generating  system  to  a.c.  in  the 
spring.      F.    W.    Mack,    Mgr. 

Iowa,  Odebolt— The  Odebolt  Elec.  Serv. 
Co.  plans  to  build  30  mi.  transmission  farm 
lines  and  12  mi.  6,600  volt  transmission 
line  to  serve  another  town.  H.  E.  Rus- 
sell, Mgr. 

Iowa,  Sibley — The  town  plans  to  build  a 
transmission  line  from  here  to  Melvin. 
J.   J.   Shoemaker,   City  Hall,   Supt. 

Iowa,  Sigourney — The  Sigourney  Electric 
Co.  plans  to  double  the  capacity  of  its 
plant.     H.  L.  Mann,   Supt. 

Iowa,  Traer — The  Traer  Electric  Plant 
plans  to  purchase  a  400  hp.  boiler  in  March 
and  also  construct  a  40  mi.,  2,300  volt 
transmission  farm  line  extension.  Edward 
Noyer,  Mgr. 

Iowa,  Winterset — The  Winterset  Electric 
Light  &  Waterworks  plans  to  change  its 
entire  d.c.  generating  system  to  a.c. 
Charles  H.   Smith,   Supt. 

Kan.,  Hiawatha — The  Hiawatha  Light, 
Power  &  Ice  Co.  is  in  the  market  for  ice 
plant  equipment  and  Diesel  engine.  Total 
estimated  cost,    $60,000. 

Mont.,  Bridger — The  Bridger  Water  & 
Light  Co.  plans  to  build  10  mi.,  50.000  volt 
transmission  line.     J.  S.  Emmett,  Secy. 
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Dont  Overlook  Opportunities! 

You  may  find  •some  of  interest  to  you  among  the  ads  appearing  in  the  | 

Searchlight  Section  I 

I 

Turn  now  to  pages  91  to  101  for  Every  Business  Want.  | 

"Think  Searchlight  First"  j 
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These   are   prices    to    the    power    plant    by    jobbers    in     the    larger    buying    centers    t-ast    of    the 
Mlssiaslppi.    Elsewhere  the  prices  will  be  modified  by  increased  frei^t  charges  and  by  local  conditions. 


POWER-PLANT  SUPPLIES 


HOSE— 

Fire  50-Ft.  Lengths 

I'nilerwriters'  2|-iii 75c.  per  ft. 


Common,  2i-in. 


Air 


40% 


J-in.  per  ft 

Stfiam- 
First  grade 30% 


First  Grade    Second  Grade    Third  Grade 


....        $0  50 
•DisoountB  from  List 
Second  grade . . .  40% 


$0.33 


$0.22 


Third  grade...  45% 


RUBBER  BELTING! — The  following  discounts  from  list  apply  to  transmission 
rubber  and  duck  belting: 

Competition 65%  Best  grade 35% 

Standard 50% 

Note — Above  discounts  apply  on  new  list  issued  July  1. 

LEATHER  BELTING— Present  discounts  from  list  in  the  following  cities  are  as 

follows: 

.N'ew  York 

.St.  Louis 

Chicago 

Birmingham 

Denver 


ium  Grade 

Heavy  Grade 

45% 

35% 

40% 

30% 

20% 

10% 

16% 

16% 

30% 

20% 

RAWHIDE  LACING — 20%  for  cut;  45c.  per  sq.  ft.  for  ordinary. 


PACKING — Prices  per  pound: 

Rubber  and  duck  for  low-pressure  steam $1 .  00 

Asbestos  for  high-pressure  steam 1 .  70 

Duck  and  rubber  for  piston  packing 1 .00 

Flax ,  regular 1 .  20 

Flax,  waterproofed 1 .  70 

Compressed  asbestos  sheet 90 

Wire  insertion  asbestos  sheet 1.50 

Rubber  sheet *. .50 

Rubber  sheet,  wire  insertion 70 

Rubber  sheet,  duck  insertion ? .50 

Rubber  sheet,  cloth  insertion 30 

.Asbestos  packing,  twisted  or  braided  and  graphited,  for  valve  stems  and 

stuffing  boxes 1 ,  30 

Asbestos  wick,  j-  and  1-lb.  balls 85 

PIPE  AND  BOILER  COVERING — Below  are  discounts  and  part  of  standard 
lists: 


PIPE  COVERING 

Standard  List 
t'ipe  Size  Per  Lin. Ft. 
1-in  $0.27 
2-in  .36 
6-in  .80 
4-in.  .60 
3-in  .45 
8-in  1.10 
10-in.  1.30 
85%  magnesia  high  pressure 


For  low-pressure  heating  and  return  lines 


BLOCKB  AND  SHEETS 
Price 
Thickness  per  Sq.Ft. 

i-in.  $0.27 

1  -in.  80. 
li-in.                                 .46 

2  -in.  .60 

2  J-in.  .75 

3  -in.  .90 
3i-in.                                 1.05 

List 

f4-ply 50%  off 

^3-ply 52%  off 

l2-ply 54%  off 


GREASES — Prices  are  as  follows  in  the  following  cities  in  cents  per  pound  for  barrel 
lots 

Pitts 

burgh 


Cup 

Fiber  r.r  sponge. 
Transmission. . . 

Axle 

Gear. 


Cin- 
cinnati 
7 


Car  journal 22  (gal.)     21  (gal.) 


Chicago 
6.6 
8.6 
8.1 
4.8 
6.1 
4.7 


St. 

Louis 

.     6.7 

13 

13 

4.75 
7.5 
4.7 


Bir- 
mingham 


Denver 
141 
18 
17 
5i 


COTTON  WASTE— The  following  prices  are  in  cents  per  pound: 

New  York 

Current  One  Year  Ago    Cleveland 

White 13.00  11.00  to  13.00  14.00 

•Colored  mixed 9.00  to  12.00      8.50  to  12.00  11.00 


Chicago 
11.00  to  14.00 
9.50  to  12.00 


WIPING  CLOTHS— Jobbers'  price  per  1000  is  as  follows: 

131  X  13 i  13}  X  20i 

Cleveland $52.00  $58.00 

Chicago 41 .  00  43 .  50 


LINSEED  OIL— These  prices  are  per  gallon: 

. New  York Cleveland 

Current          One  Current 
Year  Ago 

Raw  in  barrels  (6  bbl.  lots).  $1.80           $1.49  $2  50 

.5-gal.  cans 2.00            1.74  2.75 


■ Chicago . 

Current  One 

Year  Ago 


$1.98 
2.23 


$1.66 
1. 


WHITE  AND  RED  LEAD— Base  price  per  pound: 

Red 


Current 


1  Year  Ago 


Dry  In  Oil 

lUU-ib.  keg 14.50  16.00 

25- and  50-lb.  kegs 14.7,t      16.25 

12*-lb.  keg 15.00  16.50 

l-lb.cans 1C.50  18.00 

5-lb.cans 17.50  19.00      

500  lb.  loto  less  10%  discount;  2000  lb.  lots  less  10-2i%. 


Dry 
13.00 
13.26 
13.60 


In  Oil 
14.60 
14.75 
16.00 


. White 

Current      1  Yr.  Ago 

Dry 

and 
In  Oil 

14.50 

14.75 

16.00 

16.50 

17.50 


RIVETS— The  (ollowinj;  (juoiations  are  allowed  lor  fair-sized  orders  from  ware- 
house: 

„,     ,   ,        ,         .,  New  York    Cleveland  Chicago 

Steel  A  and  smaller 40%  56%  45% 

Tinned 40%  55%  459^ 

Boiler  rivets,  },  j,  1  in.  diameter  bv  2  in.  to  5  in.  sell  as  follows  per  100  lb 
New  York..  $5  00        Cleveland. .  .$4.00        Chicago $4.97        Pittsburgh  $4.72 

Structural  rivets,  same  sizes: 
New  York... $5. 10       Cleveland. .  .$4.10       Chicago $5  07        Pittsburgh  $4.82 


REFRACTORIES— Following  prices  are  f.  o.  D.  works,  Pittsburgh: 

Chrome  brick net  ton  $7.5-80    at  Chester,  Penn 

Chrome  cement net  ton  45-50    at  Chester,  Penn 

Clay  bnck,  1st  quality  fireclay net  M.  38-45    at  Clearfield,  Penn 

Clay  brick,  2nd  quality net  M.  33-35    at  Clearfield,  Penn. 

Magnesite,  dead  burned net  ton  50-55    at  Chester,  Penn. 

Magnesite  brick ,  9  x  4i  x  21  in net  ton  80-85    at  Chester,  Penn 

Sihca  brick net  M.  45-50    at  Mt.  Union.  Penn 

Standard  size  fire  brick,  9  x  4}  x  2J  in.    The  second  quality  is  $4  to  $5  cheaper 
per  1000. 

St.  Louis— Fire  Clay,  $35  to  $50. 

Birmingham— Silica,  $50;  fire  clay,  $45;  magnesite,  $80;  chrome,  $80. 

Chicago— Second  quality,  $25  per  ton. 

Denver— Fire  clay,  $11  per  ton. 

BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 

. New  York .    . Cleveland .  . ^Chicago ^ 

Current        One        Current        One        Current         One 

Year  Ago  Year  Ago  Year  .\go 

Bestgrade 90.00  87.00  74.50  80.00  ~ 

Commercial 50  00 


42  00  20.50  21.50 


70.00 
15.00 


75.00 
15.00 


SWEDISH  (NORWAY)  IRON— The  average  price  per  100  lb.,  in  ton  lots,  is: 

_,    ,  Current  One  Year  Ago 

New  York. $21-26  $19  00 

Cleveland 2O.OO  20  00 

Chicago. 16.50  19.00 

In  coils  an  advance  of  50c.  usually  is  charged. 

Domestic  iron  (Swedish  analysis)  is  selling  at  15c.  per  lb. 


SHEETS— Quotations  are  in  cents  per  pound  in  various  cities  from  warehouse:  also 
the  base  quotations  from  mill: 

Mill  . New  York , 

Carloads  One 

Pittsburgh  Current  Year  Ago  Cleveland  Chicago 

No.28blaclc $4.35-4.85  $6.50-8.00  $6.52  $5.77  $6  00 

No.26black 4.25-4.75  6.40-7.90  6.42  5  67  5  90 

Nos.  22-24  black 4.20-4.71  6.35-7.35  6.37  5  62  5  85 

Nos.  18-20  black 4.15-4.65  6.30-7.30  6.32  5  67  5  80 

No.  16  blue  annealed. .. .       3.75-3.20  6.02  6.72  5  17  5  02 

No.  14  blue  annealed. .. .       3.65-3.10  5  92  5  62  6  07  4  92 

No.  10  blue  annealed. .. .       3.55-4.00  5.50-6.00  5.52  4  97  4  82 

No.  28  galvanized 5.70-6.20  7.50-9.00  7.77  7  IJ  7  25 

No.  26  galvanized 5. 40-5. 90  7.20  7.47  8.82  6  95 

No.  24  galvanized 5.25-5.75  7.05  7.32  6  57  6  52 


PIPE— The  following  discounts  are  for  carload  lots,  f.  o.  b.  Pittsburgh;  basing  card 
of  Jan.  1,  1919,  for  steel  pipe  and  for  iron  pipe: 


BUTT  WELD 


Inches 

J,  i  and  I 

1 

f  to  3 


2Ho6. 


Steel 
Black 
50^% 
541% 
571% 


50.i% 
531% 


Galvanized 

24% 
40% 
44% 


Itoll. 


Inche 


Iron 

Black    Galvaj.ized 
301%  231% 


LAP  WELD 

35%  2 321%  181% 

41%  21to6 341%  21]% 


BUTT  WELD.  EXTRA  STRONG  PLAIN  ENDS 

i,iandi....     48}%  29%  f  to  11 39}%  24}% 

1 511%  39% 

JtoU 501%  43% 

LAP  WELD,  EXTRA  STRONG  PLAIN  ENDS 

2 48}%  37%  2 33}%  20}% 

2}to4 51}%  49%  21to4 35}%  23}% 

41to6 50}%  39%  41to6 34}4'c  22}% 

Stock  discounts  in  cities  named  are  as  follows: 

■ — New  York — . . Cleveland . Chicago—^ 

Gal-  Gal-  Gal- 

Black     vanizcd     Black     vanized     Black      vanized 
47%  31%        43}%        ,34}%        57}%  44% 

42%  27%        45}%        39}%        63}%  i\^c 

Malleable  fittings.    Class  B  and  C,  from  New  York  stock  sell  at  llit  +  2.M%. 
Cast  iron,  standard  sizes,  10-5%  off. 


}  to  3  in.  steel  butt  welded . 
2}  to  3  in.  steel  lap  welded. 
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BOILKR  TUBES — The  following  are  the  prices  for  carload  lots.f.  o.  b.  Pittsburgh: 


Lap  Welded  Steel 

2ito3iin m 

2iiii 24 

l!to2in m 


3i  to4iin. 
'rto3Ji 


Charcoal  Iron 

3Jto4iin 15} 

3   to3Jin 1 

2i  to2fin +  1 

2   to2Hn +16 

Utoljin +29 

Standard  Commercial  Seamless — Cold  Drawn  or  Hot  Rolled 

Per  Net  Ton  Per  Net  Ton 

I  in $327  liin $207 

liin 267  2to2Hn 177 

liin 257  2fto3!in 167 

IJin 207  4in 187 

4ito5in 207 

These  prices  do  not  apply  to  special  specifications  for  locomotive  tubes  nor  to 
special  specifications  for  tubes  for  the  Navy  Department,  which  will  be  subject  to 
special  negotiations. 

ELECTRICAL  SUPPLIES 

A&MORED  CABLE— 

Two  Cond .      Three  Cor  d . 
B.&S.  Size  Two  Cond        Three  Cond.  Lead  Lead 

M  Ft  M  Ft.  M  Ft.  M  Ft. 

No.  Hsolid $104.00  $138.00  $164  00  $210.00 

No.  12  solid 135  00  170.00  225.00  265  00 

No.  lOsolid 185  00  235.00  275  00  32.'i  00 

No.  8  stranded 285 .  00  37.') .  00  520 .  00  500  00 

No.68tranded 400  00  500.00  560.00 

From  the  above  lists  discounts  are: 

Less  than  coil  lots Net  List 

Coils  to  1,000  ft 10% 

1.000  ft.  and  over 15% 


BATTEEIES.  DBT- 

Less  than  12 

-Regular 

No. 

6  size 

red  seal 

Columbia, 

or 

Ever  Ready: 

Each,  Net 
$0  45 

12  to  50 

38 

50  to  125  (bbl.) 

35 

125  (bbl.)  or  over 

32 

CONDXTITS,  ELBOWS  AND  COUPLINGS— Following  are  warehouse  net  prices 
oer  1000  ft.  for  conduit  and  per  100  for  couplings  and  elbows: 

Couplings 

Galvanized 

1.100  and 

Over 

$5.74 

6.70 

9  57 

12.44 

17  12 

21.15 

28  20 

40  28 

60  42 

80  .56 

100.70 


3uit 

Galvanized 

Elbows   

Black        Galvanized 

. 

Black 

1,000  Ft. 

100  and 

100  and 

100  and 

and  over 

Over 

Over 

Over 

$76.25 

$17.04 

$18.18 

$5.38 

76.25 

17.04 

18.18 

6.25 

100  86 

22.23 

23.93 

8.97 

149.09 

33.19 

•    35.41 

11.66 

201.71 

42.62 

45.31 

16.10 

241.18 

.56.82 

60.62 

19.89 

324.49 

104.17 

110.77 

26.52 

513.05 

170.46 

181.26 

37.88 

670.91 

4,54.56 

483.36 

56.82 

834  44 

1,003.82 

1,067.42 

75.76 

1,010.43 

1,160.08 

1,233.57 

94.70 

Black 
Size,      1.000  Ft. 
In.       and  Over 

} $71.15 

1 71.15 

f 93.96 

1 138.39 

U 187  91 

IJ 224. 6R 

2 302.29 

2| 477.95 

3 625.00 

^ 779.24 

4 945.03 

5%  cash  10  days. 

From  New  York  Warehouse — Less  5%  cash. 
Standard  lengths  rigid,  10  ft.     Standard  lengths  flexible 
lengths  flexible.  I  to  2  in.,  ,50  ft 


, -Hn..l00ft.    Standard 


CONDUIT  NON-METALLIC,  LOOM— 


Size  I,  D.,  In. 


Feet  per  Coil 

250 

250 

2,50 

200 

200 

150 

100 

100 
Odd  lengths 
Odd  lengths 


List,  Ft. 
$0.05i 
.06 
.09 
.12 
.15 
.18 
.25 
.33 
.40 
.,55 


Coils 45%oflf 

Less  coils,  35%  off 


CUT-OUTS — Following  are  net  prices  each  in  standard-package  quantities: 
CUT-OUTS.  PLUG 

S.  P.  M.  L $0.11 

D.P.M.L 11 

T.  P.  M.  L 26 

D.  P.  S.  B 19 

D.  P.  D.B 37 


T.  P.  toD.  P.  S.  B.. 
T.  P.  to  D.  P.  T.  B.. 

T.P.S.B 

T.P.  D.B 


$0.24 
.38 
.33 
.54 


D.  P.  M.  L... 
T.  P.  M.  L... 
D.P.  S.  B... 
T.P.S.B... 
D.P.  D.B... 
T.P.  D.B... 

r.  p.  to  D.  P. 


D.B. 


CUT-OUTS.  N. 
0-30  Amp. 

$0.33 

48 

42- 

81 

78 

1.35 

90 


C.  FUSE 
31-60  Amp. 
$0.84 
1.20 
1.05 
1.80 
2.10 
3.60 
2.52 


60-100  Amp. 
$1.68 
2.40 


FLEXIBLE  CORD— Price  per  1.000  ft.  in  coils  of  250  ft.: 

No.  18  cotton  twisted $22  00 

No.  16  cotton  twisted • 27  00 

No.  18  cotton  pproUel .','.........  26  50 

No.  16  cotton  parallel !.'......!.'  34  50 

No.  18  cotton  reinforced  heavy .'...'.!!!!!  34 .  00 

No.  16  cotton  reinforced  heavy ' " ' '.  42  00 

No.  18  cotton  reinforced  light 30.00 

No.  16  cotton  reinforced  light !......!.!!.!.  36  75 

No.  18  cotton  Can vasite  cord .'....'.'.'..  28  50 

No.  16  cocton  Cnnvasite  cord 32 .  00 

FUSES,  ENCLOSED— 

250- Volt                                              Std.  Pkg.  List 

;i-amp.  to    30-amp 100  $0.25 

35-amp.  to   60-amp ; 100  .35 

65-amp.  to  100-amp 50  .90 

110-amp.  to  200-ainp 25  2^00 

225-amp.  to  400-amp 25  3.60 

425-amp.  to  600-amp 10  5.50 


600- Volt                                              Std.  Pkg.  List 

3-amp.  to    30-amp 100  $0.40 

35-amp.  to   60-amp 100  .60 

65-amp.  to  100-amp 50  1.60 

110-amp.  to  200-amp 25  2.50 

225-amp.  to  400-amp 25  5.60 

450-anip.  to  600-amp 10  8.00 

Discount:   Less  l-5th  standard  package 30% 

l-5th  to  standard  package 40% 

Standard  package 52% 

FUSE  PLUGS,  MICA  CAP— 

0-30  ampere,  standard  package $4.75C 

0-30  ampere,  less  than  standard  package 6. DOC 

LAMPS — Below  are  present  quotations  in  less  than  standard  package  quantities: 


Straight-Side  Bulbs 
Mazda  B — 


Watts 
10 
15 
25 
40 
50 
60 
100 


Plain 
$0.35 
.35 
.35 
.35 
.35 
.40 
.85 


Frosted 
$0.38 
.38 
.38 
.38 
.38 
.45 
.92 


No.  in 
Package 
100 
100 
100 
100 
100 
100 
24 


Pear-Shape  Bulbs 
Mazda  C — 


Frosted 
$0.75 
1.15 
1.70 
2.27 
3.35 
4.45 
4.85 
6.75 
7.75 
Standard  quantities  are  subject  to  discount  of  10%  from  list.  Annual  contract 
ranging  from  $150  to  $300,000  net  allow  a  discount  of  17  to  40%  from  list. 


Watts 
75 
100 
150 
200 
300 
400 
500 
750 

1000 


Clear 
$0.70 
1.10 
1.65 
2.20 
3.25 
4.30 
4.70 
6.50 
7.50 


No.  in 
Package 
50 
24 
24 
24 
24 
12 
12 


PLUGS.  ATTACHMENT— 

Hubbell  porcelain  No.  5406. 
Hubbell  composition  No.  5467, 
Benjamin  s;vivel  No.  903, 
Hubbell  current  taps  No.  5638, 


Each 

standard  package  250 $0.24 

standard  package   50 32 

standard  package  250 20 

standard  package   60 40 


RUBBER-COVERED  COPPER  WIRE— Per  1000  ft.  in  New  York. 


Solid 
No.  Single  Braid 

14 $12.00 

12 13.25 

10 18.30 

8 25.54 


4. 

2. 

1. 

0. 

00. 

000. 

0000. 


Solid  Stranded. 
Double  Braid           Double  Braid 

$16.00  $13.90 

15.70  18.05 

21.00  23.85 

28.60  32.70 

51.40 

70.00 

101.80 

131.86 

160.00 

193.50 

235.20 

288.60 

Prices  per  1000  ft.  for  Rubber-covered  Wire  in  Following  Cities: 


Duplex 
$28.50 
30.07 
41.50 
56.77 


Single 
Braid 

14 $11.25 

10 21.85 

8 31.05 

6 48.80 

4 70.00 

2 104.85 

1 136.85 

■    0 

00 

000 

0000. 


— Denver- 
Double 
Braid 

$14.00 

28.25 

38.30 

52.65 

75.30 

112.45 

146.15 

194.25 

239.60 

294.00 

358.25 


Duplex 

$31.00 
56.75 
77.95 


Single 
Braid 
$12.50 
25.10 
34.75 
57.50 
81.65 


•Birmingham- 
Double 
Braid 
$15.39 

34.73 

58.59 

82.11 

95.50 
140.20 
190.90 
231.33 
281.23 
343.22 
416.80 


Duplex 
$20.00 
65.50 
70.50 


Pittsburg — 23c.  base;  discount  50%    St.  Louis — 30c.  base. 

SOCKETS,  BRASS  SHELL— 

J  In.  or  Pendant  Cap.  f  In.  Cap. 

Key,  Keyless,  Pull,  Key,  Keyless,  Pull, 

Each  Each  Each  Each  Each  Each 

$0.33  $0  30  $0.60  $0.39  $0.36  $0.66 

Less  l-5th  standard  package +20% 

1-5th  to  standard  package +10% 

Standard  package — 15% 

WIRE.  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  18  B.  &  S.  regular  spools  (approx.  8  lb.) 45c.  lb. 

No.  18  B.  &  S.  regular  Mb.  coils 46c.  lb. 

WIRING  SUPPLIES— 

Friction  tape.  fin.,  less  100  lb.  50c.  lb..  1001b.  lots .Wc.  lb 

Rubber  tape,  J  in.,  less  1001b.  65c.  lb.,  1001b.  lots 60c.  lb. 

Wire  solder,  less  100  lb.  50c.  lb.,  100  lb.  lots 46c.  lb. 

Soldering  paste,  2  oz.  cans  Nokorode $1.20  doz. 

SWITCHES,  KNIFE- 
TYPE  "C"  NOT  FUSIBLE 

Double  Pole,  Three  Pole,          Four  Pole. 

Each  Each  Each 

$0.68  $1.02  $1.36 

1.22  1.84  2.44 

2.50  3.76  5.00 

4.50  6.76  9.00 

FUSIBLE,  TOP  OR  BOTTOM 

1.06                               1.60  2.12 

1.80                                 2.70  3.60 

3.66                               5.50  7.30 

6.76                             10.14  13.50 

Discounts: 

Less  than  $10.00  list  value +15% 

$10  to  $25  list  value list 

$25  to  $50  list  value —  5% 

$50  to  $200  list  value —10% 

$200  list  value  or  over —16% 


Size. 

Single  Pole, 

Amp. 

Each 

30 

«0,42 

60 

.74 

100 

1.50 

200 

2.70 

TYPE  "C 

30 

.70 

60 

1.18 

100 

2.38 

200 

4.40 

0 
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Uses  Large  Refrigeration  Plant 
in  Making  Antomobiles 


By  eric  H.  PETERSON 


Four-unit  motor-driven  compression  plant  of 
1,000  tons  refrigerating  capacity  used  to  cool 
quenching  oil  and  drinking  water.  Long 
sections  of  atmospheric  condensers  used  for 
ammonia  and  stands  of  similar  design,  with  the 
principle  of  action  reversed,  cool  the  oil,  although 
a  portion  of  the  oil  is  precooled  by  double-pipe 
water  coolers. 


THE  refrigerating  plant  here  described  is  probably 
the  largest  of  its  kind  in  the  country.    It  is  used 
for  keeping  a  constant  temperature  on  the  quench- 
ing oil  in  the  various  heat-treat  departments  in  the 


the  drive  in  both  cases.  The  belts  for  the  large  units 
are  of  unusual  size,  measuring  60  in.  wide  by  i-in. 
thick.  Running  smoothly  over  an  18-ft.  flywheel  and 
a  4-ft.  pulley  on  the  motor,  their  operation  is  entirely 
satisfactory. 

Variation  in  the  size  of  the  units  gives  flexibility 
to  meet  the  demand  for  cooling.  In  winter  one  of  the 
smaller  machines  is  large  enough  to  carry  the  load. 
During  the  hotter  months  the  machines  are  used  as 
requirements  dictate.  One  large  and  one  small  machine 
may  carry  the  load  and  at  intervals  the  two  large 
machines  may  be  required.  The  motor  drive  was 
selected  to  benefit  from  the  economy  of  the  main  gen- 
erating units.  The  boiler  plant  is  located  at  some  little 
distance  and  with  a  surplus  of  exhaust  steam  there 


PIG.    1.      TWIN    AMMONIA    COMPRESSORS,    18    X    30    IN.,  BELTED  TO  600-HP.  D.C,  MOTOR 


factory  and  to  cool  the  drinking  water.  It  is  made 
up  of  four  am-monia  compressor  units,  110  sections  of 
atmospheric  ammonia  condensers  and  three  liquid 
receivers  on  the  high-pressure  side,  with  36  sections 
of  atmospheric  oil  coolers  and  five  drinking  water 
coolers  on  the  low-pressure  side.  Besides,  there  are 
32  sections  of  double-pipe  oil  coolers  in  the  system 
and  a  large  atmospheric  cooling  tower.  The  com- 
pressor room  is  127  ft.  long  by  50  ft.  wide,  and  the 
cooling  tower  with  the  condenser  room  underneath  is 
218  ft.  long,  29  ft.  wide  and  66  ft.  high. 

Operated  at  35  lb.  suction  pressure  the  ammonia 
compressors  are  rated  at  1,000  tons  of  refrigeration 
per  24  hr.  They  consist  of  four  18  x  30-in.  and  two 
132  X  24-in.  horizontal  double-acting  compressors.  The 
four  large  machines,  as  shown  in  Fig.  1,  are  arranged 
in  two  units,  twin  compressors  being  driven  by  a 
600-hp.  three-bearing  direct-current  motor  running  at 
243  r.p.m.  The  small  compressors,  shown  in  Fi^j.  3,  are 
each  driven  by  a  150-hp.  three-bearing  motor  running 
at  450   r.p.m.      Belts   with    idler  pu'leys   arc   used  for 


v/as  no  good  reason  for  installing  steam-driven  com- 
pressors. 

All  these  compressors  have  gravity  oiling  and  tele- 
scopic oilers  for  crossheads  and  cranks.  In  the  trusses 
above  the  compressors  is  a  platform  carrying  the  start- 
ing boxes  for  the  motors  and  a  100-gal.  oil  supply  tank. 
In  the  basement  under  the  compressor  room  there  is 
a  100-gal.  oil  filter  with  two  pumps  attached.  The 
oil  is  drained  from  the  compressors  through  a  2i-in. 
header  to  the  filter.  The  pumps  force  the  oil  up  to 
the  overhead  supply  tank,  from  which  it  flows  by  grav- 
ity to  the  compressors. 

Fig.  4  shows  a  cross-section  of  the  refrigerating 
plant,  including  the  cooling  tower  which  is  arranged 
with  11  decks,  each  205  ft.  long  by  19  ft.  wide.  The 
isometric  diagram  at  the  left  shows  the  piping  arrange- 
ment from  the  circulating  pumps  up  to  the  top  of  the 
cooling  tower.  Here  the  water  is  distributed,  as  shown 
in  Fig.  2,  by  two  hundred  and  eight  1^-in.  nozzles  into 
one  hundred  and  four  45-deg.  troughs  from  which  it 
ovcrflcwG   and   cpreads  over  the  entire  deck,   trickling 
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down  by  gravity  from  deck 
to  deck  into  six  sumps  un- 
der the  bottom  deck.  From 
these  sumps  the  water  is 
led  by  gravity  through  a 
10-in.  header  to  the  troughs 
above  the  ammonia  condens- 
ers, located  underneath  the 
cooling  tower.  It  flows  over 
the  condensers  into  six 
sumps  in  the  floor,  from 
where  the  water  runs  back 
by  gravity  to  the  circulat- 
ing pumps  shown  in  Fig.  5. 
These  pumps  are  five  in 
number  and  have  a  capac- 
ity of  1,000  g.p.m.  each 
against  a  60-ft.  head.  They 
are  driven  by  30-hp.  motors  running  at  1,750  r.p.m. 
In  a  2-hr,  test  of  the  cooling  tower  conducted  in  August, 
1918,  with  only  three  pumps  running  and  circulating 
3,250  g.p.m.,  the  following  results  were  obtained: 

Direction  of  wind S  15  deg.  W 


FIG.  2. 


TOP  VIEW  OP  COOLING  TOWITR,  SHOWING  WATER 
DISTRIBUTING   SYSTEM 


Velocity  of  wind,  ft.  per  min. 

Temp,  of  dry  bulb,  entering,  deg.  F 

Temp,  of  wet  bulb,  entering,  deg.  F 

Temp,  difference  entering,  deg.  F 

Relative  humidity,  entering,  per  cent 

Temp,  of  dry  bulb,  leaving,  deg.  F 

Temp,  of  wet  bulb,  leaving,  deg.  F 

Temp,  of  difference,  leaving,  deg.  F 

Relative  humidity,  leaving,  per  cent 

Temp  of  water  leaving  nozzles,  deg.  F 

Temp,  of  water  at  bottom  of  tower,  deg.  F 

Temp,  difference  of  water  or  drop  over  tower,  deg.  F . 

G.p.m.  of  water  circulated 

B.t.u.  extracted  from  water  per  min 


675 
79.4 
68.55 
10.85 
57.00 
75.56 
67.7 
7.86 
67.00 
70.1 
68.37 
1.73 
3,250 
46,854 

In  addition  to  the  circulating  system  for  the  cooling 
tower,  just  described,  there  are  five  distinct  piping 
systems  in  the  plant,  namely:  The  ammonia  suction 
and  discharge;  the  liquid  connections;  the  pump-out 
line,  the  quenching  oil  system  and  the  drinking  water 
system. 

By  the  compressors  the  ammonia  vapor  is  compressed 
from  the  suction  pressure,  generally  about  15  lb.,  to  a 
condenser  pressure  of  about   150  lb.,   and  is   forced 


through  a  70-in.  header  to 
three  24-in.  oil  traps,  where 
the  lubericating  oil  from 
the  compressor  cylinders  is 
trapped,  and  from  which 
the  gas  is  distributed  to 
110  sections  of  atmospheric 
ammonia  condensers,  a  por- 
tion of  which  are  shown  in 
Fig.  6.  Here  the  vapor 
is  converted  into  liquid 
runs  by  gravity  through 
two  3-in.  lines  to  receivers. 
The  condensers  are  grouped 
in  12  batteries.  Each  sec- 
tion is  made  up  of  2-in. 
pipe,  20  pipes  high  and  20 
ft.  long. 

A  general  outline  of  the  liquid  connections-  is  shown 
in  Fig.  10.  The  oblique  diagram  shows  how  the  liquid 
travels  through  a  3  J -in.  line  from  the  receivers  and 
is  distributed  to  36  expansion  valves  on  the  so-called 
atmospheric  oil  coolers,  and  also  through  a  2-in.  line  to 
the  five  drinking  water  cooling  tanks,  where  the  liquid 
is  distributed  to  the  expansion  valves  on  their  20  coils. 
Every  ammonia  coil  and  vessel  needs  a  drain  or  pump- 
out  connection  to  facilitate  pumping  out  all  ammonia 
in  case  anything  needs  to  be  done  to  the  coil.  There 
is  also  oil  coming  along  with  the  ammonia  from  the 
compressor.  Although  the  greatest  part  of  the  oil  is 
removed  by  the  oil  traps  before  entering  the  condensers, 
some,  however,  passes  along  with  the  ammonia  through 
the  entire  cycle.  It  is  important  to  minimize  the 
amount  of  oil  in  the  ammonia  system,  because  its 
presence  reduces  the  efficiency  of  the  refrigerator  to 
a  marked  extent.  The  oil  being  heavier  than  ammonia, 
collects  at  the  bottom  of  the  oil  traps,  the  receivers  and 
the  coils,  and  if  it  is  drained  or  blowTi  out  into  a  pail, 
as  is  often  done,  a  great  deal  of  ammonia  is  lost. 
To  eliminate  this  loss  and  to  keep  all  the  coils  at  the 
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topmost  efficiency,  an  ammonia  purifier  has  beer,  made 
a  part  of  the  pump-out  system. 

Made  up  of  a  16-in.  pipe  the  purifier  is  10  ft.  long, 
as  shown  in  Fig.  11.  It  has  a  1-in.  inlet  in  one  end 
leading  from  the  drain  or  pump-out  connections  from 
all  of  the  coils,  oil  traps  and  ammonia  receivers,  and 
through  this  line  the  oil  is  blown  into  the  purifier  by 
the  pressure  in  the  ammonia  system.  From  the  other 
end  of  the  purifier  a  2-in.  pipe  extends  into  the  drum 
for  the  full  length.  A  plate  welded  onto  the  end  closes 
the  inner  opening  of  the  pipe.  Inside  the  2-in.  pipe 
there  is  a  2-in.  open  steam  pipe.  On  the  top  of  the 
purifier  is  a  Id-in.  suction  connection  to  the  compres- 
sors, a  relief  valve  and  a  high-pressure  gage.  After 
the  ammonia  is  blown  into  the  purifier  the  steam  is 
turned  on,  heating  the  contents  Df  the  drum  until  all 


rotary  pumps  that  raise  oil  from  the  receiving  tanks 
to  the  top  of  the  coolers. 

The  oil-cooling  system,  which  carries  about  60,000 
gal.  of  oil.  is  provided  with  both  ammonia  coolers  and 
double-pipe  v/ater  coolers.  It  is  designed  to  cool  1,600 
gal.  of  oil  per  minute  from  120  to  60  deg.  F.  Pari 
of  the  oil  is  first  pumped  through  the  double-pipe 
coolers  and  cooled  by  water  to  86  deg.  F.  and  then 
led  through  a  header  to  the  troughs  over  the  ammonia 
coolers,  see  Fig.  8.  It  flows  over  the  refrigerating 
coils  and  is  cooled  to  a  final  temperature  of  60  deg.  F. 
The  balance  of  the  oil  is  passed  directly  over  the 
ammonia  coolers. 

Consisting  of  32  sections  of  2-in.  and  3-in.  pipe,  10 
pipes  high  and  20  ft.  long,  the  double-pipe  coolers  are 
grouped   into   four   batteries.      The   oil   travels   in   the 
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FIG.  4.     SECTIONAL  ELEVATION  THROUGH  PLANT.  WITH  ISOMETRIC  VIEWS  OF  CONDENSER,  PUMP.  PIPING  ANP 

DRINKING  WATER  SYSTEM 


of  the  ammonia  evaporates  and  in  the  form  of  vapor  is 
drawn  to  the  compressors.  The  steam  condenses  and  is 
drained  from  the  2-in.  pipe  through  a  steam  trap  to 
the  sewer,  while  the  free  oil  is  drained  off  through  a 
1-in.  connection  at  the  bottom  of  the  purifier.  During 
the  operation  the  pressure  in  the  purifier  is  maintained 
at  75  to  80  pounds. 

From  the  coolers  to  the  tanks  in  the  factory  the 
uueiiching  oil  is  circulated  by  one  1.000  g.p.m.  and  two 
500  g.p.m.  rotary  pumps,  shown  in  Fig.  7.  It  is  returned 
by  pumps  located  at  the  quenching  tanks  in  the  factory, 
taking  the  oil  as  it  overflows  from  these  tanks  and  forc- 
ing it  back  through  a  system  of  piping  in  tunnels  to  two 
large  receiving  tanks  in  the  oil  pit  under  the  coolers. 
These  tanks  are  vented  to  the  atmosphere  so  as  to 
relieve  the  oil  of  air  before  it  is  pumped  through  the 
cooling  coils.     In  the  oil  pit  there  are  two  1,000  g.p.m. 


annular  space  between  the  two  pipes,  is  fed  in  at  the 
bottom  and  let  out  at  the  top.  The  cooling  water  runs 
by  gravity  from  the  cooling  tower  through  the  inner 
2-in.  pipe,  entering  at  the  top  and  leaving  at  the  bot- 
tom of  the  cooler,  so  that  the  flow  of  the  oil  and  the 
water  is  counter-current,  this  being  characteristic  for 
all  double-pipe  coolers. 

The  ammonia  oil  cooler,  or  atmospheric  oil  cooler 
as  it  is  frequently  caUed,  consists  of  three  open  tanks, 
each  holding  12  sections  of  oil  coolers  made  up  of  2-in. 
pipe,  20  pipes  high,  20  ft.  long,  and  arranged  in  two 
batteries.  Under  each  pipe  is  a  perforated  strip  for 
the  purpose  cf  maintaining  an  even  film  of  oil  over 
each  pipe.  To  get  a  counter-flow  between  the  ammonia 
and  the  oil  the  ammonia  liquid  is  fed  in  at  the  bottom, 
evaporates  inside  the  coils  by  absorbing  the  heat  taken 
from  the  oil  on  the  outside,  and  the  gas  is  drawn  off 
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from  the  top  of  the  cooler  by  the  ammonia  compresnorn. 

In  Fig.  4  the  drinking  water  system   is  shown  dia- 

grammatically,  and  Fig.  9  is  a  view  of  the  pumps  and 

filters  in  the  compressor  room.    The  maximum  consump- 


From  the  city  water  mains  the  make-up  pump  take;; 
the  supply,  pumps  it  through  the  filters  to  the  make-up 
water  tank,  from  where  it  joins  the  water  returninjz 
from  the  factory  and  flows  by  gravity  into  the  circulat- 


tion  of  drinking  water  in  the  plant  is  95  g.p.m.,  which 
is  equivalent  to  an  average  of  3  gal.  per  man  per  8 
hr.  The  system  consists  of  two  500  g.p.m.  circulating 
pumps  (one  of  them  being  a  spare),  one  100  g.p.m. 
make-up  pump,  six  42-in.  Hygeia  filters,  one  make-up 
water  tank,  five  cooling  tanks  and  about  550  fountains 
scattered  throughout  the  plant. 


ing  pump.  The  latter  forces  the  water  through  the 
five  cooling  tanks  and  out  to  the  fountains.  The  tem- 
perature of  the  water  leaving  the  coolers  is  45  deg.  F. 
The  tanks  are  all  6  ft.  in  diameter  and  18  ft.  high, 
having  a  capacity  of  4,000  gal.  each.  In  each  tank 
there  are  four  ammonia  expansion  coils  having  a  total 
length  of  3,600  lin.ft.  of  li-in.  galvanized  pipe. 


370 


POWER 


Vol.  51,  No.  10 


The  circulating  pump  operates  against  an  85-lb.  head 
and  is  driven  at  1,700  r.p.m.  by  a  40-hp.  motor.  The 
make-up  water  pump,  operating  at  the  same  speed  and 
against  a  60-lb.  head,  is  driven  by  a  7-2-hp.  motor. 
The  pressure  in  the  return  line  from  the  factory  is 


FIG.    10.      GENERAL   OUTLINE   OF   AMMONIA   LIQUID    CONNECTIONS 


22  lb.,  but  before  the  water  enters  the  circulating 
pump  this  pressure  is  reduced  by  a  pressure  regulat- 
ing valve  to  8  lb.,  which  is  the  static  head  in  the 
make-up  water  tank. 

There  is  about  13,000  lb.  of  ammonia  in  the  refrig- 
erating system.  To  refrigerate  the  drinking  water 
takes  185  tons  of  refrigeration  per  24  hours,  and  to 
cool  1,000  gal.  of  oil  per  min.  from  120  to  60  deg.  F. 
takes  (1,000  X  7.5  X  0.4592  X  60)  -^  200  =  1,033 
tons  of  refrigeration  per  24  hr.,  of  which  460  tons 
is  carried  by  the  double-pipe  coolers.  Thus  the  load 
on  the  ammonia  compressors  at  this  rate  is  185  -)- 
(1,033  —  460)  =  758  tons  of  refrigeration  per  24  hr. 

Lining  Turbine  and  Generator  Shafts 

By  0.  G.  A.  Patterson 

The  various  articles  that  have  appeared  in  Power 
and  other  engineering  papers  on  installing  running 
and  lining  up  turbine  machinery  clearly  show  the 
need  for  better  methods  of  dealing  with  these  prob- 
lems. In  my  younger  days  lining  up  long  marine  pro- 
peller shafting  with  feelers  and  a  rule  was  quite  the 
thing  and  is  to  this  day.  A  shaft  a  little  out  of  line 
did  not  count  for  much  as  long  as  its  bearings  ran 
cool,  and  even  if  it  was  in  line  the  ship  would  prob- 
ably settle  out  of  true,  half  an  inch  or  more  when 
laden,  so  at  the  best  the  results  could  only  be  called 
approximate.  As  most  steamer  propelling  machinery 
runs  at  200  r.p.m.  and  less  the  results  can  be  classed 
as  satisfactory. 

Higher-speed  machinery,  such  as  forced  lubrication 
enclosed  engines,  require  still  greater  care  to  give  satis- 
factory service  and  with  turbine  machinery  running 
at  anything  up  to  3,500  r.p.m.  as  a  standard,  with 
revolving  parts  weighing  several  tona,  especial  pains 
must  be  taken  to  get  the  turbine  and  general  shafts 
in  line. 

The    various    accidents    that    keep    occuring   from 


vibration  and  other  causes  should  not  all  be  blamed 
on  defective  governors  and  material,  as  is  generally 
done,  as  in  some  cases  there  are  indications  that  the 
machines  were  more  or  less  out  of  line  or  balance, 
except  when  first  erected.  Even  if  the  turbine  and 
generator  shafts  are  lined  up  true  when  first  installed, 
there  is  no  certainty  that  they  will  remain  so  when 
warmed  up  and  running.  At  one  end  of  the  unit 
there  is  the  hot  turbine  that  naturally  warms  up, 
and  to  a  certain  extent  its  foundation,  and  at  the 
other  end  there  is  the  comparatively  cold  generator 
and  foundation,  thus  causing  unequal  expansion 
which  tends  to  throw  the  shafts  a  little  out  of  line. 
There  appears  to  be  no  remedy  for  this  trouble  except 
to  have  the  far  end  of  the  steam  turbine  a  shade  low 


A    -    IllHllllllHlill 


Fie.  I 


Coupling 
Bolt 


Nut--'       '-■-Locknut 
'"Spring  and  Spring  Casing 


FIS.2 

FIG.   1.     TURNED  COUPLING  BOLT.      FIG.   2.    COUPLING 
BOLT  AND   SPRING 

and  check  over  the  lineability  of  the  machines  after 
a  run  ar.d  while  still  hot. 

One  way  of  lining  up  the  shafts  is  as  follows: 
First  the  shafts  are  lined  up  with  feelers  and  a  rule 
in  the  usual  way  and  then  a  set  of  turned  bolts  are 
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put  in  the  coupling  flanges  of  the  shape  as  shown  in 
Fig  1,  the  part  B  being  a  fair  fit  in  one  of  the  flanges 
and  the  part  C  about  ,',;  in.  smaller  than  the  holes  in 
the  other  coupling.  These  bolts  are  threaded  through 
two  sets  of  spherical  washers  and  springs  as  in  Fig. 
2,  the  nuts  being  screwed  up  equally  so  that  the  shafts 
are  drawn  firmly  together  into  their  running  positions, 
but  not  sufficiently  tight  to  spring  the  shafts  or 
flanges.  Both  warhers  and  bolts  should  be  well  oiled 
before  inserting. 

On  the  edge  of  one  shaft  coupling  a  clamp  is  bolted, 
as  in  Fig.  3.  This  clamp  has  an  arm  welded  to  it  as 
shown,  the  overall  length  A  depending  on  the  amount 
of  clearance  between  the  shafts  and  the  sides  of  the 
machine,  bedplate,  etc.  The  longer  the  length  of  the 
arm  A,  the  greater  will  be  the  accuracy  obtained,  re- 
membering always  that  there  m-ust  be  no  shake,  sag 
or  spring  of  the  arm  in  its  different  positions. 

On  the  end  of  the  arm  a  plate,  bent  at  right  angles, 
is  bolted  and  having  two  tight  fitting  1-in.  set  screws 
as  shown.  The  ends  of  the  set  screws  must  be  faced 
off  square  and  should  preferably  be  hardened  and 
polished. 

On  the  other  shaft  flange  a  similar  clamp  is  bolted. 
Fig.  4,  having  an  arm  a  little  shorter  than  the  one  just 
described,  and  also  having  a  bent  plate  bolted  to  it, 
as  shown,  and  carrying  two  screws,  preferably  micro- 
meter screws  D  and  E  for  accurate  measurements. 

These  clamps  are  secured  to  the  turbines  and  gen- 
erator shaft  flanges   as   shown  in   Fig.   5  with  arms 


FIG.    3.      CLAMP  WITH   SET 
SCREWS   IN  ARM 


FIG.     4.       CLAMP    WITH     MI- 
CROMETER SCREWS  IN  ARM 


vertical,  and  the  screws  F  and  G  and  micromter  screws 
D  and  E  adjusted  and  measurements  taken. 

These  readings  being  booked  the  shafts  can  be 
turned,  taking  readings  every  90  deg,  when  the  shafts 
have  turned  180  deg.  the  difference  between  that  read- 
ing and  the  first  reading  will  show  the  amount  the 
shafts  are  out  of  line  with  each  other.  When  the 
shafts  have  been  turned  to  90  and  270  deg.  the  readings 
will  show  any  error  sideways. 

By  this  method  it  should  be  possible  to  accurately 
align  the  shafts  especially  if  cast-iron  adjustable  wedge 


blocks  are  used  under  the  foundations.  After  the 
shafts  have  been  leveled  the  turbine  could  be  given 
a  trial  run,  the  measuring  clamps  being  removed,  but 
the  bolts  with  the  springs  left  in  the  couplings.  After 
the  machinery  has  got  thoroughly  warmed  up,  it 
should  be  checked  over  again,  before  it  has  time  to 
cool,  and  any  alteration  made  that  is  found  necessary. 

The  micrometer  screws  can  be  made  to  suit  the 
erecting  engineer's  taste,  either  flat,  pointed,  round 
or  chisel  shape.  The  micromter  screws  as  usually  sold 
are  rather  too  delicate  unless  carefully  used.     These 

'Micrometer  Screws 


FIG.   5.     CLAMPS  ADJUSTED  TO  COUPLIXG  FLAXGE.^ 

screws  can  be  turned  up  in  a  lathe  having  a  screw 
1  in.  diameter  bevelled  down  at  the  measuring  end, 
and  having  an  overall  length  of  5  or  6  inches. 

Another  way  to  take  these  readings  would  be  to  use 
an  electric  buzzer,  bell  or  phone  contact  arrangement, 
so  that  when  contact  is  made  between  the  wire  on  the 
one  side  on  one  clamp  and  adjustable  screw  on  the 
other  bell  would  ring.  This  method  is  probably  as 
accurate  as  any  when  well  made  and  installed,  as  it 
does  away  with  any  mistakes  in  reading  the  micrometer, 
etc. 


A  Brick  chimney  300-ft.  high  by  ii7-ft.  6-in.  diameter 
has  ■  recently  been  built  near  Sudbur>',  Ontario,  for  a 
nickel  smelting  company.  The  chimney  is  chiefly  note- 
worthy on  account  of  the  precautions  necessan  to  pre- 
vent the  sulphurous  acid  in  the  gases,  amounting  to  from 
3  to  4  per  cent,  from  damaging  the  structure.  It  has 
been  lined  throughout  with  4-in.  perforated  brick  sep- 
arated from  the  outer  wall  by  a  2-in.  space,  says  The 
Engineer.  The  lining  is  supported  on  corbeh  built  out 
from  the  inside  of  the  wall,  and  is  divided  into  twelve 
sections  ranging  from  15-ft.  to  30-ft.  in  height,  so  that 
in  case  any  part  of  it  becomes  damaged  that  part  may  be 
removed  and  replaced  without  much  harm  to  the  re- 
mainder. In  order  pantially  to  seal  the  air  space  be- 
tween the  top  of  each  section  of  the  lining  and  the  bot- 
tom of  the  corbels  directly  overhead  a  sheet  of  lead  was 
embedded  in  the  corbel  brickwork  and  bent  downwards 
over  the  opening  and  extended  an  inch  below  the  top  of 
the  lining. 
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Turbine  Installed  in  Record  Time 


IN  THE  "Synchroscope;'  the  monthly  publication  of 
The  Detroit  Edison  Co.,  G.  K.  Saurwein  tells  how  a 
10,000-kw.  turbo-generator  was  installed  at  the 
Connors  Creek  plant  in  the  record-breaking  time  of 
36  field  working  days. 

Since  Feb.  2,  1917,  two  30,000-kw.  units  had  been 
on  order.  In  ordinary  times  these  machines  would 
have  been  installed  complete  and  carrying  load  by  the 
early  part  of  the  past  summer,  but,  due  to  the  exig- 
encies of  the  war  the  construction  of  these  units  was 
greatly  delayed  and  the  first  machine  was  not  shipped 
in  time  for  the  December  peak.  At  first  it  was  be- 
lieved that  this  would  be  early  enough,  for  industry 
was  only  slowly  recovering  from  the  first  post-war 
slump  in  Detroit  as  elsewhere.  Factories  were  run- 
ning at  half  capacity  and  electric  power  consumption 
had  dropped  off  greatly.  Detroit's  recovery  was  un- 
expectedly rapid,  however,  and  when  in  August,  last 
year's  December  peak  was  topped  by  several  thous- 
and kilowatts,  it  was  decided  that  an  additional 
10,000-kw.  of  turbine  capacity  might  just  enable  the 
plants  to  carry  this  year's  maximum  load,  due  then 
within  several  weeks. 

The  war  had  held  up  the  construction  of  the  up- 
river  plant  and  this  left  available  the  two  10,000-kw. 
turbo-generators  that  had  been  bought  for  that  plant 
and  which  were  on  hand.  It  was,  therefore,  decided 
to  install  one  of  these  units  at  Connors  Creek  on  the 


foundation  for  a  second  45,000-kw.  machine,  now  on 
order. 

When  on  Sept.  12,  the  order  came  from  headquar- 
ters to  have  this  unit  ready  to  take  load  in  sixty  days, 
it  was  believed  well  nigh  impossible  of  accomplish- 
ment by  most  of  those  concerned,  for  there  was  all  the 
design  work  for  the  steel  foundation,  piping  and  elec- 
trical layout  to  be  done;  material  to  be  purchased, 
fabricated  and  erected;  nearly  all  of  the  machine 
work  on  the  condenser  remained  to  be  done — all  this 
in  addition  to  the  actual  erection  of  the  unit  and  its 
auxiliaries. 

But  the  thing  was  done  with  comparatively  little 
overtime,  and  it  proved  to  be  just  the  thing  to  meet 
the  winter's  siege. 

Drawings  Ready  in  Ten  Days 

The  story  of  this  particular  unit  dates  from  Sept. 
13,  1919.  On  that  day,  the  electrical  and  mechanical 
drafting  rooms  started  work  on  the  drawings  for 
foundations,  piping,  transformers,  switch-gear  and  all 
the  miscellaneous  equipment  involved  in  the  operation 
of  such  a  unit.  The  drawings  were  ready  in  ten  days, 
and  on  Sept.  25  work  actually  began  in  the  field. 

As  previously  intimated  the  unit  is  installed  tem- 
porarily on  the  foundation  for  a  45,000-kw.  turbo- 
generator. The  structural  steel  frame  on  which  it  is 
carried  is  so  designed  that  it  may  be  moved  with  the 


I 


FIG    1      TEMPORARY  10.000-KW.   TURBINE  READY  TO  START  36  FIELD  WORKING  DAYS  AFTER 

STARTING  INSTALLATION 
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FIG.  2.     STEEL  FOUNDATION  FOR  THE  TEMPORARY  lO.OOO-KW.  TURBINE 


unit  and  used  on  the  ultimate  installation  (probably 
at  the  Marysville  plant).  Due  to  the  fact  that  this 
machine  as  installed  will  be  operated  for  a  short  time 
only— less  than  a  year — it  was  not  deemed  necessary 
to  add  extra  height  to  the  foundation  steel  to  bring 
the  machine  up  to  the  level  of  the  turbine  room  floor. 
It  was  thought  unnecessary  to  install  a  dry  vacuum 
pump  for  a  unit  intended  for  temporary  service.  A 
cross-connection  to  the  dry  vacuum  pumps  of  the 
other  units  was  accordingly  made  and  has  proved  en- 
tirely adequate.  Other  auxiliaries  are  a  circulating 
pump  and  two  hot-well  pumps,  all  motor-driven.  The 
machine  has  its  own  exciter  mounted  on  the  shaft.  It 
generates  at  4,600  volts,  stepping  up  to  the  system 
voltage,  23,000  volts,  by  three  single-phase  oil-insu- 
lated, water-cooled  transformers. 

Company  Fabricates  Foundation 

In  the  company's  own  shops  the  steel  foundation, 
Fig.  2,  was  fabricated.  It  was  erected  and  riveted  up 
in  three  days.  After  the  steel  was  up,  the  forms  for 
the  concrete  top  slab  were  built  and  the  slab  poured. 
On  Oct.  12,  the  condenser  was  finally  delivered  from 
the  contractor's  shop,  and  its  erection  was  started  at 
once.  Incidentally,  this  condenser  was  the  first  built 
after  the  company's  own  design. 

On  Oct.  14,  erection  of  the  turbo-generator  was  be- 
gun under  the  direction  of  the  General  Electric  Com- 
pany's foreman  of  construction  and  the  unit  was  up  in 
two  weeks'  time. 


It  can  be  readily  understood  that  with  the  condenser 
and  turbine  gangs  crowded  around  the  machine  and 
scaffolding  and  cribbing  almost  hiding  it — the  pipe- 
fitters and  electricians  did  not  have  much  of  a  chance 
to  work.  Most  of  their  work  had  to  wait  until  the 
unit  and  the  auxiliaries  were  in  place.  As  a  matter 
of  fact,  the  big  share  of  the  pipe  lines,  including  all 
of  the  multifarious  small  lines  for  drips,  oil,  sealing 
water,  gages,  etc.,  that  go  with  an  installation  of  this 
kind,  were  put  in  during  the  last  three  days  before  the 
machine  was  put  in  service. 

On  Saturday,  Nov.  1,  the  unit,  Fig.  1,  was  practic- 
ally ready  for  business.  Except  for  some  leaks  in  the 
36-in.  steel  circulating  water  piping,  the  installation 
was  complete.  The  drying  out  run  was  completed  on 
the  following  Wednesday  and  on  Friday,  Nov.  7,  the 
machine  was  on  the  line  carrying  load. 

One  of  the  stunts  in  connection  with  this  installa- 
tion, which  should  be  mentioned,  was  the  delivery  of 
the  large  circulating  pump  with  its  motor.  This  was 
the  last  link  in  the  chain.  Even  by  crowding  the 
manufacturer  as  much  as  possible,  the  pump  could  not 
be  finished  before  Oct,  18.  On  that  Saturday  night, 
one  of  the  Edison  men  got  that  pump  into  a  train  at 
Harrison,  N.  J.,  started  it  through  the  maze  of  rail- 
road trackage  at  New  York  City  and  on  Tuesday  he 
landed  at  Windsor.  A  lost  manifest  caused  delay  in 
the  customs  office,  but  on  Wednesday,  Oct.  22,  the 
carload  of  pump  came  into  the  Connors  Creek  yard 
and  the  equipment  was  soon  ready  for  service. 
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Standardization  of  Boiler  Plants 

Involving  the  Use  of  a  Unit  Design  That  Covers 
a  Wide  Range  of  Capacities 

By  Louis  R.  Lee 

Chief  Engineer,  E.    W.   Clark  &  Co.,   Management  Corporation. 


FOR  some  time  it  has  been  apparent  that  a  stand- 
ardization of  the  assembly  of  boiler-plant  equip- 
ment would  be  required  to  effect  further  improve- 
ments in  power-plant  design.  Much  has  been  accom- 
plished in  the  last  few  years  in  the  improvement  of 
power-plant  equipment,  and  it  has  now  reached  a  stage 
of  development  whereby  the  standardization  of  the 
assembly  of  such  equipment  could  be  safely  and  profit- 
ably made.  The  war  prices  of  material  and  equipment 
are  still  in  effect  and  bring  increased  emphasis  on  this 
question.  To  this  end  a  unit  design  has  been  perfected, 
defined  as  "a  design  that  may  be  built  in  units  or  sec- 
tions, each  unit  being  complete  in  itself  and  able  to 
give  efficient,  reliable,  and  low-cost  service  with  mini- 
mum investment,  the  first  cost  varying  approximately 
directly  with  the  installed  capacity." 

The  most  direct  benefits  that  will  be  derived  from  the 
unit  idea  are  flexibility  of  design,  allowing  for  compara- 
tively easy  extensions  to  care  for  future  growth,  also  a 
low  first  cost  and  a  high  plant  efficiency  for  any  desired 
capacity.  It  has  not  in  most  cases  been  difficult  to  lay 
out  a  plant  that  would  secure  high  efficiency  under  speci- 
fied conditions.  However,  variations  of  the  conditions 
laid  down  often  upset  the  schedule,  so  that  the  plant 
efficiency  would  be  lower  than  expected.  For  example, 
many  plants  are  so  arranged  that  extensions  are  expen- 
sive and  unsatisfactory.  On  the  other  hand,  elaborate 
preparations  for  future  extensions  increase  the  cost  of 
the  initial  installation  and  cause  a  low  efficiency  until 
such  time  as  the  load  warrants  the  completion  of  the 
plant.  The  unit  design  meets  these  conditions  as  they 
arise  without  tying  up  investment. 

Plant  Efficiency  to  be  Considered 

It  is  important  to  note  that'  in  speaking  of  efficiency 
the  only  efficiency  worth  considering  is  plant  efficiency, 
which  should  be  defined  as  the  ratio  of  the  gross  input 
to  the  gross  output.  The  gross  output  may  be  expressed 
in  pounds  of  steam,  or  in  kilowatt-hours,  where  the 
boiler  plant  supplies  steam  to  turbo-generators.  In  the 
first  case  the  efficiency  ratio  should  show  the  cost  per 
thousand  pounds  of  steam  and  in  the  latter  case  per 
kilowatt-hour,  in  each  case  the  cost  or  input  being  actu- 
ally all  that  is  put  in  the  plant,  including  cost  of  fuel, 
labor  for  operating,  labor  for  maintenance  and  fixed 
charges  on  the  total  investment. 

It  is  obviously  impracticable  for  the  initial  installa- 
tion of  any  plant  to  take  care  of  all  future  requirements. 
Such  a  plant,  if  built,  would  have  unnecessarily  high 
fixed  charges  during  its  early  period  and  might  not  be 
at  all  satisfactory^  when  the  future  requirements  mate- 
rialized. 

In  considering  power  plants,  it  is  recognized  that  the 
really  important  and  necessary  part  of  all  power  plants 
is  the  boiler  plant.  In  this  uni1»  design,  which  applies 
to  the  boiler  plant,  each 'unit  is  practically  dependent 
only  upon  itself.  The  unit  must  obviously  be  built  around 
the  boiler.  The  boiler  complete,  with  furnace-draft 
equipment  and  feed-water  supply,  is  csr^entially  a  com- 


plete plant,  and  it  is  only  necessary  to  multiply  the  out- 
put of  such  a  unit  to  secure  any  desired  output.  By 
making  the  unit  a  complete  fractional  part  of  a  plant, 
extensions  are  taken  care  of  with  minimum  trouble  and 
cost. 

Selection  of  Equipment  Under  Standardization 

By  devising  the  unit  design  with  a  limited  selection 
of  characteristic  equipment  and  by  careful  assembly  of 
the  different  parts  of  the  unit,  a  finished  plan  is  secured 
that  may  be  extended  for  any  given  installation  and  a 
reliable  estimate  easily  obtained  of  the  cost  of  the  total 
installation.  This  plan  not  only  effects  savings,  due  to 
the  elimination  of  unnecessary  parts,  but  reduces  the 
cost  of  many  of  the  parts  themselves,  due  to  the  careful 
design  of  the  who!e  unit  so  that  each  part  receives  its 
particular  amount  of  thought  in  the  design  and  is 
worked  in  to  secure  the  best  effect  in  the  total  assembly. 
In  arranging  the  various  pieces  of  equipment  in  the 
unit,  consideration  is  given  to  the  effect  that  the  price 
of  fuel  will  have  on  any  installation.  Fuel  costs  have 
increased  throughout  the  country,  and  it  is  doubtful 
whether  they  will  ever  be  returned  to  their  old  level. 
They  certainly  cannot  until  storage  and  freight  rates 
have  bsen  reduced,  and  at  the  present  time  there  is  no 
promise  of  reduction  along  these  lines.  Fuel  will  con- 
tinue to  cost  more  in  one  locality  than  it  doss  in  some 
other;  therefore,  there  must  be  variations  in  the  unit 
to  meet  these  different  fuel  costs.  The  variations  should 
deal  principally  with  economizer  surface,  draft  equip- 
ment and  furnace  design. 

That  minimum  first  cost  will  be  maintained  while 
using  the  best  standard  equipment,  it  is  recognized  that 
the  plant  foundations  and  supporting  steel  for  the  equip- 
m^ent  must  be  as  simple  as  possible,  and  to  this  end  the 
design  is  made  with  the  idea  of  using  more  ground  area 
rather  than  high  elevation.  High  structures,  where 
equipment  is  located  on  many  different  levels,  can  be 
justified  only  in  congested  city  districts  where  ground 
area  is  not  available  or  where  land  values  are  high.  The 
many-level  plant  involves  high  operating  costs,  due  to 
the  increased  number  of  operators  required  and  the  diffi- 
culty of  making  repairs.  To  secure  low  operating  costs 
all  equipment  must  be  so  located  that  all  parts  are 
quickly  accessible  and  the  disassemblj^  is  easily  effected 
for  making  repairs  and  maintenance.  The  arrangement 
must  be  such  that  the  repairs  of  one  unit  will  not  inter- 
fere with  the  operation  of  the  others.  Savings  in  first 
cost  of  construction  must  be  effected  only  when  they  will 
not  reduce  the  possible  saving  in  operation  and  mainte- 
nance and  also  limit  the  arrangement  to  the  increased 
use  of  certain  equipment. 

While  the  equipment  manufactured  by  one  company 
may  have  superior  advantages  under  certain  conditions, 
it  must  be  borne  in  mind  that  the  equipments  manu- 
factured by  other  concerns  have  their  advantages  and 
that  a  broad  selection  which  may  use  any  characteristic 
equipment  will  be  a  better  design  than  one  limiting  itself 
to  a  small  range  of  selection.     As  a  rule,  the  general 
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arrangement  of  a  plant  is  more  often  fixed  by  the  i:lo:.s 
of  the  designer  than  by  the  peculiarities  of  Iho  equip- 
ment. In  other  words,  a  successful  standardization  of 
well-knov.'n  equipment  can  be  accomplished  without 
much  difiiculty. 

The  accompanying  illustrations  show  the  general 
assembly  of  the  complete  unit  and  the  different  possible 
building  arrangements.  Arrangement  A  and  B  shows  a 
plant  where  the  boilers,  economizers  and  auxiliaries  are 
housed  by  the  main  building,  while  the  induced-draft 
equipment,  coal  bunkers  and  ash  discharge  are  outdoors. 
With  arrangement  C  and  D  the  main  building  may  be 
considerably  reduced  in  size.  This  reduction  is  accom- 
plished by  providirg  each  economizer  unit  with  a  self- 
containing  weatherproof  covering,  this  covering  also 
extending  over  the  aisles  between  economizers.     It   is 


cccr.oinizer  unit,  its  possibility  of  inspection  and  the 
case  with  v/Iiich  it  may  be  repaired.  Economizers  as 
well  as  boilers  are  provided  with  mechanically  operated 
soot  blowers  using  superheated  steam. 

Principal  Details  of  the  Unit 

This  unit  consists  essentially  of  a  cross-drum  boiler 
set  singly  with  suitable  .stoker  furnaca  and  provided  with 
a  direct-connected  economizer.  In  many  cases  it  may 
be  that  the  underfeed  type  of  stoker,  which  is  the  one 
illustrated,  will  be  most  satisfactory.  The  draft  equip- 
ment consists  of  a  forced-draft  fan  and  an  induced-draft 
fan,  both  being  motor-driven.  The  forced-draft  fan 
motor  is  *a  constant-speed  induction  motor  direct-con- 
nected to  fan,  while  the  induced-draft  motor  is  a  multi- 
speed  induction  motor  silent-chain  connected  to  fan.  The 
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SECTIONAI.     VIEWS     OF     SOME     STANDARDIZED     BOILER    PLANTS.      UPPER   LEFT:    ARRANtlEMENT    B,    SECTION 
ADDED  AFTER  SE("riON  1;  UI'PER  RIGHT :    ARRANGEMENT   D;   LOWER  LEFT:    ARRANGEMENT  C; 

LOWER  RIGHT:  ARRANGEMENT  E 


believed  arrangement  C  and  D  would  be  satisfactory  in 
any  climate  and  would  make  an  appreciable  reduction  in 
the  total  cost.  This  is  a  step  in  the  direction  of  a  boiler 
plant  with  minimum  building.  Probably  the  actual  mini- 
mum will  be  reached  when  only  the  firing  aisles  are 
inclosed,  all  the  equipment  being  provided  with  weather- 
proof covering.  In  these  designs  the  building  itself  is 
simple  and  the  cost  low. 

A  variation  of  anj'-  of  these  arrangements  can  be 
made  where  it  is  necessary  to  locate  the  plant  in  a  con- 
gested district,  so  that  the  total  ground  area  required 
will  be  that  of  the  building  required  under  arrangement 
A  and  B,  the  induced-draft  equipment  being  supported 
over  the  economizer  sections. 

Comparison  of  any  of  these  building  arrangements 
with  the  best  present-day  practices  will  show  much  sav- 
ing in  cubical  contents  of  building  when  compared  on  a 
rated  horsepower  basis.  Also,  it  will  be  noted  that  great 
.savings  in  material  for  supporting  equipment,  particu- 
larly the  economizers  and  draft  equipment,  are  eifected. 
Note  the  entire  absence  of  flue  between  boiler  and  econo- 
mizer and  consider  the  saving  in  first  cost  and  heat  loss 
which  this  feature  will  secure.     Note  assembly  of  the 


induced  draft  is  regulated  by  an  automatically  operated 
damper  located  at  the  fan. 

The  induced-draft  equipment,  together  with  stack,  is 
located  outdoors  where  space  permits,  and  inspection  of 
the  fan  is  readily  obtained  through  a  doorway  opposite 
each  unit  aisleway.  The  width  of  these  aisleways  may 
be  varied  to  suit  local  conditions,  but  ten  feet  is  recom- 
mended as  standard. 

The  stoker  is  driven  by  a  multi-speed  back-geared 
motor  through  silent  chain. 

Without  changing  the  essentials  of  this  unit,  the  rated 
capacity  (see  rating  table)  of  the  unit  may  vary  from 
700  boiler  horsepower  to  1,400  boiler  horsepower,  with 
a  possibility  of  operating  any  boiler  selected  at  a  maxi- 
mum of  330  per  cent  of  its  rating  with  an  over-all  ther- 
mal efficiency  for  the  unit  of  80  per  cent,  with  possibly 
a  maximum  thermal  efficiency  somewhat  higher,  at  about 
275  per  cent  rating.  Owing  to  the  fact  that  there  are 
practically  no  constant  loads  t'^  be  applied  to  boiler 
plants,  the  average  rating  obtained  from  boiler  plants 
must  be  less  than  the  maximum,  hence  the  maximum 
efficiency  point  can  be  placed  to  advantage  somewhat 
below  the  maximum  capacity. 
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A  central  observing  and  control  station  is  provided 
at  the  side  of  each  boiler  unit,  these  stations  being 
arranged,  where  desired,  right-  and  left-hand,  so  that 
one  operator  may  observe  and  control  two  units.  The 
control  of  these  stations  will  cover  the  operation  of  the 
stoker,  forced-  and  induced-draft  fans,  draft  regulation, 
feed-water  suppb^  and  ash  dump.  The  operator  will  also 
be  able  to  observe  the  steam  pressure,  temperature  and 
flow,  the  draft  loss  through  furnace,  boiler  and  econo- 
mizer and  also  the  temperature  of  the  flue  gases  at  the 
boiler  and  economizer  exits;  the  temperature  of  the 
feed  water  entering  the  economizer  and  boiler. 

An  indicating  wattmeter  shows  the  operator  at  all 
times  the  total  station  output.  A  recording  wattmeter 
gives  the  energy  used  by  the  auxiliaries — that  is,  fans, 
stoker  and  feed  pump — and  record  will  also  be  made 
of  the  coal  used.  Therefore,  a  complete  record  may  bs 
made  which  will  be  an  exact  check  and  record  of  the  per- 
formance of  each  unit.  Practically  all  this  information 
may  be  recorded  on  charts  for  future  reference,  the 
records  being  automatically  kept  so  that  the  operator 
may  give  his  best  attention  to  the  work. 

All  Equipment  Accessible 

Walkways  are  provided  at  the  side  and  top  of  the 
boiler  and  economizer  so  that  repairs,  cleaning,  inspec- 
tion and  such  operation  as  is  necessary  on  these  higher 
elevations  may  be  quickly  and  safely  taken  care  of.  It 
is  to  be  noted  that  the  boiler  may  be  cleaned  without 
interfering  with  the  operation  of  the  other  units,  and 
special  arrangements  are  provided  at  the  back  of  the 
boiler  for  carrying  off  the  waste  water  in  washing  out 
the  boiler. 

All  soot  and  ash  deposited  in  the  economizer  is  taken 
care  of  by  the  boiler  ash  disposal  system.  This  system 
consists  essentially  of  a  duplicate  drag-chain  conveyor, 
the  drag  chain  being  made  of  extra-heavy  malleable  iron 
links  traveling  on  flat  cast-iron  slabs  laid  in  concrete 
pits.  In  this  way  the  ash  comes  in  contact  only  with 
malleable  or  cast-iron  parts,  which  have  a  low  cost  and 
a  low  depreciation,  even  with  the  worst  kind  of  ash. 
Similar  equipment  conveys  the  ash  to  the  proper  eleva- 
tion for  depositing  in  cars,  there  being  no  elevators,  cars 
or  skips  required  for  elevating  and  depositing  the  ash 
in  railroad  cars. 

Piping  is  of  the  best  material,  using  steel  flanges, 
vanstone  joints,  monel-metal  gaskets,  with  welded 
nozzles  for  all  branch  lines,  the  aim  being  to  make  the 
arrangement  of  piping  as  simple  as  possible,  locating 
main  valves  in  the  most  convenient  location  so  that  little 
experience  will  be  required  of  the  operator  to  assume 
charge  of  a  unit.  Practically  all  of  the  piping  will  be 
located  above  the  main  floor  and  in  plain  view,  where 
leaks  will  not  escape  attention  and  where  repairs  may 
be  easily  made. 

The  feed-water  supply  system  consists  principally  of 
meters  for  measuring  the  return  from  turbine  condens- 
ers and  added  makeup  water;  a  surge  tank  and  an  open 
feed-water  heater  which  receives  a  regulated  supply  of 
steam  from  the  main  turbines  to  raise  the  feed  water 
to  a  predetermined  temperature;  for  standard  condi- 
tions 140  deg.  F.  is  recommended. 

For  a  plant  supplying  steam  for  other  than  steam- 
turbine  purposes,  a  number  of  auxiliaries,  preferably 
feed  pumps,  may  be  steam-driven,  the  exhaust  steam 
being  used  in  the  feed-water  heater. 

Each  unit  has  duplicate  feed  pumps  which  the  econo- 
mizer and  boiler  operate  through  automatic  regulators. 


A  small  auxiliary  feed-water  heater  allows  water  to  be 
pumped  direct  to  boilers  in  an  emergency  under  hand 
regulation. 

By  reference  to  the  diagram  drawings,  it  is  to  be 
noted  that  boiler  units  are  to  be  set  in  rows  facing  each 
other,  two  rows  constituting  a  group,  and  it  is  recom- 
mended that  five  units  be  considered  a  full  row;  in  other 
words,  a  station  having  two  rows  would  have  ten  units, 
or  a  complete  group.  By  referring  to  the  rating  table, 
the  capacity  of  the  station  can  then  be  determined 
according  to  the  number  of  units  and  the  size  selected. 


UNIT  BOILER-PLANT  RATING  TABLE 

Kilowatt  capapities  at  12.5  lb.  stparn  per  kilowatt-hi) 
lb.    Suoerneat,  200  deg.  F. 

Liglit  figure.s,  275  per  cent  boiler  rating.    Heavy  figures 

ir      Stcarii  prcssiin-.  250 
350  per  cent. 

No.    Vnits. 

T'nit 

*izes 

7 

8 

9 

10 

11 

12 

13 

14 

1 

4100 
.5400 

4700 
6101) 

5300 
6800 

5900 
7500 

6500 
8.«)0 

7100 
9000 

7700 
9700 

8300 
10400 

X 

8200 
lOoOO 

9400 
12200 

10600 
1.^600 

11800 
i.SOOO 

13000 
16600 

14200 
18000 

15400 
19400 

16600 
20800 

i 

12300 
16200 

14100 
18.00 

15900 
20400 

17700 
22.^00 

19500 
2^<i00 

21300 
2/000 

23100 
29100 

24900 
31200 

4 

16400 
21600 

18800 
24400 

21200 
27200 

23600 
iOOOO 

26000 
33200 

28400 
36000 

30800 
38800 

33200 
41600 

5 

20500 
27000 

23500 
J0500 

26500 
34000 

29500 
37500 

32500 
41500 

35500 
45000 

38500 
48500 

41500 
52000 

There  are  eight  standard  sizes.  For  example,  unit  size 
No.  7  has  a  maximum  capacity  of  5,400  kw.,  while  five  of 
these  units  would  have  a  capacity  of  27,000  lav.,  and  in 
same  way  unit  No.  14  has  a  capacity  of  10,400  kw. 
Therefore  we  have  a  range  using  two  size  No.  7  units 
of  10,800  kw.,  or  for  a  group  of  ten  units  of  the  size 
No,  14,  of  104,000  kw.,  it  being  practicable  to  obtain 
various  combinations  between  these  ranges.  For 
example:  For  a  station  of  25,000  kw.  capacity,  with  a 
possible  future  growth  to  50,000  kw.,  four  size  No.  11 
units,  arranged  in  single-row  building  arrangement  A, 
would  give  an  arrangement  that  would  provide  26,000 
kw.  average  initial  capacity.  Later,  a  second  arrange- 
ment of  four  units,  building  arrangement  B,  would  give 
52,000  kw.  In  the  first  case  any  three  units  in  service 
would  have  a  maximum  capacity  of  24,900  kw.,  thus 
allowing  one  unit  for  cleaning  and  repairs.  The  load 
characteristics  and  seasonal  variations  would  govern  to 
a  large  extent  the  selection  of  units.  Generally  it  would 
be  considered  good  practice  to  lay  out  all  boiler  plants 
with  at  least  four  units,  this  arrangement  giving  a  rea- 
sonable insurance  against  power  shortage  due  to  a  unit 
being  out  for  cleaning  or  repairs. 

Usually  the  units  should  be  as  large  as  the  load  condi- 
tions will  permit.  While  there  are  several  little  troubles 
that  may  take  a  boiler  off  the  line,  most  troubles  can  be 
anticipated,  and  the  boiler  is  a  reliable  piece  of  equip- 
ment. 

The  building  is  a  simple  standard  steel  structure  with 
basement  and  main  floor,  without  galleries  or  elevated 
floors,  the  walls  usually  being  made  of  plain,  hard- 
burned  red  brick.  The  roof,  which  is  provided  with  a 
monitor  for  ventilation  and  light,  is  constructed  with  a 
concrete  slab  water-proofed  with  asbestos  fabric  and 
asphalt.  In  warm  climates  it  has  been  found  satisfac- 
tory to  cover  the  walls  and  roof  with  asbestos-covered 
corrugated  iron,  thus  securing  considerable  saving  in 
first  cost.  The  side  walls,  being  unobstructed  by  equip- 
ment, admit  of  the  installation  of  large  steel-frame  win- 
dows which  provide  maximum  light  and  ventilation, 
v/hich  assists  materially  in  obtaining  a  satisfied  and  efli- 
cieut  operating  force. 
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The  cost  of  the  building  can  be  varied  by  selecting 
different  arrangements.  For  example,  if  the  econo- 
mizer is  housed  the  building  will  have  a  maximum  size 
for  a  given  number  of  units.  Considerable  saving  can 
be  made  by  allowing  the  economizer  to  be  outdoors,  but 
even  in  the  outdoor  location  the  operating  aisle  between 
the  economizer  units  is  housed  so  that  the  piping  for 
soot  blowers,  drains,  feed-water  supply,  etc.,  is  housed 
and  will  not  cause  trouble  by  freezing.  The  housing  in 
this  case  consists  of  a  covering  even  with  the  top  and 


outward   side   of  the  economizer   unit.      For   standard 
construction  the  induced-draft  fan  units  are  outdoors. 

When  building  arrangement  A  is  selected  with  the 
expectation  of  later  doubling  the  capacity  of  the  plant,  a 
temporary  side  wall  can  be  constructed  of  corrugated 
asbestos-covered  iron,  this  material  later  being  used  in 
roof  and  floor  construction  of  the  extension.  Various 
combinations  may  be  worked  out  to  provide  for  future 
extensions,  the  details  of  the  arrangements  being  con- 
trolled largely  by  local  conditions. 


Lubrication  of  Electric  Motors 


By  W.  F.  O&BORNE 


Gives  descriptions  and  viscosities  for  electric- 
motor  oils  covering  a  very  wide  range  of  condi- 
tions, from  very  small  high-speed  motors  to 
heavy-duty  moxhines  such  as  are  used  on  rolling- 
mill  drives,  etc.  The  temperature  conditions 
cover  a  range  from  outdoor  operation  in  cold 
weather  to  use  where  high  temperatures  are 
caused  by  surrounding  apparatus.  The  use  of 
grease  and  oil-soaked  waste  is  considered. 


A  S  IN  the  lubrication  of  any  other  machine  the  fac- 
/-%  tors  that  influence  the  selection  of  lubricants  for 
-/.  JL  electric  motors  may  be  divided  into  two  classes — 
those  embodied  in  the  design  and  those  due  to  operating 
conditions.  Bearing  loads,  clearances,  and  metal,  method 
of  applying  lubricant,  speeds,  windage,  etc.,  are  usually 
more  or  less  fixed  when  the  motor  is  built.  Operating 
conditions,  such  as  heat  generated  by  the  motor,  radi- 
ated heat,  exposure  to  dust,  grit,  mtid,  water,  care  and 
attention  given  to  the  m.otor,  as  well  as  climatic  condi- 
tions, vary  with  each  installation,  and  they  all  affect  the 
character  of  a  suitable  lubricant. 

When  oil  is  the  lubricant  used,  the  principal  character- 
istic affected  by  the  motor  design  is  its  viscosity,  or 
body.  The  oil  ought  to  be  sufficiently  fluid  to  allow  it  to 
flow  into  the  clsarances  between  the  shaft  and  bearing 
rapidly  enough  to  maintain  the  oil  film  that  is  being  car- 
ried away  constantly  *by  the  rotation  of  the  shaft.  On 
the  other  hand,  it  must  be  heavy  enough  to  prevent 
actual  contact  between  the  bearing  surface  and  the 
shaft. 

Thin  oils  waste  from  loosely  fitted  bearings  by  creep- 
ing along  the  shaft  and  unless  proper  oil  throwers  are 
provided,  the  oil  will  work  out  onto  the  commutator  and 
armature.  Improperly  refined  light  oils  also  tend  to 
vaporize  excessively,  and  the  natural  circulation  of  air 
through  the  motor  draws  this  vapor  into  the  field  coils 
and  armature.  In  addition  to  collecting  dust  and  creat- 
ing a  fire  hazard,  this  oil  has  a  solvent  action  on  certain 
insulating  varnishes  and  compounds  used  in  impregnat- 
ing the  field  coils  or  armatures,  thus  destroying  the 
insulation  and  causing  short-circuits.  Some  kinds  of 
varniihes  are  attacked  quicker  by  certain  oils  than 
others,  and  there  are  some  which  seem  to  be  practically 
impervious  to  any  kind  of  oil. 

Another  natural  characteristic  of  all  oils  that  must  be 
reckoned  with  is  the  internal,  or  fluid,  friction  of  the  oil 
itself.  This  friction  increases  with  the  viscosity  of  the 
oil,  so  that  if  heavy  oils  are  used  on  high-speed  bearings, 
they  may  possibly  heat  up  unnecessarily.     Accordingly, 


light-bodied  oils  are  best  for  high-speed  bearings  where 
loads  are  not  so  great  as  to  destroy  the  oil  film. 

Bearings  equipped  with  drip  cups  or  caps  filled  with 
waste,  both  of  which  feed  small  quantities  of  oil,  should 
use  a  comparatively  heavy-bodied  lubricant  to  maintain 
the  oil  film  and  prevent  wear.  Such  oils  do  not  drain 
away  as  rapidly  as  lighter  oils  and  are  more  economical 
for  this  service.  Circulating  systems  and  ring  or  chain 
oilers  supply  larger  quantities  of  oil  to  the  bearing  sur- 
faces continuously  and  therefore  can  use  lighter  oils 
satisfactorily.  The  oil  returns  to  the  reservoir  with 
very  little  waste. 

Temperatures,  both  internal  and  external,  play  a  very 
important  part.  For  instance,  heavily  overloaded  motors 
frequently  generate  very  high  armature  temperatures, 
and  so  cause  high  temperatures  in  the  bearings,  through 
conduction  along  the  shaft  and  by  radiation.  Other 
motors  are  exposed  to  high  radiated  heat  from  heating 
furnaces  or  hot  materials  used  in  manufacturing  pro- 
cesses. These  high  temperatures  thin  dovm  the  oil  and 
necessitate  the  use  of  heavy-bodied  lubricants  to  prevent 
wear  and  excessive  loss  through  leakage.  Motors  driv- 
ing steel  rolling-mill  table  rollers,  for  instance,  fre- 
quently use  an  oil  of  500  sec.  viscosity  economically. 

Effect  of  Low  Temperatures 

On  going  to  the  other  extreme,  when  motors  such  as 
those  on  outdoor  electric  cranes  or  power  pumps  are 
exposed  to  very  low  temperatures,  the  congealing  point 
and  cold  test  of  the  oil  must  be  considered.  If  the  oil 
congeals,  the  oil  rings  do  not  operate,  no  oil  is  carried 
to  the  surfaces  and  they  get  dry  and  Avear.  Some  motor 
oils  congeal  at  temperatures  as  high  as  35  to  40  deg.  F., 
while  others  remain  fluid  below  zero.  Naturally,  the 
low  cold-test  oils  will  work  more  satisfactorily  under 
such  conditions. 

Other  motors  are  frequently  located  in  dusty  places, 
such  as  coal  handling  and  crushing  plants,  cement  mills 
and  flour  mills.  The  dust  works  into  the  bearings  and 
is  carried  into  the  oil  reservoir  of  the  ring-oiled  types. 
Light-bodied  oils  permit  this  foreign  matter  to  settle 
out  more  readily  than  the  heavier  oils,  with  the  result 
that  the  oil  reaching  the  bearing  surfaces  is  much 
cleaner. 

Motors  used  for  driving  centrifugal  pumps,  mixers, 
agitators,  etc.,  are  frequently  splashed  with  water,  which 
gets  into  the  bearings.  The  oil  used  should  separate 
quickly  from  such  water  without  the  formation  of  emul- 
sions, which  may  prevent  rings  and  chains  from  operat- 
ing or  hold  foreign  matter  in  suspension.  Filtered  oils, 
owing  to  their  method  of  manufacture,  separate  more 
readily  and  are  most  desirable  for  such  sen'ice. 
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When  motors  are  located  in  places  not  readily  acces- 
sible or  where  they  are  not  likely  to  be  oiled  as  often  as 
they  should  b6,  it  is  customary  to  lubricate  them  with 
grease.  Other  motors  are  sometimes  attached  to  appar- 
atus which  would  be  damaged  if  any  oil  were  to  leak 
out  onto  it.  Greases  are  found  better  than  oils  for  these 
places  also. 

If  greases  are  used,  they  should  be  smooth,  clean,  free 
from  grit,  lumps,  excessive  moisture,  acid  or  alkali  and 
should  not  contain  any  nonlubricating  fillers  or  stiffen- 
ers.  The  softer  greases  cause  less  friction  in  the  bear- 
ings than  the  stiff  greases  and  are  almost  always  used 
for  ball  bearings. 

Summarizing,  practical  experience  has  led  to  the 
adoption  for  electric  motors  of  filtered  oils,  properly 
refined  to  permit  of  rapid  separation  from  water  and  of 


the  correct  viscosity  to  meet  the  various  op>erat:ng  con- 
ditions 

The  following  viscosities,  all  at  100  deg.  F.,  give  satis- 
factory results: 

Very  small  high-speed  motors,  for  electric  fans,  sew- 
ing machines  and  jewelers  machinery,  70-100  sec. 

Light  and  medium  all  around  service  such  as  machine- 
tool  drives,  manufacturing  machinery,  lineshaft  drives, 
when  ring  or  chain  oilers  are  used,  150-200  sec. 

Heavy-duty  motor  drives  and  motors  exposed  to  high 
temperatures,  300-500  sec. 

Motors  equipped  with  drip  cups  or  oil-soaked  waste, 
250-500  sec. 

When  bearings  are  worn  and  loose  or  when  motors 
are  heavily  loaded,  the  higher  viscosities  mentioned 
should  be  used. 


How  Power  Factor  Affects  the  Voltage 
Regulation  of  an  Alternator 

By  QUINTEN  GRAHAM 

Engineering  Dept.,  Westinghouse  Electric  and  Manufacturing  Co. 


A  simple  explanation  is  given  of  how  a  load 
having  a  lagging  power  factor  tends  to  decrease 
the  voltage  of  an  alternating -current  generator, 
where  a  leading  power  factor  load  tends  to  in- 
crease the  voltage. 

IT  HAS  been  shown  in  a  previous  article,  "The 
Rotating  Magnetic  Field  of  Alternating-Current 
Motors,"  Power,  Sept.  2,  1919,  that  the  effect  of  the 
currents  in  a  polyphase  winding  is  to  set  up  a  mag- 
netic field  that  revolves  at  exactly  synchronous  speed. 
With  this  as  a  starting  point  it  will  be  shown  that  the 
excitation  of  a  generator  must  be  varied  for  different 
loads  and  power  factors  on  account  of  the  demagnet- 
izing action  of  its  armature  magnetomotive  force. 
Since  the  magnetomotive-force  (m.m.f.)  wave  of  the 
armature  revolves  at  the  same  speed  and  in  the  same 
direction  as  the  field  poles  and  is,  therefore,  stationary 
with  respect  to  them,  both  the  armature  magnetic 
field  and  the  poles  may  be  considered  to  be  at  a 
standstill  and  can  be  represented  by  a  diagram.  The 
first  point  that  must  be  decided  upon  is  the  relative 
position  of  the  center  of  the  pole  and  the  center  or 
maximum  point  of  the  armatures  m.m.f.  wave.  The 
maximum  point  of  the  m.m.f.  wave  occurs  midway 
between  the  centers  of  any  two  successive  groups  of 
conductors  of  the  same  phase  at  the  instant  that  the 
current  in  that  phase  is  a  maximum.  This  can  be 
illustrated  by  referring  to  the  diagram,  Fig.  1.  At  the 
instant  that  the  current  in  phase  B,  for  example,  is  at  its 
maximum  value  the  maximum  point  of  the  moving 
m.m.f.  wave  is  at  h,  midway  between  the  centers  of 
the  two  B  phase  groups.  When  the  current  in  phase 
C  is  a  maximum,  the  m.m.f.  wave  will  have  moved 
over  so  that  its  maximum  point  is  at  c,  midway  between 
the  centers  of  the  C  phase  groups.  It  is  necessary 
then  to  know  the  instant  at  which  the  current  in  any 
phase  reaches  its  maximum  in  order  to  determine  the 
position  of  the  m.m.f.  wave  at  that  instant. 

The  time  at  which  the  current  in  any  phase  group 
reaches   a  maximum   is   in   turn   dependent   upon  the 


instant  at  which  the  generated  voltage  in  that  group 
is  a  maximum  and  on  the  power  factor  of  the  load 
circuit.  For  instance,  if  the  load  on  the  generator 
has  a  power  factor  of  100  per  cent,  the  current  in 
any  given  group  of  conductors  reaches  its  maximum 
at  the  same  instant  that  the  voltage  of  that  group  of 
conductors  is  a  maximum;  and  if  the  power  factor 
of  the  load  is  less  than  100  per  cent  lagging,  the 
current  reaches  its  maximum  at  a  certain  interval 
of  time  after  the  voltage  has  reached  its  maximum. 
The  next  step  then  is  to  find  the  position  of  any 
given  conductor  group  with  respect  to  the  pole  when 
its  voltage  is  a  maximum.  Knowing  this  and  the 
power  factor  of  the  load,  it  will  be  possible  to  locate 
the  position  of  the  m.m.f.  wave  with  respect  to  the 
pole. 

During  the  time  any  group  of  conductors  is  being 
cut  by  the  flux  of  a  pole,  the  voltage  generated  in 
those  conductors  rises  from  zero  to  a  maximum  and 


0  -  Phase  A  Conductors 
X'    "    "    B      - 
4.    «   »    C      " 


FIG.    1.      SHOWS    POSITIOX   OF    MAGNETOMOTIVE-FORCE 
Vi'AVE   RELATIVE   TO    ARMATURE    CONDUCTORS 

then  falls  to  zero  again.  The  maximum  voltage  occurs 
when  the  center  of  the  pole  is  in  line  with  the  center 
of  the  group,  for  at  that  instant  the  conductors  are 
being  cut  by  more  flux  lines  than  at  any  other  in- 
stant— the  flux  lines  being  more  numerous  under  the 
center  of  the  pole  than  toward  the  edges. 

Assume,  then,  that  the  generator  is  carrying  a  load 
having  100  per  cent  power  factor.  Since  the  maximum 
voltage  occur:-,  in  group  A,  Fig.  2,  when  it  is  in  the 
position  shown,  and  since  the  maximum  current  occurs 
at  the  same  instant,  the  m.m.f.  wave  must  have  its 
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center  at  a.  Fig.  3  shows  the  position  of  the  wave 
when  the  generator  is  carrying  a  load  of  about  85 
per  cent  power  factor,  lagging.  In  this  case  the  maxi- 
mum current  does  not  occur  in  phase  A  until  a  certain 
interval  of  time  after  the  maximum  voltage.  During 
this  interval  the  pole  has  had  time  to  move  over  to  the 
position  shown.  Fig.  4  illustrates  the  condition  that 
exists  when  the  generator  is  carrying  current  at  a 
very  low  power  factor,  practically  zero  per  cent.  The 
maximum  current  at  zero  per  cent  power  factor 
occurs  practically  90  electrical  degrees  after  the  maxi- 
mum voltage,  or  in  other  words,  the  interval  between. 


By  combining  the  force  of  the  field  with  that  of  the 
armature  at  each  point,  the  resultant  magnetomotive 
force  which  sends  flux  across  the  air  gap  can  be 
determined.  It  can  be  seen  that  with  100  per  cent 
power  factor  the  effect  of  the  armature  m.m.f.  is  to 
add  to  the  field  m.m  f .  at  one  side  of  the  pole  and  to 
decrease  it  at  the  other  side.  The  result  is  that  the 
distribution  of  flux  under  the  pole  is  no  longer  sjmi- 
metrical,  as  it  was  at  no-load,  although  the  total 
amount  of  flux  under  the  pole  is  not  necessarily 
reduced  appreciably.  With  the  same  current  but  a 
lower  power  factor  (lagging)  the  part  of  the  armature 
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FIGS.  2  TO  7.     SHOW^  HOW^  THE  POWER  FACTOR  CHANGES   POSITION  OF   MAGNETOMOTIVE-FORCE 

V/AVE    RELATIVE   TO    THE    POLEPIECES 


maximum  voltage  and  maximum  current  in  the  group  of 
conductors  is  sufficient  time  for  the  pole  to  move  one- 
half  of  a  pole  pitch,  traveling  as  it  does  at  synchronous 
speed.  For  each  power  factor,  then,  there  is  a  certain 
position  for  the  m.m.-f.  wave  of  the  armature  relative  to 
the  field  pole. 

If  the  direction  of  the  magnetomotive  force  of  the 
field  pole  be  represented  by  the  arrows,  Fig.  2,  and 
the  rotation  of  the  field  is  in  the  direction  indicated, 
it  will  be  found  that  the  direction  of  the  armature 
m.m.f.  is  represented  by  the  arrows  under  the  curve. 


m.m.-f.  wave  which  is  opposed  to  the  field  m.m.-f.  is  more 
nearly  under  the  center  of  the  pole,  as  in  Fig.  3,  so 
that  the  total  flux  from  the  pole  is  reduced.  It  is 
evident  that  as  the  power  factor  is  lowered  this  de- 
magnetizing action  is  increased  and  is  greatest  when 
the  power  factor  is  zero  lagging,  as  in  Fig.  4. 

The  effect  of  a  load  having  leading  power  factor 
is  represented  in  Figs.  5,  6  and  7,  and  it  is  shown  to 
have  just  the  opposite  effect  of  a  lagging  power-factor 
load.  Since  in  this  case  the  current  in  any  phase 
group  reaches  its  maximum  before  the  voltage  does. 
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the  armature  m.m.f.  wave  must  shift  in  the  opposite 
direction  to  that  due  to  a  lagging  power-factor  load. 
This  means  that  the  part  of  the  wave  that  tends  to 
assist  the  field  m.m.f.  is  more  nearly  under  the  center 
of  the  pole  and  therefore  tends  to  increa^.c  the  total 
Fig.  5  is  the  same  as  Fig.  2,  and  what  has  already- 
been  said  regarding  the  former  also  applies  to  the 
latter.  In  Fig.  6  the  relation  between  the  stator  and 
field  pole  m.m.f.  is  shown  at  a  power  factor  of  about 
85  per  cent  leading.  In  this  case  the  maximum  current 
occurs  in  phase  A  at  a  certain  interval  of  time  earlier 
than  the  maximum  voltage.  In  Fig.  7  the  power  factor 
is  practically  zero  and  the  maximum  current  occurs 
practically  80  electrical  degrees  before  the  maximum 
voltage.  The  result  of  this  is  that  the  part  of  the 
stator  m.m.f.  wave  that  assists  the  field  m.m  f .  is  more 
nearly  under  the  center  of  the  pole  so  that  tha  total 
flux  is  increased,  the  maximum  effect  being  obtained 
when  the  power  factor  is  zero  leading,  as  in  Fig.  7. 

In  order  for  the  voltage  of  the  generator  to  remain 
constant,  the  total  flux  must  be  mainlined  at  a  con- 
stant value.  It  is  evident  that  in  order  to  maintain 
constant  flux  with  varying  load  and  power  factor,  the 
field  current  must  be  varied,  depending  upon  the  value 
and  position  of  the  armature  m.m.f.  wave. 

The  preceding  paragraphs  have  explained  in  a 
general  way  the  effect  of  loads  of  different  power 
factors  and  have  shown  why  it  is  necessary  to  in- 
crease the  field  current  in  some  cases  and  to  de- 
crease it  in  others.  There  are,  however,  a  number  of 
refinements  of  this  theo'ry  which  have  not  been  dealt 
with  and  which  are  not  essential  to  a  general  under- 
standing of  the  operation  of  the  machine.  Thera  i3 
one  fact,  however,  which  will  become  evident  after 
a  consideration  of  the  diagrams  and  which  has  not 
been  taken  into  account  so  far.  This  is,  that  with  an 
unsymmetrical  distribution  of  flux  under  the  pole  the 
assumption  that  the  maximum  voltage  is  generated 
when  the  conductor  group  is  under  the  center  of  the 
pole  will  not  hold.  For  instance,  with 
a  load  of  unity  power  factor  it  was 
shown  that  the  combined  action  of 
the  armature  and  poles  produces  a 
distorting  of  the  air-gap  flux  so  that 
the  maximum  density  occurs  nearer 
one  edge  of  the  pole  than  before.  The 
result  is  that  the  maximum  voltage 
generated  in  a  conductor  group  occurs 
when  the  center  of  that  group  is  ap- 
proximately at  the  point  of  maximum 
flux  density  and  not  at  the  center  of 
the  field  poles. 

Another  fact  that  has  not  been  taken 
into  account  is  the  self-induction  of 
armature  winding,  the  effect  cf  which 
is  to  cause  a  slightly  greater  time 
interval  between  maximum  current 
and  maximum  voltage  than  is  indi- 
cated by  the  power  factor  of  the  ex- 
ternal load.  If  the  term  "power 
factor"  is  taken  to  mean  the  cosine 
of  the  phase  angle  between  current  and 
generated  voltage  in  the  armature 
winding  rather  than  the  voltage  at  the 
terminals  of  the  machine,  the  discrep- 
ancy due  to  self-induction  of  the  arma- 
ture winding  will  not  exist. 
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Magnet-Type  Pocket  Lamp 

N  GENERAL  the  .source  of  power  for  pocket  electric 
lamps  has  been  a  dry  cell.  However,  there  has 
recent'y  been  placed  on  the  market  by  the  Combined 
Engineering  and  Supply  Co.,  30  Church  St.,  New  York 
City,  a  pocket  electric  lamp,  Figs.  2  and  3,  that  is  sup- 
plied with  power  from  a  small  electric  generator  built 

in.  as  part  of  the  lamp,  and 
is  known  as  the  "Magnet 
Lamp."  The  generator,  a 
back  view  of  which  is  shown 
in  Fig.  2,  is  a  small  revolv- 
ing-field type  alternator.  A 
concentrated  winding  W  is 
placed  on  a  6-pole  laminated- 
iron  frame  and  constitutes 
the  stator  or  armature. 
Three  permanent  bar  mag- 
nets M  are  mounted  on  a 
shaft  so  as  to  form  a  six- 
pole  revolving  field.  By  pull- 
ing on  ths  ring  R  the  field 
M  is  made  to  revolve  past 
the  stator  coils  and  generate 
a  voltage  across  the  lamp 
terminals.  Attached  to  th3 
ring  R  is  about  18  in.  of 
wound  upon  a  wheel  by  a  flat 
to  the  chain  wheel  is  a  gear 


FIG.    1.      SHOVl^S   HOW 
LAMP   IS   USED 


small  chain  which   is 
spiral  spring.     Attached 

v/heel  of  112  teeth  meshing  into  a  pinion  on  the  gene- 
rator shaft  having  14  teeth.  The  pinion  is  free  on  the 
rotor  shaft  and  is  connected  to  the  field  poles  by  a  pawl, 
CO  that  the  rotor  always  turns  in  one  direction.  The 
lamp  is  intended  to  be  carried  as  in  Fig.  1,  by  a  cord 
around  the  operator's  neck,  and  is  easily  operated  by 
one  hand  pulling  out  the  chain  and  allowing  the  spring 
to  wind  it  up  again  ready  for  another  pull.  In  operation 
one  charp  pull  on  the  chain  about  every  3  sec.  is  sufficient 
to  keep  the  lamp  burning. 


FIG.  2. 


LAMP  GENERATOR  WITH  COVER  REMOVED.     FIG.  3. 
LAMP   AND    GENERATOR    ASSEMBLED 


MAGNET-TYPE 
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Refrigeration  for  the  Practical  Engineer 

luflammahility  and  Explosion  of  Ammonia  Caused  by  Overheated  Compressor 

By   B.   E.   hill 


FROM  time  to  time  one  hears  of  explosions  of 
ammonia  compressors  where  the  compressor 
heads  have  been  blown  out,  and  in  some  cases 
fire  has  resulted.  These  accidents  have  been  referred 
to  as  "mysterious,"  as  pure  anhydrous  ammonia  will 
not  burn  or  explode. 

A  refrigerating  plant  does  not  have  to  be  run  many 
years  for  the  system  to  become  impregnated  with 
gases  other  than  pure  anhydrous  ammonia,  especially 
if  from  lack  of  knowledge  and  experience  the  plant  is 
not  properly  handled.  Regardless  of  knowledge  or 
experience  it  is  impossible  to  keep  the  system  at  all 
times  clear  of  gases  other  than  pure  ammonia. 

A  new  installation  of  a  refrigerating  or  ice-making 
system  that  has  never  been  in  operation  for  a  minute 
is  never  started  with  strictly  pure  ammonia,  for  in 
the  first  place  the  ammonia  itself  is  not  always  abso- 
lutely pure,  and  in  the  second  place  it  is  impossible 
to  pump  a  perfect  vacuum  in  the  coils  before  the 
ammonia  is  charged  into  them.  After  the  plant  is  in 
operation  and  it  becomes  necessary  to  pump  out  a  coil 
or  set  of  coils  for  repairs,  there  is  always  a  small 
amount  of  air  left  behind,  as  there  never  was  a  com- 
pressor made  perfect  enough  to  entirely  expel  the  air 
or  pump  a  perfect  vacuum. 

Accumulation  of  Impurities  Dangerous 

The  air  left  behind  in  this  way  is  of  no  practical 
consequence  in  the  operation  of  the  plant,  but  if  an 
accumulation  of  air  and  other  impurities  such  as  oil 
vapor,  decomposed  ammonia  (nitrogen  and  hydrogen) 
and  many  other  gaseous  impurities  is  allowed,  there 
is  no  knowing  what  composition  these  mixtures  will 
form,  or  at  what  temperature  they  are  likely  to 
explode;  and  as  such  explosions  have  occurred  at 
various  places  throughout  the  country,  causing  seri- 
ous damage  to  life  and  property,  it  behooves  the 
operating  engineer  to  think  before  allowing  the  plant 
under  his  supervision  to  accumulate  too  great  a 
charge  of  impurities  or  to  allow  the  discharge  line 
and  compressor  to  run  at  too  high  a  temperature. 

New  York  City  has  passed  an  ordinance  allowing 
the  fire  department  to  open  up  connections  from  a 
refrigerating  system  and  blow  the  entire  charge  of 
ammonia  into  the  sewer  in  case  of  fire,  the  valves 
being  located  in  a  locker  outside  the  building,  the 
ammonia  pipe  lines  discharging  into  water  and  then 
into  the  sewer. 

The  question  of  inflammability  and  explosion  of 
ammonia  has  been  definitely  determined  by  Arthur 
Lowenstein  and  his  associates,  R.  J.  Quinn  and  S. 
Drucker,  who  conducted  research  and  experimental 
work  along  these  lines  extending  over  a  period  of 
several  years,  the  chief  results  of  which  are  quoted 
herewith  from  a  paper  written  by  Mr.  Lowenstein  and 
read  before  the  Chicago  branch  of  the  American 
Society  of  the  Brewing  Technology,  March  29,  1916: 

Briefly,  however,  it  may  be  stated  from  these  experiments 
that  ammonia  jias,  mixed  with  air  in  certain  proportions, 
when  isrnited,  will  propagate  a  flame.  Special  apparatus 
has  been  designed  which  enables  us  to  determine  the  condi- 
tions   under    which    ammonia    will    burn,    when    all    known 


mixtures  with  air  are  brought  together  under  suitable  con- 
ditions; also  known  mixtui'es  of  oxygen  and  ammonia. 

These  tests  were  made  in  steps  of  0.5  per  cent,  using 
mixtures  varying  from  1  to  100  per  cent  of  ammonia  in  air, 
both  dry  and  saturated  with  water  vapor.  The  I'esults  under 
these  conditions  were  that  no  visible  form  of  burning  was 
evident  until  the  region  of  11  to  13  per  cent  of  ammonia 
was  reached.  It  was  found  that  a  small  yellow  flame  was 
produced  at  11  per  cent  ammonia  in  air,  which  increased  in 
size  with  increase  of  ammonia  content  until  at  the  propor- 
tion of  13.25  par  cent  of  NH:,  the  burning  was  complete. 
At  this  concentration  a  yellow  flame  completely  enveloped 
the  glass  containinj>-  vessel  and  the  combustion  was  suffi- 
ciently violent  to  shatter  the  vessel. 

Another  set  of  experiments  were  made  by  using  an 
electrically  heated  incandescent  platinum  wire  in 
place  cf  the  spark.  "The  percentages  of  ammonia  in 
air  were  increased  up  to  19.58  per  cent,  at  which 
point  the  mixture  violently  exploded  upon  ignition.  .  .  . 
Under  these  conditions  mixtures  of  between  19.58  per 
cent  and  26  per  cent  of  ammonia  in  air  were  exploded. 
The  explosions  were  very  violent,  sufllicient  pressure 
being   generated    to    shatter   the   glass    container." 

There  is  no  danger  of  an  explosion  unless  heat  is 
applied  at  some  part  in  the  system  to  cause  one.  The 
place  where  this  can  occur  is  at  the  compressor.  If 
the  compressor  is  kept  in  good  condition  there  is  little 
danger,  but  if  there  are  a  set  of  leaky  rings,  which 
may  be  broken  or  otherwise,  causing  the  piston  to 
churn  the  gas  back  and  forth  until  the  temperature 
reaches  a  point  where  the  solder  will  melt  and  run 
out  of  the  discharge  connections,  there  is  a  povssibility 
of  one  more  "mysterious  explosion"  and  if  the  engineer 
is  lucky,  he  will  be  called  upon  to  explain  why. 

There  are  many  other  reasons  for  the  compressors 
running  hot,  and  the  engineer  will  find  that  there 
will  be  less  explaining  if  he  will  see  to  it  that  the 
compressor  is  run  cool  at  all  times;  there  will  be  a 
better  lubricating  effect,  less  wear  to  the  compressor 
cylinder,  less  expense  of  upkeep,  longer  life  of  the 
machine  and  a  longer  life  to  the  engineer. 

There  was  one  experience  that  the  writer  is  always 
rather  timid  and  backward  about  mentioning.  It 
happened  at  the  Cudady  Packing  Company's  plant  at 
Kansas  City.  On  passing  through  the  engine  room, 
he  noticed  a  cherry-red  spot  on  the  side  of  a  com- 
pressor piston  rod  about  the  size  of  a  silver  dollar. 
This  spot  was  passing  through  the  packing  and  into 
the  cylinder,  and  when  the  machine  was  shut  down 
and  the  rod  .allowed  to  cool,  the  metal  was  pulled  away 
and  roughed  up  so  that  the  rod  had  to  be  filed  off 
before  starting  the  machine. 

This  condition  was  caused  by  the  packing  being 
allowed  to  remain  in  service  until  too  hard,  and  the 
red  spot  was  probably  caused  by  a  soft  spot  in  the 
metal;  anyway,  it  was  rather  a  freak  condition  and 
one  that  would  not  have  been  "healthy"  if  an  ex- 
plosive mixture  of  impurities  had  been  in  the  system. 

As  a  final  precaution  against  fire  in  case  of  a 
possible  explosion,  the  engineer  should  insist  on  the 
elimination  of  arc  lights,  open  gas  jets  or  any  other 
form  of  inflammable  light  in  the  room  where  the 
refrigerating  or  ice  machines  are  located. 
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George  H.  Diman— Power  Plant  Pioneer 


'Study  the  interests  cf  your 
employer,  and  strive  to  accom- 
plish the  best  results  with 
whatever  machinery  or  work 
is  put  in  your  charge;  culti- 
vate the  habit  of  knowing  how 
to  handle  men,  in  order  to 
gain  their  confidence  and  re- 
spect."—  Mr.  Diman's  ad- 
vice to  young  engineers. 


THE  story  of  the  career  of  a  man  who  has  had  a 
share  in  laying  the  foundation,  and  in  the  early 
development  of  an  industry,  is  an  inspiration  to 
the  men  who  carry  on  that  industry.  Mr.  George  H. 
Diman,  of  Lawrence,  Mass.,  is  a  man  who  grew  up  with 
the  power  plant  industry,  who  played  an  important  part 
in  its  development  and  who  until  a  short  time  ago  con- 
tinued to  occupy  a  prominent  position  among  power 
plant  engineers. 

Mr.  Diman  was  born  in  Fall  River,  Mass.,  on  Sept.  4, 
1845.  After  receiving  a  public  school  education,  he 
went  to  work  on  the  railroad,  where  he  labored  alongside 
the  late  Henry  Rogers,  of  the  Standard  Oil  Co.,  when 
both  were  earning  $1.25  per  day.  At  this  time,  Mr. 
Diman's  chief  ambition  was  to  become  a  locomotive 
engineer.  He  tells  us  that  his  mother  very  strongly  ob- 
jected to  this  ambition,  so  it  was  probably  due  to  her 
urging  that  he  finally  turned  his  attention  to  mill 
engineering.  His  first  work  in  this  line  was  at  the 
Union  Mill  in  Fall  River. 

At  that  time  the  modern  steam  power  plant  was  not 
even  the  dream  of  the  most  visionary.  The  maximum 
steam  pressure  was  from  80  to  90  lbs.,  boilers  were 
equipped  with  ball-and-lever  safety  valves  and  cast- 
iron  piping  with  putty  joints.  No  gaskets  or  glass  water 
gages  were  used,  and  economizers  and  stokers  wore 
not  even  thought  of.  Most  of  the  engines  were  of  the 
Corliss  type  and  the  largest  engine  in  New  England  was 
of  less  than  1000  hp.  There  was  not  a  single  indicator 
in  the  City  of  Fail  River,  and  very  few  in  New  England. 
The  question  of  coal  saving  was  almost  never  given 
any  consideration. 

Mr.  Diman  says  that  his  attention  was  first  drawn 
to  fuel  economy  by  his  employer,  Mr.  Foster  Stafford. 
Although  they  were  good  friends,  Mr.  Stafford  never 


visited  Mr.  Diman's  department  without  objecting  to 
the  amount  of  coal  used.  This  friendly  nagging  led  him 
to  a  thorough  study  of  combustion  and  of  all  possible 
means  of  fuel  economy.  Throughout  his  connection 
with  the  power  plant  industry,  Mr.  Diman  has  made 
many  valuable  contributions  which  are  the  result  of  his 
continued  interest  in  this  problem.  He  relates  all 
incident  in  connection  with  Mr.  Stafford's  supposed 
desire  to  get  all  the  work  possible  out  of  his  employees. 

"It  was  against  the  rules  to  read  during  working  hours 
and  one  day  Mr.  Stafford  came  into  the  engine  room  and 
found  me  reading  an  English  book  on  combustion. 
There  were  not  many  American  books  on  this  subject 
at  that  time.  He  asked  what  I  was  doing,  and  I  replied 
that  I  was  trying  to  better  myself  for  my  own  benefit 
as  well  as  that  of  my  employer.  He  took  up  the  book 
in  a  gruff  manner  and  looked  it  over,  then  went  out. 
Next  pay  day  I  found  a  half  dollar  per  day  raise." 

While  at  Fall  River  Mr.  Diman  became  acquainted 
with  Mr.  George  H.  Corliss.  This  acquaintance  ripened 
into  a  close  friendship  which  lasted  up  to  the  time  of 
Mr.  Corliss'  death.  In  1875  a  pair  of  Corliss  engines, 
totaling  1200  hp.,  were  installed  in  the  Social  Mill, 
Woonsocket,  Rhode  Island,  and  Mr.  Diman  took  charge 
of  them  for  Mr.  Corliss,  whose  contract  required  him 
to  guarantee  against  all  breakage  for  one  year.  It 
was  about  this  time  that  he  began  to  be  interested  in 
compound  engines,  as  he  noted  that  compounding  was 
very  common  in  England.  The  English  engines  were 
mostly  equipped  with  slide  valves  and  throttle  gover- 
nors, so  they  did  not  show  exceptional  economy,  but  Mr. 
Diman  felt  sure  that  Corliss  engines  could  be  made  to 
show  .'ery  good  results  if  compounded.  Tnis  idea  was 
not  very  favorably  received,  but  when  additions  were  to 
be  made  to  the  mill  where  he  was  employed,  he  induced 
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Mr.  Corliss  to  install  the  first  compound  engine  to  be 
put  into  a  New  England  mill.  It  is  interesting  to 
note  that  while  at  this  plant  Mr.  Diman  came  in  touch 
with  Deacon  Kendall,  who,  with  Mr.  Leavitt,  was  the 
original  designer  of  the  butt  strap  boiler  joint.  At 
this  time,  also,  he  did  his  first  consulting  work,  going 
to  another  state  to  make  investigations  and  tests  for 
Mr.  Corliss. 

After  seven  years  at  the  Rhode  Island  plant  he  took 
charge  of  ten  obsolete  mills  in  Massachusetts,  with 
the  understanding  that  he  was  to  put  them  in  good 
condition  for  economical  operation  without  buying 
any  new  appliances.  That  there  was  room  for  improve- 
ment is  shown  by  the  following  description  given  by 
Mr.  Diman  of  the  plant.  "There  were  five  different 
boiler  rooms  without  heaters  or  pumps,  all  boilers  being 
fed  by  injectors.  Anthracite,  grate  Aze  coal  was  used, 
and  new  fires  built  every  morning.  Numbers  of  fam- 
ilies received  their  winter  coal  supply  from  the  ashes. 
Boilers  were  blown  down  everj^  Saturday  night  and 
Immediately  filled  with  cold  water.  Engines  were  given 
a  yearly  overhaul  which  usually  left  them  in  worse 
condition  than  before."  By  intelligent  reforms  in 
operation  and  arrangement,  Mr.  Diman  made  appre- 
ciable reductions  in  operating  cost  and  increased  the 
capacity  of  the  plant.  One  interesting  experiment  was 
to  connect  an  engine,  which  had  been  exhausting  to 
the  atmosphei-e.  to  a  condenser  located  about  1,000  ft. 
away.  In  spite  of  the  long  exhaust  pipe,  this  arrange- 
ment resulted  in  considerable  saving  in  steam. 

About  thirty-three  years  ago  Mr.  Diman  became  con- 
nected with  the  Washington  Mill  in  Lawrence,  Mass.  In 
taking  up  hi;;  new  duties  he  found  himself  in  a  rather 
delicate  situation.  A  new  power  plant,  designed  by 
E.  D.  Leavitt  and  installed  by  the  Dick.>on  Co.,  of 
Scranton,   had   just   been   tested   and   had   fallen   down 


on  the  economy  guarantee.  Mr.  Diman  says,  "I  felt 
that  the  contract  could  be  fulfilled  but  had  just  arrived 
at  the  plant  and  was  to  help  force  my  employers  to 
pay  for  apparatus  they  had  refused  to  accept."  Deter- 
mined to  do  the  right  thing,  however,  he  made  sure 
that  the  new  tests  should  be  fair  to  everybody,  with 
the  result  that  the  plant  was  paid  for.  Some  of  these 
boilers  and  engines  are  still  in  operation  after  thirty- 
three  years  continuous  service.  In  this  work  Mr.  Diman 
was  associated  with  John  T.  Henthorn  and  A. 
M.  Mattice,  both  well  known  to  the  older  power-plant 
engineers. 

The  Washington  Mill  later  became  a  part  of  the 
American  Woolen  Co.,  and  Mr.  Diman  remained  with 
this  organization  until  his  retirement  from  active 
duties  a  short  time  ago.  During  this  time  he  has  had  a 
decided  influence  on  the  engineering  policy  of  the  com- 
pany, and  has  made  an  enviable  reputation  for  himself, 
net  only  among  his  immediate  associates  but  among  all 
engineers  having  a  knowledge  of  his  work.  In  referring 
to  his  work  with  this  organization  he  took  occasion 
to  express  his  appreciation  for  the  many  courtesies  he 
has  received  from  William  M.  Wood,  president  of  the 
company. 

He  is  a  member  of  the  American  Society  of  Mechan- 
ical Engineers  and  of  the  National  Association  of  Sta- 
tionary Engineers  and  is  the  only  honorary  member  of 
the  Engineers  Blue  Room  Club  of  Boston. 

Mr.  Diman  expresses  the  opinion  that,  great  as  has 
been  the  advance  in  power  plant  engineering  in  the 
half  century  during  which  he  has  been  an  engineer, 
the  next  half  century  will  see  as  great  or  greater  prog- 
ress. In  spite  of  all  that  has  been  accomplished,  he 
still  emphasizes  the  importance  of  economy  in  fuel 
consumption,  especially  in  the  boiler  room,  and  the 
necessity  for  further  improvement  along  this  line. 


Design  and  Construction  of  Power-Plant  Piping 


By  John  D.  Morgan 


This  article  deals  with  the  necessity  cf  Tprotccting 
pipe  lines  with  suitable  coverings  and  also  with 
the  construction  of  high-  and  low-pressure  lines, 
and  oil  lines. 


IN  THE  transmitting  cf  steam  through  pipes  there 
are  two  sources  of  energy  losses,  the  radiation  loss 
and  the  friction  loss  against  the  pipe  surface  which 
causes  a  pressure  drop.  The  less  due  to  the  drop  in 
pressure  is  not  nearly  so  great  as  that  due  to  radiation. 
When  a  drcp  in  pressure  occurs  in  a  pipe  line  there  is 
no  Ics  in  heat  and  the  drop  in  pressure  tends  to  slightly 
superheat  the  steam  and  in  general  it  can  be  said  that 
the  pressure  drop  varies  with  the  square  of  the  velocity. 
The  loss  due  to  radiation  is  the  major  loss  in  the 
transmission  of  steam  in  pipe  lines.  This  loss  is  depen- 
dent on  the  temperature  cf  the  external  surface  of  the 
pipe  rather  than  on  the  temperature  of  the  steam  flow- 
ing through  the  line,  therefore  in  all  problems  pertain- 
ing to  radiation  from  steam  mains  we  have  to  consider 
the  drop  in  temperature  of  the  steam  to  the  inside  of 
the  pipe  and  from  the  inside  of  the  pipe  to  the  outside 
of  the  pipe. 


The  drop  in  temperature  through  the  walls  of  the  pipe 
is  so  small  that  it  is  difficult  to  measure  and  so  in  most 
cases  it  is  calculated  and  the  method  of  calculating  can 
be  based  with  fair  accuracy  by  using  the  figure  of  417 
B.t.u.  per  square  foot  per  degree  temperature  difference 
F.  per  inch  thickness  per  hour. 

The  drop  in  temperature  from  the  steam  to  the  inside 
cf  the  pipe  depends  upon  the  temperature  and  the  nature 
of  the  steam.  It  has  been  shown  in  several  well-known 
tests  that  when  superheated  steam  is  used  the  drop  in 
temperature  will  be  about  ten  times  greater  than  when 
raturated  steam  is  used.  This  accounts  somewhat  for 
the  fact  that  higher  economy  can  be  secured  by  the  use 
cf  superheated  steam  in  pipe  lines  for  it  is  certain  that 
the  radiation  loss  depends  upon  the  temperature  of  the 
outside  of  the  pipe  rather  than  the  temperature  of  the 
steam  and  when  superheated  steam  is  used  of  the  same 
final  temperature  as  that  of  saturated  steam  the  super- 
heated steam  line  will  have  a  lower  outside  pipe  tem- 
perature than  that  of  the  saturated  steam  main  and  will 
therefore  have  a  lower  radiation  loss. 

There  is  no  question  as  to  the  advisability  of  covering 
steam  pipes  with  a  good  grade  of  pipe  covering  for  this 
will  reduce  the  condensation  from  80  to  90  per  cent.  In 
determining  the  amount  cf  heat  that  will  be  transmitted 
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by  a  given  insulating  covering  there  are  several  factors 
to  be  considered  some  of  the  more  important  being, 
character  of  material,  temperature  difference  between  its 
two  boundaries,  thickness  of  the  material,  character  of 
the  surface  and  the  velocity  of  the  air.  Another  factor 
that  must  be  considered  in  the  losses  due  to  radiation  is 
that  of  the  loss  in  pressure  due  to  the  presence  of  mois- 
ture. If  it  is  a  fair  assumption  to  consider  that  each 
one  per  cent  of  moisture  causes  a  drop  in  pressure  of 
one  per  cent. 

In  the  design  of  the  exhaust  steam  lines  the  main 
consideration  is  to  provide  lines  of  sufficient  size  to 
properly  do  the  work  intended  and  to  provide  sufficient 
lines  to  insure  the  continuity  of  operation.  The  pip- 
ing used  is  of  standard  material  for  the  pressures  or 
temperatures  and  does  not  warrant  the  use  of  special 
materials  and  in  many  cases  cast-iron  pipes  are  used  for 
the  larger  size  mains.  If  the  exhaust  steam  is  to  be 
used  for  feed  water  or  special  process  work  it  is  neces- 
sary that  oil  separators  be  placed  at  suitable  point  in  the 
system  to  remove  the  oil  from  the  exhaust  steam. 

Auxiliary  Piping  Material 

For  the  atmospheric  exhaust  lines  it  is  advisable  to 
have  the  piping  mad*  of  riveted  steel  pipe  owing  to  its 
lighter  weiijht  and  provided  with  a  suitable  exhaust 
head.  The  valves  owing  to  their  great  size  should  be 
hydraulically  or  motor  operated. 

In  the  dasign  of  the  feed  water  line  it  is  advisable  to 
use  extra  heavy  brass  pipe  or  a  good  grade  of  wrought- 
iron  pipe,  to  guard  against  .corrosion.  It  is  generally  a 
good  plan  where  continuous  operation  is  required  that 
the  system  be  constructed  on  the  ring  plan. 

The  piping  for  the  b'ow-off  lines  should  be  made  of 
extra-heavy  pipe  and  fittings  and  with  the  minimum 
number  of  fittings  and  bends.  And  where  bends  are 
used  the  curvature  should  be  as  free  and  easy  as  pos- 
sible. 

The  drips  and  drains  are  of  vital  importance  to  good 
piping  design  and  operation  and  it  is  advisable  to  have 
a  drip  and  drain  header  and  connect  the  various  drips 
and  drains  to  this  header.  This  header  should  be  amply 
supplied  with  traps.  Wherever  possible  the  main  lines 
should  have  welded  on  them  a  drip  outlet  to  avoid  the 
necessity  of  drilling  and  tapping  the  main  pipes,  for  a 
drilled  and  tapped  drain  outlet  on  a  main  steam  line  is 
the  source  of  continuous  trouble  and  will  often  necessi- 
tate the  shutting  down  of  a  main  unit  for  repairs. 

Design  of  Oil  Piping 

It  has  been  customary  even  in  large  power  plants  to 
pay  little  or  no  attention  to  the  design  of  the  oil  piping. 
It  is  now  well-knovra  that  when  turbine  oils  or  their 
equivalents  have  been  exposed  to  heat,  air  and  moisture 
as  they  are  in  the  modern  circulating  oil  systems,  and 
when  this  system  is  composed  of  two  or  more  metals  of 
decidedly  different  potentiality  such  as  brass  pipe,  cop- 
per pipe,  brass  netting  or  cloth,  galvanized  iron,  etc., 
the  oils  are  broken  up  rapidly  due  to  e'ectro-chemical 
or  catalytic  actions,  as  soon  as  an  electrolyte  is  formed 
through  the  oxidation  of  oils.  When  this  stage  has  been 
reached  the  oils  begin  to  break  up,  and  insoluables  are 
thrown  down  in  the  form  of  muck  so  frequently  found 
in  oiling  systems,  although  part  of  them  remain  in  solu- 
tion. Besides  the  chemical  and  physical  changes  that 
take  place  in  the  oils  more  or  less  corrosive  action  takei> 
place  in  the  metals.    Numerous  experiments  have  demon- 


strated the  fact  that  the  piping  should  be  of  one  mate- 
rial and  the  one  metal  that  is  best  suited  to  the  purpose 
is  iron. 

In  plants  where  considerable  oil  is  thrown  into  the 
cooling  water  or  sewerage  it  will  pay  to  install  concrete 
tanks  and  traps  to  catch  the  oil.  These  traps  should  be 
divided  into  compartments  by  means  of  baffles  and  also 
used  for  checking  the  flow  of  water  and  allowing  the  oil 
to  raise  to  the  surface;  in  the  final  compartment  the 
oil  can  be  scooped  from  the  surface  of  the  waters. 

The  estimated  cost  of  the  pipe  and  fittings  can  be 
taken  from  any  pipe  and  fitting  catalog,  applying  the 
necessary  discount  to  give  the  net  cost  on  the  job  for  all 
material.  In  order  to  simplify  the  application  of  gasket 
and  bolt  prices  unit  costs  should  be  made  up  practically 
as  follows: 

Flanges — unit  price  of  single  flange  to  include  1 
single  flange,  faced  and  drilled;  1  gasket;  1  set  of 
bolts  with  Hex.  nuts ;  1  thread  and  make  up.  Unit  price 
of  pair  of  flanges  to  include:  2  flanges  faced  and  drilled; 
1  gasket;  1  set  of  bolts  with  hex.  nuts;  2  threads  and 
Tiake  up. 

All  screwed  standard  fittings  up  to  and  including  12 
in.  have  one  thread  added  to  the  price.  All  screwed 
extra  heavy  fittings  have  a  thread  added  for  each  outlet, 
since  this  price  is  delivered  with  plain  ends,  likewise 
brass  fittings  have  a  thread  added  for  each  outlet.  All 
flanged  fittings  are  figured  net  as  the  gaskets,  bolts  and 
nuts  are  included  with  the  flanges. 

All  standard  pipe  up  to  and  including  12  in.  is  taken 
at  random  lengths  threaded.  All  cutting  and  re-thread- 
ing" is  covered  by  including  this  v/ith  the  flanges  and  fit- 
tings. All  standard  pipe  above  12-in.  and  extra  heavy 
and  brass  pipe  is  delivered  with  plain  ends  and  the 
threading  is  included  with  the  flanges  and  fittings.  Van- 
stone  joint — include  flange,  lap  of  pipe,  gasket  aiid  bolts. 
Welded  necks — include  pipe  and  flanges  made  up. 

Calculating  Prices 

Valves  are  to  be  priced  by  the  catalog  method,  th« 
cost  of  one  thread  being  added  for  screwed  valves  thfc 
same  as  with  standard  fittings.  The  gaskets  and  bolt? 
for  flanged  valves  are  taken  care  of  on  the  flanges. 

The  price  of  the  hangers  should  be  calculated  on  the 
per  pound  basis  using  a  standard  for  each  size  of  pipe 
and  adding  the  turn  buckles.  In  assummg  hanger  prices 
it  is  a  fair  assumption  to  assume  all  supports  of  all  kinds 
as  hangers  and  apply  the  standard  pipe.  Anchor  costs 
can  be  taken  as  three  times  the  hanger  cost. 

A  price  can  be  obtained  for  the  welded  drip  outlet  ana 
for  the  plain  tapped  hole  in  pipe  or  fitting. 

Prices  can  be  obtained  from  the  pipe  covering  manu- 
facturers that  will  include  the  covering  material,  paint- 
ing and  labor  or  in  brief  the  cost  of  the  covering  in 
place;  covering  costs  should  not  be  included  in  material 
for  estimating  erection  labor  of  piping. 

The  estimation  of  the  erection  of  piping  is  a  most 
difficult  item  but  from  a  large  number  of  installations 
it  is  a  fair  assumption  to  assume  the  erection  labor  of 
the  high-pressure  lines  to  be  about  20  per  cent  of  the 
material  cost  and  that  of  the  lo\v-pres.<ure  lines  to  be  25 
per  cent  of  the  material  cost.  Material  being  under- 
stood to  be  pipe,  fittings,  hangers,  gaskets,  bolts, 
valves,  etc. 

It  will  be  found  that  if  proper  attention  is  paid  to  the 
jjiping  systems  at  large  that  it  will  greatly  assist  in  the 
economical  operation  of  the  plants  as  well  as  improve 
the  operation. 
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Fuel  Efficiency  in  Power  Production 
in  Different  States 

By  R.  S.  McBride 

The  electric  power  and  fuel  consumption  data  recently 
issued  by  the  Division  of  Power  Resources  of  the  United 
States  Geological  Survey  for  four  months  in  1919*  (all 
the  data  thus  far  compiled)  furnished  some  very  inter- 
esting material  that  has  probably  not  been  much  appre- 
ciated. It  is  particularly  striking  to  notice  in  these 
figures  the  very  great  difference  in  the  efficiency  of  fuel 
use  for  public  utility  power  production  in  different  parts 
of  the  country.  Unfortunately  the  original  data  do  not 
show  this  without  careful  analysis  and  computation  and 
thus  some  of  the  most  valuable  conclusions  which  one 
can  draw  from  these  statistics  are  likely  to  be  over- 
looked. 

For  sake  of  comparison,  it  has  been  assumed  that  four 
barrels  of  oil  are  equal  to  a  ton  of  coal  for  power  pro- 
duction purposes  and  similarly  that  20,000  cubic  feet  of 
natural  gas  equals  a  ton  of  coal.  Of  course,  these  rela- 
tions are  only  approximately  correct  but  they  represent 
what  is  perhaps  average  practice.  On  this  basis  the 
figures  in  Table  I  have  been  prepared  for  total  produc- 
tion of  current  and  total  fuel  use.  The  ten  States  for 
which  data  are  given  in  this  table  are  the  ten  largest 
producers  of  power.  They  include  all  those  where  more 
than  fifty  million  kilowatt  hours  were  produced  in  any 
month  of  the  four  recorded. 


TABLE  I.     EFFICIENCY  OF  POWER  PRODUCTION  IN  TEN  STATES 

Results  for  four  months,  February,  March,  April  and  July,  1 9 1 9,  as  compiled  by 
U.  S.  Geological  Survey,  Division  of  Power  Resources.  Computed  on  the  basis 
of  four  barrels  of  oil  equals  one  ton  of  coal  and  20,000  cubic  feet  of  gas  equa's  one 
ton  of  coal. 

Current  Fuel  Used 

Produced  Thousands  of  Efficiency 

Millions  Tons  of  C  oal  Kw.-Hrs. 

State                             of  Kw.-Hrs.  or  Equivalent  per  Ton 

New  York 1,124  1,420  792 

Pennsylvania 958  1,610  595 

Illinois 784  1,311  597 

Ohio 776  1,282  605 

Massachusetts 403  533  756 

Michigan 390  497  787 

New  Jersey 308  459  671 

West  Virginia 237  321  738 

California 222  310  716 

Indiana 213  585  364 

Average ....  662 

This  first  comparison  shows  that  some  States,  such  as 
New  York,  Michigan  and  Massachusetts,  secure  twice 
the  current  production  per  ton  of  coal  as  is  obtained,  for 
example,  in  Indiana.  This  at  once  raises  the  question 
as  to  why  there  are  such  great  differences.  Kind  of 
coal  might  appear  to  be  a  factor  were  it  not  for  the  fact 
that  Illinois  and  Ohio,  Indiana's  nearest  neighbors  and 
presumably  users  of  about  the  same  grade  of  coal,  pro- 
duce current  as  efficiently,  judged  on  the  basis  of  kilo- 
watt hours  per  ton,  as  does  Pennsylvania,  where  one 
would  certainly  expect  the  use  of  good  coal. 

The  question  of  oil  as  a  fuel  is  also  interesting.  In 
California  it  is  noted  that  about  716  kilowatt  hours  per 
ton  of  coal  equivalent  is  produced  from  oil  and  in  Oregon 
the  figures  are  over  890  kilowatt  hours  per  ton  on  the 
average.  On  the  other  hand,  Texas,  which  is  the  second 
largest  user  of  oil  for  power  production,  and  also  one 
of  the  largest  users  of  natural  gas  for  this  work,  secures 
only  about  550  kilowatt  hours  per  equivalent  of  a  ton 
of  coal. 

All  of  the  ten  States  which  are  the  largest  users  of 


power  lie  in  the  north-eastern  quarter  of  the  country 
except  California,  It  is  of  interest,  therefore,  to  notice 
particularly  the  results  in  some  of  the  Southern  and 
Western  States.  South  Carolina,  Georgia,  Alabama  and 
Kentucky  similarly  computed  in  comparison  show, 
respectively,  417,  481,  324  and  493  kilowatt  hours  pro- 
duced per  ton  of  coal  used.  Thus  the  average  for  these 
four  seems  to  be  less  than  for  the  States  which  are 
larger  power  producers,  but  in  general  the  average  is 
not  as  low  as  Indiana,  already  mentioned.  Some  of  the 
Western  States  seem  to  be  the  worst  offenders  in  the 
way  of  low  efficiency,  for  in  North  Dakota  and  Montana 
the  average  current  production  is  only  approximately 
150  kilovatt  hours  per  ton,  or  less  than  one-quarter  of 
the  average  in  the  States  which  are  the  largest  users. 


TABLE   II 

Power  production  from  fuels. 

Results  for   entire   United   States   for   four   months   summarized   from    U.    S. 
Gelogical  Survey  Data. 

Current  Fuel  Used 

Produced  Thousards  of  Efficiency 

Millions  of  Tons  oi  Coal  Kw.-Hrs. 

Month                               Kw.-Ers.  or  Equivalent  per  1  on 

February 1,834  3,124  586 

March 1,842  3,175  580 

April 1,718  2,894  594 

July 1,929  3.032  636 

Total  or  average 7,323  12,225  599 

The  character  of  coal  used  here  may  be  a  considerable 
factor  though  the  results  for  Colorado,  which  also  uses 
Western  coal  with  a  production  of  over  400  kilowatt 
hours  per  ton,  indicate  that  this  fuel  quality  cannot  alto- 
gether explain  the  difference. 

Changes  in  load  factor  for  the  different  seasons  might, 
one  would  think,  cause  very  large  differences  in  effici- 
ency of  fuel  use.  However,  the  results  shown  in  Table 
II,  where  the  results  for  the  four  months  reported  are 
separately  computed,  indicate  that  this,  taking  the  coun- 
try as  a  whole,  is  not  as  large  a  factor  as  one  might  at 
first  think. 

With  variations  in  efficiency  from  790  for  New  York 
to  150  or  even  lower  for  some  of  the  States,  it  is  reason- 
able to  ask  what  is  the  matter  with  our  public-utility 
power  plants  at  the  present  time.  No  one  can  expect 
every  State  to  reach  the  figures  now  attained  by  the 
best,  but  it  is  not  readily  apparent  why  there  should  be 
a  ratio  of  5  to  1.  And  certainly  if  this  large  item  of 
public-utility-company  expenditure  can  be  analyzed  more 
critically,  the  result  will  be  that  the  poorer  will  be 
brought  up  to  standards  demonstrated  to  be  obtainable 
elsewhere  and  we  will  thus  have  one  item  of  financial 
a*»sistance  for  these  hard-pressed  public  service  corpora- 
tions. 


♦See  Power,  Feb.   24,  1920. 


Sweden's  available  water-power  is  estimated  at 
6,750,000  horsepower.  In  1916  there  had  been  developed 
and  put  into  operation  1,105,000  horsepower.  A  good 
beginning  has  been  made  in  the  development  of  this 
power.  During  the  war  great  strides  were  made  in 
building  new  works,  making  the  nation  less  dependent 
upon  outside  sources  for  power.  The  electrification  of 
the  railways  has  begun,  and  power  is  being  transferred 
by  cable  to  Denmark.  Denmark's  power  for  her  indus- 
tries is  steam,  generated  from  coal,  imported  from  Eng- 
land. Coal  has  been  delivered  from  the  north  of  England 
to  Copenhagen  as  cheaply  as  to  London.  The  use  of 
Sweden's  waterpower  will  help  to  conserve  England's  coal 
resources. — Bulletin  of  Pacific  Power  &  Light  Co. 


March  9,  1920 


POWER 


387 


iiiiiiiiiiiiiMiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiii  iiiiiiiiHiiiiiiinniiiiiniiiiiiiMiiiiiMiiiiiiiiiiiiiiiiiiiiiiiimriiiiiiiMitiiiiiiiiiMiiiiiuiiiiiiiiiMM  Jii  MUUMii  iiiM 


An  Operating  Code 

for  Large  Central  Stations 

THERE  should  be  a  code  for  the  proper  operation  of 
large  central  stations  similar,  in  general  arrange- 
ment and  scope,  to  the  Power  Test  Codes  of  the  A.  S. 
M.  E.,  which  is  now  in  the  process  of  revision. 

The  matter  of  an  operating  code  has  been  placed 
before  the  members  of  the  Power  Test  Codes  Committee 
of  the  A.  S.  M.  E.,  and  they  have  decided  that  this  is 
outside  the  scope  of  their  work,  and  furthermore,  they 
do  not  feel  that  it  is  a  function  they  should  undertake. 
They  purpose  to  limit  their  activities  to  a  code  which 
provides  for  the  acceptance  tests  of  equipment,  and  this 
leaves  no  one  to  father  a  code  for  the  operation  and 
maintenance  of  this  equipment  after  it  has  once  been 
put  into  service. 

The  large  systems  of  the  country  are  almost  entirely 
limited  to  central  stations;  and  if  an  industrial  system 
has  a  large  power  station,  it  is  usuaKy  in  a  complicated 
installation.  This  is  evidenced  by  the  fact  that  there 
are  only  one  or  two  10,000-kw.  turbines  throughout  the 
entire  industrial  power  stations  of  the  country  in  actual 
operation,  although  one  large  industrial  concern  has  a 
15,0C0-kw.  turbine  on  order.  This  means  that  without 
large  turbines  there  is  an  absence  of  large  condensers, 
boilers  and  other  allied  apparatus. 

It  is  therefore  suitable  and  proper  that  the  men  oper- 
ating the  large  central-station  systems  should  be  the 
ones  to  write  an  operating  code,  as  they  have,  for  the 
most  part,  not  only  the  problems  involved  in  large  units, 
but  they  have  small  stations  on  their  property,  so  that 
they  are  in  a  position  to  cover  this  part  of  the  code, 
which  would  be  valuable  for  a  large  body  of  industrial 
power  station  men. 

Following  this  matter  to  an  ultimate  conclusion,  an 
operating  code  should  be  written  by  the  Prime  Mov- 
ers' Committee  of  the  National  Electric  Light  Associa- 
tion. Such  a  code  is  under  contemplation  by  central 
station  men  at  the  present  time,  and  at  the  next  meet- 
ing of  the  Executive  committee  of  the  Technical  and 
Hydro-Electric  Section  of  the  N.  E.  L.  A,  authority  will 
be  asked  for  an  assignment  of  this  work  to  the  Prime 
Movers'  Committee  for  the  next  year,  it  is  expected 
that  it  will  take  about  two  years  to  write  the  code,  but 
the  plan  is  to  finish  certain  parts  of  it  as  rapidly  as 
possible  and  submit  it  to  the  membership,  through  the 
technical  publications,  for  constructive  criticism. 

There  is  also  a  desire  on  the  part  of  operating  men 
to  define  the  limiting  features  in  the  design  of  apparatus 
to  the  manufacturer  in  order  to  prevent  some  of  the 
very  rapid  steps  that  are  made  in  development  from 
time  to  time  for  commercial  reasons  instead  of  based 
on  conservative  engineering  judgment.  These  are  usu- 
ally the  result  of  strong  competition,  and  it  takes  the 
form  of  producing  something  different  in  apparatus  in 
order  to  use  it  as  a  selling  point,  rather  than  working 
with  standardized  apparatus  and  making  quantity  pro- 
duction and  economical  methods  the  basis  of  the  com- 


petition. As  it  is  impossible  to  do  more  than  write  an 
operating  code  during  the  next  two  years,  it  was  the 
general  feeling  that  no  attempt  at  standardization  of 
specifications  at  this  time  should  be  undertaken,  as  it 
would  be  something  which  could  not  be  completed,  but 
publicity  of  this  thought  might  result  in  an  expression 
sufficiently  large  to  induce  an  extra  effort  to  bring  about 
an  earlier  start  along  these  lines. 

Stabilization  of  the 
Bituminous  Coal  Industry 

AN  OPEN  forum  on  the  problem  of  stabilizing  the 
/l.  bituminous  coal  industry  in  this  coountry  was  one 
of  the  features  of  the  recent  meeting  of  the  American 
Institute  of  Mining  and  Metallurgical  Engineers  in  New 
York.  In  opening  the  discussion  Herbert  Hoover,  who 
has  just  been  elected  president  of  the  Institute,  stated 
that  the  peak  load  in  the  mining  and  distribution  of 
bituminous  coal  was  at  least  twenty  per  cent  above  the 
normal  load. 

The  American  people  have  fallen  into  the  habit  of 
stopping  to  listen  when  Mr.  Hoover  talks,  and  here  is 
a  case  where  the  power-plant  industry  may  well  listen 
and  heed.  The  public,  and  especially  the  power  con- 
sumer, has  to  pay  the  bills  caused  by  this  peak  load.  It 
must  pay  the  cost  of  keeping  mines  in  working  condi- 
tion when  they  are  closed  much  of  the  time.  It  must 
pay  the  miner  enough  to  keep  him  alive  the  year  around, 
although  statistics  show  he  must  remain  idle  on  an 
average  of  ninety-three  days  out  of  a  possible  three 
hundred  and  eight  working  days  per  year.  It  must 
pay  the  cost  of  maintaining  a  large  excess  of  transpor- 
tation facilities  which  are  only  in  the  road  when  not 
required.  And,  finally,  it  must  pay  the  cost — and  this  is 
the  big  item — of  inability  to  get  coal  when  needed,  be- 
cause everybody  needs  it  at  the  same  time. 

Practically  every  coal  user  requires  more  coal  in 
winter  than  in  summer.  The  average  user  buys  his  coal 
as  he  needs  it.  The  natural  result  is  a  rush  of  orders 
to  the  mine,  a  call  from  the  mine  for  coal  cars,  a  short- 
age of  cars,  and  often  about  this  time  a  big  storm  comes 
along  and  helpb  mess  things  up  by  delaying,  if  not  en- 
tirely stopping,  railroad  traffic. 

This  problem  is  by  no  means  new,  but  with  the  ex- 
pansion of  our  industries  it  is  becoming  more  and  more 
serious.  The  mining  engineers  have  tackled  it  in  earnest 
and  hope  to  help  in  the  solution. 

The  obvious  remedy  is  to  run  the  mines  steadily  and 
during  ♦^he  summer  months  store  up  excess  coal  to  meet 
the  winter  demand.  That  sounds  easy,  but  where  and 
by  whom  the  coal  is  to  be  stored  is  the  next  question. 
Storage  at  the  mines  would  solve  only  half  the  prob- 
lem. Under  present  conditions  the  mines  are  often  shut 
down  in  the  busiest  season  because  of  lack  of  cars.  Try- 
ing to  do  all  the  hauling  in  winter  simply  invites  delays 
and  extra  cost,  due  to  weather  conditions.  The  storing 
must  be  done  as  near  the  point  of  consumption  as 
possible. 
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It  has  been  suggested  that  a  lower  price  be  made  and 
a  lower  freight  rate  be  allowed  during  the  low-demand 
months.  This  should  induce  the  consumer  to  buy  in 
summer  and  store  for  winter  demands,  and  would  un- 
doubtedly appeal  to  many  buyers.  Another  feature 
would  be  the  insurance  against  shutdown,  which  is 
represented  by  a  coal  pile  handy  to  the  boiler  room. 

There  are  many  details  of  the  problem  yet  to  be  con- 
sidered. Local  facilities  for  storage  vary  greatly.  Can 
the  individual  user  carry  his  own  supply  or  are  central 
storage  yards  better?  What  are  the  precautions  neces- 
sary to  prevent  fires  in  storage?  All  these  must  be 
carefully  thought  out. 

Meanwhile,  any  consumer  of  bituminous  coal  who 
can  buy  his  winter  supply  in  the  spring  and  summer 
months  will  be  helping  to  solve  a  great  national  prob- 
lem and  assuring  himself  of  an  adequate  supply  of  fuel 
when  the  peak  load  comes. 

What  Frequency  Shall  be 
Adopted  as  Standard? 

WHEN  two  or  more  polyphase  alternating-current 
systems  are  to  be  inter-connected  they  must  be 
alike  in  voltage  phase  and  frequency,  or  means  must  be 
provided  to  adjust  the  dissimilarity  between  the  systems. 
In  the  case  of  a  difference  in  voltage,  phase  or  in  both, 
it  is  easily  taken  care  of  by  the  use  of  transformers. 
However,  where  a  difference  of  frequency  exists  the 
dissimilarity  can  only  be  overcome  by  the  use  of  motor- 
generator  sets  usually  referred  to  as  a  frequency- 
changer  set.  Where  the  efficiency  of  a  large  transformer 
is  ninety-eight  or  ninety-nine  per  cent  that  of  a  fre- 
quency-changer set  is  only  about  ninety  or  ninety-two; 
besides,  it  requires  expert  attention  in  operation  and 
maintenance.  It  is,  therefore,  evident  that  difference 
of  frequency  is  to  be  avoided  wherever  possible  when 
power  systems  are  to  be  tied  together. 

In  this  country  frequencies  are  now  in  use  on  im- 
portant installations  ranging  from  sixty-two  and  one- 
half  to  twenty-five  cycles,  although  sixty  and  twenty- 
five  cycles  have  been  adopted  in  general  as  standard,  and 
today  form  a  large  percentage  of  the  alternating-cur- 
rent capacity  installed  in  this  country.  To  tie  a  twenty- 
five-cycle  system  into  one  of  sixty-cycles  the  only  com- 
mercial combination  of  machines  available  is  a  set 
having  ten  poles  for  the  twcnty-five-cycle  unit  and  a 
twenty-four  pole  machine  for  the  sixty-cycle  element, 
which  will  give  a  speed  of  only  three  hundred  revolu- 
tions per  minute.  This  speed  is  only  about  one-fifth  of 
what  it  should  be  for  the  most  economical  design,  con- 
sequently the  set  must  be  much  larger  and  more  expen- 
sive than  it  would  be  if  advantage  could  be  taken  of 
the  most  economical  design.  Therefore  if  alternating- 
current  systems  are  tied  together  on  a  large  scale  by 
frequency-changer  sets  considerable  of  the  advantage 
gained  by  interconnection  will  be  offset  by  the  loss  in 
efficiency. 

Within  the  zone  to  be  supplied  from  the  proposed 
super-power  system  for  the  northeast  Atlantic  seaboard 
frequencies  of  sixty-two  and  one-half,  sixty,  forty,  and 
twenty-five  cycles  are  in  use,  hence  the  question  of 
what  frequency  shall  be  adopted  for  this  system  when 
it  is  put  into  operation  is  one  that  is  of  no  small  im- 
portance. Probably  ninety-nine  per  cent  of  the  central- 
station  capacity  now  installed  within  the  proposed  super- 
power system  zone  at  this  time  is  either  sixty  or  twenty- 


five-cycle  equipment.  This  high  percentage  was  brought 
about  recently  by  the  New  York  Edison  Co.  changing 
from  sixty-two  and  one-half  to  sixty  cycles  on  what  is 
known  as  its  sixty-cycle  system — a  change  that  is  not 
only  commendable  but  no  doubt  will  be  far  reaching 
in  its  effects  in  the  future.  There  is  little  doubt  that 
the  percentage  of  alternating-current  motors  served 
from  central  stations  in  the  district  approaches  a  high 
value  of  the  total  installed  capacity  since  a  very  large 
portion  of  the  twenty-five-cycle  current  is  used  for 
direct-current  purposes  through  rotary  converters.  For 
this  reason  if  for  no  other,  sixty  cycles  is  the  frequency 
that  would  cause  the  least  inconvenience  and  expense 
in  its  adoption  as  standard.  The  change  from  twenty- 
five  to  sixty  cycles  in  twenty-five-cycle  rotary-converter 
substations  can  be  made  gradually  since  most  of  this 
equipment  is  supplied  from  large  and  efficient  generat- 
ing points  that  will  not  be  abandoned  until  at  least 
they  can  be  substituted  with  more  economical  machines 
and  it  would  cause  but  small  inconvenience  to  operate 
with  twenty-five  and  sixty-cycles  converters  in  the  same 
substation. 

In  his  contribution  to  the  symposium  on  "Economical 
Supply  of  Electric  Power  for  the  Industries  and  the 
Railroads  of  the  Northeast  Atlantic  Seaboard"  pre- 
sented recently  before  the  midwinter  convention  of  the 
American  Institute  of  Electrical  Engineers,  H.  G.  Reist 
suggests  that  the  use  of  fifty  cycles  be  considered  as 
the  frequency  for  the  proposed  super-power  system. 
The  author's  reason  for  suggesting  the  use  of  this  fre- 
quency is  that  "this  frequency  is  entirely  satisfactory 
for  lighting,  for  commercial  motors  of  all  sizes,  and  for 
most  all  other  work  and  it  would  probably  be  found  that 
ultimately  its  adoption  would  be  of  great  advantage 
to  this  country  commercially,  since  we  would  then  have 
what  is  going  to  be  world  frequency  outside  the  United 
States,"  Today  all  that  can  be  claimed  for  a  fifty-cycle 
system  is  equally  true  of  a  sixty-cyc.e,  except,  that  it 
is  different  from  what  is  expected  will  be  standard  out- 
side this  country.  When  we  compare  the  commercial 
advantages  of  a  fifty-cycle  system  with  the  difficulties 
it  would  put  in  the  way  of  putting  the  super-power 
system  into  operation,  the  latter  outweighs  the  former 
to  such  an  extent  as  to  leave  little  in  favor  of  adopting 
fifty  cycles,  especially  when  such  a  large  percentage  of 
the  load  within  the  proposed  super-power  zone  is 
already  supplied  at  sixty-cycles.  One  of  the  largest 
industrial  loads,  of  which  a  large  percentage  is  operated 
on  twenty-five  cycles,  is  the  steel  mills.  These  mills  to  a 
large  extent  generate  their  own  power  and  on  account 
of  their  peculiar  advantages  in  this  respect  will  no 
doubt  continue  to  do  so.  Consequently  the  frequency 
that  apparently  offers  the  greatest  advantages  to  its 
general  adoption  and  is  also  in  accord  with  recent  tend- 
encies is  sixty  cycles,  and  at  the  same  time  involves  the 
least  expense  and  inconvenience  in  bringing  about  an 
adequate  power  supply  for  our  railways  and  industries. 

The  popular  trend  toward  fuel  oil  appears  to  have  re- 
ceived a  jolt  through  inability  in  many  sections  to  se- 
cure any  assurance  from  the  oil  companies  that  an  ade- 
quate supply  will  be  forthcoming. 


i 


The  remarks  of  Mr.  Hill  in.  this  issue  on  inflamma- 
bility and  explosion  of  ammonia  will  bear  careful  read- 
ing. Strict  attention  to  the  points  noted  may  prevent 
disastrous  results. 
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Handy  Fuse  Puller 

The  figure  shows  a  simple  yet  handy  way  to  make  a 
small  cartridge-fuse  puller  from  a  couple  of  legs  of  an 
old  boxwood  rule.     The  section  of  the  rule  is  cloi..,d 


BOXWOOD   RULE  FUSE  PULLER 

together  and  a  hole  drilled  through  the  ends  to  take 
the  fuse.    The  figure  readily  conveys  the  idea. 
Concord,  N.  H.  Charles  H.  Willey. 

Better  Cylinder-Oil  Testing  Methods 

I  heartily  agree  with  Mr.  Weaver  in  what  he  says 
on  page  625  of  the  Oct.  21,  1919,  issue  of  Power,  regard- 
ing Pennsylvania  stock  with  5  to  10  per  cent  acidless 
tallow  making  a  mighty  good  lubricant,  but  I  cannot 
agree  with  the  statement :  "however,  it  is  not  essential 
that  the  oil  be  tested  on  the  engine  in  which  it  is  used 
provided  the  steam  conditions  (moisture,  superheat  and 
priming)  are  approximately  the  same." 

It  is  the  condition  of  the  unit  itself  that  decides  what 
oil  to  use  and  to  what  percentage  the  compounding 
should  be  carried.  Two  units  on  the  same  line — one 
within  100  ft.  of  the  boiler  and  the  other  400  ft.  away — 
v/ill  require  a  dififerently  compounded  oil.  Two  engines 
of  dififerent  makes  and  types  of  valve  gears  will  require 
different  oils.  Of  course,  we  can't  keep  a  dozen  dif- 
ferent grades  of  oil  for  the  various  engines,  but  it  is  wise 
to  keep  two  or  three  kinds — say  a  high-pressure,  a  low- 
piessure  and  a  pump  oil. 

I  have  tried  cylinder  oil  that  worked  well  on  a  flat 
valve,  on  a  Corliss  gear,  but  the  valves  would  not  close 
properly ;  likewise,  I  have  tried  cylinder  oil  on  a  flat 


valve  gear  that  was  apparently  working  nicely  on  the 
Corliss  gear,  and  the  flat  valve  gear  tried  to  pull  itself 
to  pieces. 

It  is  true  that  the  best  cylinder  oil  is  the  cheapest,  but 
I  wish  to  cite  a  case  that  came  up  more  than  twenty  years 
a^o.  The  plant  consisted  of  a  small  horizontal  boiler  and 
a  75-hp.  four-valve  piston-valve  engine.  The  lubricat- 
ing device  had  been  made  by  the  engineer,  and  the  own- 
ers of  the  establishment  corroborated  the  engineer's 
statement  that  more  coal  was  being  saved  by  this  de- 
vice than  could  be  believed.  The  apparatus  that  saved 
the  fuel  is  shown  in  the  illustration. 

1  will  not  try  to  tell  how  the  pipes  were  made  fast  in 
the  cover  of  the  Mason  preserve  jar  or  how  many  pounds 
pressure  a  Mason  jar  will  withstand,  but  I  saw  the 
apparatus  in  operation  and  an  immense  quantity  of  the 
cheapest  cylinder  oil  possible  to  buy  was  being  used. 


A  HOME-MADE  FORCE-FEED  CYLINDER  LL^BRICATOR 

Eoth  the  owner  and  engineer  claimed  that  the  fuel  con- 
sumption had  been  reduced  to  a  remarkable  degree  by 
this  performance. 

Tt  is  a  safe  guess  that  the  exhaust  steam  was  not  used 
for  heating  or  any  other  purpose. 

This  would  perhaps  convince  some  people  that  large 
quantities  of  very  clieap  oil  are  advisable,  but  I  agree 
with  Ml.  Weaver  that  the  best  is  about  good  enough. 

New  York  City.  C.  W.  Peters. 
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An  Interesting  Metering  Problem 

I  was  very  much  interested  in  studying  the  discus- 
sion of  "An  Interesting  Meter  Problem,"  published  on 
page  151  of  the  July  21,  1919,  issue  of  Power,  but  on 
going  over  the  connection  diagram  several  points  were 
not  clear.  As  these  will  doubtless  occur  to  other  read- 
ers, an  explanation  will  be  greatly  appreciated: 

1.  The  demand  meter  is  shown  with  potential  con- 
nection only.     Should  not  current  connection  be  given? 

2.  From  the  diagram  a  single-phase  demand  meter 
is  evidently  used.  Unless  the  demand  meter  is  inten- 
tionally connected  to  show  demand  on  an  overloaded 
phase,  on  account  of  probable  unbalance  of  load  and 
greater  load  on  one  current  transformer  (which  would 
probably  impair  to  some  extent  the  accuracy  of  the 
readings),  would  it  not  be  better  practice  to  use  a  poly- 
phase demand  meter  connected  to  both  current  trans- 
formers, with  proper  potential  connections  either  direct 
to  line  or  through  potential  transformers,  thus  indicat- 
ing true  demand  and  not  demand  en  one  phase  only  ? 

3.  The  polyphase  meter  is  evidently  designed  for 
direct  connection  to  the  440-volt  line,  without  the  use 
of  potential  transformers.  Of  what  use  is  the  110- volt 
connection  brought  to  the  middle  terminals  on  both 
sides  of  this  meter,  with  one  leg  from  the  potential 
transformer  through  demand  meter,  and  the  other  leg 
direct  from  the  other  side  of  potential  transformer? 

Newark,  N.  J.  W.  E.  Clem.son. 

[This  letter  was  submitted  to  Victor  H.  Todd,  and 
the  following  are  the  explanations  given. — Editor.] 

The  three  points  brought  up  by  Mr.  Clemson  can  best 
be  answered  by  explaining  the  principle  of  operation  of 
this  demand  meter,  which  is  the  General  Electric  Co.'s 
Type  G2.  This  demand  meter  cannot  be  used  alone, 
but  must  be  used  in  conjunction  with  a  contact-making 
single-phase  or  polyphase  or  watt-hour  meter.  The  de- 
mand meter  itself  is  merely  an  electrical  revolution 
counter,  automatically  counting  the  number  of  revo- 
lutions made  by  the  watt-hour  meter  in  a  given  time  in- 


These  two  contacts  are  connected  to  terminals  A  and  B 
in  the  diagram,  Fig.  1.  Every  time  the  disk  makes  a 
certain  number  of  revolutions,  these  contacts  are  closed, 
and  as  shown  by  the  heavy  lines  in  Fig.  1,  this  closes 
the  circuit  from  the  transformer  secondary  (110  volts) 
to  the  demand  meter. 

The   demand   meter   consists   of   a   high-grade   eight- 
day   clock  movement    (hand-wound)    which   drives  the 


FIG.   2. 


.SCHEMATIC  DIAGRAM  OF  DEMAND-METER 
PARTS  AND   CONNECTIONS 
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FIG    1.     WIRING  CONNECTION.^  OF  TRANSFORMERS   AND  METERS 


terval  and  recording  the  number  as  well  as  the  time  of 
occurrence  on  a  chart.     This  is  done  as  follows: 

On  the  back  of  the  watt-hour  meter  dial  are  two  small 
contacts  which  may  be  closed  and  opened  by  a  small 
toothed  wheel  operated  by  the   revolving  rf  the  disk. 


circular  paper  chart  and  resets  the  stylus  on  zero  ai 
the  end  of  each  time  interval,  and  an  electromagnet  and 
armature  with  a  pawl  and  ratchel 
wheel  arranged  to  drive  the  stylus- 
across  the  paper,  one  division  foi 
each  closing  and  opening  of  the 
solenoid  circuit.  This  is  shown 
more  clearly  by  the  schematic  dia- 
gram of  parts  in  Fig.  2. 

When  the  contact  device  in  the 
watt-hour  meter  closes  the  circuit 
through  the  electromagnet  M  of  the 
demand  meter,  the  armature  A  is 
moved  forward  and  the  pawl  P  at 
the  end  turns  the  ratchet  wheel  R. 
When  the  contact  device  opens  the 
circuit,  then  a  spring  causes  the 
armature  to  return  to  the  normal 
position.  The  motion  of  the  ratchet 
wheel  is  transmitted  through  proper 
gearing  to  the  stylus  S,  causing  it  to 
move  over  the  paper,  one  division 
for  each  closing  of  the  circuit. 

The  stylus  continues  to  move  up- 
ward over  the  chart  B  as  thj  cir- 
cuit is  alternately  closed  and  opened 
by  the  contact  device  until  the  end 
of  the  period  is  reached.  At  the 
end  of  each  time  interval,  a  cam  C  which  is  driven 
by  the  clock  mechanism,  has  rotated  to  such  a  position 
that  the  first  of  two  trip  levers  L,  resting  on  it,  falls, 
.bus  disengaging  a  sliding  pinion  from  the  gear  with 
which  it  meshes.    This  opening  of  the  gear  train  allows 
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a  spring  G  to  return  the  stylus  mechanism  to  llie  zero 
position.  Further  rotation  of  the  cam  then  allows  the 
second  trip  lever  L'  to  operate,  thus  returning  the  slid- 
ing pinion  to  its  former  position  and  reestablishing  the 
gear  train  between  the  armature  and  the  stylus.  The 
mechanism  li  now  in  position  to  again  drive  the  stylus 
upward  over  the  chart  as  the  watt-hour  meter  registers 
the  energy  consumption. 

From  this  it  will  readily  be  seen  that  this  t^pe  of 
demand  meter  does  not  require  any  current  connec- 
tions and  measures  the  actual  demand  of  the  three- 
phase  system  regardless  of  the  unbalancing  power 
factor. 

In  this  particular  installation  the  polyphase  meter,  a 
440-volt  200-ampere  three-phase  watt-hour  instrument, 
closes  the  circuit  every  five  revolutions  of  the  disk. 
Since  in  this  case  each  revolution  represents  100  watt- 
hours  and  one  closing  of  the  contacts  represents  one 
division  on  the  chart,  then  each  chart  division  represents 
500  watt-hours,  or  0.5  kilowatt-hour.  This  is  a  15-min. 
interval  meter;  therefore,  the  rate  of  consumption,  or 
the  kilowatt  demand  per  hour,  w^ill  be  four  times  this, 
or  0.5  X  4  =  2  kw.  demand  per  division.  Then  if  the 
meter  showed  60  divisions  as  the  maximum,  the  maxi- 
mum demand  would  be  60  X  2,  or  120  kw.  per  hour.  If 
it  showed  80  divisions,  the  demand  would  be  160  kilo- 
watts. 

Another  way  of  considering  this  is  to  assume  a  cer- 
tain load  and  from  this  determine  the  indication.  For 
instance,  with  200  amperes  per  phase  at  400  volts,  the 
load  will  be  400  X  200  X  1-73,  or  138.4  kw.  at  100  per 
cent  power  factor.  At  138.4  kw.  the  time  in  seconds 
that  is  required  by  the  meter's  disk  to  make  one  revo- 
lution is: 


Seconds  per  revolution  — 


3,600  X  disk  constant 
watts 


Therefore,  the  seconds  required  for  one  closing  of  the 
contacts  (five  revolutions)  will  be 


Seconds 


MOO  X  100  .^  5  ._^  j3 


138,400 

In  a  period  of  15  minutes  (900  seconds),  the  meter 
will  make  900  -^  13  =  69.23  closings.  As  we  now  know 
that  138.4-kw.  demand  makes  69.23  divisions,  then  it  is 
evident  that  one  division  is  equal  to  2  kw.  demand ;  and 
the  demand  on  this  installation  is  found  by  multiplying 
the  divisions  recorded  by  the  constant  of  2.  The  dials 
are  divided  into  100  divisions,  and  when  the  watt-hour 
meter  and  demand  meters  are  furnished  as  a  unit,  en-, 
dcavors  are  made  to  furnish  a  dial  on  the  demand  meter 
marked  to  read  the  demand  direct  without  the  use  of  a 
constant  wherever  possible.  Victor  H.  Todd. 

Orange,  N.  J. 

Simple  Oil  Filter  for  Reclaiming 
Lubricating  Oil 

Following  is  a  description  of  an  oil  filter  that  we  use 
to  reclaim  lubricating  oil  that  is  black  with  suspended 
carbon  from  the  drip  pans  of  two  50-hp.  oil  engines. 
It  is  first  put  into  a  barrel  to  settle.  After  a  week's 
time  the  oil  is  skimmed  and  passed  into  a  sand  filter 
consisting  of  two  oil  barrels  cut  off  6  and  18  in.  from 
the  top  respectively.  Inserted  into  the  lower  barrel  is 
a  funnel-shaped  galvanized  iron  cone.  The  top  barrel 
fits  into  this  cone  and  is  filled  with  sand.  Holes  are 
drilled  through  the  bottom,  over  which  is  put  a  layer  of 
waste  to  prevent  the  sand  from  sifting  through  with 
the  oil.  The  sand  must  be  dry.  otherwise  the  oil  will 
not  pass  through.     Embedded  in  the  sand  is  a  round 


close-mesh  strainer  into  which  the  used  oil  is  poured 
As  may  be  seen  from  the  sketch,  the  oil  passes  through 
the  funnel  to  the  bottom  of  the  lower  barrel,  then  rises 
until  it  reaches  the  overflow  pipe.  This  gives  some  of 
the  suspended  matter  a  chance  to  settle  before  the  oil  is 
drained  off. 

From  the  overflow  pipe  the  oil  is  passed  to  the 
strainer  of  the  bagasse  filter,  which  is  made  of  two  old 
gasoline  cans  with  their  tops  cut  off.  The  upper  one 
has  holes  punched  in  the  bottom  through  which  the  oil 
passes.  A  strip  of  tin  may  be  soldered  to  the  under 
side  of  the  upper  can  to  prevent  it  from  sliding  ofi^. 
The  upper  can  also  has  a  layer  of  waste  put  over  the 
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SIMPLE  HOMEMADE  OIL  FILTER 

bottom  for  the  same  reason  as  in  the  top  barrel  and 
is  filled  with  bagasse  ash.  A  fine  sand  probably  will 
give  the  same  results  as  bagasse  ash  where  the  latter  is 
not  obtainable. 

A  clean  and  exceedingly  clear  oil  can  be  drained  from 
the  lower  can  and  it  well  takes  the  place  of  dynamo  oil 
previously  used  on  the  bearings  of  the  machinery  of  the 
plant. 

The  sand  around  the  strainer  of  the  top  filter  must 
be  renewed  about  once  a  month,  as  it  will  be  saturated 
with  carbon  particles,  which  will  prevent  the  passage 
of  the  oil.  In  doing  this,  all  the  sand  need  not  be  re- 
moved ;  but  only  a  layer  of  about  two  or  three  inches 
nearest  the  strainer. 

In  first  filling  the  filter  with  sand  or  bagasse  ash, 
care  should  be  taken  that  the  sand  nearest  to  the  out- 
side walls  is  well  packed,  as  otherwise  the  oil  may  find 
its    way    down    along    the    sides,    in    which    case,    of 
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course,    the    effectiveness    of    the    filter    would    be    de- 
creased. 

The  following  are  the  results  of  a  laboratory  test  of 
the  filtered  oil: 

Flash  Point 
Kind  of  Oil  Where  Used  Sp.  Gr.  Dcg.  F. 

Ursa  Oil  engines  0.926  423 

Fuel  oil  Oilengines  0.880  240 

Filtered   oil  Bearings  0.890  388 

The  filtered  oil  represents  a  mixture  of  Ursa  oil  used 
for  cylinder  lubrication,  with  admixtures  of  oil  from 
^Dearings  and  refuse  of  unburned  fuel  oil  from  the  cyl- 
inders. 

A  consideration  of  specific  gravities  of  fuel  and  Ursa 
oil  would  indicate  that  78  per  cent  of  fuel  oil  with  22 
per  cent  of  Ursa  oil  made  up  the  filtered  oil.  The  flash- 
point consideration  does  not  indicate  these  proportions, 
but  shows  that  the  more  volatile  oils  have  been  burned 
out  of  the  fuel  oil,  leaving  an  oil  of  about  the  same 
specific  gravity  but  of  a  higher  flash  point. 

A  pure  consideration  of  the  flash  points  would  indi- 
cate 78.7  per  cent  Ursa  oil  and  21.3  per  cent  fuel  oil  as 
making  up  the  filtered  oil.  This  is  at  direct  variance 
with  the  specific-gravity  indications.  It  is  probable  that 
neither  consideration  shows  wdiat  actually  takes  place, 
but  that  the  filtered  oil  represents  a  combination  of  the 
two  effects. 

The  filtered  oil  is  neutral,  having  taken  up  nothing  in 
passing  through  the  bagasse  ash  filter. 

From  the  foregoing  it  may  be  seen  that  with  little 
expense  a  very  good  oil  filter  can  be  constructed,  as  oil 
barrels  and  gasoline  cans,  as  well  as  a  couple  of  pipe 
fittings,  are  within  most  engineers'  reach. 

Fajardo,  Porto  Rico.  E.  Grossenbacher. 

Allowable  Length  of  Longitudinal 
Seams  in  Boilers 

In  connection  with  the  discussion  that  has  been  going 
on  in  your  columns  regarding  the  allowable  length  of 
longitudinal  seams  in  boilers,  the  question  arises.  Which 
of  the  two  constructions  shown  in  the  accompanying 


WHICH  CONSTTJTTfTTON  T.'J  .«!TIFPE9T  AS  A  BEAM? 

sketch  is  stiffest  as  a  beam?  The  structure  with  the 
three  courses  has  the  stiffening  effect  of  the  circumfer- 
ential seam,  but  the  bottom  of  the  beam,  which  is  a  con- 
tinuous piece  in  the  one-sheet  boiler,  is  broken  by  two 
seams  which  have  but  little  more  than  half  of  the  value 
of  the  plate.  T  should  be  interested  to  have  the  opinions 
of  your  contributors  upon  the  subject. 

New  York  City.  E.  A.  Daly 


Off.Peak  Schedule  Motor  Cutout 

The  device  shown  in  the  figure  was  developed  to  pre- 
vent motor  users  from  using  power  during  certain 
hours  of  the  afternoon  and  evening,  when  such  users 
are  operating  under  an  off-peak  schedule.  Heretofore, 
it  was  difficult  to  enforce  the  ruling  without  having  ar- 
guments, and  the  motor  business  in  the  particular  lo- 
cality was  so  widely  scattered  that  the  cost  of  a  sep- 
arate motor  circuit  would  have  been  prohibitive.  The 
cost  of  time  switches,  to  say  nothing  of  the  maintenance, 
would  also  have  been  considerable. 

In  the  first  place,  all  main  switch-fuse  combinations 
were  replaced  with  carbon  contact  air-break  circuit- 
breakers  equipped  with  shunt  strips.  The  expense  of 
this  change  was  borne  partly  by  the  customer,  inasmuch 
as    he   would   have   no    fuse    expense   after    installing 
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WIRING   DIAGRAM    OF   OFF-PEAK    CUTOUT 

breakers.  A  series  iron-wire  circuit  of  No.  10  B.  &  S. 
weatherproof  encircles  the  locality  where  it  is  required 
to  control  the  service.  A  relay  is  inserted  in  the  circuit 
on  the  premises  of  each  consumer,  and  wired  as  shown 
in  the  diagram,  so  that  when  current  is  flowing  through 
the  iron-wire  series  circuit,  the  shunt  trip  coils  of  any 
installations  where  the  circuit-breakers  are  closed  im- 
mediately open  such  breakers  and  will  not  permit  them 
to  remain  closed  until  the  series  circuit  has  been  "killed." 
It  will  be  noticed  that  since  the  shunt  trips  are  wired  up 
on  the  load  side  of  the  breakers,  current  flowing  in  the 
trip  coils  is  of  momentary  duration  only. 

The  relays  used  on  this  circuit  were  made  up  locally, 
although,  at  a  greater  cost,  circuit  closing  relays  that  will 
answer  the  purpose  can  be  purchased.  The  relays  used 
on  this  job  consist  of  a  spool  having  the  following  di- 
mensions :  Hollow  fiber  core  3  in.  long,  ^  in.  diameter 
inside,  y%  in.  outside;  end  washers  ]/%  in.  thick,  l-)4  in. 
diameter ;  spools  w^ound  full  of  No.  24  enamel-insulated 
wire. 

The  arrangement  sounds  expensive,  but  where  there 
are  several  motor  users  rather  closely  grouped,  it  is  in- 
finitely more  satisfactory  than  the  time-switch  system 
and  less  expensive,  the  installation  in  question  having 
cost  less  than  $9  per  consumer  exclusive  of  circuit- 
breakers,  which  of  course  would  be  necessary  in  either 
ca?e. 

As  a  matter  of  interest  the  restricted  period  varies 
from  4:30  to  9  p.  m.  in  December,  to  7  p.  m.  to  9  p.  m. 
in  June.  A  liberal  additional  discount  is  allowed  for 
motor  operation  on  the  restricted  schedule,  in  localities 
v/here  there  is  no  separate  motor  circuit.  The  knife- 
switch  controlling  the  series  circuit  is  operated  at  the 
company's  local  otifice. 

Carthage,  Tenn.  ^.   S.   Seese. 
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Refacing  Caps,  Nuts  and  Headers  of 
Water-Tube  Boilers 

At  the  plant  where  I  am  employed  we  had  trouble 
making  caps  tight  on  the  Babcock  &  Wilcox  type  of 
boiler,  and  after  tryin;^  various  me'hods'Of  refacing 
and  cleaning,  we  arrived  at  what  I  think  is  the  best  way 
to  do  it. 

'  Pumping  and  testing  boilers  after  capping  them  up, 
especially  where  water  has  to  be  bought,  is  no  sma.'l 
item  in  running  up  the  costs.  It  makes  no  difference 
whether  you  have  had  one  cap  off  or  250  of  them — 
you  do  not  know  hov/  niany,',are  going  to  leak  until 
they  have  been  tested.  If  the  leak  is  on  the  bottom 
row,  which  is  generally  the  case,  it  will  be  necessary  to 
empty  the  boiler.    The  method  we  use  is  as  follows: 

To  a  one-horsepower  single-phase  motor  is  connected 
a  five-foot  length  of  flexible  shaft,  and  to  the  end  of 
the  shaft  is  attached  a  wooden  holder.  Fig.  1,  to  which 
is  secured  emery  cloth  which  is  used  to  face  the  headers. 
This  holder  is  made  by  turning,  a  1-in.  thick  piece  of 
maple  or  oak  down  to  6  in.  diameter  and  facing  down  to 


FIG.   1.     AVOGDEN  DISK  FCU  FACING  HEADCHS 

%  in.  thick.  Another  piece  of  the  same  wood  is  turned  to 
3%  in.  and  }i  in.  thick,  and  a  3^-in.  bolt  hole  is  bored 
through  the  center  of  both  disks.  Circular  sheets  of 
No.  134  emery  cloth  are  cut  with  holes  in  the  center  to 
fit  over  the  bolt  and  between  the  larger  and  smaller 
wooden  disks,  the  whole  being  tightened  by  means  of 
the  nut.  This  will  hold  the  emery  cloth  on  the  facing 
disk  and  the  rig  is  ready  to  face  up  the  headers. 

For  facing  the  caps  and  nuts  we  have  a  different  rig, 
Vt^hich  is  made  as  follows :  Take  a  blank  flange  18  or 
20  in.  in  diameter,  drill  a  lyi-m.  hole  in  the  center  and 
fit  in  a  piece  of  shafting  about  3^  ft.  long.  The  best 
way  is  to  heat  the  flange  and  shrink  in  the  shaft.  Then 
put  it  in  a  lathe,  face  up  the  flange  smooth  and  take  a 
cut  off  the  full  length  of  the  shaft  at  the  time  of  setting 
up,  so  that  the  face  of  the  disk  will  be  true  with  the 
shaft.  A  strong  table  about  3^  ft.  wide  and  4>^^  ft. 
long  with  heavy  6  x  6-in.  legs  and  2-in.  planking  was 
made,  bracing  the  sides  well.  Bearings  were  placed  as 
shown  in  Fig.  2,  for  the  shaft.  A  5-in.  diameter  pulley 
was  placed  on  the  bottom  end  of  the  shaft  for  a  driving 


belt.  The  disk  runs  at  a  speed  of  300  to  350  r.p.m.  A 
water  pipe  was  run  up  to  a  point  above  the  disk  with  a 
3^^-in.  pet-cock  on  the  end  to  control  the  supply  of  water 
v/hich  is  fed  into  a  tin  trough  and  which  will  drop  on 
the  cc"tcr  of  the  disk.  Sand  is  throv/n  in  the  trough 
and  the  mixture  of  sand  and  v/atcr  is  run  very  slowly 

Trough  fcr  Feeding 
5ancl  end  I'/ate-^ , 
t(?  Disk 


Brass  tVasher 
or  Roller  Bearing 
between  Table 
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I  (Old  Pump 
I    Packing  Gland; 


Bottom  Bearing- 


FIG.   2.     TABLE  AND  CAP  SURFACING   MACHINE 


on  the  disk.  Caps  and  nuts  are  held  on  the  disk,  and 
t-icy  are  quickly  faced  up.  Fig.  2  shows  the  apparatus. 
We  have  used  this  method  for  some  time,  and  in  several 
cases  where  we  have  had  all  the  caps  off  a  650-hp. 
boiler,  we  have  had  only  slight  leaks  on  one  or  two  of 


FIG.    i.     BALL.    BEARING    FOR    SURFACING    M.^CHTNE 

the  caps.  When  we  take  off  four  or  six  caps  to  pull  a 
tube  or  make  a  roll,  we  never  have  a  leak. 

An  old  pump  gland  makes  a  good  top  bearing  by 
countersinking  it  in  the  table  and  grooving  it  out  and 
placing  balls  in,  as  shown  in  Fig.  3.  It  should  be  bab- 
bitted to  fit  the  size  of  the  shaft  if  it  is  too  large.  Caps 
should  be  wiped  and  the  finished  face  oiled  inimediatelv. 

Xew  Rochelle,  N.  Y.  B.  Gaddis.  ' 
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Resistances  in  Series  and  Parallel 

With  reference  to  C.  R.  Behringer's  scheme  for  mak- 
ing a  quick  change  in  the  connection  of  resistances  from 
series  to  parallel  and  vice  versa,  given  on  page  595, 
Nov.  22,  1919,  issue  of  Power,  I  wish  to  call  attention 
to  another  arrangement  of  connections,   shown  in  the 


Line 


Fara:ieL 


Series 


U-vvWWWA-T-'VVWWVW 


DIAGRAM  FOR   CONNECTING  RESISTANCE  IN  SERIES  OR 
PARALLEL. 


figure^  for  accomplishing  the  same  thing.  I  used  this 
scheme  in  an  electric  furnace  where  it  was  desirable  to 
bring  the  temperature  quickly  up  to  a  high  decree  and 
then  maintain  that  temperature  for  a  considerable  length 
of  time.  The  method  has  worked  out  very  satisfactorily. 
Elizabeth,  N.  J.  E.  Ogur. 

Loose  Piston  Caused  Knock 

Our  drop-valve  type  engine  developed  a  knock  that 
became  audible  only  when  a  certain  speed  was  reached ; 
when  it  was  run  single-acting  with  steam  shut  off  at 
the  head  end,  the  knock  became  inaudible.  Upon  taking 
the  engine  down  for  examination,  we  found  that  the 
piston  was  constructed  as  shown  in  Fig.  1.    It  was  held 


■Piston 


FIG.   1.     DESIGN  OF  ENGINE   nSTON 

in  position  on  the  piston  rod  by  two  taper  wedges,  which 
had  worked  a  little  loose,  hence  the  knock. 

We  overcame  the  trouble  by  drilling  and  tapping  the 
large  ends  of  the  wedges,  afterward  screwing  into  each 
one  a  brass  stud,  as  shown  at  A,  the  pUigs  being 
made  a  little  longer  than  required.  In  reassembling,  the 
wedges  were  first  driven  in  tight,  then  the  bras's  studs 
were  screwed  in  down  to  the  head  and  filed  off  to  the 
same  diameter  as  the  bore  of  the  junk  ring,  the  fasten- 
ing on  of  the  junk  ring  completing  the  iob.  The  studs, 
being  of  brass,  will  expand  under  heal  a  littk.more  than 


the  cast-iron  ring  and  the  steel  wedges,  thus  tending  to 
keep  everything  tight. 

On  the  same  engine  the  drop-valve  piston  was  held 
on  the  rod,  as  shown  in  Fig.  2,  by  two  nuts  and  a  cotter 
pin  on  the  under  side.  The  split  pin  sheared  off  on  one 
and  the  nuts  becoming  loose,  ultimately  came  off,  though. 


Brass  iVashen 


FIG.    2.     FORMER   DESIGN 


F^G.    3.     AS   CHANGED 


fortunately,  not  causing  any  damage.  This  trouble  was 
overcome  by  reboring  the  piston  a  httle  larger  and 
changing  the  rod  to  the  form  shown  in  Fig.  3. 

I  would  recommend  the  use  of  brass  washers  where 
heat  is  used  and  slight  tension  is  required,  brass  having 
?  larger  coefficient  of  expansion  than  cast  iron  or  steel. 

Nagoya,  Japan.  F.  H.  Combs 

They  Ought  To  Steam  Better 

The  illustration  shows  a  pile  of  scale  that  was  re- 
moved from  five  horizontal-tubular  boilers  by  means  of 
a  tube  cleaner.     Naturally,  after  removing  this  amount 


NOT   COAL.    BUT   SCALE 

of  scale  from  the  boilers  the  tubes  leaked,  but  these 
were  rolled,  and  then  the  trouble  stopped.     The  pile  of 
scal'^  sneaks  for  itself. 
Bicknell,  Ind.  Roy  Tucker. 

Licensing  Steamfitters 

T  would  like  to  say  a  few  words  regarding  compell- 
ing steamfitters  to  pass  an  examination  and  secure 
licenses  before  they  can  install  or  repair  heating  or 
power-plant  piping.  I  agree  with  C.  S.  Regan  in  a 
recent  issue  that  a  better  plan  would  be  to  allow  no 
new  or  repair  work  to  be  made  until  after  an  examina- 
tion by  a  qualified  state,  municipal  or  insurance 
inspector. 

In  my  twenty-five  years'  experience  I  have  noticed 
that  some  of  the  most  expert  steamfitters  were  men 
who  could  hardly  write  their  own  names.  They  had 
no  technical  education,  but  had  started  in  as  apprentice 
boys  and  learned  every  step  of  their  trade  from  hard 
practical  exj^erience  in  the  steamfitting  shop.  Accord- 
in  >/  to  my  knowledge  one  of  these  mechanics  is  worth 
about  two  dozen  of  the  technical-school  men  who  have 
had  but  little  steamfitting  experience. 

Irvington,  N.  J.  Frederick  Francis. 
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INQUIRIES 

OF  GENERAL 

INTEREST 


Direction  of  Laps  of  Horizontal   R.  T.  Boilers — Why  do 

the  inside  laps  on  longitudinal  seams  of  horizontal  return 
tubular  boilers  point  downward  ?  H.  S. 

The  laps  are  made  so  the  outside  lap  will  point  upwards 
and  may  be  calked  with  the  greater  convenience  of  "down 
hand"  calking.  . 


Advantages  of  Four-Valve  Engines — Why  may  four- 
valve  engine  be  more  economical  than  single-valve  engines  ? 

A.  B.  T. 

Four-valve  engines  admit  of  design  and  construction  with 
shorter  steam  passages  and  less  percentage  of  cylinder 
clearance;  and  the  valves  can  be  adjusted  independently  of 
each  other  for  obtaining  more  economical  distribution  of 
steam  and  control  of  the  exhaust. 


Regulating    Pump    with    Variable    Steam    Pressure — Our 

boiler  pressure  varies  from  &0  to  100  pounds  and  we  are 
desirous  of  maintaining  a  regular  speed  of  a  tank  pump. 
Can  it  be  accomplished  with  a  pressure  reducing  valve  or  a 
pump  governor?  D.  A.  H. 

If  there  must  be  a  uniform  number  of  strokes  per  minute 
it  will  be  necessary  to  control  the  pump  with  some  type  of 
centrifugal  throttling  governor  driven  from  a  connecting- 
rod  and  crank-shaft  motion.  But  for  controlling  the  supply 
of  steam  so  the  speed  of  the  pump  will  be  adapted  to  main- 
taining a  constant  discharge  pressui'e,  use  a  pump  governor 
that  is  operated  by  the  discharge  or  tank  pressure. 


Use  of  Gear  Drives  for  Throttling  Governors — Why  are 

not  gear   drives  used   on   throttling   governors   instead   of 
belts?  P.  F. 

Many  of  the  early  designs  of  throttle-governed  engines 
were  provided  with  governors  driven  by  spur  wheels  and 
connected  to  the  throttle  valves  by  reach  rods,  or  when 
placed  near  the  engine  cylinder  the  governor  was  driven 
from  the  engine  shaft  by  bevel  gears  and  a  lay  shaft.  But 
gear  drives  are  expensive  to  constnict,  more  or  less  noisy, 
dangerous  and  easily  disabled  by  the  gear  teeth  becoming 
stripped  and  for  most  situations  belt  drives  are  preferable 
on  account  of  their  smooth  and  noiseless  running,  ease  witii 
which  pulley  diam.eters  can  bei adapted  to  the  desired  speeds, 
and  safety  against  stripping  of  necessary  governor  gearing 
by  slippage  of  the  belt. 


Vacuum  Gage  Reading  Referred  to  Barometer — What  is 
the  actual  pressure  in  a  condenser  with  a  vacuum  gage 
reading  of  25  in.  and  barometer  29  in  ?  G.  W.  D. 

Ihches  of  vacuum  is  the  height  that  a  mercurial  barometer 
would  indicate  if  the  upper  end  of  the  barometer  tube  were 
connected  with  the  condenser.  Therefore  the  inches  of 
vacuum  plus  the  condenser  pressure  equals  the  pressure  of 
the  atmosphere,  in  inches  of  mercury  column  pressui'e;  or, 
inches  of  barometer  minus  inches  of  vacuum  is  equal  to 
inches  of  mercury  column  pressure  in  the  condenser.  Hence 
with  the  barometer  reading  29  in.,  and  25  in.  vacuum  the 
absolute  pressure  in  the  condenser  is  29  —  25  =  4  in. 
mercury  column  pressure.  As  each  inch  of  mercury  column 
pressure  equals  0.491  lb.  per  sq.in.,  the  4  in.  mercury 
column  pressui'e  is  equivalent  to  4  X  0.491  =  1.984  or 
practically  2  lb.  per  sq.in.  above  a  perfect  vacuum. 


Increasing   Size  of  Water  Motor  Supply   Pipe — A  24  in. 

dia.  water  motor  that  is  supplied  with  water  at  a  pressure 
28  lb.  per  sq.in.  is  provided  with  a  4J-in.  supply  inlet, 
but  was  connected  up  with  a  3  in.  supply  pipe.  With  an 
ample  supply  of  water  how  much  more  power  would  be 
developed  using  a  ih  in.  supply  pipe?  T.  W.  L. 

With  a  larger  supply  pipe  there  would  be  less  loss  of 
pressure  for  overcoming  pipe  friction,  depending  on  the 
length  of  the  pipe,  and  development  of  more  power  for  con- 
sumption of  the  same  quantity  of  water.  A  larger  pipe 
would  also  be  capable  of  delivering  a  higher  rate  of  flow, 
but  the  increase  of  power  for  a  larger  supply  would  depend 
on  the  capacity  and  efficiency  of  the  motor. 


Overstroking  of  Duplex  Fire  Pump — We  have  a  12  x  10  x 
18-in.  duplex  fire  pump  with  an  8-in.  suction  line  about 
60-ft.  long.  It  seems  impossible  to  run  the  pump  faster 
than  15  strokes  per  minute  without  striking  one  head  or  the 
other.    How  can  the  stroke  be  shortened  ?  L.  G. 

A  good  sized  air  chamber  on  the  suction  pipe  near  the 
pump  would  remove  much  of  the  trouble  from  over  strokine: 
of  the  pump.  Duplex  fire  pumps  usually  are  provided  with 
cushion  valves  on  the  steam  end  for  cushioning  on  the 
exhaust  steam  by  retarding  the  escape  of  the  exhaust  when 
the  piston  is  near  the  end  of  the  stroke.  If  neither  of 
these  remedies  for  striking  is  available,  the  stroke  of  either 
side  can  be  shortened,  but  with  reduction  of  capacity  per 
stroke,  by  reducing  the  amount  of  lost  motion  or  clearance 
between  its  steam  valve  and  valve  rod. 


Changing  Voltage  of  Alernators — We  have  a  6,600-volt 
3-phase  60-cycle  alternating  current  generator  operating  at 
3,600  r.p  m.,  with  a  36-coil  winding,  connected  series  star. 
What  voltage  can  be  obtained  by  connecting  the  winding 
two-paralled  star,  series  delta  and  two-parallel  delta  ?  We 
have  also  a  second  machine  th^t  runs  3,600  r.p.m.  and  gen- 
erates 3-phase,  60-cycle  600-volt  current.  The  winding  in 
this  machine  has  48  coils  connected  two-parallel  delta. 
What  voltage  will  be  generated  when  the  winding  is  con- 
nected series  star,  two-parallel  star  and  series  delta  ? 

W.  W. 

Since  the  first  machine  generates  6,600  volts  when  con- 
nected series  star  it  will  develop  one-half  of  6,600  when 
connected  two-parallel  star  or  6,600  -f-  2  =  3,300  volts. 
When  connected  series  delta  the  voltage  will  be  that  of  the 
series  star  connection  divided  by  1.732,  in  this  case  6,600 
-f-  1.732  =  3,810  volts.  With  a  two-parallel  delta  connection 
the  volts  will  be  one-half  that  obtained  with  a  smes-delta 
connection  or,  3,810  -f-  2  =  1,905  volts. 

If  the  second  machine  generates  600  volts  when  con- 
nected two-parallel  aelta,  then  it  will  generate  600  x  2  = 
1,200  volts  when  connected  series  delta.  With  a  series-star 
connection  it  will  generate  a  voltage  equal  to  that  obtained 
from  a  series-delta  connection  times  1.732,  in  this  problem 
1,200  X  1.732  =  2,078  volts.  The  two-parallel  star  connec- 
tion will  give  one-half  that  obtained  from  the  series-star 
grouping  or,  2,078  -^  2.=  1,039  volts.  It  may  be  possible 
to  so  change  the  speed,  excitation  and  the  winding  pitch  of 
these  machines  as  to  obtain  a  standard  2  200  or  2  300  volts, 
but  before  trying  this  it  would  be  advisible  to  consult  the 
manufacturers. 
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Yalve  Failure  and  Valve  Steels  in  Internal- 
Combustion  Engines* 

By  Leslie  Aitchison 

THE  purpose  of  this  paper  is  to  state  the  principal  are  completely  hardened  when  air-cooled  from  900  deg.  C  , 
troubles  which  arise  in  connection  with  internal-  the  hardening  feature  first  appearing  when  cooled  from  820 
combustion  engine  valves  and  to  indicate  the  best  deg.  C.  The  nickel  steels  probably  do  not  air-harden  at 
way  to  overcome  them,  paying  particular  attention  to  the  all,  but  the  nickel-chromium  steels  are  distinctly  air-hard- 
selection  of  proper  steel  for  use  in  these  valves.  The  ening  at  temperatures  that  are  not  very  high, 
author  calls  attention  to  the  fact  that  the  valves  work  Freedom  from  distortion  is  easier  to  obtain  in  the  air- 
under  very  high  temperature,  up  to  a  maximum  in  some  hardened  steels,  although  there  is  little  to  choose  in  this 
cases  of  860  deg.  C,  and  then  classifies  under  eight  different  respect. 

heads  the  ways  in  which  they  may  fail.     This  discussion  of  Wear  in  the   stem   seldom    takes    place    with    tungsten 

the  methods   of  valve   failure   leads   to   the   following  list  steel,   but   gives    considerable    trouble   with   the   chromium 

of   properties   which   an   ideal   valve    steel   would   possess:  steels. 

1.  High    tensile    strength    at    high    temperature.      2.  High  With  respect  to  case-hardening  of  the  foot  of  the  stem, 

"notched    bar    value."      3.  Ease    of    forging.      4.  Ease    of  tungsten   steel   has  been  most   often   treated  in  this   way, 

manufacture   without  cracks.     5.  Ease   of   heat-treatment.  although   the   chromium   steel    may   be   manipulated   much 

6.  Little  tendency  to   scale.      7.  Retain  original    properties  more  easily.    The  nickel  steels  require  quenching  in  a  liquid, 

after  frequent  heating  and  cooling.     8.  Will  not  air-harden  which  is  not  as  simple  as  the  air-hardening  methods, 

after    heating   to   engine   temperatures.      9.  May    be    heat-  The    high-chromium    low-carbon     steels     are     easiest     to 

treated  after  forging  to  relieve  strain.     10.  Sufficient  hard-  machine  with  the  straight  nickel  steel  next.     The  tungsten, 

ness   to   withstand  wear   in   the   stem.      11.  May  be   easily  nickel-chromium     and     high-chromium     high-carbon     steels 

hardened    at    the    foot    of    the    stem.      12.  May    be    easily  may  be  satisfactorily  machined,  although  the  last  named  will 

machined.  give  trouble  if  the  carbon  is  higher  than  the  0.7  per  cent. 

It  is  evident  that  no  particular  steel  will  possess  all  these  The  accompanying  table  gives  a  synopsis  of  the  foregoing 

properties  to  a  maximum  degree.   The  steel  must  be  selected,  discussion    of    properties    for    ready    reference.      The    steel 

then,  either  as  possessing  all  these  properties  to  a  reason-  having  the  desired   properties  in    the    greatest    degree    is 

able  extent  or  as  possessing  some  of  them  to  a  remarkable  marked   1,  the  worst  5,  etc.     Where  there  is  little  or  no 

extent.    After  considering  some  of  the  properties  of  various  choice   between   two   or   more    steels,   the    same   number   is 

steels,    the    author    discusses    the    twelve    ideal    properties  given. 

outlined,    in   connection   with   five   typical    steels,    namely:  relative  properties  of  steels  for  valves 
(a)    Tun.f^sten  steel  containing  not  less  than  14   per  cent 

tungsten  with  about  0.6   per  cent  carbon;    (b)    steel  with  TunL^ston  chromium  Chromium   Per^ 

about  13  per  cent  chromium  and  about  0.35  per  cent  carbon;  ^'f*^'    ^  h?^"    ^Hi^^'     ^Sf^}    Nickel- 

..,,.,,_,,_                        ,       ,             ■             n  n                       ,  Carbon    Carbon      Carbon       Nickel    Chrome 

(c)     steel    With    7    to    10    per    cent    chromium,    0.6    per    cent  Property                           steel          Steel          Steel          Steel      steel 

carbon;     (d)     steel    with    about    3    per    cent    nickel,    and     (e)  Tensile  strength  at  high  temperature   I                  3                  2                  4             4 

ordinary  nickel-chromium  steel.  ^m  °J  ^^^,,^,,,^,,,, . ; ; ;  /,             \             \             \          \ 

With   respect   to   tensile   strength    at   high   temperatures      Ease  of  heat  treatment 2  12  4  3 

the  steels  may  be   placed  in  the  following  order:     High-  Retention  of  physical  properties.: ! :  12             2             3          4 

tungsten  (a  above),  high-chromium,  high-carbon   (c  above),      3elf -hardening  in  running 2  3  4  15 

high-chromium,  low-carbon  ( b  above)  with  3  per  cent  nickel  wear^sler  '*''*°'".*,'°'': ::;::::  i.  I             3             l             2          2 

steel  and  the  nickel-chromium  steel  about  alike  riardening  in  foot 2  113  3 

With  respect  to  notched  bar  values,  these  appear  to  be      ^'^''^  °  '"^'^  '"'"^ ■* 

largely  a  reflection  of  the  tensile  strength,  except  that  as  Summarizing  the  results  set  out  herein,  the  author  con- 
temperature  increases  the  notched  bar  value  rises  much  ^^iders  that  a  reasonable  selection  of  steel  may  be  made 
m  re  rapidly  than  the  tensile  strength  falls.  fi-om  three  types— a  tungsten  steel,  a  high-chromium  steel 

As  to  ease  of  forging  and  also  ease  of  manufacture  with-  and  a  nickel  steel.  The  nickel  steel  is  put  into  the  list  be- 
out  cracks,  the  order  is  almost  exactly  the  reverse  of  that  ^ause  it  is  desirable  in  many  cases  to  use  a  good-quality 
based  on  tensile  strength.  The  high-chromium  and  high-  ^teel  which  can  be  obtained  fairly  cheaply.  Its  tempering 
tungsten  steels  are  all  rather  poor.  The  high-chromium  temperature  in  the  heat  treatment  is  never  likely  to  be  more 
steels  probably  rank  first  as  to  ease  of  heat  treatment.  than  650  deg.  C,  and  the  working  temperature  therefore 
They  can  be  air-hardened  from  about  900  deg.  C,  after  must  not  exceed  this.  This  limits  the  nickel  steels  to  use 
which  they  can  be  tempered  up  to  about  750  deg.  C.     The  in  fairly  low-temperature  engines. 

tungsten  steels  may  be  air-cooled  from  a  temperature  of  The  high-chromium  steel  is  about  four  times  as  expensive 
950  deg.  C.  and  then  may  be  tempered  up  to  about  800  as  nickel  steel  and  has  many  advantages.  It  is  usually 
deg.  C.  The  nickel  and  some  nickel-chromium  steels  must  tempered  at  approximately  750  deg.  C.  and  has  a  consid- 
be  hardened  in  oil  from  about  830  deg.  C.  and  tempered  erably  higher  ultimate  tensile  strength  than  the  nickel 
to  not  over  600  deg.  C.  Some  of  the  latter  may  be  air-  steel.  It  is  too  good  for  use  in*the  inlet  valves,  and,  gen- 
hardened  from  800  deg.  C.  and  tempered  at  about  600  deg.  grally  speaking,  is  unnecessarily  expensive  for  the  exhaust 
C,  but  this  IS  not  to  be  recommended  waUes  of  the  cooler  engines. 

The  chromium  steels  scale  very  little,  and  this  scale  is  in  The  great  value  of  tungsten  steel  is  that  it  retains,  at 
general  not  objectionable  as  it  has  little  tendency  to  drop  high  temperature,  a  greater  proportion  of  its  low-temper- 
off.  The  other  steels  are  much  less  satisfactory  in  this  j^ture  strength  than  does  any  other  steel.  It  is  quite  the 
respect.  strongest  steels  at  high  temperature  and  at  the  same  time 

Almost  all  of  the  steels  will  retain  their  original  physical  has  such  properties  at  ordinary  temperatures  as  to  make  it 

properties    under    service,    provided    the    temperatures    to  easily  handled  in  the  machine  shop.     As  it  is  a  very  expen- 

wbich  they  are  exposed  do  not  exceed  these  at  which  they  sive  steel,  it  should  be  used  only  in  the  hotter  engines  for 

were  tempered  during  the  heat-troatment.  exhaust  valves. 

The  requirement  that  the  steel   .should  not  harden  when  The  author  closes  the  paper  with  an  appendix  in  which 

cooled   in  air  from  its  running  temperature  strictly  limits  is  ^iven  a  close  examination  of  some  of  the  experimental 

the  application  of  the  various  steels.  Tungsten  steel  hardens  results.     The  object  of  the  tests  carried  out  on  the  series 

slightly  when  cooled  from  850  deg.  C.    The  chromium  steels  of  tungsten  steel  was  to  discover  the  comparative  import- 

♦Abst.act  of  a  paper  By  Le.slie  Aitchi.^on.  read  before  the  ln.«ti-  ^^^^  "^  carbon  and  of  tungsten  in  regard  to  the  properties 

tution  of  Automobile   Enginoors^.   England,   November,   1919.  of   the   steels   at   high    temperature,   and   also   to    ascertain 
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whether  vanadium  has  any  influence  upon  the  properties  of 
the  steel.  Making  allowance  for  the  difficulties  of  deter 
mining  tensile  strength  at  high  temperatures,  the  conclu- 
sions were  in  general  that  the  higher  the  percentage  of 
carbon  the  higher  the  tensile  strength,  and  also  that  the 
higher  the  percentage  of  tungsten  the  higher  the  tensile 
strength  at  high  temperature.  It  was  likewise  concluded 
that  it  does  not  matter  whether  the  steels  contain  vanadium 
or  not. 

In  connection  with  the  chromium  steels  a  general  com- 
parison between  steels  containing  6.5  per  cent  of  chromium 
and  those  containing  13  per  cent  of  chromium  shows  that 
at  a  temperature  of  700  deg.  C.  the  steels  containing  the 
lowest  percentage  of  chromium  are  stronger.  At  about  900 
deg.  C,  however,  both  classes  of  steel  have  approximately 
the  same  tensile  strength.  Tests  to  show  the  effect  of 
varying  percentages  of  carbon  upon  steel  containing  about 
6.5  per  cent  of  chromium  indicate  that  the  higher  percent- 
age of  carbon  results  in  a  distinctly  greater  tensile  strength 
at  high  temperature.  Tests  to  show  the  effect  of  silicon 
were  entirely  inconclusive.  Other  tests  show  that  the 
presence  of  as  much  as  3  per  cent  of  nickel  has  no  appre- 
ciable effect  on  the  tensile  strength  at  high  temperatures. 
A  number  of  tests  were  made  to  show  the  effect  of  differ- 
ent tempering  temperatures  upon  the  properties  of  the 
steel.  It  was  found  that  the  addition  of  3  per  cent  of  nickel 
lowers  considerably  the  temperature  at  which  the  steel  be- 
gins to  harden.  The  samples  containing  nickel  begin  to 
harden  in  air  at  a  temperature  700  deg.  C,  but  none  of  the 
others  hardens  in  air  until  the  quenching  temperature  has 
been  raised  to  more  than  750  deg.  C.  The  variation  in 
carbon  content  seems  to  make  no  difference  in  the  effect 
of  the  nickel.  It  is  well  known  that  the  addition  of  chro- 
mium to  steel  raises  the  temperature  at  which  the  steel 
hardens  in  air,  and  these  results  show  that  the  addition 
of  nickel  has  a  powerful  influence  toward  neutralizing  this 
effect. 

Another  point  noticed  is  that  the  raising  of  the  carbon 
content  in  the  steel  has  the  effect  of  producing  a  higher 
ultimate  strength,  whatever  tempering  treatment  has  been 
given  to  it. 

St.  Lawrence  Power* 

By  Alexander  T.  Vogelsang 

First  Assistant   Secretary   of  the    Interior 

The  Census  of  1912  showed  the  developed  water  power  of 
the  United  States  to  be  4,870,000  horsepower.  According 
to  that  census,  the  installed  capacity  of  stationary  prims 
movers  was  30,000,000  horsepower,  furnished  by  water, 
gas,  and  steam.  This  does  not  include  power  generated  in 
locomotives,  marine  engines,  automobiles,  and  such  ap- 
paratus. The  average  power  furnished  by  these  prime 
movers  was  probably  not  more  than  20  per  cent  of  installed 
capacity,  so  that  power  produced  in  1912  was  probably  not 
more  than  6,000,000  continuous  horsepower. 

Seventy  per  cent  of  the  waterpower  is  west  of  the  Mis- 
sissippi, and  over  70  per  cent  of  stationary  r»rime-movers 
horsepower  is  east  of  that  river. 

St.  Lawrence  River  from  Tibbets  Point,  at  the  foot  of 
Lake  Ontario,  to  deep  water  at  the  level  of  Lake  St.  Fran- 
cis at  St.  Regis,  N.  Y.,  flows  about  113  miles  along  the  in- 
ternational boundary  and  has  a  fall  at  low  water  of  about 
92  ft.,  of  which  about  91  ft.  is  in  the  lower  48  miles,  from 
Galop  Rapids  to  St.  Regis,  there  being  a  fall  of  but  ono 
foot  in  the  65  miles  from  Lake  Ontario  to  Galop  Rapids. 
The  fall  in  the  lower  section  of  the  river  is  concentrated 
[[  in  a  number  of  rapids  which  are  passed  by  means  of  canals 
r.nd  locks  on  the  Canadian  side.  The  Long  Sault  Rapids, 
with  a  fall  of  48  ft.,  extend  for  about  12  miles  along  the 
lower  end  of  this  section. 

From  St.  Regis  to  ocean  navigation  at  Montreal  there 
is  a  fall  of  about  130  ft.  in  a  distance  of  about  70  miles, 
of  which  129  ft.  is  concentrated  in  two  stretches  of  14  and 
8J  miles,  the  former  including  Coteau,  Cedar  and  Cascade 
rapids,  in  which  the  fall  is  84  ft.,  and  the  latter,  including 
Lachine  Rapids,  in  which  the  fall  is  4Ei  ft. 

*From  an  address  before  the  Rivers  and  Harbors  Congress, 
Washington,  D.  C. 


The  amount  of  theoretical  power  per  foot  of  fall  in  the 
St.  Lawrence  River,  as  shown  by  the  mean  annual  flow,  is 
27,360  hp.,  and  as  a  total  fall  of  92  ft.  is  available  in  the 
international  section  of  the  river,  the  theoretical  power  in 
that  section  is  about  2,520,000  hp.  Assuming  that  only  70 
per  cent  of  this  energy  can  be  made  available  on  account 
of  losses  in  head  and  inefficiencies  of  waterwheels  and  gen- 
erating equipment,  this  stretch  of  the  river,  owned  equally 
by  the  United  States  and  Canada,  would  furnish  1,764,000 
hp.,  or  882,000  hp.  to  each.  About  95,000  hp.  of  the  portion 
belonging  to  the  United  States  has  already  been  developed 
by  the  St.  Lawrence  River  Power  Co.  by  means  of  a  canal 
which  diverts  a  maximum  of  30,000  sec. -ft.  from  the  river 
near  the  head  of  the  Long  Sault  Rapids  through  the  power 
house  into  Grass  River,  which  joins  the  St.  Lawrence  below 
the  Long  Sault  Rapids.  Here  a  head  of  about  40  ft.  is  de- 
veloped. After  the  power  utilized  at  this  development  is 
deducted  from  the  power  of  the  portion  belonging  to  the 
United  States,  the  power  not  yet  developed  in  that  portion 
of  the  river  amounts  to  about  790,000  horsepower. 

The  utilization  of  this  power  in  public  service  to  replace 
coal  now  consumed  in  the  large  manufacturing  centers  of 
New  York  and  New  England  has  an  important  bearing  on 
the  extension  of  the  life  of  cur  coal  deposits.  On  the  basis 
of  three  pounds  of  coal  per  kilowatt-hour,  this  St.  LawTence 
River  power  is  the  equivalent  of  about  7,750,000  tons  of 
coal  annually.  This  is  about  1.3  per  cent  of  the  total  pro- 
duction of  bituminous  coal  in  the  United  States  in  1918. 
The  amount  of  coal  consumed  per  year  by  public-utility 
plants  in  New  England  and  New  York  is  about  7,000,000 
tons. 

Will  Focteh  Electrochemical  Industries 
If,  on  the  other  hand,  as  the  demand  for  electrochemical  and 
other  products  requiring  large  quantities  of  power  increases, 
these  water  powers  will  give  opportunity  for  greatly  en- 
larged industrial  development.  Doubtless  most  of  the 
power  developed  on  the  Canadian  side,  not  only  in  the 
boundary  portion  of  the  river,  but  in  the  purely  Canadian 
portion  below,  would  be  utilized  for  such  purposes.  This 
portion  is  within  easy  reach  of  the  largest  commercial 
centers,  and  after  the  St.  Lawrence  has  been  made  more 
fully  available  for  navigation,  it  would  be  possible  for 
ocean  shipping  to  reach  the  factory  sites.  Assuming,  as 
seems  entirely  likely,  that  these  developments  are  made 
at  low  cost  and  can  deliver  power  at  attractive  rates,  it 
is  entirely  unlikely  that  this  power  can  be  marketed  as 
rapidly  as  it  can  ba  developed. 

The  saving  in  man  power  by  producing  energy  by  water 
power,  as  compared  with  steam  power,  is  large,  especially 
if  the  number  of  miners  required  to  provide  coal  is  con- 
sidered. A  large  southern  power  company  shows,  by  com- 
paring the  number  of  men  needed  to  operate  one  of  its 
hydro-electric  plants  on  the  Coosa  River  with  the  number, 
including  the  miners,  needed  to  operate  one  of  its  steam 
plants,  that  in  a  water  power  plant  one  man  is  required 
per  5,250  kw.  of  capacity,  whereas  in  a  steam  plant  one  man 
is  required  per  74  kw.  of  capacity. 

Applying  these  figures  to  the  water  power  available  on 
the  St.  Lawrence  and  assuming  that  the  590,000  kw.  of 
water  power  would  replace  the  same  amount  of  steam 
power,  about  7,900  men  would  be  released  for  work  in  other 
fields. 

The  power  possibilities  of  the  St.  Lawrence  have  there- 
fore very  large  economic  importance,  and  any  plans  for 
developing  the  river  for  navigation  should  make  provision 
for  the  maximum  development  of  the  energy  t>at  it  will 
afford.  This  prevision  can  be  made  only  by  working  out  a 
comprehensive  plan  in  which  both  Canada  and  the  United 
States  seek  the  best  engineering  and  economic  solution  of 
the  problem.  No  doubt  private  capital  is  available  to  make 
all  this  improvement  in  consideration  of  a  grant  of  the 
power  privilege,  but  there  is  equally  no  doubt  that  this 
will  not  be  done.  Canada,  as  well  as  the  United  States, 
would  not  permit  it. 

It  is  now  three  years  since  Congress  was  urged  to  au- 
thorize a  study  of  the  power  possibilities  of  the  congested 
industrial  part  of  the  Atlantic  seaboard  with  a  view  to 
disclosing  not  only  the  fact  that  a  great  savirg  in  power 
could    be    effected    and   a   much   larger   actual   use   of   the 
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power  now  produced  could  be  gained  but  th^.t  new  supplies 
could  be  obtained  both  from  running  water  and  from  the 
conversion  of  coal  into  power  at  the  mines  instead  of  after 
a  long  haul.  The  feasibility  of  constructing  a  super-trans- 
mission line  of  electric  power  paralleling  the  Atlantic  from 
Richmond  to  Boston,  affording  connections  at  New  York 
and  Boston  with  the  vast  water-power  resources  of  the  St. 
Lawrence  on  the  north  and  Niagara  on  the  west,  a  main 
transmission  line  into  which  would  run  many  minor  feeding 
streams  of  power  and  from  which  would  diverge  an  infinite 
number  of  small  delivering  lines  tying  together  the  sepa- 
rated power  plants  of  ten  states,  so  that  one  could  give  aid 
to  the  other,  so  that  one  could  take  the  place  of  the  other, 
so  that  all  may  join  their  power  for  good  in  any  great 
drive  that  may  be  projected,  may  well  be  investigated  by 
the  Government,  not  with  the  thought  that  the  Govern- 
ment would  construct  or  even  operate  such  a  trunk  line,  but 
that  the  project  might  so  attract  the  attention  of  the  engi- 
neermg  and  financial  world  as  to  make  it  a  reality. 

The  power  production  will  pay  the  entire  cost  of  all 
the  work.  As  I  understand  it,  our  neighbor  proposes  to 
go  into  the  enterprise  on  a  fifty-fifty  basis  in  spite  of  the 
apparent  fact  that  the  present  advantage  is  enormously  in 
our  favor.  Shall  Canada's  seven  million  people  say  "I  will," 
and  Uncle  Sam's  one  hundred  and  ten  million  say  "I 
won't"?  Or,  shall  we  rather  cooperate  and  develop  this 
viraterway,  obtaining  thereby,  practically  as  a  by-product, 
this  tremendous  resource  of  power? 

Ajdditions  to  Pacific  Gas  and  Electric 
Cou's  System 

Revised  official  figures  given  out  by  the  Pacific  Gas  & 
Electric  Co.  put  the  additional  power  which  it  will  possess 
by  reason  of  the  lease  of  the  Sierra  &  San  Francisco  Power 
Co.  and  purchase  of  the  Northern  California  Power  Co.  at 
138,000  hy.,  installed  capacity.  The  Pitt  River  project  will 
give  a  possible  added  200,000  hp.  installed  capacity.  The 
proposed  expenditure  of  more  than  $3,000,000  on  the  Pitt 
river  project,  is  to  cover  only  the  needs  of  1920,  and  further 
expenditures  are  to  be  made.  The  company  is  now  at  work 
along  the  Pitt  River  and  is  pushing  preparations  for  the 
erection  of  the  first  station  with  all  speed.  Ultimately  a 
number  of  stations  will  be  installed. 

Officials  regard  the  problem  of  long  distance  transmission 
as  solved.  "The  Southern  California  Edison  Co.  is  trans- 
mitting power  250  miles  into  Los  Angeles  at  150,000  volts, 
and  that  is  approximately  the  distance  of  the  Pacific  Gas  <fe 
Electric  Company's  power  site  from  San  Francisco.  The 
Northern  California  Power  Co.  has  an  installed  capacity 
of  48,000  hp.  The  Sierra  &  San  Francisco  Power  Co.  has 
an  additional  90,000  hp.  of  which  57,000  hp.  is  hydro-elec- 
tric and  33,000  hp.  is  steam.  The  plants  and  their  capacities 
the  Pacific  Company  gets  control  of  by  the  lease  of  the 
latter,  it  is  announced,  are:  The  main  hydro-electric  plant 
on  the  middle  fork  of  the  Stanislaus  river  about  14  miles 
from  Angels  Camp,  Calaveras  county;  and  the  hydro-elec- 
tric plants  at  Phoenix,  about  four  miles  from  Sonora,  Tuol- 
umne county;  a  100,000- volt  transmission  line  from  Stan- 
islaus power  house  through  the  counties  of  Tuolumne,  Cala- 
veras, Stanislaus,  San  Joaquin,  Alameda,  Santa  Clara  and 
San  Mateo  to  the  bay  shores;  a  step-down  substation  in 
San  Mateo  county;  100,000-volt  substation  at  Copperopolis; 
60,000-volt  transmission  line  from  Port  Marion  south 
through  Santa  Clara,  San  Bonita  and  Monterey  counties 
to  the  city  of  Salinas;  step-dovioi  substation  near  San 
Juan  Bautista;  30,000-volt  transmission  line  from  the  power 
house  at  La  Grange  to  tha  cities  of  Modesto  and  Turlock 
and  other  cities  and  towns  in  Stanislaus  county.  Also  a 
steam  plant  in  San  Francisco  with  11,000-volt  distribution 
lines  connecting  North  Beach  steam  plant  with  the  bay  shore 
substation  and  with  substations  at  Turk  and  Fillmore  Sts., 
Eleventh  and  Bryant  Sts.,  Geneva  and  San  Jose  avenue  and 
the  city  of  Burlingame.  Secondary  17,000-volt  transmission 
system  in  the  counties  of  Tuolumne,  Calaveras,  Stanislaus, 
San  Joaquin,  Contra  Costa  and  Alameda  with  electrical  dis- 
tributing systems  in  town  and  rural  territory  in  these 
counties. 


A.  I.  jE.  E.  Holds  Midwinter  Convention 

During  the  three  days  of  Feb.  18  to  20  inclusive,  the 
American  Institute  of  Electrical  Engineers  held  its  eighth 
midwinter  convention  in  the  Engineering  Societies  Build- 
ing, New  York  City,  with  a  total  of  about  one  thousand 
members  and  guests  in  attendance.  All  during  the  con- 
vention period  the  members  and  their  guests  were  given  an 
opportunity  to  visit  the  research  laboratories  of  the  Bell 
Telephone  systems  at  the  Western  Electric  Co.'s  building; 
Electrical  Testing  Laboratories;  and  the  power  plant  of 
the  New  York  Edison  Co.,  Brooklyn  Edison  Co.;  Brooklyn 
Rapid  Transit  Co.,  United  Electric  Light  &  Power  Co., 
New  York  Central  R.R.,  Interborough  Rapid  Transit  Co., 
and  the  Public  Service  Co.'s  Essex  Power  Station  at 
Newark,  N.  J. 

The  dinner  dance  was  held  at  the  Hotel  Astor  on  Thurs- 
day evening  and  proved  to  be  a  very  enjoyable  social  func- 
tion for  the  three  hundred  and  sixty  members  and  guests 
who  attended. 

The  convention  was  formally  opened  on  Wednesday  eve- 
ning, Feb.  18,  by  President  Calvert  Townley,  who  delivered 
an  address  in  which  he  directed  the  attention  of  the  engi- 
neer to  a  greater  participation  in  public  affairs.  An  ab- 
stract of  president  Townley's  address  appears  in  th's  issue. 
Three  technical  papers  were  also  presented  at  this  meet- 
ing. The  first  paper,  "Daylight  Saving,"  by  Pi-eston  S. 
Millar  was  presented  by  the  author,  and  not  only  considers 
the  question  of  daylight  saving  from  an  ecomonic  standpoint 
but  also  from  the  sociological  aspect  An  abstract  of  this 
paper  will  appear  in  a  later  issue. 

"Essential  Statistics  for  the  General  Comparison  of 
Steam-Power  Plant  Performances"  by  W.  S.  Gorsuch  was 
presented  by  the  author.  This  paper  briefly  outlined  a 
method  for  preparing  statistical  reports  relating  to  power 
generation  in  steam-power  plants,  whereby  a  fairly  close 
comparison  can  be  made  of  the  efficiency  between  different 
plants,  without  going  into  detailed  study  of  the  thermal  char- 
acteristics of  the  plant,  or  the  intricate  subject  of  power 
cost.  The  third  paper,  "Standard  Graphic  Symbols"  by 
E.  J.  Cheney  was  presented  by  the  author  and  discusses 
a  number  of  suggested  symbols  for  representing  electrical 
apparatus.  The  discussion  on  this  paper  indicated  that 
although  such  standard  symbols  were  something  to  be 
desired  there  is  a  wide  diversion  of  opinion  as  to  just  what 
these  symbols  should  be.  It  was  clearly  indicated  in  the 
discussion  that  daylight  saving  has  become  a  class  ques- 
tion, that  where  it  is  beneficial  to  the  population  living 
and  working  in  towns  and  cities  it  was  in  general  a  hard- 
ship on  the  farmer.  It  was  also  pointed  out  that  although 
different  local  standard  times  would  be  very  objectionable 
there  was  no  reason  why  each  class  of  workers  should  not 
adjust  working  hours  to  best  suit  its  own  needs. 

At  the  Thursday  morning  meeting  a  symposium  by  W.  S. 
Murray,  W.  L.  R.  Emmet,  J.  F.  Johnson,  H.  G.  Reist,  F.  D. 
Newbury,  W.  D.  Potter,  Philip  Torchio,  Percy  H.  Thomas, 
W.  D.  A.  Peaslee  and  A.  O.  Austin  v/as  presented  on 
"Economical  Supply  of  Electric  Power  for  the  Industries 
and  Railroads  of  the  Northeastern  Atlantic  Seaboard."  A 
comprehensive  abstract  of  this  symposium  and  the  discus- 
sion thereon  will  appear  in  an  early  issue  of  Poiver.  At 
the  close  of  the  discussion  a  motion  was  passed  that  the 
Board  of  Directors  be  requested  to  appoint  a  committee 
with  W.  S.  Murray  as  chairman  to  put  the  Institute  squarely 
behind  the  movement  to  bring  about  the  realization  of  this 
super-yower  system. 

Or.  Thursday  afternoon  parallel  sessions  were  held  at 
which  five  papers  were  presented:  "Printing-Telegraph 
System"  by  J.  H.  Bell,  described  the  printing-telegraph 
systems  in  use  today  which  are  designed  for  handling  traffic 
at  more  than  one  hundred  words  per  minute  and  discusses 
the  operating  features  such  as  accuracy,  spesd  of  service, 
operator  output,  maintenance,  line  economies,  flexibility. 
"Maximum-Output  Networks  for  Telephone  Substations  and 
Repeater  Circuits"  by  G.  A.  Campbell  and  R.  M.  Foster 
shows  that  ideal  telephone  substation  and  repeater  circuits 
to  present  output  and  input  requirements  which  can  be 
met  by  a  type  of  circuit  ccntainng  four  resistances,  each 
of  which  has  maximum  output.     "A  Method  of  Separating 


March  9,  1920 


POWER 


399 


No  Load  Losses  in  Electrical  Machinery"  by  C.  J.  Fech- 
heimer  proposes  a  method  which  makes  use  of  idle  opera- 
tion of  the  machine  as  a  motor,  the  voltap^e  boinp:  varied 
and  the  speed  kept  constant,  and  after  deducting;  the  arma- 
ture PR  losses  from  the  watts  input  the  remaining^  watts  are 
plotted  against  the  voltage.  "Inherent  Regulation  of  Direct 
Current  Circuit"  by  A.  L.  Ellis  and  D.  W.  St.  Clair  dis- 
cusses the  voltage  changes  in  direct-current  circuit  upon 
change  of  load,  and  gives  the  results  of  an  oscillograph 
and  mathematical  investigation  into  this  subject.  "The 
Measurement  of  Projectile  Velocities"  by  Paul  A.  Klopsteg 
and  Alfred  L.  Loomis,  discusses  the  requirements  imposed 
by  proving-ground  practice  upon  a  chronograph,  which  is 
intended  for  general  ammunition  testing  and  describes  an 
instrument  which  was  developed  and  adopted  as  a  standard 
ordnance  chronograph. 

Two  technical  sessions  were  held  on  Friday.  Three 
papers  were  presented  at  the  morning  session  and  two  at 
the  afternoon  session.  "A  New  Form  of  Vibrating  Gal- 
vanometer" by  P.  G.  Agnew  describes  a  type  of  instrument 
that  consists  essentially  of  a  fine  steel  wire  mounted  on 
one  pole  of  a  permanent  magnet  and  so  arranged  that  the 
free  end  of  the  wire  may  vibrate  between  the  poles  of  an 
electromagnet  through  which  the  current  to  ba  detected 
passes.  "Precision  Galvanometric  Instrument  for  Meas- 
uring Thermoelectric  E.  M.  F's"  by  T.  R.  Harrison  and 
P.  D.  Foote  describes  an  instrument  in  which  provision  is 
made  whereby  the  total  resistance  of  the  circuit  may  be 
easily  adjusted  to  the  preassigned  value  for  which  the 
scale  of  instrument  is  graduated  without  requiring  the 
use  of  any  auxiliary  instrument  or  a  source  of  voltage  other 
than  that  of  the  thermocouple  being  measured.  "Notes 
on  Synchronous  Commutators"  by  J.  B.  Whitehead  and 
T.  Isshiki  discusses  the  magnitude  of  the  error  that  may 
arise  in  measuring  crest  values  due  to  the  relatively  small 
capacity  in  the  commutator  and  galvanometer  circuit,  when 
a  synchronous  commutator  is  used  as  a  suppressor. 

The  two  papers  presented  at  the  closing  session  Friday 
afternoon  were  "Oscillographs  and  Their  Test"  by  A.  E. 
Kennelly,  R.  N.  Hunter  and  A.  A.  Prior;  and  "The  Accuracy 
of  Commercial  Measurements"  by  H.  B.  Brooks.  In  the 
first  paper  a  method  and  technique  for  the  testing  and 
calibration  of  oscillographs  is  described,  using  an  auxiliary 
vibrator  or  oscillographmeter.  The  second  paper  discusses 
the  accuracy  required  in  commercial  electrical  measure- 
ments, and  the  means  of  obtaining  it;  namely,  proper  selec- 
tion, installation,  use,  and  maintenance  of  the  instrument. 

Public  Utility  Companies  Side  of  the 
Coal  Situation 

That  storage  of  coal  by  public  utilities  and  by  other  large 
consumers  is  regarded  by  the  President's  coal  commission 
as  an  important  factor  in  stabilizing  the  coal  industry, 
became  very  evident  during  the  hearing  of  February  17 
when  Chairman  Robinson  asked  M.  H.  Aylesworth,  repre- 
senting the  National  Electric  Light  Association,  if  he  did 
not  regard  it  as  the  duty  of  large  consumers  to  store  coal 
during  the  spring  and  summer  months,  even  if  it  increased 
the  price  of  their  fuel.  Mr.  Aylesworth  expressed  the  firm 
conviction  that  large  consumers  should  move  as  much  of 
their  winter's  fuel  as  practicable  during  the  summer.  He 
urged,  however,  that  the  Commission  use  its  influence  to 
have  the  railroads,  the  operators,  and  others  who  would  be 
benefited  as  well,  make  a  seasonable  price,  which  would  tend 
to  offset  the  rehandling  and  other  costs  to  which  that  prac- 
tice would  subject  the  consumer. 

In  that  connection.  Chairman  Robinson  asked  George  W. 
Elliott,  of  the  National  Committee  on  Gas  and  Electric 
Service,  if  public  utility  companies  take  advantage  of  the. 
fact  that  they  are  second  only  to  the  railroads  in  the  matter 
of  priority  and  defer  buying  when  there  is  a  chance  that  a 
better  price  may  be  obtained.  With  the  certainty  that  coal 
will  be  found  for  them  it  has  been  claimed  that  some  of 
these  companies  do  not  hesitate  to  allow  their  surplus  to 
dwindle  past  the  danger  line.  Mr.  Elliott  expressed  the 
opinion  that  such  instances  would  be  found  to  be  so  few  as 
to  be  insignificant  in  considering  the  situation  as  a  whole. 


Hir;  estimate  of  the  annual  coal  consumption  of  the  country's 
public  utilities,  was  .'")0,000,000  tons. 

All  of  the  representatives  of  the  public  utility  interests 
testified  to  the  serious  annoyances  and  losses  which  have 
come  to  them  as  the  result  of  railroad  confiscations  and 
diversions.  Great  emphasis  was  also  laid  by  each  witness 
on  the  difficulties  which  they  have  had  to  meet  because  they 
have  been  forced  to  pay  the  14  per  cent  advance  in  wages 
granted  the  mine  workers  by  Dr.  Garfield.  They  contended 
that  the  spirit  of  the  Garfield  order  should  prevail  and  the 
14  per  cent  be  absorbed  by  the  operators.  They  pointed  out 
that  their  income  is  not  readily  adjustable  thereby  working 
a  particular  hardship  on  that  class  of  consumers. 

Ralph  Crews,  representing  the  bituminous  operator";  in 
the  central  competitive  field,  explained  that  the  fuel  admin- 
istration had  issued  an  order  excluding  from  the  general 
proposal  that  the  increase  be  absorbed  by  the  operators,  any 
coal  which  had  been  contracted  for  prior  to  the  date  of  the 
announcement,  where  the  contract  contained  a  provision  that 
any  increase  in  labor  cost  was  to  be  added  to  the  price.  The 
idea  is,  Mr.  Crews  stated,  that  these  contracts  were  entered 
into  in  good  faith  without  any  knowledge  of  what  the 
future  had  in  store,  and  that  it  would  be  unfair  to  interfere 
with  such  contracts.  Since  98  per  cent  of  the  coal  used  by 
public  utilities  is  purchased  under  contract,  such  consumers 
were  particularly  hard  hit  by  the  14  per  cent  increase. 


George  R.  Starrs 


GEORGE  R.  STARRS 


Following  an  illness  of 
less  than  thirty-six  hours, 
George  R.  Starrs,  past 
president  of  Paterson  As- 
sociation No.  2,  of  the 
National  Association  of 
Stationary  Engineers,  died 
Tuesday,  Feb.  24,  at  his 
home,  Paterson,  N.  J. 
The  deceased  was  born  in 
Kingston,  Ontario,  on  De- 
cember 19,  1858,  and  at  an 
early  age  went  to  Sheboy- 
gan, Wis.,  where  he  was 
engaged  for  fifteen  years 
in  operating  engineering. 
He  then  located  in  Deti'oit 
for  several  years  and  later 
in  Chicago.  From  1893  to 
the  time  of  his  death  he 
lived  in  Paterson,  where  he  was  employed  as  an  operating 
engineer.  About  ten  years  ago  he  embafked  in  the  engi- 
neering supply  business,  principally  representing  Green, 
Tweed  &  Co.,  and  continuing  to  take  an  active  interest  in 
N.  A.  S.  E.  aff'airs,  represen<"ed  his  local  and  state  asso- 
ciation at  several  state  ana  national  conventions,  and 
will  be  remembered  for  his  efforts  in  behalf  of  engineers' 
license  laws. 

At  the  time  of  his  demise  Mr.  Starrs  was  chairman  of 
the  licence  board  of  the  state  association  and  a  member 
of  the  National  License  Law  Committee  of  the  N.  A.  S.  E. 
He  had  been  a  member  of  the  Paterson  Board  of  Euucation 
for  ever  four  years,  first  having  been  appointed  to  fill  an 
unexpired  term  and  subsequently  reappointed  to  a  full  term 
of  three  years,  of  which  he  had  served  but  one  year. 

The  deceased  was  a  member  of  Paterson  Lodge,  B.  P.  0. 
Elks,  No.  60,  and  is  survived  by  his  wife,  Mrs.  Minnie  Starrs, 
their  two  sons  and  two  daughters.  Funeral  ser  -ices  were 
held  on  Thursday  evening,  Feb.  26,  from  his  late  residence. 

A.  I.  E.  E.  to  Meet  in  Pittsburgh 

On  Friday,  March  12,  1920,  the  American  Institute  of 
Electrical  Engineers  will  hold  its  358th  meeting,  under  the 
auspices,  jointly,  of  the  Pittsburgh  Section  and  the  Traction 
and  Transportation  Committee.  The  headquarters  for  the 
meeting  will  be  the  William  Penn  Hotel.  During  the  morn- 
ing there  will  be  an  inspection  trip  through  the  Westing- 
house  Works,  concluding  with  a  luncheon  to  be  served  to 
all  as  guests  of  the  company. 
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These    are    prices    to    the    power    plant    by    jobbers    in    the    larger    buying    centers   east    of    the 
Mississippi.    Elsewhere  the  prices  will  be  modified  by  increased  freight  charges  and  by  l<ical  conditions. 


power-plaNt  supplies 


HOSE— 

Fire  50-Ft.  Lengths 

Underwriters'  2t-in 75c.  per  ft. 

Common,  25-in 40% 

Air 
First  Grade       Second  Grade       Third  Grade 

;-in.  perft $0  50  $0.33  $0  22 

Steam — Discounts  from  List 
first  grade 30%  Second  grade 409(  Third  grade. ..  .45% 

RUBBER   BELTING — The    following    discounts    from    list    apply    to    trans- 
mission rubber  and  duck  belting: 

Competition      60ri,         Best  grade     30S 

Standard.  . 45% 

LEATHER    BELTING — Present   discounts   from    list   in   the   following   cities 


are  as  follows: 


New  York. . . 
St.  Louis. .  .  . 

Chicago 

Birmingham . 
Denver 


Medium   Grade 

Heavy  Grade 

20% 

25% 

40% 

35% 

45% 

40% 

35% 

30% 

10% 

b<^r 

RAWHIDE  LACING— 25  %  for  cut:  86c.  per  sq.  ft.  for  ordinary. 
PACKING — Prices  per  pound; 

Rubber  and  duck  for  low-pressure  steam $  1 .  00 

Asbestos  for  high-pressure  steam  _ 

Duck  and  rubber  for  piston  packing 

Flax,  regular 

Flax,  waterproofed 

Compres.°ed  asbestos  sheet 

Wire  insertion  asbestos  sheet 

Rubber  sheet 

Rubber  sheet,  wire  insertion 

Rubber  sheet   duck  insertion 

Rubber  sheet,  cloth  insertion ._ 

Asbestos  packing,  twisted  or  braided  and  graphited,  for  valve  stems  and 

stuffing  boxes 1.30 

Asbestos  wick,  \-  and  l-lb.  balls    .85 


I  70 
I  CO 
1  20 
1.70 

.90 

I   50 

50 

.70 

.;;o 

.30 


PIPE     AND     BOILER 

standard  lists: 

PIPE  COVERING 

'  Standard   List 

Pipe  Size  Per  Lin. Ft. 

I-in.  $0.27 

2-in.  .  36 

6-in.  .  80 

4-in.  .  60 

3-in.  .  45 

8-in.  I.  10 

10-in.  1.30 

85%  magnesia  high  pressure 


(>OVERING — Below     are     discounts     and     part     of 


For  low-pressure  heating  and  return  lines 


BLOCKS  AND  SHEETS 
Price 
Thickness  per  Sq.Ft. 

i-in.  $0.27 

1  -in.  .30 
U-in.  .45 

2  -in.  .  60 
2Hn.  .  75 

3  -in.  .  90 
3J-in.                                   1 .  05 

List 

f4-ply 50%  off 

\  3-ply 52%  off 

I  2-ply 54%  off 


GREASES — Prices  are  as  follows  in  the  following 
for  barrel  lots: 


cities  in  cents    per   pound 


Cup 

Fiber  or  sponge 
Transmission.  . 

A  xle 

Gear 

Car  iournal. .  .  . 


Cin- 
cinnati 

7 

8 

7 

45 

4§ 
22(gal.) 


Pitts- 
burgh 

9 
10 

9 

6 

21  fgal.) 


IJhicago 
6.6 
8.6 
8.1 
4.8 
6.1 
4.7 


St.^ 

Louis 

6.7 

13 

13 

4.75 
7.5 
4  7 


Bir- 
mingham 


Denver 
10.5 
13.75 
12.5 
7.0 
8.5 
9.0 


COTTON   WASTE — The   following   prices   are   in   cents  per   poijnd: 

■ ^"New  York 

Current  One  Year  Ago     Cleveland  Chicago 

White 13.00         ll00tol3C0  14  00        11   00  to  14  00 

Colored  mixed..  ..    9.00  to  12.00      8  50tol2  00  1100  9.  50  to  12  00 


WIPING  CLOTHS— Jobbers'  price  per  1000  is  as  follows: 


Cleveland. 
Chicago    . 


131  X  I3i 

$52.00 

41   00 


13} y  205 

$58.00 

43.50 


LINSEED  OIL — These  prices  are  per  gallon: 

• New  York 

Current  One 

Year  Ago 
Raw  in  barrels  (5  bbl.  lots)       $1   80            $1.49 
5-gai.  ca.is 2.00 1.74 

WHITE  AND  RED  LEAD— Pase  price  per  pound: 

-Red- 


■ Chicago — — ~ 

Current  One 

Year  Ago 
$1.98  $1.66 

2.23  1.86 


Current 


-White- 


1  Year  Ago         Current  I  Yr.  Ago 


Dry 

lOO-lb.  keg 15  50 

25- and  50-lb.  kegs...    15  75 

I2i-lb-  keg 16  00 

l-lb.  cans    18  50 

5-lb.  cans 20  50 

500  lb.  lots  less  10%  discount: 


In  Oil 
17  00 
17  25 
17  50 
20  00 
22  00 


Dry 
13  00 
13  25 
13     0 

15  00 

16  00 


IrrOil 
14  50 

14  75 

15  00 

16  50 

17  50 


Dry 

and 

In  Oil 

15  50 

15  75 

16  00 

15  00 

16  00 


Dry 
and 
In    Oil 
13  00 
13  25 
13  50 

15  00 

16  00 


2000  1b.  lots  less   10-2J%. 


RIVETS — The  following  quotations  are  allowed  for  fair-sized  orders  from  ware- 
house: 

New  York       Cleveland        Chicago 

Steel  A  and  smaller 30^;  55%  45% 

Tinned   30%  55%  45% 

Boiler  ri\  its,  \,  |,  1  in.  diameter  by  2  in.  to  5  in.  sell  as  follows  per  1 00  lb. : 
New  York $6  00     Cleveland..  ,$4.00     Chicago.  .   $4.  97     Pittsburgh. ..$4.  72 

Structual  rivets,    same   sizes: 
New  York $6,10     Cleveland. .  $4. 10     Chicago.      $5.07     Pittsburgh.. .$4  82 

REFRACTORIES— Following  prices  are  f.   o.  b.   works,  Pittsburgh: 

Chrome  brick net  ton  $75-80     at  Chester,  Penn. 

Chrome  cement net  ton  45-50     at  Chestei.  Penn. 

Clay  brick,  l.st  quality  fireclay net  M.  38-45     at  Clearfield,  I  enn 

Clay  brick,  2nd  quality net  M.  33-35     at  Clearfield,  Penn. 

Magnesite,  dead  burned net  ton  50     5     at  Chester,  Penn. 

Alagnrsite  brick,  9  x  4|  x  2|  in net  ton  80  -85     at  Chester,  Penn. 

Silica  brick net  M.  45-50     at  Mt.  Union,  Penn. 

Standard  size  fire  brick,  9  x  4'   x  21  in.     The  second  quality  is  $4  to  $5 
cheaper  per  1000. 

St.  Louis— Fire  Clay,  $35  to  $50. 

Birmingham— Sihca,  $50:  fiie  clay,  $45;  magnesite,  $85;  chrome,  $85. 

Chicago — Second  nua'ity,  $25  per  ton. 

Denver — Silica,  $18:  fireclay,  $12:  magnesite,  C57.50. 


BABBITT  METAL — Warehouse  prices  in  cents  per  pound 

• -New  York ■   ■ Cleveland • 

Current  One  Current  One 

Year  Ago  Year  Ago 

Best  grade...      90   00         87  00  70  00  80  00 

Commercial..     50   00         42.00  20.00  21   50 


• Chicago — 

Current  One    ■ 

Year   Ago 
70.00  75  00 

15  00  15  00 


SWEDISH    (NORWAY)    IRON— The  average  price  per  100  lb.,  in  ton  lots,  is: 

Current  One  Year  Ago 

NewYork $21-26  25.50-30.00 

Cleveland 20  00  20  tO 

Chicago 16   50  16  50 

In  coils  an  adv.-^nce  <^f  50r.  usually  is  c^nrred. 

Domestic  iron  (Swedish  analysis)  is  selling  at  1 5c.  per  lb. 


SHEETS — Quotations  are  in  cents' 
also  the  base  quotations  from  mill: 
I  arge 
Mill  Lots 
Blue  Annealed        Pittsburgh 

No.  10 3.55-4  00 

No.  12 3.60-4.05 

No.  14 3.65-4.  10 

No.  16 3.75-4.20 

Black 

Nos.  18  and  20 4.15-4.80 

Nos.  22  and  24 4.20-4.85 

No.  26 4.25-4.90 

No.  28 4.35-5  00 

Galvanized 

No.  10 4.70-6.00 

No.  12 4  80-6   10 

No.  14 4  80-6.  10 

Nos.  1«and20 5.  10-6  40 

Nos.22and24 5  25  6.55 

No.  26 .    5.40  6.70 

No.  28 ;.  .   5.  70-7.  CO 


per  pound  in  various'cities  from  warehouse; 
. New  York  - 


Current 
5.57-  6.80 
5  61-  6.85 
5.67-  6.90 
5  77     7.00 

6.80-  7.30 
6.85-  7.35 
6.90-  7.90 
7.00-  8.00 


One 

Year  Ago  Cleveland  Chicago 
5.17  5.35  5  27 

5.22  5 . 40  5 . 32 

5.27  5.45  5  37 

5  37  5.55  5  47 


7.50 

7.60- 

7.60- 

7.90 

8.05 

8.20 


9.00 
9.  10 
9  10 
9  40 
9  55 
9  70 


6  02 
6  07 
6.  12 
6.22 

8  22 
8.27 
8.42 
8.72 
7.12 
7.27 
7.5/ 


5.95 
6.00 
6.05 
6.15 

5.05 
5.10 
5.25 
5.55 
6.95 
7.40 
7.50 


6  30 
6  35 
6.40 
6.50 


PIPE — The  following  discounts  are  for  carload  lots  f.  o.  b.  Pittsburgh;   basing 
card  of  Jan.  1,  1919,  for  steel  pipe  and  for  iron  pipe: 


Steel 
Inches  Black 

i.  i,  andl 50;.% 

i 541% 

Cto3 57J% 

2 50S% 

2i  to6 53',%, 


BUTT  WELD 

Iron 
Galvanized                  Inches  Black      Galvanized 

24%  f  to  li 30.i%         23J% 


40% 

44% 

35% 
41% 


LAP  WELD 

2 

24  to  6. . 


...   325% 

...   345% 

BUTT  WELD,  EXTRA  STRONG  PLAIN  ENDS 

i,  }andj <8   %  2-;%  J  to  I J 39i% 

5 51',%  39% 

;  to  \\ 50;.%  43% 

LAP  WELD,  EXTRA  STRONG  PLAIN  ENDS 

2 48%  37%  2 335% 

25  to  4 51%  ^9%  2ito4 355% 

45  to  6 50%  39%  45  to  6 345% 

Stock  discounts  in  cities  named  arc  as  follows: 

-New  York-       -Cleveland- 
Gal-  Gal- 
Black  vanized  Black  vanized 
''0%       24%       '•0%       31% 
35%       20%       42%       27% 
Mall'-abb  fittings.    CUnss  B  and  C,  from  New  York  stock  sell  at  list  -f-  23%. 
Cast  iron,  standard  sizes,  net 


}  to  3  in.  steel  butt  welded . 
2j  to  3  in.  steel  lap  welded. 


185% 
215% 

245% 


205% 
23!% 
27'C' 

**2  /C 


Chicago   

Gal- 
Black         vanizr'd 
54%  405% 

50%  37J% 


March  9,  1920 
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BOILER    TUBES  —  The   following   are   the   prices   for   carload   lots,  f.  o.  b. 
Pittsburgh: 


31  to  4j  in 
2J  to  3i  in 

21  in 

U  to  2  in. 


Lap  Welded  Steel 


Charcoal  Iron 

3i  to  41  in I5J 

3    to  3i  in I 

2i  to  2J  in +    I 

2  to  2 J  in +16 

IJ  to  U  in ,. +29 

Standard  Commercial  Seamless — Cold  Drawn  or  Hot  Rolled 


40J 
30J 
24 
195 


I  in., 
liin. 
I  Hn . 
U  in. 


Per  Net  Ton 

$327 

267 

257 

207 


1 5  in 

2  to  25  in. . 
2 J  to  3} in. 

4  in 

45  to  5  in. 


Per  Net  Ton 

$207 

177 

167 

187 

207 


These  prices  do  not  apply  to  special  specifications  for  locomotivp.  tubes  nor  to 
special  specifications  for  tubes  for  the  Navy  Department,  which  will  be  subject  to 
special  negotiations. 

ELECTRICAL  SUPPLIES 


ARMORED  CABLE- 

B.&S.  Size 


Three  Cond. 
M  Ft. 
$138  00 
170  00 
235.00 
375.00 
500.00 


Two  Cond. 
Lead 
M  Ft. 
$164  00 
225.00 
275.00 
520  00 
560  00 


Three  Cond. 

Lead 

M  Ft. 

$210.00 

265  00 

325.00 

500.00 


Two  Cond 
M  Ft. 

No.  14  solid $104  00 

No.  12  solid 135  00 

No.  10  solid 185  00 

No.  8  stranded 285.00 

No.  6  stranded 400.00 

From  the  above  lists  discounts  are: 

Less  than  coil  lots Net   List 

Coils  to  1,000  ft 10% 

1.000  ft.  and  over • 15% 

BATTERIES.   DRY— Regular  No.    6  size  red  seal,  Columbia,  or  Ever  Ready: 

Each,  Net 

Less  than  12 $0.45 

12  to  50 38 

50  to  1 25  (bbl.) 35 

125  (bbl.)  or  over 32 

CONDUITS.  ELBOWS  AND  COUPLINGS— These  prices  are  f .  o.  b.  New  York 
with  1 0-day  discount  of  5  per  cent. 

. Conduit • Elbows 


Galvanized  Black 

2,500  to  2,500  to 

5,000  Lbs.  5,000  Lbs. 

$85  59  $19.13 

113  51  25.17 

167.79  37.25 

227  01  48.46 

271.43  64.62 

365    19  118.47 

377.40  193  86 

755  06  511.96 

935  64  1,141.62 

1,130  33  1,319.32 

1,318.99  1,997.83 

1,534  76  2,773.27 

1,991.04  3,446.40 

Standard  lengths  rigid,  10  ft.  Standard  lengths  flexible 
ard  lengths  flexible,  J  to  2  in.,  50  ft. 

CONDUIT  NON-METALLIC.  LOOM 

Size  I.  D.,  In.  Feet  per  Coil  List,   Ft. 

A  250  $0,051 

1  250  .06 

I  250  . 09 

i  200  .12 

!  200  .15 

f  150  .18 

1  100  .25 
li  100  .33 
l|  Odd  lengths  .40 

2  Odd  lengths  .  55 


Size,  In. 


Black 

2,500  to 

5.000  Lbs. 

$80.50 

106.51 

157.59 

213.11 

254.93 

342.99 

542.30 

709.16 

871.24 

1,064  93 

1,240.79 

1,445.96 

1,875.84 


Galvanized 

2,500  to 

5,000  Lbs. 

$20.27 

26  ,67 

39  47 

50  26 

67.02 

122  87 

200.00 

536.16 

1,184  02 

1,3(8.32 

2,072  03 

2,866.27 

3,574  40 


Coup'ings ■ 

Black    Galvanized 
2,500  to     2,500  to 
5,000  Lbs.  5,000  Lbs. 


$7.04 

$  7.46 

10  07 

10.(7 

13  09 

13.37 

18.30 

18.98 

22  61 

24.45 

30   15 

31.27 

43.08 

44.68 

64.62 

67.02 

86.16 

89.36 

107.70 

111.70 

161   55 

167.55 

177.70 

184.30 

258.48 

268.06 

in.,  100  ft.    Stand- 


Coils..  .  .  .  40%  off 
Less  coils,  25  %  off 


CUT-OUTS — Following  are  net  prices  each  in  standard-package  quantities: 


8.  P.  M.  L.. 
D.  P.  M.  L. 
T.  P.  M.  L.. 
D.  P.  S.  B.. 
D.  P.  D.  B.. 


CUT-OUTS,  PLUG 

$0   11         T.  P.  toD.  P.  S.  B. 
II         T.  P.  to  D.  P.  T.  B. 

26         T.  P.  S.  B 

.19         T.  P.  D.  B 


CUT-OUTS,  N.  E.  C.  FUSE 


D.  P.  M.  L 

T.  P.  M.  L 

D.  P.  S.B 

T.  P.  S.  B, 

D.  P.  D.  B 

T.  P.  D.  B 

T.  P.  to  D.  P.  D.  B 


0-30  Amp. 

.      $0.33 

.48 

.42 

.81 

.78 

1.35 

90 


3 1-60  Amp. 
$0  84 
1.20 
1  05 
1.80 
2.10 
3.60 
2.52 


$0.24 
.38 
.33 
.54 


60-100    Amp. 

$1.68 

2.40 


FLEXIBLE  CORD— Price  per  1000  ft.  in  coils  of  250  ft.: 

No.  1 8  cotton  twisted 

No.  16  cotton  twisted 

No.  1 8  cotton  parallel 

No.  1 6  cotton  parallel 

No.  18  cotton  reinforced  heavy 

No.  16  cotton  reinforced  heavy 

No.  1 8  cotton  reinforced  light 

No.  1 6  cotton  ri  inf orced  light 

No.  18  cotton  Canvasite  cord 

No.  16  cotton  Canvasite  cord 


$22.00 
27.00 
26.50 
34.50 
34.00 
42.00 
30.00 
36.75 
28.50 
32.00 


FUSES,  ENCLOSED- 

3-amp.  to    30-amp.  . 

35-amp.  to    60-amp.  . 

65-amp.  to  100-amp.  . 
I  K-amp.  to  200-amp.  . 
225-ainp.  to  400-amp.  . 
425-Bmp.  to  600-amp. 


250-Volt 


Std.  Pkg. 
100 
100 

50 

25 

25 

10 


List 

$0.25 

.35 

.90 

2  00 

3.60 

5.50 


600-Volt                                              Std.  Pke  List 

3-amp.  to     30-amp (00  $0. 40 

35-amp.  to    60-amp 100  60 

65-amp.  to  100-amp 50  1  50 

11 0-amp.  to  200-amp 25  2.50 

225-amp.  to  400-amp 25  5  50 

450-amp.  to  600-amp 10  800 

Diacount:  Less  1-5th  standard  p&ckage 30^c 

l-5th  to  standard  package 40% 

Standard  package 52% 

FUSF  PLUGS.  MICA  CAP— 

0-30  ampere,  .standard  package $4   75f 

0-30  ampere,  less  than  .standard  package 6.  OOC 


LAMPS — Belo\    arc  present  quotations  in  less  tnan 
Straight-Side  Bulbs 
Mazda  B — 

Frosted 

$0.38 

38 

38 

.38 

.38 

.45 

.92 


Mazda 
Watts 
75 
100 
150 
200 
300 
400 
500 
750 
1000 
Standard  quantities  are  subject  to  discount  of  1 0*"^ 
ranging  from  $150  to  $300,000  net  allow  a  discount 


Watts 

10 

15 

25 

40 

50 

60 
100 


Plain 
$0.35 
.35 
.35 
.35 
.35 
.40 
.85 


No.  in 
Package 

100 

100 

100 

100 

100 

100 

24 


standard  package  quantifies: 
Pear-Shape  Bulbs 


C—  ■  No. 

Clear  Frosted  Package 

$0  70  $0  75  50 

I    10  1.15  24 

I   65  1 .  70  24 

.\20  2.27  24 

3  25  3  35  24 

4  30  4.45  12 
4.70  4  85  12 
6.50  6.75  8 
7.50  7.75  8 

from  list.     .Annual  contracts 

of  17  to  40%  from  list 


PLUGS,  ATTACHMENT- 

Each 

JlubboU,  porcelain  No.  5406,        standard  package  250 $0. 24 

hubbell  composition  No.  5467,   standard  package     50 .32 


50. 

Benjamin  swivel  No.  903,  standard  package  250. 

Ilubbell  current  taps  No.  5638,  standard  package     50. 


.20 
.40 


RUBBER-COVERED  COPPER  WI 

Solid 
No.                                Single    Braid 

14 $12.00 

12    13   2S 

RE— Per  1000  ft.  in  New  York 

Solid                 Stranded, 
double  Braid     Double  Braid 
$16  00                 $13  90 
15  70                   18.05 
21,00                   23.85 
28.60                  32.70 

51.40 

70.00 

101   80 

131.86 

160.00 

193  50 

235.20 

288  60 

covered  Wire  in  Following  C 

—Denver .        .—Birmin 

Double                     Single     Do 
Braid    Duplex        Braid      Bra 
$24.00  $39.50       $12  50  $19 
33. 12     65.52         25   10     35 
45. 12     89.64         34  75     49 

69.24      57  50     68 

97.86     81.65     95 

145.20     140 

189.00     190 

251.40     231 

305.40       281 

317.40       343 

451.20     416 

%     St.  Loms — 30c.  base 

Duplex 

$28.50 

30  70 

10  

18  30 

41   50 

8 

25  54 

56.77 

6   

4   

2   

1    

0   

00   

000   

0000   

Prices  per 
14    

1000  ft.  for  Rubber- 
Single 
Braid 

$19  50 

I  ties: 

gham       — 

iible 

id    Duplex 

50  $29  00 

10    

28  92 

50     55  50 

8    

40  32 

50     70  50 

6    

63  84 

60 

4    

50 

2    

20 

1    

90 

0    

33 

00    

000    

0000    

Pittsburg— 

-23c 

base;  discount  5C 

23      

22      

80     

SOCKETS 

1  In. 
Key, 
Each 
$0.33 


BRASS  SHELL— 

or  Pendant  Cap.  §    In.    Cap 

Keyless,  Pull,  Key,  Keyless, 

Each  Each  Each  Each 

$0  30  $0  60  $0.39  $0.36 

Less  I-5th  standard  package +  50% 

1-5th  to  standard  package 4-20% 

Standard  package —  10% 


WIRE.  ANNLTNCIATOR  AND  DAMPPROOF  OFFICE- 

No.  18  B.&S.  regular  spools  (approx.  8  lb.) .      

No.  1 8  B.&S.  regular  l-'b.  coils 


Pull, 
Each 
$0.66 


55c.  lb. 
56c.  lb. 


WIRING  SUPPLIES- 

Friction  tape,  i  in.,  less  100  lb.  :-0c.  lb.,  100  lb.  lots. 
Rubber  tape,  ?  in.,  less  100  lb.,  65c.  lb.,  100  lb.  lots. 

Wire  solder,  less  100  lb.  50c.  lb..  100  lb.  lots 

Soldering  paste.  2  ox.  cans  Nokorode    


.  .  55c.  lb. 
.  .  60c.  lb. 
.  .  46c.  lb. 
$1.20  doc. 


SWITCHES.   KNIFE- 
TYPE  "C"  NOT  FUSIBLE 

Size,  Single  Pole,  Double  Pole,  Three  Pole, 

Amp.                       Each                         Each  Each 

30                        $0.42                       $0  68  $1   02 

60                            .74                         1.22  1.84 

100                          1.50                         2.50  3.76 

200                          2.70                         4.50  6.76 

TYPE  "C"'  FUSIBLE.  TOP  OR  BOTTOM 

30  .70  1   06  1   60 

60  1.18  1.80  2.70 

too  2.38  3.66  5  50 

200  4.40  6.76  10  14 

Discounts: 

Less  than  $10.00  list  value +25% 

$10  to  $25  list  value +10% 

$25  to  $50  list  vahie +    5% 

$50  to  $200  list  value —10% 

$200  list  value  or  over — 15% 


Four  Pole 
Each 
$1.36 
2.44 
5.00 
9.00 


2  12 

3  60 
7.30 

13.50 
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BOSTON — Current  prices  per  gross  ton  f  o.b.  New 
York  loading  ports; 

Anthracite 

Company 
Coal 

Eee  $8.  20^,  $8.65 

St^o^ve.V.V.V; Itl'Rt?^ 

Chffitnut 8  "@  9  05 

Pp„  7   05®   7.40 

B^k^vlieat  "■■■■■    3  £0©  3.80 

Rk^e  ■■■.■...... 2  30©  2.50 

Barley '-25 

Bituminous 

Canibrias  and 
Clearfields         Somersets 
F.o.b.  mines,nettons...$2.85@$3.35  $3. 15®  $3.  60 
F.o.b.  Philadelphia,  gross  ,     „     .   ,r^    r   nn 

tons 5.05®  5.60     5.35®  5.90 

F.o.b.   New  York,  gross 

tons 5  40®   5.95     5.75®   6.25 

Alongside  Boston  (water         „^    _  ,,     ,   ^„^    o   nn 

coal),  gross  tons 7.00®  7.75     7  60®  8.00 

Pocahontas  and  New  River  are  practically  off  the 
market  for  coastwise  shipment,  but  are  quoted  at 
$6.25®$7.00. 

NEW  YORK — Current  quotations.  White  Ash,  per 
gross  tons,  f.o.b.  Tidewater,  at  the  lower  ports  are  as 
follows:  ^ 

Anthracite  Company 

Coal 

Broken ^152^*1  ?l 

Eee                                8  20®   8.65 

Stove 8  45®  9  05 

Chestnut;: 8  55®  9  05 

Pea 7.05®  7.40 

Buckwheat 5   '5 

Rice 4  50 

Barley 4.85 

Boiler 4.85 

Bituminous 

Government  prices  at  mines :  Ppot 

South  Fork  (best) $3   25® $3.  50 

Cambria  (best) 3.00®   3   25 

Cambria  (ordinary) 2  (;0®   2  90 

Clearfield  (best) 3  00®   3   25 

Clearfield  (ordinary) 2 .  60®   2  90 

Reynoldsville 2  85®   2.90 

Quemahoning 3  25®   3.50 

Somerset  (i.iedium) 3  00®   3.25 

Somerset  (poor) 2 .  50®   2  75 

Western  Maryland    2.50®   2  75 

Fairmont 2  25®   2  50 

Latrobe 2.fO®   2  90 

Greensburg 2.75®  3  00 

Westmoreland  ?  in 3  40®  3  50 

Westmoreland  run-of-mine 2 .  75®   3 .  00 

PHILADELPHIA — Bituminous  coal  prices  vary 
according  to  district  from  which  they  are  mined.    For 

ordinary    slack    the   price   is    $2. 45®  $2. 55;       lump, 
$3.35,  at  the  mines. 

BUFFALO— 

Anthracite 

On  Cars,      At  Curb, 
Gross  Ton      Net  Ton 

Grate ' $8  55  $10  80 

Egg  8  80  10  65 

Stove 9.00  10  85 

Chestnut 9.10  10  85 

Pea 7.75  9  30 

Buckwheat 5.70  7.75 

Bituminous 

Allegheny  Valley $4 .  80 

Pittsburgh 4.  65 

No.  8  Lump 4.65 

Mine-run 4 .  80 

Slack 4.10 

Smokeless 4  60 

Pennsylvania  Smithing.  . 5 .  70 

CLEVELAND — Prices  of  coal  per  net  ton  delivered 
in  Cleveland  are: 

Anthracite 

Egg  $12  25f?7$12  40 

Chestnut 12  50f??>    12  70 

Grate 12.25®   12  40 

Stove 12.  40®   1 2 .  60 

Pocahontss 

Nine-run $7.50 

Drmestic  Bituminous 

West  Virginia  split $8.50 

No.  8  Pittsburgh $6  00®   6  90 

Massillon  lump 8.25®   8.50 

Coshocton  lump 7.15 

Steam  Coal 

No.  6  slack $5.  25®  $5  50 

No.Sslack 5.10®  5  50 

Youghiogheny  slack 5 .  25®  5  50 

No.  8  nn 5 .  70®  6(0 

No.  6  mine  run 5.25®   5  50 

No.  8  mine-run 5.75 

On'.y  coal  available  is  mine-rui  Pocahontas. 
MIDDLE  WEST — Chicago  quotations,  f.  o.  b.  cars 
at  mine; 

Springfield, 
Carterville, 

Williamson,  Grundy, 

Franklin,  La  Talle, 

Saline,  Fulton,  Bureau. 

Harrisburg  Peoria  Will 

Lump $2  55®  $2 .70  $2.95(S$3   10  $3.  25®  $3.  40 

Washed..   2.75®   2  90   3  45®   3  (0 

Mine-run   2.35®  2.50     2.75®  2.90     3.00®   3.15 
Screen'gs    2.05©  2.20     2.35©  2.50     2.75®   2.90 
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New  Construction 


PROPOSED   WORK 

Me.,  Augusta — The  State  Hospital  Comn. 
has  had  plans  prepared  for  the  construction 
of  a  3  story,  nurses'  home  at  the  State  Hos- 
pital, here.  A  steam  heating  system  will 
he  installed  in  same.  Total  estimated  cost, 
$100,000.  H.  S.  Coombs,  11  Lisbon  St., 
Lewistown,  Archt. 

Me.,  Damariscotta — The  Lincoln  Co. 
Power  Co.,  Inc.,  plans  to  install  a  750  hp. 
wheel  and  a  560  kva.  generator  at  Damar- 
iscotta Mills  to  replace  present  200  kw.  gen- 
erator.    E.  S.  Lincoln,  Mgr. 

Me.,  Sltowhegan — The  Central  Maine 
Power  Co.  will  receive  bids  until  March 
15  for  the  construction  of  a  po  .v'er  house 
and  the  installation  of  5  turbine  water 
wheels,  each  having  a  capacity  of  4,300 
hp.  Total  estimated  cost,  $100,000.  J.  A. 
Lenard,  Engr. 

Me.,  Vinal  Haven — ^Vinal  Haven  Light  & 
Power  Co.  plans  to  construct  a  transmis- 
sion line  from  here  to  North  Haven.  A.  A. 
Peterson,   Mgr. 

N.  H.,  Bradford — The  Bradford  Light  & 
Power  Co.  plans  to  install  new  meters  in 
the  generating  system.  C.  E.  Hadley, 
Genl.  Mgr. 

Mass.,  Boston — A.  H.  Bowditch,  Archt., 
44  Broomfield  St.,  will  soon  receive  bids  for 
the  construction  of  a  5  story,  60  x  150  ft. 
storehouse  on  Brookline  Ave.,  'for  the  Good- 
year Tire  &  Rubber  Co.,  61  Brookline  Ave. 
A  steam  heating  system  will  be  installed 
in  same.     Total  estimated  cost,   $100,000. 

Mass..  Boston — The  Eastern  Massachu- 
setts Electric  Co.  plans  to  construct  a 
transmission  line  extension  from  West  Pea- 
body  to  Danvers.  R.  S.  Tenney,  Asst. 
Treas. 

Mass.,  Boston — L.  C.  Greenleaf,  Archt., 
101  Tremont  St.,  will  soon  award  the  con- 
tract for  the  construction  of  a  1  story, 
garage  and  machine  shop  on  Tremont  St., 
for  the  W^.  B  Rice  Estate.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,   $150,000. 

Maas.,  Brcckton — The  Edison  Electric 
Illuminating  Co.  plans  to  install  two  600 
hp.  boilers  and  construct  10  mi..  1^.000 
volt  transmission   line.   A.   F.   Nelson,    Mgr. 

Mass.,  Brocltton — Jenks  &  Ballou,  Engrs  , 
1035  Grosvenor  Bldg.,  will  soon  award  the 
contract  for  the  construction  of  a  4  story, 
60  X  400  ft.  manufacturing  plant,  for 
George  E.  Keith  Co.,  23  Station  Rd.  A 
steam  heating  system  and  electric  power 
will  be  installed  in  same.  Total  estimated 
cost,  $350,000. 

Mass..  Concord — The  Concord  Municipal 
Light  Plant  plans  complete  renewal  of 
boiler  plant,   piping,   etc.      A.   W.   Lee,   Mgr. 

Mass.,  Groton — The  Municipal  Electric 
Light  System  plans  to  construct  new  copper 
trunk  transmifsion  line  from  here  to  Aver. 
W.  H.  Dodge,  Supt. 

Mass.,  Lowell — The  Lowell  Electric  Light 
Corp.,  29  Market  St.,  plans  to  install  a  12.- 
500  kw.  turbine  generator  with  boilers  and 
auxiliaries  and  construct  a  2  mi.,  13,200 
volt,  5.000  kw.  capacity,  transmission  line. 
J.  A.  Hunnewell,  Mgr. 

Mass.,  New  Bedford — The  New  Bedford 
Gas  &  Edison  Light  Co.  plans  to  install 
eight  755  hp.  boilers,  one  20,000  kw.  tur- 
bine generator  and  construct  extension  to 
station.     C.  R.  Price,  Treas. 

Mass.,  Norwood — The  Municipal  Electr'c 
Lighting  System  plans  to  install  two  2,000 
kw.  transformers  to  rcnlace  the  two  1,030 
kw.  transformers.     F.   S.   Barton,  Supt. 

Mass.,  Springfield — The  Bd.  Etuc.  wi"l 
soon  award  the  contract  for  the  construc- 
tion of  a  2  story,  116  x  186  ft.  high  school 
on  Spring  St.  A  steam  h:?ating  system  will 
be  installed  in  same.  Total  estimated  cot, 
$200,000.  R.  B.  Warner.  168  Bridge  St., 
Archt. 

Mass.,  Springfield — The  United  Electric 
Light  Co.,  73  State  St.,  plans  to  construct 
a  3  story,  44  x  80  ft.  generator  sub-station. 
W.  L.   Mulligan,   Mgr. 

Mass.,  Taunton — The  Municipal  Lighting 
Plant  plans  to  install  one  new  4,000  turbo 
generator.     W.   B.   Lswis,  Mgr. 

Conn.,  Bridgeport — B-ilMngor  &  Pcrrott, 
Archts.  and  Engrs.,  47  "West  34th  St.,  New 
York  City,  will  soon  award  the  contraci 
for  the  construction  of  a  1  story,  100  x 
340  ft.  factory,  for  the  Salts  Textile  MfT. 
Co.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$250,000. 


Conn.,  Bridgeport — Westcott  &  Mapes, 
Inc.,  Engrs.,  207  Orange  St.,  will  soon 
award  the  contract  for  the  construction  of 
a  power  plant  on  East  Main  St.,  for  the 
United  Illuminating  Co.,  84  Temple  St., 
New  Haven.  Total  estimated  cost,  $3,000,- 
000. 

Conn.,  Seymour — Johnson  &  Burns, 
Archts.,  c/o  A.  Johnson,  174  Bond  St., 
Hartford,  will  soon  award  the  contract  for 
the  construction  of  a  2  story,  62  x  124  ft. 
high  school,  including  a  boiler  room,  etc.. 
for  the  Bd.  Educ.  Steam  heating  and  ven- 
tilating systems  will  be  installed  in  same. 
Total  estimated  cost,  $150,000.  R.  C.  Clark, 
Seymour  St.,  Supt. 

Conn.,  Westbrook — Knothe  Bros.  Co.,  124 
5th  Ave.,  New  York  City,  plans  to  build  a 
2  story,  54  x  150  ft.  factory.  A  sprinkler 
and  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $120,000. 
Fletcher-Thompson,  Inc.,  1089  Broad  St., 
Bridgeport,  Engr. 

N.  Y.,  Addison — The  Addison  Electric 
Ijight  &  Power  Co.  plans  to  install  a  new 
steam  unit  in  the  generating  system.  M. 
G.  Hubbs,  Secy. 

N.  T.,  Arcade — The  Municipal  Lighting 
Plant  plans  to  install  a  new  250  hp.  W.T. 
boiler,  pumps  and  heater,  also  extend  its 
transmission  line  to  Sandusky,  and  some 
rural  lines.     L.  A.   Mason,   Clk. 

N.  Y.,  Bath — The  Municipal  Light  & 
Power  System  plans  to  enlarge  its  plant 
and  install  a  350  hn.  boiler  with  direct 
connected    unit.      C.    Cotton,    Mgr. 

N.  Y.,  Broadalbin — The  Broadalbin  Elec- 
tric Light  &  Power  Co.  plans  to  install 
regulators  in  its  transmission  system.  T. 
W.  Drought,  Mgr. 

N.  Y.,  Buflfalo — The  Buffalo  General  Elec- 
tric Co.  plans  to  increase  its  transmission 
line  capacity.     R.  McMillan,   Statistician. 

jV.  Y.,  Cooperstown — The  Southern  New 
York  Power  Co..  (formerly  Colliers  Light, 
Heat  &  Power  Co.),  plans  to  install  a  500 
kw.  2.300  volt,  60  cycle  turbo  generator  at 
the  Walton  plant.     C.  L.   Stone,  Genl.   Mgr. 

N.  Y.,  DansvlIIe — The  Dansville  Gas  & 
Electric  Co.  plans  to  change  from  133  cycles 
to  60  cycles.     C.  H.   Mason,   Supt. 

N.  Y.,  Elmira — The  Elmira  Water,  Light 
ft  Power  Co.,  Hulett  Bldg.,  Lake  and  Water 
Sts.,  plans  to  install  a  new  6,000  kw.  tur- 
bine, 786  hp.  boil  r  and  also  construct  a 
new  transmissJ.on  line  to  Elmira  Heights. 
F.   H.   Hill,  Mg|-. 

N.  Y.  Franklin — The  Delaware  &  Otsego 
Light  &  Power  Co.  plans  to  construct  a  6 
to  10  mi.  transmission  line  and  rebuild  all 
old  transmission  lines.     E.  A.  Mackey,  Mgr. 

N.  Y.,  Jamestown — The  city  voted  $230.- 
000  bonds  to  enlarge  the  electric  light  plant. 
Address  Bd.  of  Water  &  Lighting  Comrs. 
N.  Y.,  Long  Island  City — Lockwood, 
Green  &  Co  ,  Archts.  and  Engrs  ,  101  P.nrk 
Ave.,  New  York  City,  will  soon  award  the 
contract  for  the  construction  of  a  2  story, 
125  X  207  ft.  silk  mill,  for  H.  R.  Malli=^on. 
c/o  Archt.  A  steam  heating  system  will  bo 
installed  in  same.  Total  estimated  cost, 
$225,000. 

?s.  Y.,  Newark — James  Goosen,  28  East 
Ave.,  is  in  the  market  for  a  12  hp.  steam 
tractor,  complete  with  tank. 

N.  Y.,  New  York — The  Cammeyer  Shoe 
Co.,  47  West  34th  St,  is  having  plans  pre- 
pared for  the  construction  of  a  6  story,  50 
X  100  ft.  store  and  office  building  on  5th 
Ave.  A  steam  heating  system  will  be  in- 
stalled in  same.  Rouse  &  Goldstone,  512 
5th  Ave.,  Archts.  and  Engrs. 

N.  Y.,  New  York — E.  Friedman,  3rd  Ave. 
and  119th  St.,  is  having  plans  prepared  for 
the  construction  of  a  5  story,  store  and  loft 
building  on  120th  St.  and  Srd  Ave.  A 
steam  heating  syi^tem  will  be  installed  in 
same.  Buchman  &  Kahn,  56  West  4  5th  St., 
Archts.  and  Engrs. 

N.  Y.,  Norwich — The  New  York  State 
Gas  &  Electric  Corp.  (formerly  the  Nor- 
wich Gas  &  Electric  Co.  controlled  by  the 
Associated  Gas  &  Electric  Co..  43  Exch. 
PI..  New  Y'ork  City),  plans  to  install  a  new 
Skinner  generator  unit  and  construct  10  ml. 
of  3  ph  transmission  line  to  Oxford.  B. 
Diamond,  Supt. 

N.  Y..  Norwood — The  Norwood  Electric 
Light  &  Power  Co.  plans  to  install  a  gener- 
ator and   wheel,   etc.     C.   F.   Vance,   Mgr. 

N.  Y.,  Nunda — The  Nunda  Electric  Light 
Co,  Inc.,  plans  to  increase  the  standby 
from  125  kva.  to  250  kva.  A.  J.  Wood- 
worth,  Pres. 

N  Y.,  Olean — Mowbray  &  EfFinger,  Archts. 
and  Engrs..  56  Liberty  St.,  New  York  City, 
will  receive  bids  until  March  15  for  the 
construction  of  a  5  story  bank  addition,  for 
the  Exchange  Natl.  Bank.  A  steam  heat- 
ing system  will  be  installed  in  same. 
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N.  v.,  Port  Leydon — The  Port  Leydon 
Electric  lAsht  &  Power  Co.  plans  to  install 
new  penerator.  Artflress  Louise  E.  Wilson, 
Owner. 

N.  Y.,  RouweH  Point^ — The  Municipal  Elec- 
tric I^ig'ht  Plant  phin.s  to  install  new  gener- 
ator  system.      H.    A.    Sabourin^Pres. 

N.  Y.,  WellHville — The  Wellsville  Water 
&  Lisht  Dept.,  plans  to  install  a  300  kva. 
turl)0  generator.  ('.  K.  Schermerhorn.  Genl. 
Supt. 

N.  .1.,  Belvirtere — E.  R.  Collins  &  Son, 
Belvidere  and  Westfield.  plan  to  install  a 
■new  hydro  generator.     P.  E.  Widener,  Supt. 

N.  .1..  Chatham — The  Municipal  Electric 
Light  Plant  plans  to  install  one  180  kva. 
direct  connected  unit.  T.  T.  Hnld.^man, 
Supt. 

N.  J.,  Lakewood — The  Lakewood  &  Coast 
Electric  Co..  Point  Pleasant,  plans  to  in- 
stall a  1,500  kva.  G.E.  generator  and  3  ph., 
2,210  volt  turbine  and  increase  the  capacity 
of  its  transformers.  A.  S.  Phelps,  Genl. 
Supt. 

N.  J.,  Sussex — The  Woodbourne  Electric 
Light,  Heat  &  Power  Co.,  plans  to  extend 
its  transmission  line  in  rural  section  1  mi. 
I.  D.  Shorter,  Secy. 

Pa.,  Dorranceton  (Kingston  P.  O.) — The 
Duplan  Silk  Corp.,  Wilkes-Barre,  is  hav- 
ing plans  prepared  for  the  construction  of 
a  3  story,  100  x  300  ft.  addition  to  its  silk 
mill.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$400,000.  G.  Welch,  Coal  Exch.  Bldg., 
Wilkes-Barre,  Archt. 

Pa.,  Harrisburg — The  Lemoyne  Quarries 
Co.,  Hershey  Bldg.,  plans  to  construct  a 
complete  addition  to  the  present  crushing 
plant  at  its  quarry,  here,  and  is  in  the  mar- 
ket for  six  15  to  60  hp.  electric  motors.  1 
electric  hoist,  4-ton  friction  drum  350  ft. 
air  compressor,  2  jackhammers,  one  2 J  in. 
steam  drill,  etc.  Total  estimated  cost. 
$20,000. 

Pa.,  Philadelphia — F.  F.  Durnngi  Archt., 
1220  Locust  St..  will  soon  award  the  con- 
tract for  the  construction  of  a  3  story,  70 
X  125  ft.  parochial  school  on  -Allegheny 
Ave.  and  28th  St.,  for  the  Corpus  Christi 
Parochial  School.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $150,000. 

Pa.,  Philadlelphia — The  O'Brien  Machin- 
ery Co..  119  North  3rd  St.,  is  in  the  market 
for  two  500  hp.  water  tube  boilers  to  have  a 
capacity  of  160  lb.  Ohio  inspection,  and  400 
kva.  220  volt,  3  ph.,  60  cycle  belted  gen- 
erators, etc. 

Pa.,  Philadelphia  —  Seamens  Institute. 
Front  and  Queen  Sts.,  engaged  Ballinger  & 
Perrott,  Archts.,  329  South  Broad  St...  to 
prepare  plans  for  the  construction  of  a 
home  on  2nd  and  Walnut  Sts.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $500,000. 

Pa.,  Scraiiton — The  Scranton  Business 
College,  Jefferson  Ave.,  is  having  plans  pre- 
pared for  the  construction  of  a  4  story, 
40  X  82  ft.  college  at  305-307  Jefferson  Ave. 
A  steam  heating  system  and  electric  power 
will  be  installed  in  same.  Total  estimated 
cost,  $150,000.     John  H.  Seeley,  Pres. 

Pa..  Wilkes-Barre — The  Enstine  Produce 
Co.,  Northampton  St.,  is  having  plans  pre- 
pared for  the  construction  of  a  2  story. 
40  X  210  ft.  warehouse.  Cold  storage  plant 
equipment  will  be  installed  in  same.  Total 
estimated    cost,    $100,000. 

Pa.,  Wilkes-Barre — The  Vulcan  Iron 
Wks.,  730  South  Main  St..  is  having  plans 
prepared  for  the  construction  of  a  40  x 
90  X  200  ft.  locomotive  shop  on  Hazle  Ave. 
A  steam  heating  system  will  be  install-=d 
in  sam»^.  Total  estimated  cost.  $130,000. 
E.   D.   Rhinehimer,   Carlisle  St.,   Engr. 

Md.,  Hapertown — The  Municipal  Electric 
Light  Plant.  21  East  Franklin  St..  plans  to 
change  its  plant  from  2  ph.  to  3  ph.,  4,000 
volt.      A.   B.   Grubmeyer,   Mgr. 

Md.,  Ocean  City — The  Delmarvia  Utili- 
ties Co.  plans  to  install  a  new  125  kw.  gen- 
erator and  construct  a  1  mi.,  2.400  volt, 
3  ph.,  transmission  line.  H.  T.  Moore, 
Treas. 

D.  C,  Washington — The  General  Purchas- 
ing Officer  of  the  Panama  Canal,  Wash..  D. 
C,  will  rer-eive  bids  until  March  16  for  fur- 
nishing three  110  and  2^0  volt.  25  cycle, 
single  ph.,  roj,uision  inducton  motors.  1  hp., 
1,500  r.p.m.  each. 

N.  C,  Burlingrton — The  Mayor  will  soon 
award  the  contract  for  the  construc-tion  of 
a  pumping  plant,  rain  water  reservoir  of 
1,700.000  gal.  capacity,  coagulating  basin. 
Dlear  water  reservoir  of  500.000  gal.  capa- 
city, pumps,  etc.  The  Ludlow  Engineers, 
Winston-Salem,  Engrs. 


N.  C,  Burlington — The  Piedmont  Power 
&  Light  Co.  plans  to  install  a  3,000  kva. 
generator  and  construct  a  4  mi.  transmis- 
sion line  to  Simpsonville.  J.  H.  Harden, 
Mgr. 

N.  C,  Greenville — The  Water  &  Light 
Comn.  i)lans  to  install  a  new  turbine  and 
condenser.    K.  A.  llaskins.  Acting  Supt. 

N.  C,  Madison — The  town  of  Madison 
plans  to  install  eithi^r  a  new  w.iter  ))lant  or  a 
Larfe  gas  engine.     K.  P.  Patterson,  Supt. 

N.  C,  Newbern — The  city  i)Ian'?  to  in-tall 
a  new  1,250  kw,  turbine  generator.  F.  G. 
Godfroy,  Supt. 

N.  C,  Pinehurst — The  Pinehurst  Power 
Plant  plans  to  construct  new  unders;round 
transmission  wires.  L.  E.  Pender,  Purch. 
Agt. 

N.  C.  Scotland  Neck — The  Municipal 
Electric  Light  &  Power  Plant  plans  to 
change  its  transmission  systems.  L.  R. 
Mills,   Jr.,    Supt. 

N.  C.  Wilson — The  City  Comrs.  will  soon 
award  the  contract  for  the  construction  of 
a  power  house,  transformer  station  and  ^ 
mi.  of  13.0110  volt  transmission  line.  L.  J. 
Hessing,  Chn.  T.  A.  MacEwan.  Charlotte. 
Engr. 

N.  C,  Zebulon — The  Municipal  Light  & 
Power  Plant  plans  to  install  one  complete 
generator  unit  and  construct  a  transmis- 
sion line  to   Wakefield.     R.   E.   Ward,   Mgr. 

Ga.,  Alma — The  City  Council  will  soon 
award  the  contract  for  the  construction  of 
a  power  plant  and  an  oi!  engine  plant,  etc. 
Total  estimated   cost,    $15,000. 

Miss..  C'larksdale — The  Clarksdale  Water 
&  Light  Plant  plans  to  install  a  1.250  kw. 
turbine   generator.      W.   S.    Bobs,   Supt. 

Miss.,  Cleveland — The  Home  Light  &  Ice 
Co.  plans  to  construct  a  new  25  ton  ice 
plant  in  addition  to  its  present  10  ton  plant, 
a  boiler  room,  etc.     F.   G.  Proutt,  Treas. 

Mis«!.,  Durant — The  Durant  Municipal 
Electric  Light  Plant  plans  to  install  a  new 
100  kva.  generator  unit.  J.  D.  Alsbury, 
Supt. 

Miss.,  Meridian — The  Meridian  Light  & 
Ry.  Co.  plans  to  extend  its  transmission 
lines.     L.   H.   Archer,   Secy. -Treas. 

Miss..  Oxford — The  Oxford  Light  & 
Water  Plant  plans  to  install  a  new  genera- 
tor set,  etc.     D.  H.  Hull,  Mgr. 

Miss..  Shelby — The  Shelby  Light  &  Power 
Co.  plans  to  install  one  170  kva.  alternator 
directly  connected   to  a   200   hp.   oil   engine. 

D.  Bradera,  Mgr. 

Miss..  Woodvillp — The  Woodville  Light 
&  Water  Plant  plans  to  construct  a  new 
ice  plant.     J.  A.   Masssy,  Supt. 

L,a..  Alexandria — The  City  Electric  Light 
&  Water  Wks.  nlans  to  install  one  200  hp. 
motor  driven  air  machine.  J.  R.  Laney, 
Supt. 

La.,  Bnnkie — The  Bunkie  Ice  Co.,  Ltd., 
plans  to  install  a  150  hp  crude  oil  gener- 
ating unit.     C.  J.  Pope,  Vice-Pres. 

La..  De  Ridder — The  De  Bidder  Light  & 
Power  Co.  plans  to  install  a  250  hp.  S. 
Kenner  engine  to  200  kwa.  G.E.  generator. 
M.   B.   Morgan,   Treas. 

Lat.,  Jennings — The  Pub.  Serve.  Co.  of 
Southwest  I^ouisiana  plans  to  change  from 
d.c.  generating  system  to  a.c.  C.  L.  Par- 
dee,  Asst.   Mgr. 

La.,  Natchitoches — The  Municipal  Elec- 
tric Light  &  Water  Wks.  plans  to  install 
two  150  hp.  crude  oH  engines  and  a  125 
kva.  generator.    G.  J.  Shehane,  Supt. 

Tenn..  Knoxville — The  Knoxville  Ice  & 
Cold  Storage  Co.,  613  McGhee  St.,  plans 
to  construrt  an  addition  to  thf>  present  cold 
storage  plant  to  increase  the  daily  capacity 
of  same.     Total  estimated  cost,   $30,000. 

Ky..  Berea — The  Berea  College  Heating 
&  Power  Plant  plans  to  construct  a  2.500 
ft.   transmission   system.     G.  G.   Dick,  Supt. 

Ky.,  Jackson — The  Jackson  Utilities  Co. 
plans  to  install  one  25  hj).  oil  engine  direct 
connected  to  a  20  kva..  2.300  volt,  3  ph. 
generator.     O.   G.   Gill'im,   Mgr. 

Ky.,  Mayfleld — iThe  Municipal  Electric 
Light  &  Water  Plant  v>lans  to  install  a  new 
300  kw.   generator.     C.   A.   Orr,   Mgr. 

Ky.,  Murray — The  Municipal  Electric 
Light  &  Waterworks  Plant  plans  to  install 
a  200  kw.  steam  unit.     J.  W.  Stett,  Supt. 

K.V..  Owingsvill« — The  Electric  Light  Co. 
plans  to  install  a  new  50  kw.  d.c  generator. 

E.  V.  Brother,  Mgr. 

K.V..  Paris — The  Paris  G^s  &  "^l^ctric 
Co.  plans  to  construct  a  9  mi.,  6  600  volt 
transmission   line.     C.   L.   Steinberger,   Mgr. 

Ky.,  Stanford — The  Sta-f^'-d  Water, 
Light  &  Ice  Co.  plans  to  construct  a  20  mi. 


transmission  line  to  serve  2  towns.  B.  T 
Penny,    Secy. -Treas. 

Ky.,  Walton — The  Walton  ?:iectrlc  Light 
'"o.  plans  to  install  2.)  meters  for  its  trans- 
mission system.     E.  L.  Kelly,  Owner. 

O.,  Cleveland — The  B'nai  B'rith  Club. 
7103  Euclid  Ave.,  ]>lans  to  build  a  2  story 
club  house.  A  steam  heating  system  will 
be  installed  In  same.  Total  estimated  cost, 
$100,000.     Max  Ozersky.  Treas. 

O.,  Cleveland — The  Guarantee  Bldg.  Co  . 
Union  Bldg.,  is  having  plans  prepared  for 
the  construction  of  a  4  story.  60  x  150  ft. 
auto  sales  building  and  show  rooms  on 
East  55th  .St.  and  Prosi)ect  -Ave.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost.  $15,000.  Max  Weis, 
618  Union  Bldg..  Archt. 

O.,  Columbus — The  Bd.  Educ.  will  soon 
award  the  contract  for  the  construction  of 
a  2  story  school.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
con*  $165,000.  D.  Riehel  &  Sons.  New 
Trust  Natl.   Bank  Bldg.,  Archts. 

O.,  Hamilton — The  City  Council  is  hav- 
ing plans  prepared  for  the  construction  of 
an  electric  light  plant.  The  city  voted 
$650,000  bonds  for  this  project. 

O.,  Ravenna — A.  S.  Helbig.  Dir.  of  Pub. 
Serv..  will  receive  bids  until  March  12  for 
furnishing  one  2,000  G.P.M.  electrical  pump- 
ing unit  with  pipe  and  electrical  connec- 
tions. 

Ind,.  Seymour — The  Seymour  Water  Co. 
plans  to  improve  the  power  station.  Work 
involves  a  new  sedimentation  basin  of 
2,000,000  gal.  capacity  and  rebuilding  of 
the  steam  plant.  The  company  recently 
installed  hydraulic  power  equipment  and 
operates  its  steam  plant  only  when  the  con- 
dition of  the  White  River  will  not  permit 
the  operation  of  the  water  system. 

Ind.,  Valparaiso — Henry  L.  Newhouse. 
Archt.,  4630  Prairie  Ave.,  Chicago,  will 
soon  award  the  contract  for  the  construc- 
tion of  a  2  story,  75  x  80  ft.  theatre  and 
office  building,  here,  for  G.  G.  Shaner  & 
Sons  Co.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost. 
$100,000. 

3Iich.,  Cass  City — The  Municipal  Elec- 
tric Light  &  Water  Plant  plans  to  install 
a  steam  driven.  2,300  volt  generator  and 
jiossibly  a  waterworks  pump.  W.  N. 
Straube,  Supt. 

Mich.,  Detroit — The  Bd.  Educ.  50  B'way., 
will  soon  award  the  contract  for  the  con- 
struction of  a  2  story  school  on  St.  Antoine 
.St.  tyetween  Palmer  and  Ferry  .\ves.  A 
plenum  steam  heating  system,  including 
ventilation  device,  etc.,  will  be  installed  in 
same.  Total  estimated  cost,  $200,000. 
Charles  A.  Gadd,  Secy.  Malcolmson,  Hig- 
ginbotham  &  Palmer.  405  Moffat  Bldg.. 
.A.rchts. 

Mich.,  Detroit — Brown  &  Preston.  Archts., 
406  Empire  Bldg..  will  soon  award  the  con- 
tract for  the  construction  of  a  1  storv.  60 
X  150  ft.  factory,  2  story,  36  x  60  ft.  office 
building  and  an  18  x  22  ft.  boiler  house,  for 
the  Pharo  Mfg.  Co.,  1336  Woodward  Ave. 
A  steam  heating  boiler,  etc..  will  be  in- 
stalled in  a  separate  boiler  house.  Total 
estimated  cost,  $30,000. 

Mich.,  Detroit — Albert  Kahn,  Archt.. 
Marquette  Bldg.,  will  soon  award  the  con- 
tract for  thf  construciion  of  a  9.')  x  209  ft. 
sales  buildii.g  on  Jefferson  Ave.  and  St. 
.\ntoine  St..  for  the  Packard  Motor  Car 
Co..  East  Grand  Blvd.  Steam  heating 
boiler,  etc..  will  be  installed  in  same. 
Total  estimated  cost.  $175,000. 

Mich.,  Detroit — Murray  W.  Sales  &  Co.. 
East  Jefferson  Ave.,  is  having  plans  pre- 
pared for  the  construction  of  a  3  story. 
80  X  190  ft.  storage  warehouse  on  3rd 
Xve.  Electric  power  to  operate  conveyors 
will  be  installed  in  same.  Esselstvn.  Mur- 
phy &  Hanford,  810  A'arquette  Bldg.. 
.\rchts.  and  Engrs. 

Mich.,  Detroit — The  Parker-Johnson  Co., 
715  Dix  Ave.,  is  in  the  market  for  1  me- 
dium capacity  air  compressor. 

Mich.,  Detroit — Spier  &  Gehrke.  Archts.. 
1317  Chamber  of  Commerce,  are  preparing 
plans  for  the  construction  of  a  2  story.  90 
X  100  ft.  church  in  the  eastern  section  of 
city.  Steam  heating  equipment  will  be  in- 
r.ialled  in  same.  Total  estimated  cost. 
$100,000.     Owner's  name  withheld. 

Mich.,  Detroit — The  Water  Bd.,  232  Jef- 
ferson Ave.,  received  lowest  3  bids  for  fur- 
nishing labor  and  materi'l  for  construct- 
ing a  sub-structure  for  the  proposed  low 
lift  i>umping  station,  from  the  Walsh 
Constr.  Co.,  114i  West  3rd  St..  Davenport, 
la.,  $268,850  ;  Raymond  Concrete  Pile  Co.. 
Empire  Bldg.,  $!40.000  ;  Foundation  Co  . 
209   South   La   Salle  St..   Chicago,    $369. ooo. 

Mich.,  Durand — The  Bd.  Educ.  is  having 
plans  prepared  for  the  construction  of  a  2 
story  school.     A  steam  heating  noiler,  etc, 
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■will  be  installed  in  same.  Total  estimated 
cost,  $150,000.  Van  Leyen,  Schilling  & 
Keough,  Union  Trust  Bldg.,  Detroit,  Archts, 
and  Engrs. 

Mirh.,  Frontier — The  Economy  Electric 
Co.,  Camden,  plans  to  construct  a  trans- 
mission line  from  here  to  Ray,  Ind.  S.  P. 
Hull,  Secy. 

Mich.,  Grand  Rapids — The  Municipal 
Electric  Light  Plant  plans  to  install  a  1,000 
kw.  Allis-Chalmers  Co..  turbo  to  generator 
system.     B.   E.  Knappen,   Electrician. 

Mich.,  Greenville — R.  J.  Tower  Electric 
Co.,  210  South  Lafayette  St.,  plans  to  in- 
stall new  and  larger  generators.  S.  L. 
Tower,  Mgr. 

Mich.,  Hamtramck  Villa&e  (Detroit  P.  O.) 
— The  Village  Council  retained  Alvan  E. 
Harley.  Archt.,  435  Woodward  Ave.,  De- 
troit, to  prepare  plans  for  the  construction 
of  a  2  story  hospital.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated    cost,    $150,000. 

Mich.,  Highland  (Detroit  P.  O.)— The 
Ford  Motor  Co.,  Woodward  Ave.,  is  in  the 
market  for  1  turbine  driven  exciter  unit. 

Mich.,  Holland — The  Bd.  Pub.  Wks.  plans 
to  install  one  1.500  kva.  Allis-Chalmers  tur- 
bine.    W.  Winstrom,  Secy. 

Mich.,  L,'Anse — The  L' An.se  Hydro  Elec- 
tric Light  Plant  plans  to  reinforce  the 
flume  pipe  and  raise  the  dam  3  ft.  J.  E. 
Everton,    Supt. 

Mich.,  Lansing — The  State  is  "having 
plans  prepared  for  the  construction  of  an 
Industrial  School  for  Boys,  including  1. 
2,  3,  4  and  5  story  buildings.  A  steam 
heating  system  will  l)e  installed  in  same. 
Total  estimated  cost.  $3,000,000.  York  & 
Sawyer.  50  East  41st.  St.,  New  York  City, 
Archts.    and    Engrs. 

Mich.,  Marcellus — The  village  plans  to 
install  2  new  units  for  power  and  a  24  hr. 
service.     V.  L.  Kniglit.  Supt. 

Mich.,  Montgomery — The  Economy  Elec- 
tric Co.  plans  to  construct  a  4  mi.  trans- 
mission line  from  here  to  Roy.  S.  P.  Hull. 
Mgr. 

Mich.,  Otter  Lake — The  Otter  Lake  Light 
Plant  plans  to  construct  a  7  mi.,  13.200  volt 
transmisnon  line  from  here  to  Mayville. 
C.  C.  Tinke,  Mgr. 

Mich.,  Oxford — The  Municipal  Electric 
Light  &  AVater  Wks.  plans  to  rebuild  its 
transmission  distributing  system.  A.  E. 
Detwiler,    Clk. 

Mich..  Plainwell — The  Eesley  Light  & 
Power  Co.  plans  to  install  1  Allis-Chalmers 
vertical  wheel  and  a  700  kva.  generator. 
J.  F.  Fesley,  Pres.  and  Mgr. 

Midi.,  Kiver  Rouge — The  3d.  Educ,  c/o 
A.  R.  Heuer,  Pres.,  engaged  Van  Leyen, 
Schilling  &  Keough,  Archts.,  Union  Trust 
Bldg.,  Detroit,  to  prepare  plans  for  the 
construction  of  a  3  story  school  on  Dear- 
born Rd.  Modern  heating  and  ventilating 
equipment  will  be  installed  in  same.  Total 
estimated  cost,   $750,000. 

Mich.,  Saginaw — The  Saginaw  Creajmery 
Co.,  209  North  Water  St.,  is  in  the  market 
for  one  40  to  60  hp.  horizontal  tubular 
or  internal  fire-box  boiler. 

Midi.,  Sturgis — The  Municipal  Electric 
Light  Plant  plans  to  install  eltlier  auxiliary 
unit.  -Diesel  oil  or  500  or  700  kw.  steam 
engine  and  construct  a  16  mi.  transmission 
line  service  connection  with  the  Indiana 
Electric  Co.,  Constantine.  J.  S.  Flanders, 
Genl.    Mgr. 

Micii.,  Three  Rivers — The  Three  Rivers 
Municipal  Plant  plans  to  construct  1  addi- 
tional transmission  circuit.  O.  O.  Johnson, 
City  Mgr. 

Midi.,  Yale — The  Municipal  Electric 
Light,  Power  &  Water  Plant  plans  to  in- 
stall an  additional  75  kw.  generator.  A.  T. 
Kent,  Supt, 

111..  F.Igin— The  Elgin  Natl.  Watch  Co., 
10  South  Wabash  Ave.,  Chicago,  is  having 
plans  prepared  for  the  construction  of  a 
watch  factory,  adjoining  its  present  plant, 
including  several  4  story  buildings.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $1,000,000. 
Postle  &  Fisher,  14  0  South  Dearborn  St., 
Chicago,    Archts 

Wis.,  Fond  du  Lac — The  Commercial 
Natl.  Banl\  is  having  pU  ns  prepared  for 
the  construction  of  a  6  story,  66  x  105  ft. 
bank  and  office  building.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $250,000.  Sidney  Lovell,  30 
North    Michigan    Ave.,    Chicago,    Archt. 

Wis.,  St.  Francis — The  Milwaukee  Elec- 
tric Ry.  &  Light  Co.,  Pub.  Serv.  Bldg., 
Milwaukee,  will  soon  award  the  contract 
for  the  construction  of  five  1  story  power 
plant  buildings,  here.  Total  estimated  cost, 
$500,000.     R.   H.  Pinkley,   Engr. 


Iowa,  Mt.  Pleasant — The  Henry  Co.  Hos- 
pital Association  is  having  plans  prepared 
for  the  construction  of  a  2  story,  50  x  100 
ft.  hospital  building.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $100,000.  G.  L.  Lockhart,  En- 
dicott  Bldg.,  St.  Paul,  Minn.,  Archt. 

Iowa,  Webster  City — The  Commercial 
Club  will  soon  receive  bids  for  the  con- 
struction of  a  3  story,  70  x  118  ft.  hotel. 
A  steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,  $100,000. 

Minn.,  Aurora — The  Water  &  Light 
Comn.  plans  to  install  2  boilers  and  one 
312  kva.  generator  unit.  C.  Juhlin,  Eng. 
Power  Sta. 

Minn.,  Benson — The  City  Water,  Light, 
Heat  &  Power  Plant  plans  to  install  a  com- 
plete new  Allis-Chalmers  plant.  T.  K.  Lee, 
Supt. 

Minn.,  Buhl — The  Bd.  Educ.  is  having 
plans  prepared  for  the  construction  of  a  1 
story,  24  x  93  ft.  grade  school  with  a  23 
X  52  ft.  wing.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$100,000.  M.  D.  Aygard,  Supt.  A.  W.  Kerr 
&   Co.,    Virginia,    Archt. 

Minn.,  Cass  Lake — The  Bd.  Educ.  is  hav- 
ing plans  prepared  for  the  construction  of  a 
2  story,  86  x  130  ft.  high  school.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost.  .^100, 000.  E.  F  Broom- 
hall,    710   Alworth   Bldg.,   Duluth,    Archt. 

Minn.,  Ely — The  Municipal  Electric  Light 
Plant  plans  to  install  three  213  hp.  Heine 
boilers  and  a  new  condenser.  W.  Mitchell, 
Supt. 

Minn.,  Forest  Lake — The  Bd.  Educ.  is 
having  plans  prepared  for  the  construction 
of  a  3  story,  80  x  120  ft.  high  school.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $100,000. 
Foss  &  Foss,  St.  Cloud,  Minn.,   Archts. 

Minn.,  Good  Thunder — The  Good  Thun- 
der Electric  Co.  plans  to  construct  a  24 
mi.  transmission  line  extension  from  the 
hydro-electric  plant  to  the  sub-station, 
$4,136.     F.  H.  Griffin,  Secy. 

Minn.,  Granite  Falls — The  Granjte  Falls 
Electric  Light  &  Water  Plant  plans  to  in- 
stall more  generating  power.  A.  W.  Thomp- 
son,  Mgr. 

Minn,,  Hopkins — A.  Close,  Village  Recdr., 
will  soon  award  the  contract  for  the  con- 
struction of  a  750  ft.  deep  well  and  for 
the  installation  of  pumping  machinery. 
Total  estimated  cost,  $20,000.  John  W. 
Schaffer.  501  New  York  Life  Bldg.,  Minne- 
apolis,  Engr. 

Minn.,  Kinney — Lee  Ranchstadt  will  soon 
award  the  contract  for  the  construction  of 
a  2  story,  152  x  216  ft.  school,  for  Inde- 
pendent School  Dist.  35  of  Buhl.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $250,000.  A.  W.  Kerr 
&  Co.,  Matheson  Bldg.,  Virginia,  Archts. 
and  Engrs. 

Minn.,  Lake  City — The  Municipal  Electric 
Light  &  Waterworks  Plant  plans  to  con- 
struct further  extensions  to  its  transmission 
lines.      W.   J.   Howe,   Supt. 

3Iinn.,  Madison — The  Municipal  Electric 
Light  Plant  plans  to  install  ore  18  x  72 
ft.  horizontal  brass  boiler.  T.  B.  Leasman, 
Mgr. 

Minn.,  Mankato — The  State  Bd.  of  Con- 
trol, Capitol,  St.  Paul,  will  soon  award  the 
contract  for  the  construction  of  a  3  story, 
50  X  100  ft.  dormitory  at  the  Normal 
School,  hore.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$100,000.  C.  H.  Johnston,  Capitol  Life 
Bldg.,   St.  Paul,   Archt. 

Minn.,  Middle  River — The  Middle  River 
Light  &  Power  Co.  plans  to  install  one  new 
unit  in  the  generating  system.  E.  Peter- 
son, Mgr. 

Minn.,  Milroy — The  Milroy  Electric 
Light  &  Power  Co.  plans  to  construct  trans- 
mission lines  into  the  country.  C.  F. 
Boyer,  Mgr. 

Minn.,  Minneapolis — The  Bd.  Educ.  is 
having  plans  prepared  for  the  construction 
of  a  2  story,  225  x  225  ft.  senior  high 
school  on  Monroe  St.,  N.  A  steam  heating 
system,  including  a  ventilating  fan,  etc., 
will  be  installed  in  same.  Total  estimated 
cost,  $500,000. 

Minn.,  Minneapolis — The  Hamm-Hamm 
Realty  Co.,  7th  and  St.  Peter  Sts.,  St. 
Paul,  is  having  plans  prepared  for  the  con- 
struction of  a  2  story.  110  x  110  ft.  busi- 
ness building,  on  Nicollet  Ave.  and  10th 
St.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost. 
$180  000.  Toltz,  King  &  Day,  1410  Pioneer 
Bldg.,  St.  Paul,   Archts. 


Minn.,  New  Prague — The  Electric  Light 
&  Waterworks  Dept.  plans  to  construct  250 
volt,  d.c.  transmission  lines.  J.  T,  Rynda. 
Supt. 

Minn.,  Olivia — The  Bd.  Educ.  is  having 
plans  prepared  for  the  construction  of  a  3 
story,  63  x  150  ft.  high  school.  Separate 
bids  will  be  received  for  installing  heating 
and  plumbing  systems.  Total  estimated 
cost,  $200,000.  George  Peterson,  Clk.  W. 
L.  Alban,  347  Endicott  Bldg.,  St.  Paul, 
Archt. 

Minn.,  Rochester — John  E.  Crewe,  12 
West  4th  St.,  is  having  plans  prepared  for 
the  construction  of  a  3  story  sanatorium. 
A  steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $150,000.  F. 
H.  Ellerbe,  Endicott  Bldg.,  St.  Paul,  Archt. 

Minn.,  Sacred  Heart — The  Bd.  Educ.  is 
having  plans  prepared  for  the  construction 
of  a  3  story,  60  x  164  ft.  high  school  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $160,000.  H. 
Evenson,  Clk.  W.  L.  Alban,  347  Endicott 
Bldg.,    St.    Paul,    Archt. 

Minn.,  St.  Cloud — Nicholas  Thomey, 
Aud.  Sterns  Co.,  will  receive  bids  until 
March  25,  for  the  construction  of  a  4  story, 
100  X  140  ft.  courthouse.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $600,000.  Toltz,  King  & 
Day,    1410   Pioneer   Bldg.,   St.   Paul,  Archts. 

Minn.,  St.  Paul — St.  Mary's  Hospital  is 
having  plans  prepared  for  the  construction 
of  a  6  story,  45  x  140  ft.  add''.ion  on  5th 
Ave.,  E.  A  steam  heating  ,<r>stem  will  be 
installed  in  same.  Total  estimated  cost, 
$200,000.  F.  H.  EUerLe,  Endicott  Bldg., 
St.    Paul,   Archt. 

Minn.,  Waconia — The  Waconia  Light  & 
Power  Co.  plans  to  construct  6  mi.,  13,000 
volt  transmission  line.     E.  F.   Strong,  Pres. 

Minn.,  Waubun — The  Waubun  Electric 
Light  Co.  plans  to  install  an  a.c.  in  place 
of  the  d.c.  generator.     L.  A.  Fancher,  Pres. 

Minn.,  Willmar — The  Municipal  Electric 
Light  Plant  &  Waterworks  plans  to  install 
a  new  boiler.     N.  W.   Larson,  Supt. 

Kan.,  Attica — The  Attica  Municipal 
Water  &  Light  Plant  plans  to  install  a 
100  hp.  oil  engine.  J.  C.  McCaddan,  City 
Clk. 

Kan.,  Burlingame  —  The  Burlingame 
Municipal  Electric  Light  Plant  plans  to 
install  a  3  ph.,  60  cycle,  220  volt  motor  cir- 
cuit in  the  city.    W.  R.  Howe,  Supt. 

Kan.,  Chanute — The  Municipal  Electric 
Light  Plant  plans  to  install  one  500  kw. 
turbo  generator  and  one  250  hp.  Heine 
boiler,  also  construct  new  engine  room  and 
spray  pond  for  cooling  water.  H.  R.  Wil- 
liams, Supt. 

Kan.,  Clay  Centre — The  Municipal  Light 
&  Water  Plant  plans  to  construct  a  12  mi. 
transmission    line.      C.    S.    Allender,    Supt. 

Kan.,  Coffeyville — The  Municipal  Water 
&  Light  Plant  plans  to  install  two  addi- 
tional 375-500  hp.  boilers.  E.  J.  Walcott, 
Supt. 

Kan.,  Elk  City — The  C.  R.  Long  Light  & 
Power  Co.,  Box  117,  plans  to  install  a  100 
hp.  oil  engine  and  a  75  kva.  generator, 
also  construct  an  8  mi.  transmission  line. 
J.  A.  Logan,  Supt. 

Kan.,  Ellsworth — The  Weber  Electric 
Power  Co.  plans  to  extend  its  transmission 
lines  to  5  or  more  small  towns.  B.  A. 
Bearnes,  Supt. 

Kan.,  Emporia — The  State,  c/o  J.  A. 
Kimball,  will  receivo  bids  until  March  11 
for  the  construction  of  power  plant.  New 
boilers  will  be  installed  in  same.  Total 
estimated  cost,  $70,000.  Ray  L.  Gamble, 
1415   Fillmore   St.,  Topeka,  Archt. 

Kan.,  Grenola — The  City  Light  Plant 
plans  to  install  a  new  75  kw.  generator  and 
a   100   hp.   engine.      Edgar  Robertson,   Supt. 

Kan.,  Hutchinson — The  United  Water, 
Gas  &  Electric  Co.  plans  to  install  two 
1,000  hp.  boilers,  feed  water  pumps  and 
construct  a  new  boiler  room  and  trans- 
mission lines  to  supply  Arlington,  Patridge, 
Langdon  and  Tierom.  one  to  supply  Alden, 
and  one  to  supply  Little  River  and  Benesio. 
W.  E.  Quillan,  Mgr. 

Kan,,  Kanapolis — The  Kanapolis  Water  & 
Light  Plant  plans  to  install  1  generator 
unit  and  one  10  ton  ice  machine.  J.  S. 
Holmquiot,  Supt. 

Kan..  LaCynge — The  Municipal  Electric 
Light  Plant  plans  to  install  one  75  kw., 
2,300  volt,  60  cycle  generator  and  construct 
a  pole  line  and  transformer.  W.  W.  Peti- 
fish,  Supt. 

Kan.,  Lebanon — The  Municipal  Light, 
Water  &  Power  Plant,  .  P.  O.  Box  145, 
plans  to  install  one  200  hp.  engine.  I.  V. 
Arnold,   Supt. 


March  9,  1920 


POWER 


405 


Kan.,  Lyndon — The  Lyndon  Light  & 
Water  Plant  plans  to  install  a  new  250 
lip.  unit  and  construct  a  transmission  line. 
C.  W.  Rockey,  Supt. 

Kan.,  Meriden — The  city  voted  $22,000 
bonds  to  construct  an  electric  transmission 
line  from  here  to  Topeka.  W.  B.  Rollins 
&  Co.,  Ry.  Exch.  Bldg.,  Kansas  City,  Mo., 
Engrs. 

Kan.,  Moran — The  Municipal  Electric 
Light  &  Water  Plant  plans  to  rebuild  its 
transmission  line.     M.   M.   Humphrey,   Supt. 

Kan..  Oakley — The  Municipal  Water  & 
Light  Plan*  plans  to  install  a  complete  150 
hp.  steam  or  oil  plant.     W.  B.  Day,  Supt. 

Kan.,  Phillipsburg  —  The  Phillips  Co. 
Light  &  Power  Co.  plans  to  install-  a  ,200 
hp.  boiler,  250  hp.  steam  engine  and  gener- 
ating unit,  also  construct  a  10  mi.,  13.200 
volt  transmission  line  to  Almena.  F.  J. 
Spuhler,  Mgr. 

Kan.,  Pretty  Prairie — The  Pretty  Prairie 
Light  &  Power  Plant  plans  to  install  one 
70  kva.,  2,300  volt,  60  cycle,  3  ph.  gener- 
ator.    J.   J.   Siebert,   Mgr. 

Kan.,  Bossville — The  Rossville  Electric 
Light,  Ice  and  Elevator  Co.  plans  to  instal' 
a  new  60  kw.  generator,  also  construct  a 
transmission  line  to  Delia  and  Willard.  A. 
H.   Daw,   Mgr. 

Kan.,  St.  Francis — The  Municipal  Water 
&  Light  Plant  plans  to  install  a  new  gener- 
ator plant.     W.  Roelfs,  Supt. 

Kan.,  Wellington — The  Wellington  Munic- 
ipal Light  &  Water  PHnt  plans  to  install 
one  750  kva.  turbine  'unit  and  a  switch- 
board.     R.   Perry,   Supt.   Pub.   Utilities. 

Neb.,  Arcadia — The  Arcadia  Electric 
Light  &  Telephone  Co.  plans  to  install  a 
new  75  hp.  oil  engine.     J.   L.  Wait,  Prop. 

Neb.,  Auburn — The  Intermountain  Ry. 
Light  &  Power  Co.  plans  to  install  one  310 
hp.  Nordberg  Corliss  engine  with  a  200  kw., 
60  cycle,  3  ph.,  G.E.  generator  in  place  of 
the  125  hp.  Hamilton  Corliss  generator.  R. 
Y.  Pool,  Genl.   Supt. 

Neb.,  Avoca — The  Avoca  Light  Plant 
plans  to  install  an  extra  engine  and  gen- 
erator.    L.  W.   Fahnestock,   Mgr. 

Neb.,  Hartley — The  B=)rtley  Municipal 
Lighting  System  plans  to  construct  a  24  mi. 
transmission   line.     J.   A.   Finnegan,   Mgr. 

Neb.,  Chappell — The  Municipal  Water  & 
Light  Plant  plans  to  install  a  complete  new 
200  or  250  hp.  oil  engine  in  the  spring.  C. 
P.   Tschabrun,  Mgr. 

Neb.,  Fairbury — The  Municipal  Electric 
Light  &  Water  Plant  plans  to  install  one 
400  kw.  direct  connected  unit  and  con- 
struct a  6  mi.,  3  ph.,  6,600  volt  transmis- 
sion line.     G.  D.  Myers,  Mgr. 

Neb.,  Harvard — The  Harvard  Electric 
Co.  plans  to  construct  a  power  line.  J.  E. 
Person,  Mgr. 

Neb.,  Kimball — The  city  plans  to  install 
a  200  hp.,  type  "Y"  engine  and  direct  con- 
nected generator.      F.   C.   Overton,   Clk. 

Neb.,  Lincoln — The  Municipal  Electric 
Light  &  Water  Plant  plans  to  build  a  new 
plant  over  the  old  and  install  new  turbine, 
boilers,  coal  conveyor  and  all  necessary 
equipment.     P.  W.  Doerr,  Supt. 

Neb.,  Millard — The*  Millard  Light  & 
Power  Co.  plans  to  construct  transmission 
lines   to   Chalco.      C.    W.    Peters,    Owner. 

Neb.,  Morrill — The  Municipal  Electric 
Light  &  Power  Plant  plans  to  install  a  di- 
rect connected,  100  hp.  unit.  O.  T.  Moline. 
Clk. 

Neb.,  Randolph — The  Randolph  Electric 
Light  &  Water  Plant  plans  to  install  an 
a.c.  generator  this  spring  in  place  of  the 
old  one.     R.  J.  Kirk,  Supt.   Dist. 

Neb.,  Ravenna — The  Ravenna  Electric 
Light,  Heat  &  Power  Co.  plans  to  extend  its 
generator  system.  A.  T.  Shellenbargor, 
Supt. 

Neb.,  RushviUe — The  Sheridan  Electric 
Service  Co.  plans  to  increase  the  capacity 
Of  its  generator  system  by  25  kw.  T.  C. 
Shipley,   Mgr. 

Neb.,  Schuyler — The  City  Light  & 
Waterworks  plans  to  construct  a  2  unit 
generator  room  and  install  one  125  kva. 
and  one  210  kva.  generator.  E.  A.  Schnid, 
Light   &   Water    Comr. 

Neb.,  Scotia — The  Municipal  Electric 
Light  Plant  plans  to  install  a  new  engine, 
generator  and  11,000  gal.  distillation  tank. 
Address    B.    W.    Ammermann. 

Neb.,  Scottsbluff — The  Intermountain  Ry. 
Light  &  Power  Co.,  1219  B'way.,  phins  to 
install  a  750  hp.  W.  T.  boiler,  double  its 
Ice  plant  equipment  and  increase  the  size 
of  the  copper  gearing  transformers.  J.  R, 
Murphy,    Supt. 


Neb.,  Seward — The  Blue  River  Power  Co. 
plans  to  build  hydro  plants  and  transmis- 
sion  linos.      B.    Boyes,   Sjcy.-Treas. 

Neb.,  Sidney — The  Sidney  Munic  pal  Serv- 
ice plans  to  install  a  new  boiler  and  gen- 
erator unit.     J.  E.  Poquette,  Mgr. 

Neb.,  Superior — The  Southern  Nebraska 
Power  Co.  plans  to  install  one  new  650  hp. 
water  -wheel  and  construct  45  mi.  of  trans- 
mission lines.     D.   Guthrie,  Pres. 

Neb.,  Sutton — The  Municipal  Electric 
Light  &  Power  Plant  plans  to  build  minor 
extensions  to  its  transmission  system.  H. 
J.   Bauer,  Light  &  Water  Comr. 

Neb..  Syracuse — The  Municipal  Electric 
Light  Plant  plans  to  purchase  curren  from 
Nebraska  City  or  enlarge  power  unit  and 
sell  50  hp.  type  "Y"  F.  M.  engine.  R.  E. 
Wood,   Water  &  Light  Gonnr. 

S.  D.,  Erwin — The  Bd.  Educ.  is  having 
plans  revised  for  the  construction  of  a  2 
story,  100  x  132  ft.  school.  A  steam  heat- 
ing and  ventilating  system  will  be  installed 
in  same.  Total  estimated  cost,  $150,000. 
G.  A.  Jenson,  Clk.  K.  T.  Snyder,  933  Ply- 
mouth  Bldg.,    Minneapolis,   Archt. 

S.  D.,  Cioux  Falls — The  Diocesan  College 
is  having  plans  prepared  for  the  construc- 
tion of  a  group  of  4  buildings,  including  a 
3  story  class-room  building,  2  story  dormi- 
tory, 1  story  gymnasium  and  auditorium 
and  a  power  plant.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $500,000.  Edwain  S.  Lundle, 
530   Endicott  Bldg.,   St.   1  aul,  Minn.,  Archt. 

N,  D.,  Cooperstown — The  City  Council 
will  soon  award  the  contract  for  the  con- 
struction of  a  combined  well  and  100,000 
gal.  reservoir,  1  pump  house,  100  gal.  1 
min.  pump,  500  gal.,  1  min.  pump,  tower 
and  tank,  etc.  Total  estimated  cost,  $79,- 
000.  Dakota  Eng.  &  Const*-.  Co.,  Valley 
City,  Engr. 

N.  D.,  Fessenden — The  Fessenden  Light 
&  Power  Co.  plans  to  install  one  200  hp. 
generator  producer  and  also  extend  its 
transmission   lines.     H.   C.   Whitcomb,   Mgr. 

N.  D.,  Fordville — The  Fordville  Garage 
&  Light  Plant  plans  to  install  one  25  hp. 
oil  engine  and  generator.     C.  H.  Thol,  Mgr. 

N.  D.,  Garrison — The  Garrison  Coal, 
Light  &  Power  Co.  plans  to  install  a  new 
150  hp.  boiler  and  a  100  kw.  direct  con- 
nected generator.     J.   A.   Kunkel,   Secy. 

N.  D.,  Hettinger — The  Hettinger  Electric 
Light  &  Power  Co.  plans  to  install  two  18 
X  72  ft.  return  flue  boilers,  one  250  hp. 
engine,  six  75  kw.,  13,200  volt  power  trans- 
formers.    G.  Smith,  Owner  and  Mgr. 

Mo.,  Bethany — The  Municipal  Electric 
Light  &  Waterworks  plan  to  install  a  new 
engine   and   boiler.      J.   F.   Slinger,   Supt. 

Mo.,  Bolivar — The  Municipal  Electric 
Light  &  Waterworks  Plant  plans  to  install 
a  new  and  larger  generating  system.  A. 
F.  Leavitt,  Light  &  Water  Comr. 

Mo.,  Boonville — The  Boonville  Light, 
Heat  &  Power  Co;  plans  to  construct  small 
transmission  line  extensions.  T.  W.  Long, 
Mgr. 

Mo.,  Bunceton — The  Bunceton  Ice,  Light 
&  Fuel  Co.  plans  to  construct  additional 
transmission  lines.     W.  K.  Simmons,  Mgr. 

Mo.,  Gait — The  Gait  Light  &  Power  Co. 
Ijlans  to  construct  a  transmission  line  either 
from  here  to  Trenton,  or  from  here  to' 
Brookfield.      D.    H.    Clark,    Pres. 

Mo.,  Lathrop — The  Lathrop  Light,  Heat 
&  Power  Co.  plans  to  rebuild  part  of  its 
transmission   system.      E.    S.   Grant,   Mgr. 

Mo.,  Lincoln — The  Lincoln  Light  Co. 
plans  to  install  a  10  hp.  engine  and  a  5 
kw.  generator.     I.  T.  Sterrett,  Supt. 

Mo.,  Novinger — The  Merchants'  Light  & 
Power  Co.  plans  to  install  a  new  150  kva. 
unit  generator.  C.  H.  Charlton,  Secy.- 
Treas. 

Mo.,  Odessa — The  Municipal  Light  Plant 
plans  to  construct  a  35  mi.,  23,000  volt 
transmission  line.  Voltage  now  220  d.c. 
will  be  60  cycle,  110  a.c.  J.  G.  Lightner, 
Mgr. 

Mo.,  Pattonsburg — The  Pattonsburg  Light 
&  Ice  Co.  plans  to  construct  transmission 
lines  to  Kidder,  Jameson,  and  McFall.  O. 
L.   Wright,    Pres. 

Mo.,  Parma — The  McMullin  Light  &  Ice 
Plant  i)lans  to  install  a  50  hp.  engine  and 
a  35  kw.  generator.     J.  McMullin,  Pres. 

Mo.,  Richland — The  Richland  Light  & 
Power  Co.,  Inc..  plans  to  install  a  50  ph., 
60  kw..  2,300  volt  generator  connected  with 
a  60  hp.  fuel  engine,  also  a  60  kw.,  3  ph. 
generator  and  a  60  to  75  hp.  fuel  oil  en- 
gine.    E.  K.  Woodward,  Pres. 

Mo.,  Unionville — The  Municipal  Electric 
Light  &  Waterworks   Plant  plans  to   install 


new  boilers,  etc.,  also  rebuild  all  trans- 
mission lines.     M.  Flynn,  Supt. 

Mo.,  Windsor — Thf^  Windsor  Light  & 
Power  Co.  plans  to  install  an  a.c.  generat- 
ing system  in  place  of  the  i)resent  one. 
R.  F.  Williams,  Secy,  and  Mgr. 

Tex.,  Houston — The  Baylor  University, 
Gth  and  Speight  Sts.,  Waco,  is  having  plans 
prenared  for  the  construction  of  a  1  story 
power  house.  Estimated  cost,  $100,000. 
Birch  D.  Easterwood,  405  Praetorian  Bldg., 
Waco,   Archt. 

Okla.,  Oklahoma  City — Charles  P.  Nie- 
der,  Archt.,  Oklahoma  City,  will  receive 
bids  about  March  15  for  the  construction 
of  a  3  story,  80  x  190  ft.  factory,  for  the 
N'ew  State  Shirt  &  Overall  Co.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $140,000. 

Utah,  Paragonah — The  city  plans  to 
build  a  500  kw.  electric  light  plant.  S.  M. 
Winsor,  Logan,  Engr. 

Ariz.,  Phoenix — David  Goldberg  and 
Associates  plan  to  build  a  6  story,  105  x 
200  ft.  theatre  and  office  building  on  1st 
and  Washington  Sts.  A  complete  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $1,000,000.  Lyman  & 
Place,    Tucson,   Archts. 

Wash.,  Mansfield — The  city  will  soon 
award  the  contract  for  the  construction  of 
a  pumping  plant  to  have  a  capacity  of 
200  gal.   per  min.     C.   O.   Allen,  City  Clk. 

Ore.,  Portland — E.  G.  Hopson,  205  Cen- 
tral Bldg..  filed  an  application  with  P.  A. 
Cupper,  State  Engr.,  Salem,  to  take  1.200 
second  ft.  water  from  Metolius  Creek, 
Crook  Co.,  for  power  purposes •;  will  also 
construct  dam  20  ft.  high  and  650  ft.  long 
and  install  43,000  hp.  electric  generators. 
Total  estimated  cost,  $l,500,0u0. 

Ore.,  Vale. — The  City  Council  adopted  a 
resolution  to  purch£,se  a  2  acre  site  along 
Bully  Creek  south  of  the  city  and  plans  to 
build  a  permanent  well  and  pump  house 
on  same.  Estimated  cost  between  $5,000 
and  $8,000. 

Cal.,  Biirbajik — The  ARpn  Burbank  Mo- 
tor Co.,  Marsh-Strong  Bldg.,  Los  Angeles, 
retained  F.  R.  Dorn,  Archt.,  Marsh-Strong 
Bldg.,  Los  Angeles,  to  prepare  plans  for 
the  construction  of  the  first  unit  of  its 
plant,  for  the  manufacture  of  tractors  and 
automobile.  Electric  power  will  be  in- 
stalled in  same.  Total  estimated  cost. 
$125,000. 

Cal.,  Davis — The  University  of  California. 
Berkeley,  is  having  plans  prepared  for  the 
construction  of  a  1  story  creamery  at  the 
University  farm,  here.  A  boiler  room,  etc.. 
will  probably  be  installed  in  same.  Total 
estimated  cost  $100,000.  W.  C.  Hays,  1st 
Natl.   Bank  Bldg.,   San   Francisco,   Archt. 

Cal.,  Pasadena — The  Throop  College  of 
Technology  will  soon  award  the  contract 
for  the  construction  of  a  laboratory.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $150,000.  B. 
Goodhue,  2  West  47th  St.,  New  York  City, 
Archt.    and   Engr. 

Cal.,  Westwood — The  Red  River  Lumber 
Co.  of  Lassen  Co.  plans  to  construct  a  dam 
across  the  Fecther  River  at  Clear  Creek, 
foT-  the  purpose  of  impounding  water  for 
electric   power,    thereby   adding   5,000    hp. 

Que.,  Montreal  —  The  Administrative 
Comn..  City  Hall,  will  receive  bids  until 
March  15  for  the  manufacture,  delivery  and 
construction  of  two  30,000,000  imperial  gal. 
motor  driven  pumps.  Total  estimated  cost. 
$100,000.      A.   E.   Doucet,   Dir.   of  Pub.   Wks. 

Ont.,  .\cton — The  town  is  having  plans 
prepared  for  the  construction  of  a  pump- 
house  and  a  60.000  gal.  steel  tank.  K\ec- 
trically  driven  turbine  i)umps  with  i  ossibl.v 
a  gasoline  flre  ptimp  will  be  installed  in 
-same.  Total  estimated  cost,  $60,000.  E.  .\. 
Tames  Co..  1004  Excelsiir  Life  Bldg.. 
Toronto,   Engr. 

Ont.,  Belmont — W.  F.  HamljTi  is  in  the 
market  for  saw-mill  equipment  including 
one  14  X  16  or  16  x  18  in.  modern  slido 
valve  engine,  one  12  x  12  or  1?  x  14  in. 
valve  engine,  one  locomotive  tj^ie,  50-6ti 
hj).  boiler,  one  log  jack  loader.  1  heavy  steel 
carriage  with  or  without  gunshot  feed  and 
1    line  of  live  gear  driven  rolls. 

Ont.,  Dresden — F.  W.  Farncombe.  Engr., 
Dominion  Savings  Bldg..  London,  will  soon 
award  the  contract  for  remodelling  the 
present  steam  oi>erated  i)lant  into  one  op- 
erated by  hydro  powt-r  .ind  is  in  the  market 
for  electrical  pumping  equipment.  Total 
estimated    cost,    $30,000. 

Ont..  Hamilton — The  Dept.  of  Pub.  Wks.. 
Ottawa,  will  receive  bids  about  March  \r> 
for  the  construction  of  a  3  story  post 
office,  here.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost. 
$800,000.  A.  Wright.  Archt.  and  R.  Del'.. 
Corrivean,  Engr..  both  of  Parlian-t^nt  Uldgs.. 
Ottawa. 
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Ont..  Niagara  Falls — W.  J.  Seymour.  City 
Clk.,  will  receive  bids  until  March  15  for 
furnishing-  a  Standard  built  motor  pumper, 
100  to  no  hp..  rotary  pump  of  600  gal. 
capacity,  etc.  D.  T.  Black,  Erie  Ave., 
Engr. 

Ont..  Stratford — The  Kindel  Bed  Co., 
Ontario  St..  is  having  plans  prepared  for 
the  construction  of  a  1  story,  24  x  30  ft. 
boiler  house.  One  250  hp.  horizontal  return 
tubular  boiler  with  boiler  feed  pump,  water 
heater,  etc..  will  be  installed  in  same. 
Total  estimated  cost,  $18,000.  James  Rus- 
sell,   Downie    St.,    Archt. 

CONTRACTS   AWARDED 

Mass.,  Springfield — The  Cheney-Bigelow 
Wire  Wks.,  Warwick  Ave.,  has  awarded  the 
contract  for  the  construction  of  a  2  storv. 
171  X  195  ft.  and  48  x  271  ft.  manufacturing 
plant,  to  L.  S.  Wood,  14  Stockbridge  St. 
A  steam  heating  system  will  be  installed 
in  same.     Total  estimated  cost,   $100,000. 

Conn.,  Bridgeport — The  Bd.  of  Contract 
&  Supply  has  awarded  the  contract  for  in- 
stalling heating  and  pumbing  system  in  the 
proposed  1  story,  146  x  200  ft.  garage  on 
Madison  Ave.,  to  H.  D.  Fitzgerald  Co., 
Bassick  Ave.  Total  estimated  cost,  $150,- 
000. 

Conn.,  Bridgeport — The  Bridgeport  Screw 
Co.,  Union  Ave.,  has  awarded  the  contract 
for  the  installation  of  a  steam  heating  sys- 
tem in  the  new  2  story,  60  x  150  ft.  fac- 
tory and  the  2  story,  49  x  101  ft.  factory 
addition,  to  the  Files  Eng.  Co.,  75  West- 
minster St.,  Providence,  R.  I.  Total  esti- 
mated  cost,    $100,000. 

N.  Y.,  Brooklyn  —  Loew's  Enterprises, 
1492  B'way,  New  York  City,  have  awarded 
the  contract  for  the  construction  of  a 
theatre  on  B'way  and  Gates  Ave.,  to  John 
Auer,  648  Lexington  Ave.,  New  York  City. 
A  steam  heating  system  will  be  installed 
in  same.     Total  estimated  cost,   $300,000. 

N,  Y.,  Long  Island  City  —  Maurice  F. 
Connolly,  Boro  Pres.,  has  awarded  the 
contract  for  the  construction  of  an  auto- 
matic electric  pumping  station  at  Genesee 
St.,  Sect.  "A"  and  "B"  to  Fox  &  Renalls, 
87  East  125th  St.,  New  York  City,  at 
$177,281. 

N.  Y.,  New  York — The  Carl  Platon  Realty 
Corp.,  c/o  Shape,  Bready  &  Peterson, 
Archts.  and  Engrs.,  220  West  42nd  St., 
has  awarded  the  contract  for  the  contsruc- 
tion  of  a  12  story,  70  x  75  ft.  office  building 
on  Broad  and  Front  Sts.,  to  C.  L.  Frazer, 
103  Park  Ave.  A  steam  heating  system 
will  be   installed   in  same. 

N.  Y.,  New  York — The  Circle  Concrete 
Co..  570  5th  Ave.,  will  build  an  18  story. 
60  X  100  ft.  office  and  loft  building,  at 
49-53  West  45th  St.  A  steam  heating  sys- 
tem will  bo  installed  in  same.  Total  esti- 
mated cost,  $500,000.  Work  v.MlI  be  done 
by    day    labor. 

N.  Y.,  Watertown— The  Columbia  Realty 
Bldg.  Co..  Poughkeepsie,  has  awarded  the 
contract  for  the  construction  of  a  theatre, 
to  Edgar  V.  Anderson,  39  Mai-kt>t  St., 
Poughkeepsie.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.    $200,000. 

N.  ,1.,  East  Orange — The  Savings  &  In- 
vestment Trust  Co.,  15  South  Orange  Ave., 
has  awarded  the  contract  for  the  construc- 
tion  of  a   2  story,   65   x   135   ft.   bank  build- 


ing, to  R.  A.  Howie,  Newark.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $150,000. 

N.  J..  Newark— C.  W.  Oathout.  2  Strat- 
ford PI.,  has  awarded  the  contract  for  the 
construction  of  a  3  story,  100  x  185  ft. 
factory  on  Highland  St..  to  Tucker  &  Lewis. 
101  Park  Ave.,  New  York  City.  A  steam 
heating  system  will  be  installed  in  same. 
Total    estimated    cost,    $135,000. 

Md.,  Baltimore — Hotel  Caswell,  1012 
Keyser  Bldg.,  has  awarded  the  contract 
for  altering  and  constructing  a  6  story, 
35  X  250  ft.  addition,  to  J.  H.  Miller,  Inc., 
Eutaw  and  Franklin  Sts.  Heating  contract 
will  be  sub-let.  Total  estimated  cost, 
$750,000. 

Md,,  Baltimore — The  Trustees  of  Johns 
Hopkins  .  Hospital,  Fidelity  Bldg.,  have 
awarded  the  contract  for  the  construction 
of  a  6  story,  60  x  150  ft.  warehouse  addi- 
tion at  536-542  West  Pratt  St..  to  the  Price 
Constr.  Co.,  210  Maryland  Trust  Bldg. 
Steam  heating  contract  will  be  sub-lei. 
Total   estimated   cost.    $150,000. 

S.  C,  Manning  —  Lafaye  &  Lafaye. 
Archts.,  Columbia  have  awarded  the  con- 
tract for  the  construction  of  a  2  story  hotel, 
to  the  Jackson  Constr.  Co.,  1730|  Main  St., 
Columbia.  A  steam  heating  system  will 
be  installed  in  same.  Owner's  name  with- 
held. 

S.  C,  Sumter — The  town  has  awarded  the 
contract  for  the  construction  of  lighting 
and  ice  plants,  to  Tucker  &  Laxton,  Realty 
Bldg..  Charlotte.  N.  C.  Total  estimated 
cost,  $100,000.  G.  C.  White.  Durham,  N.  C, 
Engr. 

Ga.,  Atlanta — The  Crane  Co..  31  Gar- 
nett  St.,  has  awarded  the  contract  for  the 
installation  of  a  steam  heating  syo^^...  tn 
the  proposed  4  story,  100  x  100  ft.  ware- 
house on  Washington  St.,  to  Fred  Cantrell 
Co.     Total  estimated  cost,    $120,000. 

La.,  New  Orleans — The  United  PVuit  Co., 
c/o  Deball  &  Owen,  Ltd.,  Archts.  and 
Engrs..  Interstate  Bank  Bldg.,  has  awarded 
the  contract  for  the  construction  of  a  10 
story  office  building,  to  G.  A.  Fuller.  175 
5th  Ave..  New  York  City.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated    cost,    $550,000. 

Mich.,  Detroit — Morgan  &  Wright  (U.  S. 
Rubber  Co  ).  Jefferson  Ave.  and  Believue 
St.,  have  awarded  the  contract  for  the  con- 
struction of  a  2  story,  81  x  90  x  275  ft. 
power  house  on  Jefferson  Ave.,  to  .j^khvc  & 
Webster.  Book  Bldg.  Boilers,  feedwater 
heaters,  pumps,  motor  generator  sets,  etc., 
will  be  installed  in  same.  Total  estimated 
cost.   $1,000,000. 

Mich..  Detroit — The  United  Brotherhood 
of  Maintenance  of  Way  Employees  and 
Railway  Shop  Laborers,  27  Putnam  Ave., 
has  awarded  the  contract  for  the  construc- 
tion of  a  12  story  93  x  160  ft.  office  building 
on  Clifford  and  Columbia  Aves.,  to  W.  H. 
Mueller,  1711  Ford  Bldg.  A  central  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $500,000. 

III.,  Chicago — The  Splitdorff  Electric  Co., 
1466  South  Michigan  Ave.,  has  awarded  the 
contract  for  the  construction  of  a  5  story, 
60  X  200  ft.  sales  and  office  building  on 
29th    St.    and    Michigan   Ave.,    to    George   A. 


Fuller  Co.  140  South  Dearborn  St.  A 
steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,  $300,000. 

3Iont.,  Helena  —  The  Algeria  Masonic 
Temple  has  awarded  the  contract  for  instai- 
ling  heating  and  plumbing  systems  in  the 
proposed  lodge  building  on  Neill  and  Ben- 
ton Aves..  to  the  John  Smyth  Heating  & 
Plumbing  Co..  Granite  Blk..  Spokane, 
Wash.,   at   $42,600. 

Mo..  St.  Louis — The  Polar  Wave  Ice  & 
Fuel  Co.,  362.S  Olive  St.,  has  awarded  the 
contract  for  the  construction  of  a  1  story. 
115  X  115  ft.  ice  factory  at  450  Eichel- 
berger  St.,  to  Hy.  Dilschneider,  5408  Eas- 
ton  Ave.     Estimated  cost,  $15,000. 

(Tkla..  Ada — The  city  has  awarded  the 
contract  for  the  construction  of  a  reservoir 
and  a  2,000.000  gal.  capacity  pumping  sta- 
tion, to  J.  E.  Nelson  &  Son,  11 S  North 
LaSalle  St.,  Chicago.  Ill,  at  $49,939. 

Ariz.,  Flagstaff — The  State  has  awarded 
the  contract  for  the  construction  of  a  2 
story,  45  x  115  ft.  addition  to  the  Stite  Nor- 
mal School,  to  Edwards,  Wild'^y  &  Dixon 
Co.,  515  Black  Bldg.,  Los  Angeles.  Cal..  at 
$97,983.  A  steam  heating  system  will  be 
installed  in  same. 

AVash.,  Paget  Sound  —  The  Bureau  of 
Yards  &  Docks,  Navy  Dept,  Wash,  D.  C , 
has  awarded  the  contract  for  the  construc- 
tion of  "A"  engine  room  at  the  central 
power  plant,  to  Swensson  &  Co.,  1099  Ar- 
cade  Bldg.,    Seattle,   at   $48,800. 

Cal ,  Healdsburg — The  Healdsburg  Natl. 
&  Savings  Bank  has  awarded  the  contract 
for  installing  a  steam  heating  system  in  tlae 
proposed  1  story,  60  x  100  ft.  bank  on 
West  and  Powell  Sts.,  to  A.  W.  Garrett, 
Healdsburg.     Total  estimated  cost,  $100,000. 

Cal.,  Los  Angeles — The  Charles  Ray  Pro- 
duction Co.,  1425  Fleming  St.,  has  awarded 
the  contract  for  the  construction  o.  <^  i..o- 
tion  picture  producing  plant,  to  the  Nance 
Constr.  Co.,  846  Linden  St.,  Los  Angeles. 
Generating  equipment  will  be  installed  in 
same.     Total  estimated  cost.   $50,000. 

Cal.,  Los  Angeles — The  Los  Angeles  Soap 
Co..  633  East  1st  St..  has  awarded  the  con- 
tract for  the  construction  of  a  1  story 
45  X  125  ft  factory,  including  boiler  room, 
distillation  room  and  machine  shuj^,  v^ii  1st 
and  Banning  Sts.,  to  the  Davidson  Constr. 
Co.,  1445  East  16th  St.,  at  $23,800. 

Cal..  Oakland — The  Natl.  Ice  &  Cold  Stor- 
age Co.,  2nd  and  Market  Sts.,  has  awarded 
the  contract  for  the  construction  of  an 
ice  and  storage  plant  on  North  1st  St.,  to 
Nelson  &  Forsyth,  Union  Savings  Bank 
Bldg.     Estimated  cost,    $200,000. 

Ont.,  Peterboro — The  Canadian  Aladdin 
Co.,  Canadian  Pacific  Ry.  Bldg.,  Toronto, 
has  awarded  the  contract  for  the  construc- 
tion of  a  3  story.  60  x  80  ft.  factory,  to  the 
Dickie  Constr.  Co.,  Ryrie  Bldg.,  Toronto 
A  vacuum  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$125,000. 

Cal.,  Pomona — The  Y.  M.  C.  A.  has 
awarded  the  contract  for  the  construction 
of  a  3  story,  122  x  162  ft.  building,  to  Fred 
L.  Somers.  2650  Santa  Fe  Ave  .  Los 
Angeles.  Boilers,  etc..  will  be  installed  in 
same.     Total  estimated  cost,    $120,000. 
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In  almost  every  plant  you'll  find  this  specimen  of  human- 
kind. He  simply  will  not  hear  of  taking  any  sort  of  blame 
that  might  besmirch  his  snowy  fame  as  running  engineer. 
It  doesn't  matter  what  goes  wrong,  as  soon  as  trouble 
sprints  along,  he  starts  to  dodge  and  shy.  In  spite  of 
damning  evidence  as  glaring  as  a  white-washed  fence,  he 
pulls  an  alibi. 

Just  for  example,  let's  suppose  the  pressure  in  a  steam 
pipe  blows  a  chunk  of  gasket  out,  and  in  a  moment  more 
enshrouds  the  boiler  room  in  whitish  clouds  that  roll  and 
swirl  about.  Does  Al  speak  up  and  frankly  tell  the  flanges 
weren't  parallel?  He  doesn't,  you  can  bet!  He  vows  to 
heaven  he'll  be  cursed  "if  that  there  packin'  ain't  the 
worst"  that  he's  been  handed  yet. 

Perhaps  a  bearing  gets  so  hot  it  scores  the  pin;  or,  like 
as  not,  turns  babbitt  into  soup.  There  surely  is  the  deuce  to 
pay;  the  engine's  shut  down  right  away;  the  mill  hands 
homeward  troop.  Yet  Al  disputes  the  honest  chaps  who 
venture  to  suggest,  perhaps  no  oil  was  in  the  cup.  Good 
heavens,  no!  That  ain't  his  way!  It  wasn't  only  yesterday 
he  filled  the  blamed  thing  up! 

His  boiler,  in  the  heart  of  town,  explodes  and  knocks 
six  hen-coops  down  and  wrecks  the  calaboose;  but  long 
before  the  echoes  die,  friend  Al  is  working,  swift  and  spry, 
to  find  a  fair  excuse.  Suspicions  of  incompetence  and  care- 
lessness he  soon  resents,  or  treats  with  loud  guffaws.  A 
boiler  plate  corroded  thin  or  deeply  grooved  could  not  have 
been  by  any  means  the  cause. 

If  you've  a  noodle  packed  with  punk,  and  you  believe  his 
boastful  bunk  and  his  deceitful  dope,  you'll  swear  he's  just 
as  apt  to  make  a  conscious  error  or  mistake  as  kaiser,  king 
or  pope.  And  so  he  strives  with  all  his  might  to  keep  his 
record  fair  and  white  as  Desdemona's  cheek;  but  every 
action  goes  to  show  what  all  his  fellow -workers  know: 
He  has  a  yellow  streak! 
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ADJUS^^LE-SPEED  J^OTQR  EQUIPJ^IEMr  \ 

^B.  ROLLING  J^ILLS\ 

'Eraser  JefferV    ■ 


Use  of  a  combination  of  induction  motor  ro- 
tary converter  and  direct-current  machine  with 
control  equipment  known  as  the  Kraemer  sys- 
tem, makes  it  possible  to  obtain  speeds  inde- 
pendent of  the  load  and  economical  operation 
at  these  speeds  whether  near  synchronism  or 
much  lower. 


FOR  conditions  necessitating  a  wide  speed  range 
for  a  given  product  and  on  a  given  steel  mill, 
the  ordinary  slip-ring  type  induction  motor  used 
as  the  driving  medium  of  the  rolls  is  not  suitable.  The 
speed-torque  characteristics  of  such  a  motor  are  such 
that  speed  control  without  load  is  not  possible ;  in  other 
words,  to  obtain  a  constant  speed  there  must  be  a  con- 
stant load.  It  is  obvious  that,  in  general,  the  rolling 
conditions  in  a  steel  mill  are  such  that  there  is  hardly 
ever  a  constant  load,  and  at  times  it  is  highly  fluctu- 
ating, varying  instantly  from  zero  to  large  overloads 
and  vice  versa.  Assuming  that  the  load  conditions  were 
constant  and  that  a  rolling  speed  such  as  to  give  a 
motor  speed  one-half  of  the  synchronous  speed  was 
desirable,  a  slip-ring  induction  motor  would  prove  costly 
from  an  economical  operating  point  of  view  because  the 
low  speed  could  be  obtained  only  by  dissipating  a  large 
amount  of  energy  in  a  resistance  unit. 

To  obtain  set-rolling  speeds  independent  of  the  load 
and  economical  and  efficient  operation  at  these  speeds, 
whether  they  are  near  synchronism  or  much  lower,  a 
combination  of 
machines  and 
control  has  been 
used  that  is  well 
suited  to  the 
conditions  to  be 
met.  A  large 
number  of  these 
units  are  op- 
erating in  .vari- 
ous steel  mills 
throughout  the 
country  today, 
and  their  appli- 
cation, while 
needing  a  care- 


*Electrical  Engineer, 
Allis-Chalmers  Manu- 
facturing   Company. 


FIG.    1.     FLYWHEEL.  ON   MAIN-MOTOR  SHAFT 


f  ul  analysis  of  all  the  rolling  conditions '  to  be  en- 
countered, has  shown  results  highly  satisfactory  to  the 
mill  owner  and  operator. 

A  slip-ring  induction  motor  having  its  primary  wind- 
ing connected  to  the  source  of  supply  and  its  secondary 
winding  connected  to  the  alternating-current  side  of  a 
rotary  converter  and  mounted  on  a  shaft  coupled  to  a 
direct-current  machine,  the  commutator  of  which  is 
permanently  connected  to  the  direct-current  side  of  the 
rotary  converter,  forms  the  combination  of  machines 
as  used  to  meet  the  varied  speed  conditions  demanded. 
Fig.  2  shows  the  simplified  connections  of  such  a  com- 
bination while  the  headpiece  shows  the  combination  of 
actual  machines  as  used.  In  the  headpiece  the  machine 
in  the  center  background  is  the  slip-ring  induction  motor 
direct  coupled  to  the  direct-current  motor. 

The  rotary  converter  is  shown  in  the  right-hand  fore- 
ground. The  drive  to  the  steel  mill  is  by  means  of  a 
coupling  on  the  induction-motor  end  of  the  set,  which 
is  generally  known  as  the  main-mill  motor,  or  Kraemer 
unit.  The  fields  of  both  the  direct-current  machine  and 
the  rotary  converter  may  be  excited  from  the  direct- 
current  mill-supply  line,  but  a  separate  and  independent 
motor-generator  exciter  set  is  much  to  be  preferred. 

When  voltage  is  applied  to  the  primary  of  an  induc- 
tion motor,  the  currents  in  the  various  coils  produce  a 
magnetic  field  which  rotates  at  a  speed  depending  di- 
rectly upon  the 
frequency  and 
inversely  upon 
the  number  of 
poles.  If  the  ro- 
tor is  at  a  stand- 
still, the  second- 
ary voltage  is  at 
maximum  value 
and  the  frequen- 
cy is  the  same 
as  the  primary 
frequency.  The 
currents  which 
flow  in  the  sec- 
ondary wind- 
ings exert  a 
torque    such   as 
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to  cause  the  rotor  to  twn  in  the  direction  of  the  rotat- 
ing field.  As  the  rotor  speed  increases,  the  secondary 
voltage  and  frequency  decrease  until  the  voltage  is  just 
sufficient  to  send  a  current  through  the  impedance  of 
tlie  windings  to  develop  the  torque  requiifed.  At  syn- 
chronism the  secondary  voltage  and  frequency  are  zero. 
If  the  speed  is  reduced  (the  load  remaining  constant) 
by  inserting  resistance  in  the  secondary  circuit,  the 
secondary  voltage  and  frequency  are  practically  pro- 
portionate to  the  variation  from  the  synchronous  speed. 
If,  in  place  of  the  external  resistance,  a  means  of  pro- 
viding a  constant  voltage  to  oppose  the  secondary  volt- 
age at  slip  frequency,  is  used,  the  speed  of  the  rotor 
will  adjust  itself  to  a  point  where  the  secondary  volt- 
age will  exceed  the  opposing  voltage  by  an  amount  nec- 
essary to  send  a  current  through  the  impedance  of  the 
circuits,  sufficient  to  develop  the  necessary  torque.  It 
is  then  obvious  that  if  the  opposing  voltage  is  adjust- 
able, the  speed  of  the  main  motor  readily  may  be 
changed.  This  is  the  principle  of  the  Kraemer  system 
for  adjustable  speed.  The  induction  motor  of  the 
Kraemer  unit  receives  its  adjustable  and  opposing  sec- 
ondary voltage  at  slip  frequency  through  the  medium  of 
the  rotary  converter. 

To  provide  for  emergencies  such  as  a  breakdown  in 
any  of  the  auxiliary  machines,  the  induction  motor  and 
direct-current  machine  are  mounted  on  separate  shafts 
connected  by  means  of  a  forged  flange  coupling.  The 
complete  unit  is  provided  with  a  heavy  base  and  three 
pedestal-type  bearings,  the  center  one  of  which,  and 
the  coupling,  being  so  arranged  that  the  direct-current 
machine  may  be  shut  down  by  disconnecting  the 
coupling,  thus  allowing  the  alternating-current  motor 
of  the  set  to  operate  the  mill. 

A  full-automatic  type  of  magnetic  control,  Fig.  3,  is 
most  generally  used.  It  is  sometimes  modified  to  in- 
clude a  liquid  starter  instead  of  the  magnetic,  and  if  the 
rature  of  the  load  is  such  as  to  impose  objectionably 
high  peak-load  conditions  on  the  line,  then  the  use  of 
a  flywheel  on  the  set.  Fig.  1,  is  frequently  desirable. 
The  flywheel  can  be  made  to  give  up  part  of  its  energy 
by  the  proper  adjustment  of  the  field  of  the  direct- 


current  machine,  the  effect  of  a  variation  of  this  field 
being  such  as  to  slow  down  the  direct-current  machine 
of  the  Kraemer  unit,  thus  allowing  the  flywheel  to  act 
and  in  this  manner  relieving  the  line  peaks.  The  con- 
t';ol  may  be  governed  through  a  drum-type  master 
switch.  Fig.  4,  the  manipulation  of  which  starts  the 


Rotary  \,  \      /  \\  Field 

Converter      \    \   4    {Rheostat 


Direct-Current  Supply 


FIG.    2.       SIMPLIFIED     CONNECTIONS     FOR     ADJUSTABLE- 
SPEED  CONSTANT-HORSEPOWER  KRAEMER  SET 

main-mill  motor  and  brings  it  up  to  normal  speed  und^f 
current-limit  acceleration ;  connects  the  rotary  con- 
verter into  the  circuit;  disconnects  the  starting  re- 
sistance and  closes  the  field  switches  of  both  the  rotary 
and  the  direct-current  machine  at  the  proper  time.    For 


FIG.  3.    ROTABY  AND  SECONDARY  PANELS  FOR    REVERSIBLE  KRAEMER  SYSTEM  CONTROL. 
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emergenc}'  stops  the  master  switch  may  be  moved  in 
the  opposite  direction  to  the  starting  position.  The 
auxiUary  equipment  is  then  automatically  disconnected 
from  the  circuit;  the  "plugging"  resistance  connected 
into  the  secondary  circuit  of  the  induction  motor;  the 
primary  current  reversed  through  the  magnetically  op- 
erated primary  contactors  and  magnetically  operated 
forward  and  oil  reverse  switches,  Fig.  5,  and  the  main- 
mill  motor  quickly  stopped. 

When  the  master  switch  is  placed  in  the  starting  po- 
sition, the  synchronous  converter  is  disconnected  from 
the  slip  rings  of  the  induction  motor  and  is  replaced 
by  the  starting  resistance.  The  primary  oil  switch  is 
then  closed  and  the  unit  automatically  comes  up  to  the 
full  speed  of  the  induction  motor.  When  rolling  at  this 
speed,  the  unit  is  operated  as  any  ordinary  induction 
motor.  To  operate  at  a  lower  speed,  the  field  circuit 
of  the  synchronous  converter  is  closed,  and,  with  the 
field  of  the  direct-current  motor  open,  the  slip  rings  of 
the  synchronous  converter  are  connected  to  the  slip 
rings  of  the  induction  motor.  The  starting  resistance 
is  then  disconnected  in  a  weak  field  applied  to  the  direct- 
current  machine.  The  direct  current  generated  by  the 
direct-current  machine  is  converted  to  alternating  cur- 
rent and  applied  to  the  rotor  of  the  induction  motor  at 
slip  frequency.  The  speed  of  the  rotary  will  increase 
and  that  of  the  Kraemer  unit  decrease  until  a  point  of 
stable  operation  is  reached.  By  increasing  the  field  on 
the  direct-current  machine,  the  speed  of  the  unit  may 
be  reduced  to  the  desired  speed.  For  any  particular 
setting  the  speed  of  the  main-mill  motor  remains  fairly 
constant  under  varying  load  conditions,  a  variation  of 
not  over  5  per  cent,  from  no  load  being  a  fair  average. 
The  master  switch  may  be  used  entirely  for  starting 
and  the  various  functions  mentioned  in  the  foregoing. 
A,  hand-operated  rheostat  in  the  shunt-field  of  the 
direct-current  machine  is  used  for  obtaining  the  differ- 


FIG.   4.     DRUM-TYPE  MASTER  SWITCH 


FIG.  5.    OIL,  REVERSE  SWITCH 

ent  speeds  that  may  be  required.  Unlike  the  master 
switch,  as  used  in  the  Ilgner  system  of  control  for  re- 
versing mills  and  constantly  under  the  guidance  of  the 
operator's  hand,  the  master  switch  for  the  Kraemer 
control  is  seldom  touched  except  in  case  of  emergency 
after  the  desired  speed  setting  has  once  been  obtained. 

When  rolling  steel,  the  speed  is  governed  to  a  certain 
extent  by  the  quality  and  size  of  the  material,  the  re- 
duction in  area  and  the  power  requirements.  Small- 
sized  material  is  usually  rolled  at  higher  speed  than 
large-sized  material,  and  in  consequence  it  is  desirable 
that  the  driving  motor  should  deliver  a  constant  horse- 
power within  its  speed  range.  This  is  a  natural  con- 
dition as  the  larjer  product  rolled  at  lower  speed  re- 
quires a  greater  torque.  It  follows  that  the  Kraemer 
combination,  as  described,  is  well  suited  to  meet  this 
particular  requirement,  as  constant  horsepower  and  in- 
ci  easing  torque  with  decreasing  speed  can  be  obtained 
th  roughout  the  speed  range.  This  is  due  to  the  fact  that 
the  slip  energy  of  the  induction  mot®r  is  returned  to 
the  direct-current  machine  of  the  main-mill  motor 
through  the  medium  of  a  rotary  converter.  As  the  in- 
duction motor  is  in  itself  a  constant-torque  machine, 
the  combined  turning  effort  of  the  main-mill  motor  or 
Kraemer  unit  naturally  increases  as  the  speed  decreases 
due  to  the  added  torque  supplied  by  the  direct-current 
machine.  For  this  reason  the  Kraemer  unit  is  essen- 
tially a  constant  horsepower  outfit  and  as  such  is  well 
suited  to  rolling-mill  conditions  as  they  are  actually 
found. 

Kraemer  units  are  in  general  made  for  a  speed  varia- 
tion as  low  as  SO  per  cent  of  normal  and  are  as  adapt- 
able to  60-cycle  as  to  25-cycle  circuits.  The  combina- 
tion of  induction  motor,  direct-current  machine  and 
rotary  converter  requires  no  special  machines.  Stand- 
ard apparatus  can  be  ii^ed  throughout.  Another  de- 
siiable  feature  of  such  an  installation  is  its  capability 
of  overcomir^  the  inherently  bad  feature  of  the  in- 
duction motor;  namely,  power  factor  lower  than  unity. 
In  the  same  manner  that  speed  control  is  obtained  by 
adjusting  the  fields  of  the  direct-current  machine,  the 
power  factor  of  the  system  can  be  brought  to  unity  or 
leading  currents  made  to  flow  by  the  proper  adjust- 
ment of  the  field  of  the  rotary  converter.  When  energy 
is  bought,  this  may  not  onlv  eflfect  a  considerable  saving 
in  fh<^.  power  bill,  but  if  energy  is  generated  locally  it 
adds  that  much  more  ultimate  capacity  to  the  electrical 
end  of  the  prime  movers.    This  is  especially  advanta- 
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geous  if  the  generators  are  already  being  worked 
fairly  well  up  to  capacity,  and  in  many  cases  might 
save  the  expense  of  adding  more  prime-mover  equip- 
ment. 

Fig.  6  shows  the  characteristics  of  a  1500-hp.  6600- 
volt  three-phase  60-cycle  508-207  r.p.m.  Kraemer  unit 
when  operating  at  half  speed.  It  is  interesting  to  notice 
the  extremely  high  efficiency  of  the  unit  when  operating 
at  this  low  speed  and  the  unity-power-factor  feature 
of  the  induction  motor  which  takes  energy  from  the 
source  of  supply  or  the  line.  In  comparison  to  this  a 
study  of  Fig.  7  shows  the  characteristics  of  this  same 
induction  motor  disconnected  at  the  coupling  from  the 
direct-current  machine  and  operating  at  a  normal  speed 
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CHARACTERISTICS    OF    1500-HP.    KRAEMER    UNIT 
WHEN    OPERATING    AT   HIGH    SPEED 


practically  twice  that  of  Fig.  6.  When  operating  at  a 
speed  of  one-half  normal,  the  Kraemer  unit  has  an  effi- 
ciency slightly  lower  than  that  of  the  straight  induction 
motor  when  operating  at  full  speed.  This  is  due  to  the 
added  losses  of  the  direct-current  machine  and  rotary 
converter  which  have  to  be  considered  when  operating 
at  speeds  below  synchronism.  Ordinarily,  and  where 
lead  conditions  permit,  a  speed  reduction  of  5  per  cent 
is  obtained  by  inserting  resistance  in  the  secondary  cir- 
cuit of  the  induction  motor,  but  for  lower  speeds  the 
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7.     CHARACTERISTICS  OF  INDUCTION  MOTOR  OF  FIG. 
e  OPERATING  INDIVIDUALLY  AT  NORMAL  SPEED 


direct-current  machine  and  the  rotary  converter  are 
brought  into  action  and  the  unit  then  operates  as  a 
strictly  Kraemer  combination. 

Fig.  8  and  the  following  formula  show  that  the  Ca- 
pacity of  the  direct-current  machine  and  the  rotary 
converter  is  dependent  entirely  on  the  nature  of  the 
lead  and  the  amount  of  speed  control  desired : 

^=100^ 
where  p  equals  the  capacity  in  horsepower  of  auxiliary 
machines,  5"  equals  the  per  cent  slip,  and  P  equals  the 
shaft  horsepower  of  the  Kraemer  unit. 


As  shown  in  Fig.  8,  for  50  per  cent  speed  reduction 
and  constant  horsepower  the  direct-current  machine  and 
the  rotary  converter  should  be  rated  at  one-half  that  of 
the  induction  motor.  For  30  per  cent  speed  reduction 
the  auxiliaries  should  be  rated  at  one-third  that  of  the 
induction  motor,  etc.,  so  that  the  less  speed  control  re- 
quired the  smaller  the  auxiliaries  become,  consequently 
the  lower  the  cost  of  the  equipment. 

A  variation  in  speed  of  the  main  induction  motor 
causes  a  corresponding  variation  in  the  voltage  across 
its  slip  rings.  For  exact  synchronous  speed  this  voltage 
is  a  minimum,  or  zero,  while  at  standstill  it  is  a  maxi- 
mum in  value  depending  on  the  design  of  the  machine. 
Between  the  two  points  of  minimum  and  maximum  the 
voltage  varies  inversely  as  the  speed,  so  it  is  seen  that 
for  changes  in  speed  of  the  Kraemer  unit  a  varying 
voltage  is  applied  to  the  slip  rings  of  the  rotary  con- 
verter. As  there  is  a  definite  ratio  of  voltages  between 
the  alternating-current  and  the  direct-current  sides  of 
a  rotary  converter,  any  change  in  the  voltage  of  the  for- 
mer is  immediately  reflected  by  the  latter.  If  a  certain 
power  throughout  a  definite  speed  range  is  to  be  deliv- 
ered by  the  Kraemer  unit,  the  commutators  of  both  the 
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rotary  and  the  direct-current  machine  have  to  be  made 
capable  of  handling  a  certain  amount  of  current  with  a 
varying  voltage.  When  the  Kraemer  units  operate 
at  one-half  speed  and  constant  horsepower,  the  voltage 
across  the  slip  rings  of  the  rotary  is  one-half  of  the 
standstill  voltage  of  the  induction  motor  and  there  is  a 
corresponding  voltage  and  a  definite  amount  of  current 
en  the  direct-current  commutator  of  this  same  ma- 
cliine.  At  a  Kraemer  speed  three-fourths  of  normal 
the  voltage  across  the  rings  is  one-fourth  of  the  "stand- 
still" voltage  (one-half  as  much  as  before),  but  inasmuch 
as  the  rotary  under  these  conditions  has  to  handle  only 
cne-half  as  much  power  as  before,  the  current  handled 
by  the  commutator  remains  the  same,  and  therefore  it 
has  a  constant  value  throughout  the  speed  range.  This 
is,  then,  the  inherent  feature  of  the  Kraemer  system. 
It  is  essentially  a  constant  horsepower  unit  handling 
constant  currents  with  varying  voltages  on  the  commu- 
tators of  both  the  rotary  and  the  direct-current  ma^ 
chines. 

The  question  of  constant  torque  presents  a  difi"erent 
problem.     For  50  per  cent  speed  control  and  constant 
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torque,  Fig.  8,  the  theoretical  size  or  physical  dimen- 
sions of  the  auxiliary  machines  will  be  one-half  the 
size  they  would  have  to  be  made  if  constant  horse- 
power were  required.  This  ratio,  however,  does  not 
hold  throughout  the  speed  range  as  the  larger  the  speed 
r'iduction  the  more  the  capacity  of  the  auxiliaries  grad- 
ually decrease,  as  shown  by  the  dotted  line.  Fig.  8,  until 
zrro  capacity  at  zero  speed  is  required.  It  is  also  ap- 
parent that  commercial  units  should  never  be  made 
v^^ith  the  auxiliary  equipment  capacity  for  constant 
torque  less  than  that  required  for  50  per  cent  speed 
reduction. 

When  the  Kraemer  unit  is  operating  at  one-half  speed, 
constant  torque,  the  voltage  across  the  slip  rings  of  the 
lotary  is  one-half  of  the  standstill  voltage  of  the  in- 
duction motor  and  there  is  a  corresponding  direct-cur- 
rent voltage  and  a  definite  amount  of  direct  current  on 
its  commutator.  At  a  Kraemer  speed  of  three-fourths 
normal,  the  voltage  across  the  rings  is  one-fourth  of 
the  standstill  voltage  (one-half  as  much  as  before),  but 
inasmuch  as  the  rotary  has  to  handle  0.75  (see  Fig.  8) 
as  much  power  as  before,  it  is  seen  that  the  ratio  of 


FIG.    9.      SIMPLIFIED   CONNECTION    FOR   ADJUSTABLE- 
SPEED   CONSTANT-TORQUE    KRAEMER    SET 

capacity  to  voltage  decrease  is  not  constant  as  in  the 
case  of  the  constant  horsepower  condition,  but  keeps  on 
increasing  the  less  the  speed  of  the  Kraemer  unit  is 
reduced.  This  means  that  the  less  speed  reduction  re- 
quired, such  as  close  to  synchronism,  imposes  a  con- 
dition where  the  auxiliary  equipment  delivers  a  rela- 
tively small  amount  of  pov/er  with  a  relatively  large 
amount  of  current  to  be  carried  by  the  commutators. 

To  meet  such  a  condition  if  it  were  actually  to  pre- 
vail, and  in  view  of  the  facts  as  already  presented  in 
the  foregoing,  the  combination  of  machines  shown  in 
Fig.  9  could  be  used.  Tt  consists  of  a  standard  induc- 
tion motor  and  a  rotary  converter,  the  same  as  in  Fig.  2, 
but  in  place  of  the  direct-current  machine  on  the  Krae- 
mer set,  a  separate  high-speed  motor-generator  set  is 
used.  This  latter  set  comprises  a  direct-current  ma- 
chine and  an  induction  generator  returning  energy  to 
the  line. 

In  reality,  a  constant-torque  Kraemer  unit  combina- 
tion of  machines,  such  as  the  constant-horsepower  com- 
bination shown  in  Fig.  2,  would  require  auxiliary  appa- 
ratus just  as  large  for  a  constant-horsepower  outfit  on 
account  of  the  currents  to  be  handled  by  the  commu- 
tptors  of  the  rotary  and  the  direct-current  machine.  In 
the  constant-torque  arrangement  shown  in  Fig.  9.  the 


rotary  converter  is  the  same  physical  size  as  would  be 
used  in  the  constant-horsepower  arrangement  of  Fig.  2. 
The  reason  for  using  a  separate  high-speed  motor-gen- 
erator set  in  place  of  the  direct-current  machine  be- 
comes apparent  when  it  is  considered  that  the  Kraemer 
unit  may  run  at  a  speed  of,  say,  200  r.p.m.,  while  the 
motor-generator  set  may  run  at  1200  r.p.m.  While  the 
direct-current  machine  of  the  high-speed  set  has  to 
handle  just  as  much  current  under  any  load  condition 
as  the  apparatus  in  Fig.  2,  the  high-speed  set  cuts  down 
the  initial  cost  of  the  whole  combination  over  what  it 
would  be  if  the  combination  of  Fig.  2  were  used. 

In  Fig.  8  the  losses  of  the  main  motor  have  been 
neglected,  but  this  affects  the  capacity  of  the  auxiliary 
machines  very  little.  For  a  1500-hp.,  508-  to  257- 
r.p.m.  Kraemer  unit  of  the  constant-horsepower  type, 
the  direct-current  machine  should  be  rated  at  750  hp., 
1.200  amp.,  508  to  257  r.p.m.  and  the  rotary  at  600  kw., 
500  volts  direct-current,  370  volts  alternating  current, 
three-phase,  30  cycles,  900  r.p.m. 

It  is  often  advisable  in  the  larger-sized  units  to  have 
the  rotor  of  the  induction  motor  wound  six-phase  with 
six  slip  rings,  for  this  gives  a  more  economical  design 
of  rotary  converter  than  could  be  obtained  with  a  three- 
phase  machine. 

From  the  operating  point  of  view  the  Kraemer  sys- 
tem for  adjustable  speeds  involving  the  combination 
of  standard  simplified  machines  and  simplified  control 
apparatus,  especially  for  steel-mill  service,  tends  toward 
low  maintenance  cost,  long  life,  maximum  production, 
high  factor  of  safety  and,  still  more  important,  con- 
tinuity of  service. 

Miners  Earn  $10  to  $12  Per  Day 

Many  of  the  miners,  says  Coal  Age,  have  plenty  of 
opportunity  to  work,  but  prefer  to  be  idle  a  large  part 
of  the  time,  is  a  statement  made  by  the  bituminous 
operators  of  the  Central  Competitive  field.  A  state- 
ment by  the  operators  says  that  they  purpose  to  make 
an  effort  to  convince  the  commission  that  the  miners 
have  plenty  of  opportunity  to  work,  but  that  many  of 
them  prefer  to  be  idle  a  large  part  of  the  time;  that 
their  wages  are  high  and  that  the  cost  of  living  to  them 
has  not  gone  up  to  the  high  figures  which  their  officers 
have  given. 

"The  operators  have  maintained,"  says  the  statement, 
"that  the  differential  and  similar  issues  raised  by  the 
miners  have  been  dragged  in  in  an  attempt  to  befog  the 
real  issue,  which,  they  say,  is  purely  one  of  the  straight 
wage  advance.  These  other  issues  interjected  by  the 
miners  have  been  characterized  by  the  operators  as  at- 
tempts to  obtain  whc.t  amounts  to  an  additional  wage 
increase  by  a  subterfi  ige. 

"Payroll  evidence  will  be  oft'ered  by  the  central  com- 
petitive operators  to  show  that  the  miners,  in  most 
fields,  can  make  from  $10  to  $12  a  day,  and  that  $15  a 
day  can  be  earned  readily  in  the  richer  mining  districts, 
which  operate  from  250  to  275  days  a  year.  It  will  be 
shown  that  comparatively  few  of  the  men  in  the  field 
work  steadily,  and  that  if  they  did  their  yearly  earnings 
would  be  increased  by  from  15  to  20  per  cent.  This, 
they  will  show,  would  not  add  to  the  present  cost  of 
producing  coal. 

"The  cost  of  living  in  mining  communities  will  be  pre- 
sented to  refute  the  assertion  of  miners'  representatives 
that  the  cost  of  living  in  mining  centers  increased  as 
much  as  125  per  cent  during  the  war.  The  operators 
will  show  that  in  no  mining  communities  have  rent  and 
fuel  increased  at  all,  while  the  cost  to  miners  for  food 
and  clothes  has  not  been  such  as  to  create  any  such 
advance  in  living  cost  as  the  miners  have  maintained 
before  the  commission." 
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PropQlJinqMachineiy forU.SS.  Tennessee"^ 

By-  Wilfred  Syl^s 


■7;isrir^r^«  • '.- ■'^.  ;,-i : 


THE  propelling  mackinery  for  the  U.  S.  S.  "Tennes- 
see"tconsists  of  two  turbo-generators  and  four  pro- 
pelling motors.  The  switching  apparatus  is  so  ar- 
ranged that  either  generator'  can  drive  all  four  motors  oi 
with  two  generators  in  operation  each  will  drive  two  mo- 
tors. The  turbo-generators  have  a  combined  capacity  of 
about  26,500  kw.,  which  will  be  required  to  drive  the  mo- 
tors when  operating  under  the  maximum  conditions,  each 
then  delivering  8,375  hp. 
The  speed  of  the  motors 
is  varied  by  varying  the 
revolutions  of  the  turbine 
within  certain  limits,  and 
the  motors  also  have  two 
sets  of  poles,  so  that  with 
the  turbine  running  at  full 
speed  there  is  a  speed  re- 
duction of  about  12  to  1 
and  18  to  1  to  the  propel- 
lers. The  turbines,  one  of 
which  is  shown  in  the 
headpiece  coupled  to  a 
water  brake,  are  designed 
to  operate  with  a  steam 
pressure  of  250  lb.  per  sq.- 
in.,  50  deg.  superheat  and 
with  a  vacuum  of  about 
28i  in.  The  turbine  speed 
under  normal  operating 
conditions  is  about  2,130 
r.p.m.  maximum,  and  on 
test  the  machines  have 
been  run  to  2,480  r.p.m. 
The  speed  of  the  turbines 
is  varied  by  means  of  a 
specially  designed  gov- 
ernor which,  instead  of 
being  loaded  by  a  spring 
as  is  usual,  is  arranged  so 
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MAIN    PROPELLING    MOTOK    WITH    BbUWKRS    ASSEMBLED 


that  the  centrifugal  weights  act  against  an  oil  pressure 
on  one  side  of  a  piston.  With  such  an  arrangement  the 
speed  at  which  the  governor  will  affect  the  steam  supply 
will  vary  with  the  oil  pressure;  the  turbines  can  be  set 
to  run  at  any  speed  desired.  A  specially  designed 
variable-pressure  valve  is  provided  in  the  control  room, 
for  the  purpose  of  operating  the  governors,  and  the 
only  connection  between  the  control  room,  where  the 

speed  is  varied,  and  the 
turbine  room  is  an  oil- 
pipe  connecting  to  the 
governor  piston. 

The  generators  are 
three  -  phase  3,400  -  volt 
machines,  operating  at 
about  35  cycles  at  full 
speed.  They  are  standard 
construction,  except  that 
special  provisions  have 
been  made  to  avoid  salt 
deposits  in  the  windings. 
This  is  a  trouble  that  is 
likely  to  occur  where  ma- 
chines are  operated  in  salt- 
laden  air. 

The  guarantees  for  this 
ship  based  on  250-lb. 
steam  pressure,  60-deg. 
circulating  water  with  no 
superheat,  are  at  21  knots, 
11.9  lb.;  19  knots,  11.65 
lb.;  15  knots,  12.1  lb.;  10 
knots,  15.45  lb.  These  fig- 
ures include  all  the  power 
required  for  driving  the 
circulating  pumps,  con- 
densate pump3,  ventilat- 
ing blowers  for  .nachines 
and  excitation ;  that  is,  the 
auxiliaries  for  the  main 
units. 
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Steam-Turbine  Governors — Governors  of  75-  to 
3,000-Kw.  Curtis  Turbines 


By  CHARLES  H.  BROMLEY 


Treats  of  the  operation,  care  and  adjustment  of 
the  single  and  double-deck  inertia  governors  used 
on  Crrtis  horizontal  turbines  of  moderate  capaci- 
ties. This  article  applies  to  Curtis  turbines  of  75 
to  3,000  kw.,  though  other  forms  of  valve  m^echan- 
ism  have  been  used  on  units  of  these  ratings. 

FnGLE  -  DECK    INERTIA    GOVERNORS— It    is 
important    that    the    operating    engineer    acquaint 
himself  with  the  Curtis  inertia  governor  and  com- 
bined    throttle     and     trip 

valve.       The      automatic 

throttle  shown  in  Fig.  10  is 

in  wide  use,  though  on  ma- 
chines now  being  furnished 

this  particular  type  of  valve 

is  used  only  in  special  cases. 

It  should  be  understood  that 

the  only  difference  between 

the  single-  and  double-deck 

governors  is  that  the  latter 

is  simply  two  single  decks, 

one  over  the  other.   The  op- 
eration of  both  is  the  same, 

the    double-deck    governor 

being  used  for  larger  units 

than  those  having  the  sin- 
gle-deck    type;     they     are 

used  also  for  low-pressure 

turbines.    Both  are  driven 

by  a  secondary  shaft  geared 

to  the  mainshaft. 

The   governor   is   of   the 

inertia  type  and  functions 

because  of  the  unbalanced 

force    due    to    inertia    and 

centrifugal    effect    of    two 

weights  B  and   C,   Fig.   2, 

pivoted  on  ball  bearings  D 

and    E.     The    centrifugal 


PIG.  1.  THE  DOUBLE-DECK  GOVERNOR 


effect  and  inertia  are  opposed  by  the  helical  spring.  The 
weights  are  mounted  on  knife-edges.  The  center  of  grav- 
ity of  the  weights  is  inside  the  radius  of  the  point  of 
support  and  in  advance  of  it  with  respect  to  rotation. 
This  decreases  the  tendency  to  "jump"  on  quick  changes 
of  load. 

The  effect  of  revolving  the  weights  is  to  bring  the 
points  /  and  H  together.  At  each  of  these  points  is  a 
hollow  link  K,  Fig.  3,  and  these  links  rest  in  the  ball 
joints  H  and  /  and  support  a  thrust  block  A  at  their 

upper  ends.  Therefore 
when  the  ball  joints  H  and 
/  move  toward  each  other 
the  thrust  block  is  lifted, 
and  is  lowered  when  H  and 
./  move  apart  on  the  reduc- 
tion of  speed.  The  thrust 
block  transmits  motion  to 
the  levers  that  operate  the 
governor  throttle  valve. 
The  links  F  and  G,  Fig.  2, 
give  the  weights  a  parallel 
motion.  Fig.  1  shows  a 
view  of  the  double-deck  gov- 
ernor. 

Adjusting  the  Govern- 
ors— Assume  that  the 
speed  must  be  raised  or 
lowered  without  materially 
changing  the  "range."  To 
do  this  decrease  or  increase 
the  weight  by  taking  out, 
screwing  in,  or  substituting 
lead  or  steel  weights,  which 
screw  into  the  tapped  holes, 
P,  Q,  R  and  S,  Figs.  2  and 
3.  Remember  always  to 
have  plugs  of  the  same 
weight  in  the  diagonally 
opposite     Iwles    in    both 
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loeights.  For  example,  do  not  have  two  plugs  of  differ- 
ent weights  in  the  holes  R  and  Q  or  holes  P  and  S.  This 
upsets  the  balance  and  may  cause  trouble. 

Any  change  in  spring  tension  will  affect  the  width  of 
regulation;    decreasing    the    tension    broadens    it    and 


PIG.  2. 


LOOKING  DOWN  UPON  "DECK- 
CURTIS  GOVERNOR 


OF  THE 


increasing  the  tension  narrows  it.  When  the  regula- 
tion is  so  affected  the  change  in  speed  is  about  twice  as 
rapid  at  the  lower  end  of  travel  as  at  the  upper.  The 
regulation  can  be  further  broadened  by  screwing  the 
plugs  farther  into  the  springs,  but  this  practice  is  not 


eOVERNOl 
LEVE 


PIG.  3.      SECTION  OF  THE  GOVERNOR 

advised  except  when  the  other  two  means  are  not  suf- 
ficient. 

By  applying  the  two  methods  of  adjustment  in  proper 
proportions  all  desired  speeds  possible  with  the  design 
of  the  governor  may  be  obtained.  Suppose  the  regula- 
tion is  narrow  and  high  and  it  needs  to  be  broadened. 


add  weight  and  reduce  the  tension  of  the  .spring  at  the 
same  time.  Assume  that  the  regulation  is  high  and 
broad  and  it  is  desired  to  narrow  il,  add  weight  until 
the  speed  is  reduced  below  normal  (x\oi  too  much)  and 
then  increase  the  speed  by  increasing  the  tension  of  the 
spring. 

Making  adjustments  frequently,  with  a  trial  after 
each  adjustment,  is  better  than  going  to  extremes.  As 
with  every  governor,  adjustments  will  be  made  quicker 
and  easier  as  one  becomes  familiar  with  it.  The  ten- 
sion broadens  the  width  of  regulation.  To  raise  or 
lower  the  speed  without  affecting  the  width  of  regula- 
tion add  to  or  take  from  the  weights  in  the  parallel 
links. 

Lubrication  of  the  Governor — The  oil  pump  is  driven 
from  the  turbine  governor  shaft,  as  usual,  and  consists 
essentially  of  two  gears  running  in  close  mesh  and  hav- 


OIL    RETURN 


FIG.    4.      SECTION   OP   THE   CURTIS    GOVERNOR.    SHOWING 
LUBRICATION  FEATT^RES 

ing  little  clearance  in  their  casing.  The  governor  trans- 
mission needs  but  little  oil  after  it  has  been  flooded. 
The  oil  pump,  governor  shaft  and  attached  parts  are 
indicated  in  Fig.  4  which  shows  clearly  how  the  parts  of 
the  governor  proper  are  lubricated. 

Governor  Valve  Connections — Connections  of  levers 
between  the  governor  and  governor  valve  are  shown  in 
Fig.  5  and  in  the  headpiece  on  page  414.  All  governors 
and  their  connections  are  properly  adjusted  by  the  build- 
ers before  shipment,  and  the  rods,  knuckles,  etc.,  prick- 
punched  for  tramming;  the  tram  is  furnished  with  the 
turbine. 

The  Governor  Valve — Before  giving  directions  for 
resetting  the  governor  rods  and  gear  generally,  the 
governor  valve  must  be  understood.  Fig.  6  looks  more 
complicated   than   the  valve   appears   when   dismantled. 
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Briefly,  the  valve  consists  chiefly  of  six  individual  valves 
and  seats  F,  B,  A,  C,  D  and  £"'  all  on  one  rod  and  all  in 
one  long  cylinder,  the  valves  becoming  progressively 
larger  from  the  bottom  valve  to  the  top  valve.  Each 
valve  has  its  own  separate  passage  for  steam  to  the  tur- 
bine. The  valves  are  moved  by  steam  pressure  applied 
to  the  operating  piston  N,  the  steam  admission  to  the 


FIG.    5. 


SECTION   OF   THE   GOVERNOR  VALVE,    SHOWING 
THE  STEAM  PASSAGE  TO  THE  NOZZLES 


operating  cylinder  being  controlled  by  the  pilot  valve  G. 
Notice  that  the  steam  passages  from  the  pilot  valve  to 
the  operating  cylinder  are  criss-crossed.  The  valves  open 
one  at  a  time  in  the  alphabetical  order  shown — that  is, 
A,  B,  C,  D,  E,  F — and  the  steam  goes  to  the  first-stage 
nozzle  and  wheel,  as  shown  in  Fig.  5,  although  the  valve 
here  is  slightly  different.  As  the  lugs  on  the  valve 
spindle  engage  the  valves,  each  one  is  lifted  from  its 
seat.    Fig.  7  shows  the  valve  dismantled. 

When  the  turbine  is  at  rest,  the  pilot  valve  is  in  a 
position  to  admit  steam  under  the  operating  piston. 
When  the  throttle  is  opened  and  the  turbine  picks  up 
speed,  the  governor,  through  its  levers,  moves  the  pilot 
valve  so  that  it  now  admits  steam  above  the  operating 
piston.  The  governor  valve  now  begins  to  close  until 
the  governor  takes  a  definite  position,  that  is,  the  float- 
ing lever  K,  Fig.  6,  fulcrums  on  the  pin  at  the  extreme 
right,  and  the  pilot  valve  is  then  in  a  neutral  position. 
When  the  load  is  put  on,  the  governor  responds  by  shift- 
ing the  pilot  to  admit  steam  under  the  operating  piston, 
and  this  operation  lifts  the  valves  until  the  speed  is 
restored. 

The  reader  is  now  likely  aware  that  this  multiple 
valve  has  one  or  more  of  its  six  valves  full  open  or  closed 
all  the  time,  avoiding  throttling.  Leakage  from  one 
valve  to  another  is  avoided  by  the  use  of  asbestos  pack- 
ing (gaskets)  under  each  valve-seat  ring  frame,  r.s 
shown  at  J. 


The  steam  piping  to  the  pilot  valve  is  connected  to 
the  entrance  side  of  the  throttle  valve,  and  no  valve 
should  be  put  in  this  pipe.  If  a  valve  should  be  put  in 
and  by  ignorance  or  accident  closed,  it  would  result  in 
the  turbine  running  away  if  the  load  were  suddenly 
throvvTi  off". 

Resetting  the  Governor  Gear — By  gear  is  meant  the 
;*ods,  levers,  knuckles,  etc.,  attached  to  the  governor  and 


i 


PIG.    6.      SECTION  OP  THE   CURTIS  TURBINE 
GOVERNOR   VALVE 
As   the   governor   lifts   the   valve  rod   the   valves   open   full,   one 
at  a  time,   in   the  order  A,   B,   C,    D,   E   and   P,   thu.=i   there   is  no 
throttling-   by    any    one    valve. 

connecting  it  with  the  governor  valve.  These  parts  are 
properly  set  before  the  turbine  is  turned  over  to  the 
purchaser,  and  the  parts  prick-punched  so  that  they  may 
be  trammed;  the  tram  is  furnished  by  the  builder. 
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Suppose  the  tram  marks  have  been  obliterated  or  new 
parts  furnished  and  the  gear  is  to  be  reset.  Here  are 
the  directions ;  See  that  all  joints  are  free  to  move  and 
that  there  is  no  serious  backlash.  Disconnect  the  syn- 
chronizing spring  from  the  governor  lever  and  adjust 
the  dashpot  piston,  Fig.  8,  within  about  i  in.  from  the 
dashpot  cover.  Remove  the  lagging  from  the  steam 
chest  and  insert  cocks  in  the  :|-in.  tapped  holes  (shown 
at  the  right  and  plugged)  leading  to  the  upper  valve  F, 
Fig.  6,  and  to  the  third  valve  A.  An  arrow  is  stamped 
on  the  lower  half  of  the  coupling  shown  just  to  the  left 
of  L,  Fig.  6,  and  a  valve  indicator  L  indicates  the  posi- 
tion and  travel  of  the  various  valves.  Open  the  throttle 
and  bring  the  turbine  to  speed,  mark  the  position  of  the 


in  active  length  of  rods  or  connections.  This  is 
important. 

Now  attach  the  synchronizing  spring  and  with  it  set 
in  mid-position,  check  and,  if  necessarj',  make  slight 
readjustments.  The  maximum  and  minimum  travel  of 
the  synchronizing  spring  should  be  limited  by  pins  to 
permit  not  over  2  per  cent  increase  or  decrease  in  speed. 
More  than  2  per  cent  will  throw  too  much  effort  on  the 
main  governor  and  consequently  cause  rapid  wear  of 
that  governor. 

Finally,  check  the  no-load  speed  and  if  possible  the 
full-load  speed.  If  the  speed  is  high  or  low,  adjust  the 
main  governor  as  described  in  the  early  paragraphs  of 
this   article.     Now  tram   the  various   parts   and   prick- 


PIG.  7.     THE  MEDIUM-SIZED  CURTIS  TURBINE  GOVERNOR  VALVE    DISMANTLED 


arrow  on  the  indicator  when  all  valves  are  closed;  that 
is,  the  instant  when  practically  no  steam  is  blowing  out 
of  the  cock  at  the  valve  A.  Throttle  the  steam  until  all 
the  valves  are  open  and  again  mark  the  position  of  the 
arrow  on  the  indicator.  The  distance  between  these  two 
marks  should  be  about  two  inches. 

It  may  be  necessary  to  shorten  the  connection  rod  to 
obtain  the  travel  needed  for  the  valve  stem  to  open  all 
the  valves  or  to  lengthen  it  so  it  will  close  all  the 
valves-  It  is  desirable  to  have  the  pilot  lever  approxi- 
mately horizontal  for  the  mid-position  or  neutral  posi- 
tion of  the  pilot  valve.  This  position  may  be  had  by 
readjusting  the  length  of  both  the  governor  connection 
and  the  pilot  valve.  Lengthening  the  governor  connec- 
tion will  require  lengthening  the  pilot  valve  and  vice 
versa.     Check  the  valve  travel  after  any  readjustment 


punch  them  so  as  to  guide  you  or  other  operators  in  later 
resetting  the  connections. 

As  a  guide  in  making  adjustments  it  is  to  be  noted 
that  the  maximum  travel  of  the  governor  is  about  f  ^  in. 
The  working  travel  is  limited  to  about  -i^^-in.  The  travel 
of  the  main  valve  stem  M,  Fig.  6,  is  2  in.  from  the  posi- 
tion of  the  first  valve  closed  to  the  valve  wide  open.  The 
travel  of  the  pilot  valve  for  full  opening  and  closing  of 
the  ports  is  *  in.  To  close  the  main  valves  the  governor 
transmission  travels  upward,  while  the  connection  rod. 
pilot  valve  and  main  valve  stem  travel  downward. 

The  Emergency  Governor — Fig.  9  shows  the  emer- 
gency governor.  This  particular  type  is  used  on  all 
Curtis  turbines  from  500  kw.  to  2.500  kw.  It  consists 
essentially  of  two  clock  springs  under  tension  against 
stops  on   the   emergency   disk   A.   The   tension   of   the 
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springs  is  such  that  at  about  7  per  cent  above  normal  8.  Increasing  the  tension  of  the  spring  by  adjusting 
speed  the  centrifugal  effect  overcomes  the  springs,  and  the  screw  into  the  spring  holder  raises  the  speed  of  the 
at  10  per  cent  the  ends  of  the  spring  move  about  i  in.     operating  governor,  slightly  narrows  the  effective  range 
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FIG.    8.   SYNCHRONIZING  MECHANISM  AND   CONNECTIONS  WITH  GOVERNOR  AND  GOVERNOR  VALVE 


from  the  nuts  and  trip  the  trigger  A,  Fig.  9.     This  al- 
lows the  throttle,  Fig.  10,  to  drop  to  its  seat. 

To  reset  the  emergency,  turn  the  handwheel  on  the 


of  the  synchronizing  spring  and  lowers  the  speed  of 
the  operating  governor.  In  case  readjustments  are 
made,  note  that  the  spring  should   not  be  shortened 


FIG.  9.    SHOWING  THE  CONNECTIONS  TO  THE  OVERSPEED   STOP  GOVERNOR  OF  THE  CURTIS  TURBINE 


throttle  valve  to  its  closed  position,  raise  the  resetting 
handle  B  and  open  the  throttle. 

The  Synchronizing  Mechanism — This  is  shown  in  Fig. 


enough  to  come  within  one-eighth  inch  of  closing  when 
the  upper  limit  of  travel  of  the  lower  plug  is  reached. 
Keep  the  wormshaft  and  gear  lubricated.  The  motor 
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journals  are  ring  lubricated,  therefore  keep  the  oil  reser- 
voirs full. 

Have  in  mind  that  this  article  applies  particularly  to 
Curtis  turbines  of  capacities  ranging  anywhere  from  75 
to  3,000  kw.,  although  on  some  machines  of  this  type 
and  these  ratings  other  valve  mechanism  will  be 
used. 

Russell  Storage  Heater 

Storage-type  heaters  which  insure  a  reservoir  of  hot 
water  have  been  used  in  their  general  form  for  years. 
In  these  heaters  exhaust  or  live  steam  is  supplied  to  a 
heating  element,  where  it  condenses  and  heats  the  water 
in  the  tank. 

The  Griscom-Russell  Co.,  90  West  St.,  New  York  City, 
has  recently  placed  on  the  market  the  Russell  storage 
heater,  intended  to  supply  hot  water  in  hotels,  apartment 
houses,  factories,  etc.,  and  this  heater  departs  from  the 


Fia.   10.      AUTOMATIC  THROTTLE  VALVTC   UfEH 
WITH  MODERATE  SIZED  CURTIS  TURBINES 

Many  aro  in  use  but  it  is  now  applied  to  nfw  marhine.- 
only    in   spocial   cnsps 


SBMI-SECTIONAL,  VIEW  OF  THE)  RUSSELL 
STORAGE  HEATER, 


general  practice  as  regards  the  construction  of  the 
heating  surfaca 

The  Russell  heater  is  designed  with  a  number  of 
straight  tubes  in  the  steam  element,  and  of  sufficient 
length  to  insure  that  the  required  heating  will  be  taken 
care  of  and  that  all  the  steam  will  also  be  condensed 
when  it  reaches  the  rear  end  of  these  heating  tubes. 
It  is  therefore  only  necessary  to  provide  an  area  of 
drain-tube  section  sufficient  to  carry  the  condensation 
back  to  the  steam  head. 

The  heating  surface  consists  of  seamless  drawn  brass 
tubes  expanded  into  a  fixed  tube  plate  at  one  end  and  a 
floating  tube  plate  at  the  other  end,  thus  permitting 
expansion  and  contraction  oi  tubes  without  strain  on 
the  tube  joints. 

The  shell  is  regularly  furnished  of  welded  construc- 
tion, but  can  be  riveted  if  preferred,  A  manhole  is 
provided  to  permit  easy  access  to  the  shell  for  inspec- 
tion and  cleaning. 

Too  much  stress  cannot  be  laid  to  th^tfact  that  the 
failure  of  high-head  hydraulic  pressure-regulating 
apparatus  to  function  properly  "may  cause  pipe-line 
breaks  which  would  often  cause  loss  of  life  or  consider- 
able damage  to  property.  The  governor  and  governor 
connections  of  hydraulic  pressure  regulators  should  be 
well  lubricated  and  examined  regularly.  Hydraulic  pres- 
sure regulators  that  do  not  function  during  the  normal 
operation  of  the  plant  should  be  operated  occasionally 
to  be  sure  that  they  do  not  stick.  A  good  grade  of 
packing  should  be  used  in  the  packing  glands  of 
hydraulic  pressure  regulators  and  the  adjustment  of  the 
giands  should  not  be  trusted  to  anyone  who  is  not 
practiced. 
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On  the  Road  with  the  Refrigerating  Troubleman 

By  J.  C.  MORAN 


Called  to  a  distant  job,  the  present  one  is 
left  in  charge  of  an  assistant  and  the  pur- 
chaser's chief  engineer.  Hurriedly  returning, 
he  finds  the  compressor  unable  to  be  operated 
because  of  violent  thumping,  with  suction  pres- 
sure of  /O  lb.  He  finds  and  corrects  the  trou- 
ble and  breezily  tells  how. 


I  ONCE  had  charge  of  instalUng  a  large  air-condi- 
tioning plant  in  a  factory  in  the  South.  Before 
the  job  was  finished,  I  was  sent  out  on  another 
case  where  they  were  having  trouble  and  the  work  was 
turned  over  to  an  assistant.  Before  I  left,  we  talked 
ever  testing  and  charging  the  system  and  the  precau- 
tions that  should  be  taken  before  starting  the  plant.  I 
went  away  confident  that  there  would  be  no  trouble,  as 
my  assistant  had  worked  with  me  for  over  a  year  and 
the  chief  of  the  plant  assured  me  that  he  had  had  a 
long  experience  with  refrigerating  machines. 

The  work  in  the  plant  several  hundred  miles  away 
finished,  I  wrote  the  home  office  for  further  instruc- 
tions and  received  a  somewhat  sarcastic  answer.  I 
was  informed  that  they  had  been  unable  to  start  the 
plant  left  in  charge  of  the  assistant  and  that  I  must  get 
back  there  quickly  because  the  purchaser  was  threaten- 
mg  to  cancel  the  contract. 

The  Assistant  and  Chief  Have  Trouble  in 
Starting  the  Plant 

Arriving  there,  I  found  the  assistant  and  the  chief 
calling  each  other  names,  and  I  got  my  share.  They 
had  been  trying  for  nearly  a  week  to  get  the  plant  go- 
ing. Sometimes  the  machine  would  start  to  pound  so 
hard  that  it  would  nearly  jump  off  the  foundation,  about 
the  same  as  if  there  were  a  lot  of  water  in  the  cylinder ; 
at  other  times  it  would  run  hot.  They  had  been  unable 
to  get  the  frost  to  come  back  on  the  suction  line  or 
even  at  the  suction  outlet  of  the  expansion  coils,  except 
for  a  short  time  on  two  occasions.  They  had  also  been 
unable  to  do  any  cooling  worth  while  in  the  water  cool- 
ers through  which  the  air  passed.  The  original  water 
temperature  at  this  time  of  the  year  was  about  80  deg., 
and  it  was  required  that  the  temperature  be  carried  at 
about  40  deg.  as  it  came  off  the  cooling  coils.  So  far 
they  had  been  able  to  reduce  the  temperature  only  10 
to  15  deg.  and  in  most  cases  only  4  or  5  deg. 

Examination  of  the  whole  plant  from  top  to  bottom 
showed  nothing  wrong.  We  had  about  600  lb.  of  am- 
monia on  hand,  and  thinking  that  the  trouble  might  be 
due  to  the  charge  being  too  light,  we  put  in  all  of  it. 

There  were  four  coolers,  and  to  avoid  complications 
T  decided  to  break  them  in  one  at  a  time.  Beginning 
on  the  one  nearest  the  engine  room,  so  as  to  be  as  close 
to  the  compressor  as  possible  in  case  of  trouble,  we 
started  the  compressor  slowly  and  then  opened  the  ex- 
pansion valve  on  this  coil  a  little  at  a  time  every  ten  or 
iifteen  minutes  until  the  discharge  line  began  to  get 
cold  and  a  few  slight  thumps  in  the  cylinder  indicated 
that  there  was  liquid  coming  over  with  the  suction  gas. 
The  suction  pressure  kept  going  up,  and  when  the  thump 
was  heard  in  the  cylinder,  it  was  70  lb.  The  assistant 
and  the  chief  gave  me  the  laugh  when  I  continued  to 
operate  at  this  pressure,  saying  that  no  self-respecting 
machine  had  ever  been  known  to  do  any  work  at  such 


a  suction  pressure  and  no  frost  on  the  suction  line. 
The  suction  line  began  to  sweat  for  its  entire  length, 
and  I  stuck  close  to  the  compressor  with  hand  on  the 
discharge  line.  Soon  the  line  began  to  get  cool,  and  I 
promptly  went  out  to  the  cooler  and  pinched  back  on 
the  expansion  valve,  when  the  discharge  again  warmed. 
This  was  repeated  regularly  and  in  the  meantime  both 
the  suction  pressure  and  the  water  temperature  were 
rapidly  coming  down. 

The  suction  line  began  to  show  frost,  and  the  suction 
pressure  had  dropped  to  40  lb.  The  temperature  of 
the  water  leaving  the  cooler  was  38  deg.,  and  they  were 
able  to  start  the  fan  for  the  first  time  and  try  the  air 
conditioning  and  circulating  system  on  one  room. 

We  then  cut  off  the  feed  on  this  coil  to  about  half 
of  what  it  had  been  up  to  this  time  and  cut  in  one  of 
the  other  coils  a  little  at  a  time.  It  was  not  long  be- 
fore the  suction  pressure  took  a  jump  and  the  frost 
came  off  the  suction  line.  In  a  few  moments  the  dis- 
charge became  cold  again  and  the  cylinder  began  to 
thump.  The  suction  pressure  by  this  time  had  climbed 
to  60  lb.  There  was  no  secret  as  to  where  the  liquid 
came  from.  It  was  realized  that  for  quick  results  it 
would  be  necessary  to  again  cut  out  the  cooler  in  which 
the  temperature  had  come  down.  It  was  decided  to 
bring  each  one  down  in  succession,  as  the  water  tem- 
perature, once  it  was  down,  would  not  rapidly  rise  be- 
fore all  coolers  were  of  uniform  temperature. 

The  procedure  with  the  other  three  coolers  was  the 
same  as  with  the  first  one  and  with  the  same  result. 
When  the  last  one  was  down  to  45  d^.,  the  temperature 
of  the  water  in  the  first  one  had  risen  to  only  48  deg., 
while  in  the  others  it  was  lower.  We  then  began  to 
cut  them  in  all  together. 

Each  expansion  valve  was  gradually  opened  until  the 
discharge  began  to  get  cold,  when  they  were  pinched 
back  slightly  until  the  suction  line  frosted.  It  was 
then  a  simple  matter  to  detect  which  one  of  the  coils 
was  getting  the  most  liquid  and  adjust  the  expansion 
valves  accordingly.  The  line  that  frosted  back  the 
most  was,  of  course,  to  the  cooler  that  was  getting  the 
most  liquid,  and  all  that  was  required  was  to  pinch  back 
on  this  valve  and  possibly  open  up  a  little  more  on 
some  of  the  coils  on  which  the  frost  was  not  so  heavy 
until  they  were  all  working  at  full  capacity.  I  then 
told  the  master  mechanic  to  start  the  fan  system  on  all 
the  rooms. 

The  Cause  of  the  Trouble 

The  owner  and  everyone  else  were  pleased.  The 
trouble  arose  because  the  chief  and  the  assistant  were 
not  posted  on  fundamentals.  In  starting  with  the  water 
temperature  up  around  80  deg.,  the  temperature  of  the 
ammonia  boiling  on  the  inside  of  the  coils  would  be 
somewhere  between  65  to  75  deg.,  and  of  course  the 
gas  evaporated  would  be  at  this  or  higher  temperature 
as  it  passed  along  through  the  suction  line.  If  there 
v/as  any  liquid  carried  along,  the  temperature  would 
be  about  the  same  as  it  left  the  cooler,  and  as  a  conse- 
quence it  would  be  impossible  to  frost  the  suction  line. 
The  temperature  of  the  gas  and  that  of  the  suction  line 
were  between  30  and  40  deg.  above  the  freezing  point. 
This  caused  the  high  suction  pressure  at  the  start, 
which,  by  the  way,  was  just  what  was  wanted  to  get  the 
most  work  out  of  the  machine  in  the  shortest  time. 
The  pressure  corresponding  to  70  deg.  of  the  boiling 
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ammonia  in  the  coils  is  114  lb.  So  that  is  the  pressure 
that  could  be  expected,  or  something  near  it  if  we  had 
been  able  to  adjust  the  feed  to  full  capacity  at  once. 
Then,  again,  there  was  considerable  friction  loss  in  the 
line  when  taking  all  the  gas  out  of  one  coil,  as  I  did 
at  first,  and  this  will  also  in  a  large  measure  account 
lor  the  fact  that  the  pressure  never  went  much  above 
70  lb.  at  the  start.  In  addition  the  temperature  of  the 
water  had  dropped  several  degrees  before  the  coils 
were  working  to  advantage. 

Here  is  where  the  assistant  and  the  chief  got  into 
trouble.  First  they  tried  to  hold  the  suction  pressure 
down  to  about  25  lb.  for  the  reason  that  they  had  never 
seen  a  machine  operating  any  length  of  time  at  a 
higher  pressure,  and  they  concluded,  therefore,  that  it 
was  necessary  to  keep  the  pressure  below  this  point ; 
the  lower  the  pressure  the  more  work  would  be  done, 
they  believed.  In  doing  this  they  could  only  open  the 
expansion  valves  a  little,  and  therefore  but  a  small 
ranount  of  ammonia  would  be  evaporated  and  the  gas 
would  come  back  to  the  compressor  highly  superheated. 
So  there  was  little  work  done  and  the  suction  line  would 
not  frost. 

A  few  times  they  had  tried  to  operate  the  machine 
at  the  higher  suction  pressure,  but  they  began  with  all 
coils  in  on  the  line.  With  it  being  impossible  to  frost 
the  suction  line  at  this  high  suction  pressure  and  tem- 
perature, there  was  no  indication  when  one  coil  was 
getting  too  much  liquid.  And  the  only  place  where  it 
could  be  checked — tmtil  it  started  a  pound  in  the  cylin- 
der— was  to  feel  of  the  discharge  line,  which  would  get 
cold.  This  neither  of  them  had  thought  of,  and  even 
so,  it  would  give  no  clue  t©  which  one  of  the  coils  was 
doing  the  mischief  and  throwing  the  liquid  in  the  line. 
However,  they  could  have  pinched  back  on  all  of  them 
until  the  pressure  came  down  enough  to  frost  the  line, 
when  they  could  have  made  the  proper  adjustment.  As 
a  consequence  they  nearly  wrecked  the  machine  a  cou- 
ple of  times  when  the  liquid  came  back  in  heavy  slugs, 
pnd  they  decided  that  something  was  wrong  with  the 
plant  instead  of  themselves. 

The  Troubleman  Relates  Anotpier  Similar 
Experience 

I  had  a  similar  experience  with  a  small  direct-ex- 
paiision  system  installed  in  a  sanatorium  for  cooling  the 
drinking  water,  of  which  a  large  quantity  was  used  and 
the  temperature  before  cooling  was  often  near  85  deg., 
from  which  it  was  reduced  to  45  deg.  That  is,  they 
desired  it  to  be  at  a  temperature  of  45  deg.,  but  so  far 
they  had  been  unable  to  come  anywhere  near  this  figure. 
Tn  addition  to  cooling  the  drinking  water,  the  machine 
served  a  small  refrigerator  in  the  kitchen. 

The  man  in  charge  was  of  the  old  school  and  could 
never  think  of  anything  being  done  any  other  way  than 
the  way  he  had  seen  it  done.  He  had  worked  in  a 
fish- freezing  plant  where  they  had  been  unable  to  do 
business  at  temperatures  in  the  coolers  much  above 
zero.  As  a  consequence  he  had  formed  the  rockbound 
opinion  that  no  machine  could  do  work  unless  it  was 
operated  at  or  near  zero  suction  pressure.  "The  lower 
the  pressure  the  more  the  work,"  was  his  argument. 

Well,  he  applied  this  reasoning  to  the  cooling  of  the 
'h-inking  water  and  it  did  not  work.  Neither  did  he 
get  results  in  the  kitchen  refrigerator.  And  as  usual 
he  blamed  the  machme. 

The  chief  stated  that  he  wanted  a  temperature  of 
.ibout  40  deg.  in  the  kitchen  refrigerator,  and  T  found 
it  had  an  abundance  of  pipe  for  the  work  required.  By 
keeping  the  pipes  clean  they  ought  to  do  the  work  with 
a  temperature  difference  between  the  air  on  the  out- 


side of  the  coil  and  the  ammonia  liquid  on  the  inside  of 
about  5  to  8  deg.  This  would  mean  a  temperature  of 
the  boiling  ammonia  in  the  coil  of  about  32  deg.  at  the 
lowest,  which  corresponds  to  a  suction  pressure  of  45 
pounds. 

The  coil  in  the  water  cooler  was  about  double  the  size 
r.ecessary  for  the  work  it  had  to  do.  If  it  was  turned 
on  full,  it  would  do  the  required  work  all  right  and 
bring  the  water  temperature  down  to  the  freezing  point, 
but  the  suction  pressure  was  too  high  for  the  kitchen 
refrigerator  to  do  its  work  properly. 

To  balance  the  system  and  make  it  simpler  to  operate, 
I  connected  a  bypass  into  the  water-cooling  coil  so  that 
by  opening  it  one-third  of  the  coil  was  eliminated,  the 
gas  going  direct  from  two-thirds  of  the  coil  to  the  suc- 
tion line,  leaving  the  last  third  of  the  coil  out  of  service. 
In  other  words,  the  two-thirds  of  the  coil  had  to  do  the 
same  work  that  the  whole  coil  had  done  before,  and  as 
a  consequence  it  had  to  be  worked  at  a  lower  suction 
pressure.  This  corresponded  to  the  suction  pressure 
lequired  to  get  the  desired  results  from  the  refrigerator 
in  the  kitchen,  and  it  steadied  the  operation  of  the 
system. 

The  Engineer  Predicted  Failure 

When  started  up  after  making  the  changes,  the  engi- 
neer predicted  all  kinds  of  dire  failures  when  the  suc- 
tion pressure  was  worked  up  to  about  40  lb.  I  first 
started  with  only  the  water  cooler  connected  and  the 
whole  coil  working.  When  the  water  temperature 
came  down  to  45  deg.,  I  cut  in  the  pantry  refrigerator 
and  opened  the  bypass  to  the  suction  on  the  water- 
cooling  coil.  After  playing  with  the  outfit  for  about  a 
day,  I  found  that  the  water  temperature  could  be  held 
between  35  and  40  deg.  most  of  the  time  and  the  refriger- 
ator temperature  about  the  same  with  the  machine 
running  moderately  fast  and  carrying  a  suction  pressure 
of  40  to  45  pounds. 

It  took  some  pretty  hard  explaining  before  I  was 
able  to  show  the  engineer  the  relation  between  com- 
pressor capacity,  coil  capacity  and  suction  pressure. 
The  lower  the  suction  pressure  the  lov.'er  will  be  the 
compressor  capacity,  the  capacity  varying  practically  as 
the  absolute  pressure.  In  other  words,  a  compressor 
working  at  zero  pressure  has  about  half  the  capacity  of 
one  working  at  15  lb.  pressure.  On  the  other  hand, 
the  coil  capacity  falls  ofif  as  the  suction  pressure  in- 
creases, because  with  an  increase  of  pressure  the  tem- 
perature of  the  boiling  ammonia  increases  and  the  tem- 
perature difference  between  the  ammonia  on  the  inside 
and  the  medium  to  be  cooled  on  the  outside  becomes 
less  and  the  heat-transfer  rate  will  be  slower.  If  the 
suction  pressure  is  increased  to  the  point  where  the 
boiling  temperature  of  the  ammonia  is  the  same  as  the 
air  or  other  substance  on  the  outside  of  the  coil,  there 
wall  be  no  heat  transfer  and  no  work  will  be  done  by 
the  coil.  This  happens  when  a  heavy  h'.gh-temperature 
load  is  suddenly  thrown  on  a  system  where  there  are  a 
few  low-temperature  coils  connected.  The  suction 
pressure  takes  a  jump  and  often  high  enough  to  stop 
the  heat  transfer  in  the  low-temperature  coils,  the  li- 
quid working  back  to  the  compressor,  starting  trouble. 


There  are  to  be  installed  in  Glasgow,  Scotland,  by  the 
Glasgow  Corporation,  mercury  arc  rectifiers  that  have 
ratings  of  170,  330  and  660  hp.  The  rectifiers  are  to 
be  used  for  supplying  direct  current  from  an  alternat- 
ing-current supply  for  light  and  power  purposes.  In- 
stead of  ^he  glass  bulb  commonly  used  in  this  type  of 
equipment,  a  steel  cylinder  insulated  on  the  inside  is 
employed. 
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Fluctuations  in  Coal  Production — Their  Extent 

and  Causes* 


By  GEORGE  OTIS  SMITHf  and  F.  G.  TRYONt 


A  N  ELECTRICAL  engineer  has  supplied  us  with  the 
L\  phrase  that  best  expresses  what's  wrong  with 
J\  our  coal  industry — it  is  the  "bad  load  factor." 
Whether  we  refer  to  full  rated  capacity  or  to  average 
output,  the  operation  of  the  soft-coal  mines  of  the 
country  from  year  to  year,  from  month  to  month, 
and  from  day  to  day  presents  a  load  factor  that  has 
been  too  wasteful  of  plant  and  labor  and  too  produc- 
tive of  high  costs  and  uncertain  supply. 

The  fluctuations  in  coal  production  can  be  regarded 
as  annual,  which  in  a  large  way  reflect  nation-wide 
business  conditions;  as  seasonal,  which  express  condi- 
tions of  market  and  distribution;  and  as  daily,  which 
express  conditions  of  labor  and  car  supply.  In  Fig.  1, 
the  facts  of  coal  production,  labor  supply,  mine  capacity 
and  average  return  to  the  industry  per  ton  produced, 
are  set  forth  in  curves  for  the  30-year  period  1890-1919, 
At  the  base  of  the  diagram  is  a  graphic  statement  of 
lost  time  in  mine  operation,  which  is  the  measure  of 
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FIG.   1.      PRODUCTION,   CAPACITY,   MEN   EMPLOYED,   MINE 

PRICE  PER  TON  AND  DAYS  LOST  AT  P.TTUMTNOUS 

COAL  MINES,  1890-1919 

wasted  opportunity  for  the  economic  use  of  both  plant 
and  labor. 

The  statistics  thus  presented  are  weighted  averages 
for  the  industry  spread  over  the  country  and  carried  on 
under  conditions  that  are  widely  divergent  from  place  to 
place. 

Mme  capacity  is  seen  to  have  kept  well  in  advance  of 
output,  and  this  capacity  curve,  so  far  above  even  the 
emergency  output  of  the  war  period,  suggests  strongly 

*Abstract   of    paper   presented    at   the   February,    1920,    meeting- 
of  the  American  Institute  of  Mining-  and  ^Metallurgical  Engineers. 
tDireotor,   United    States    Geological    Survey. 
JWith  the  United  States  Geological  Survey. 


that  the  industry  has  become  overequipped  and  over- 
manned. 

The  blocks  at  the  base  of  the  diagram,  representing 
lost  time  in  the  soft-coal  industry,  show  that  in  only 
seven  of  these  30  years  was  such  lost  time  less  than  25 
per  cent  of  the  working  year.  During  this  period,  out 
of  308  possible  working  days  a  year,  mines  were  idle 
on  the  average  93  days.  Ten  times  during  that  period 
the  time  lost  exceeded  100  working  days.    The  smallest 
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FIG.  2.     MONTHLY  FLUCTUATION  IN  COAL  PRODUCTION 

loss  occurred  in  1918,  the  year  of  record  production, 
yet  even  during  that  year  the  mines  were  closed  down 
for  nearly  one-fifth  of  the  time.  These  figures  for  lost 
time,  remember,  show  only  the  days  that  the  mines  were 
not  operated,  but  absenteeism  of  a  part  of  the  force 
when  the  mines  were  running  still  further  reduced  the 
output.  That  is,  they  show  only  the  average  oppor- 
tunity offered  to  labor  by  the  mines,  not  the  extent  to 
which  the  individual  m.iner  took  advantage  of  his  oppor- 
tunity. 

From  a  study  of  the  diagram  the  conclusion  seems 
justified  that  losses  above  78  or  80  days  are  the  measure 
of  the  effects  of  annual  fluctuations,  and  that  losses 
below  this  figure  are  attributal  to  season  and  daily 
losses. 

The  annual  as  distinct  from  seasonal  fluctuation  is 
not  confined  to  the  coal  industry,  and  no  help  can  be 
found  for  it  short  of  doing  away  with  business  cycles 
of  good  and  bad  years. 
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There  remains,  however,  that  residue  of  lost  time 
fi'om  which  no  normal  year  is  free,  and  light  on  its 
causes  must  be  sought  in  the  study  of  seasonal  fluctua- 
tions. To  help  in  this  study  Fig.  2  has  been  prepared, 
on  which  the  annual  averages  are  shown  by  the  heavy 
horizontal  lines  and  the  monthly  fluctuations  by  the 
broken  line.  The  two  pre-war  years  1913  and  1914  are 
typical.  The  greatest  extremes  shown  in  the  diagram 
for  normal  years  occurred  in  1914,  when  the  rate  of  pro- 
duction rose  in  March  to  123  per  cent  and  fell  precipi- 
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FIG.  3.     DAILY  FLUCTUATIONS  IN  PRODUCTION 

tately  in  April  to  66  per  cent  of  the  average  for  the 
year.  In  that  year  the  normal  seasonal  fluctuation  was 
intensified  and  distorted  by  the  biennial  wage  negotia- 
tions. In  one  respect,  however,  1914  was  not  typical. 
The  autumn  peak  came  in  September  and  was  followed, 
in  the  last  quarter  of  the  year,  by  a  depression  which 
marks  the  effect  of  the  outbreak  of  the  European  war. 
In  other  years  the  peak  was  reached  in  November. 

The  year  1913  may  be  accepted  as  a  fair  type  of  the 
odd  year,  when  monthly  fluctuations  represent  seasonal 
fluctuations  in  demand  only,  uninfluenced  by  labor  dis- 
turbances. In  such  a  typical  year  the  capacity  required 
during  the  month  of  maximum  demand  will  be  from  35 
to  40  per  cent  greater  than  in  the  month  of  minimum 
demand. 

To  put  it  another  way,  even  in  years  of  active  demand 
the  present  inequalities  in  the  summer  and  winter  buy- 
ing of  coal  render  inevitable  a  long  period  in  which  the 
labor  and  capital  engaged  in  the  industry  cannot  work 
more  than  27  to  30  hours  out  of  a  48-hour  week.  Let 
no  one  regard  this  as  a  condition  to  be  accepted  as  the 
measure  of  working  time  necessary  to  meet  demand.  As 
a  matter  of  fact  the  30-hour  week  is  the  spring  ail- 
ment of  the  bituminous-coal  industry,  not  its  cure. 

In  addition  to  the  annual  and  seasonal  fluctuations  in 
production,  a  third  set  of  fluctuations  is  exemplified  in 
Fig.  3.  The  railroad  works  seven  days  a  week;  the 
mines  work  six  days.  Over  Sunday  the  carrier  catches 
up  in  its  work  of  placing  cars,  and  in  consequence  the 
car  supply  on  Monday  is  by  far  the  best  of  the  week. 
As  a  result  the  miners  work  longest  on  Monday,  but 
later  in  the  week  their  hours  of  labor  show  a  gradual 
decline,  which  is  accentuated  on  Satui-day  by  holiday 
absenteeism.  Even  if  the  mines  should  attain  full  time 
on  Monday,  they  could  not  under  the  circumstances 
expect  to  work  more  than  86  per  cent  of  the  time  on 
Friday  and  79  per  cent  on  Saturday. 

The  data  on  seasonal  fluctuations  so  far  presented 
apply  to  the  country  as  a  whole.  The  typical  curve  of 
production  for  the  United  States  is  in  fact  a  composite 


of  a  large  number  of  other  curves,  which  differ  widely 
from  field  to  field. 

A  further  contrast  distinguishes  the  union  from  the 
nonunion  fields.  Illinois  and  much  of  the  northern 
Appalachian  region  shows,  in  the  even  years,  a  profound 
drop  in  April,  which  marks  the  biennial  wage  negotia- 
tions. The  slump  i.s  regularly  preceded  by  a  period  of 
active  buying,  which  often  makes  the  March  production 
the  highest  of  the  year.  This  effect  is  largely  absent 
from  the  curves  of  the  middle  Appalachian  region,  which 
includes  for  the  most  part  nonunion  mines. 

Another  notable  fact  is  the  manner  in  which  the  fluc- 
tuations for  different  regions  tend  to  neutralize  one 
another.  The  demand  in  the  regions  served  by  the 
Chesapeake  &  Ohio  and  Norfolk  &  Western  Railroads, 
for  example,  starts  upward  in  February  and  March,  at 
the  very  season  when  the  Illinois  demand  has  begun  its 
dive  downward.  Combining  the  two  gives  a  much  flatter 
curve  than  either  exhibits  alone.  The  average  for  the 
country  thus  does  not  at  all  reveal  the  full  extent  of  the 
disease  from  which  the  industry  suffers.  We  have 
merely  charted  the  average  temperature  of  a  number  of 
patients  in  which  the  severe  chill  of  one  patient  is  offset 
by  the  high  fever  of  another.  This  all-country  curve 
seems  discouraging  enough,  but  it  is  a  fact  which  con- 
ceals much  local  trouble,  and  any  remedy  must  be 
applied  in  terms  of  local,  not  national,  fluctuations. 

The  shape  of  the  middle  Appalachian  curve  is  deter- 
mined largely  by  the  movement  of  coal  to  the  Lakes  for 
consumption  in  the  Northwest.  The  Lake  movement  has 
as  its  limits  April  15  and  Dec.  1,  and  this  necessity 
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I'lG.    1.      TYPICAL  CURVES  OF  MONTHT  Y  BITUMINOUS 
CONSUMPTION 

exercises  a  wholesome  influence  on  working  time  on 
Ohio,  western  Pennsylvania,  West  Virginia  and,  to  some 
extent,  eastern  Kentucky. 

The  demand  for  Illinois  coal  illustrates  seasonal  fluc- 
tuations at  its  worst.  During  the  "odd"  years  the 
demand  in  the  slack  month  sinks  to  half  what  it  reaches 
at  the  peak,  and  during  the  "even"  years  the  production 
in  April  approaches  zero.  The  causes  of  the  summer 
slump  are  twofold.  First  the  natural  market  for  Illinois 
coals,  as  limited  by  transportation  costs,  is  one  in  which 
domestic  consumers  rely  largely  on  bituminous  coal,  and 
of  all  classes  of  demand  that  of  domestic  consumers 
fluctuates    most    with    the    seasons.      In    that    market. 
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unfortunately,  the  steadying  effects  of  the  Lake  and 
New  England  movements  and^sof  overseas  exports  do 
not  enter.  In  the  second  place,  Illinois  coals  do  not  store 
easily,  and  up  to  the  present  time  they  have  not  found 
favor  with  coke  makers  and  therefore  do  not  feel  the 
steadying  influence  of  the  demand  for  coke. 

It  is  perhaps  significant  that  there  is  a  rough  rela- 
tion between  the  loss  of  working  time  and  the  degree  of 
unionization.  Those  bituminous  regions  in  which  inter- 
ruptions to  operation  are  most  pronounced  show  a  tend- 
ency to  become  union  territory.     The  presence  of  the 
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PIG.  5.    DAYS  LOST  IN  ANTHRACITE  MINING  BEFORE  AND 
AFTER  THE  fNTRODUCTIO^T  OF  SUMMER  DISCOUNT 

union  is  both  cause  and  effect.  Wage  disputes  cause 
lost  time;  but,  on  the  other  hand,  irregular  employment 
is  in  itself  a  prime  incentive  to  unionization. 

The  fact  of  irregularity  in  working  time  is  thus  indis- 
putable, and  its  extent  is  shown  to  be  everywhere  great, 
and  everywhere  it  reacts  favorably  upon  all  who  have 
a  share  in  producing  soft  coal  and  all  who  have  a  share 
in  consuming  it.  In  long  periods  of  idleness  following  a 
business  depression  it  drives  the  miner  to  seek  employ- 
ment in  other  industries.  The  fact  that  we  find  the 
same  large  labor  turnover  in  other  industries  should  not 
blind  us  to  the  fact  that  these  are  causes  as  well  as 
symptoms  of  industrial  unrest.  The  question  may  even 
be  raised  whethe*'  irregular  employment  is  not  largely 
responsible  for  the  failure  of  coal  miners  to  take  full 
advantage  cf  the  opportunity  to  work  when  the  mines 
are  open. 

The  case  of  the  miner  against  irregular  operation  has 
already  been  forcibly  set  before  the  public.  What  is  not 
so  generally  realized  is  that  the  case  of  the  operator  is 
just  as  damaging  to  him.  His  capital  is  idle,  and  his 
mine  is  raidly  depreciating.  Although  the  mine  shuts 
dovwi,  his  fixed  charges  run  on — not  only  interest 
charges  and  salaries,  but  a  host  of  maintenancewCharges 
as  well.  And  in  the  end  the  coal  consumer  pays  the  bill 
for  idleness  of  miner  and  mine. 

The  effects  of  fluctuation  in  coal  production  on  our 
transportation  system  can  readily  be  appreciated.  The 
coal  mine  is  the  railroad's  largest  shipper,  and  the  rail- 


road in  turn  is  the  largest  consumer  of  coal;  in  fact  it 
has  been  remarked  that  coal  is  the  nucleus  around  which 
our  railroad  system  is  built.  The  railroad  suffers  from 
the  seasonal  fluctuations  in  coal  production  as  w^ll  as 
the  coal-mining  industry,  for  it  meets  the  same  seasonal 
demand.  Equipment  sufficient  to  transport  all  the  coal 
that  the  mines  can  produce  in  November  would  in  large 
part  lie  idle  during  the  slack  season  of  summer.  The 
capital  investment  in  coal-carrying  equipment  alone  is 
of  the  same  order  of  magnitude  as  the  capital  invest- 
ment in  coal  mining,  and  it  is  no  less  desirable  to  pro- 
vide constant  employment  for  the  railroad  capital  than 
for  the  nine  capital. 

A  complete  analysis  of  the  effects  of  the  irregular 
operation  of  the  coal  mines  would  include  references  to 
the  coal  dealers,  both  wholesale  and,  retail,  but  the  con- 
sumer is,  of  course,  the  one  whose  purse  suffers  most, 
for  in  the  long  run  he  pays  for  all  the  wasteful  prac- 
tices. He  must  support  the  miner  for  not  only  the  215 
days  that  coal  is  coming  from  the  mines,  but  also  for 
the  93  possible  working  days  when  the  mines  are  closed. 

An  attempt  to  study  the  degree  to  which  different 
consumers  affect  the  seasonal  market  yielded  the  group 
of  consumption  curves  given  in  Fig.  4 ;  the  values  in  this 
diagram  are  only  tentative  and  are  subject  to  sweeping 
revisions.  The  seasonal  fluctuation  in  locomotive  con- 
sumption is  seen  to  be  a  factor,  for  the  railroads  con- 
sume 28  per  cent  of  all  soft  coal  mined.  An  even  larger 
offender  in  degree  is  the  domestic  consumer,  although 
the  amount  involved  is  much  smaller.  The  general  indus- 
trial user  doubtless  ranks  next  as  a  contributor  to  the 
seasonal  fluctuations,  but  the  public  utilities  present  a 
much  more  e>'en  curve,  and  the  curve  for  the  iron  indus- 
try is  somewhat  the  same.  Fortunately,  certain  other 
industries,  export  and  bunker  trade  and  the  Lake  ship- 
ments tend  to  smooth  out  the  seasonal  curve. 

The  problem  of  improving  the  load  factor  for  the  coal 
mines  thus  becomes  a  problem  of  encouraging  the  sum- 
mer buying  of  coal.  Two  methods  of  solving  this  prob- 
lem have  been  suggested — seasonal  discounts  of  the  coal 
price  and  seasonal  freight  rates.  Fig.  5  presents  a  com- 
parison of  lost  time  in  the  anthracite  and  bituminous 
mines  since  the  summer  discount  was  introduced  for 
anthracite.  It  will  be  noticed  that  the  present  advantage 
of  the  anthracite  mines  did  not  immediately  follow  the 
new  system — the  consumer  has  to  be  educated  even  to 
serve  his  own  interests.  A  seasonal  discount  in  freight 
rate  seems  wholly  justified  by  the  railroad's  interest  in 
its  own  load  factor;  it,  too,  can  afford  to  bid  for  sum- 
mer traffic  in  preference  to  the  more  expensive  winter 
haul. 

The  general  interest  of  our  whole  nation  in  bettering 
the  load  factor  of  the  soft-coal  industry  is  large.  Society 
cannot  view  with  equantity  the  spectacle  of  an  excess 
mine  capacity  of  150,000,00a  to  200,000,000  tons,  and  an 
excess  labor  force-of  perhaps  150,000  men. 


High  wages,  due  to  the  war,  and  steadily  increasing 
demands  for  labor  which  cannot  be  supplied  are  the 
two  outstanding  reasons  for  soaring  prices  according 
to  Calvert  Townly,  President  of  the  A.  I.  E.  E.  at  a 
recent  address  before  a  meeting  of  the  Schenectady 
section  of  the  Institute. 

As  soon  as  European  indusries  begin  to  function 
properly  and  the  demands  of  commerce  again  become 
normal,  American  will  cease  to  supply  a  large  share  of 
the  world  with  necessities,  the  labor  situation  will  ad- 
just itself  and  prices  will  drop. 
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Altemators- 

By  SJ/JIortensert 


Features  of  stator  construction  and  generator 
operation  are  compared,  covering  insulation, 
operating  temperatures,  voltage  regulation, 
synchronising,  parallel  operation  and  other  op- 
erating features. 


THE  stator  of  an  engine-type  alternator  consists 
of  the  laminated  iron  core,  the  stator  coils  and 
the  supporting  structure,  which  is  called  the 
yoke.  The  core  is  built  from  a  number  of  thin  iron 
stampings  or  punchings  located  inside  the  yoke  and 
carrying  the  stator  coils  in  slots  in  their  inner  cylin- 
drical surface.  Fig.  1  shows  the  longitudinal  section  of 
an  engine-type  alternator.  The  stator-core  punchings  R 
are  dovetailed  into  grooves  in  the  yoke  Y  and  are  se- 
curely held  between  clamping  plates  C.  The  core  is 
subdivided  by  means  of  spacers  or  ventilating  segments, 
Vv^hich  allow  the  air  currents  set  up  by  the  rotation  of 
the  rotor  to  pass  through  the  core  iron  and  escape 
through  holes  H  in  the  yoke.  In  addition  to  carrying 
the  weight  of  the  stator  punchings  and  coils,  the  yoke 
has  to  have  sufficient  stififness  to  resist  the  magnetic 
pull  to  which  it  becomes  subjected  when  the  rotor  gets 
out  of  the  bore  center.  The  stator  coils  are  held  in  the 
slots  by  means  of  wedges  fitted  into  grooves  in  the  core 
iron.  The  projecting  parts  of  the  coils  are  protected 
against  mechanical  damage  by  means  of  shields  bolted 
to  the  yoke  casting.  Openings  in  the  shields  permit  the 
ventilating  air  to  escape  after  sweeping  over  the  coil 
ends.  The  free  ends  E  of  the  stator  coils  seldom  ex- 
tend far  enough  beyond  the  core  iron  on  machines  of 
this  type  to  require  a  special  support,  and  in  extreme 
cases  it  is  generally  sufficient  to  interlace  the  coil  ends 
to  enable  them  to  withstand  the  shocks  due  to  short- 
circuits  on  the  armature  or  chafing  due  to  vibration. 

In  engine-type  alternators  the  coils  are  protected  gen- 
erally by  A.  I.  E.  E.  class  "A"  insulation  made  from 
cellulose  materials,  such  as  treated  cotton  tape,  paper 
and  similar  materials.  This  insulation  will  withstand 
continuously  a  temperature  of  105  deg.  C.  (221  deg.  F.) 
without  losing  its  insulating  qualities  or  becoming 
brittle.  It  is  to  be  distinguished  from  class  "B"  in- 
sulation made  from  materials  such  as  micanite,  asbes- 
tos, etc.,  which  can  be  operated  continuously  at  tem- 
peratures from  125  to  150  deg.  C.  (257  to  302  deg.  F.) 
without  deteriorating. 

Experience  has  shown  that  the  durability  of  the  in- 
sulation is  not  increased  by  operating  it  at  temperatures 
below  the  maximum  permissible  values  already  stated, 
but  if  the  temperature  in  any  part  of  the  coil  exceeds 
105  deg.  C.  (221  d^.  F.)  for  class  "A"  insulation,  it 
will  carbonize  rapidly,  become  brittle  and  suffer  perma- 
nent damage,  the  extent  of  the  deterioration  depending 

•Electrical   Engineer.   AUis-Chalmers  Manufacturing   Company. 


Upon  the  length  of  time  and  the  excess  of  temperature 
to  which  the  insulation  is  subjected. 

As  the  life  of  a  machine  depends  upon  its  maximum 
operating  temperature,  it  is  important  to  determine  this 
temperature  with  as  great  accuracy  as  possible.  A  num- 
ber of  methods  are  in  use,  but  for  a  machine  whose 
diameter  is  large  as  compared  with  its  length  and  whose 
parts  are  accessible,  the  thermometer  method  is  gen- 
erally applied.  Such  measurements,  however,  give  only 
approximate  results,  as  the  maximum  coil  temperature 


FIG.    1.     SECTION   THROUGH  ENGINE-TYPE   ALTERNATOR 

is  found  inside  the  iIl^ulation,  which,  of  course,  is  in- 
accessible. To  offset  this  discrepancy,  it  is  customary 
to  add  a  corrective  factor  to  the  observable  tempera- 
ture, which  apprcximates  the  difference  between  the 
temperature  measured  on  the  outside  of  the  coil  and  the 
temperature  on  the  inside  of  the  coil.  According  to 
the  rules  of  the  Standardization  Committee  of  the 
A.  I.  E.  E..  this  factor  is  15  deg.  C.  or  27  deg.  F.,  if 
the  temperature  is  determined  by  thermometer.  With 
105  deg.  C.  (221  deg.  ¥.^  as  a  maximum  safe  operating 
temperature  and  a  corrective  factor  of  15  deg.  C,  the 
maximum  observable  temperature  of  the  stator  coil  is 
105  —  15  =  90  deg.  C,  or  194  deg.  F. 
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As  a  standard  for  the  air  temperature  upon  which 
the  rating  of  electrical  machines  is  based,  the  American 
I.nstitute  of  Electrical  Engineers  prescribes  40  deg.  C. 
(105  deg.  F.),  and  this  then  limits  the  maximum  tem- 
perature rise  for  a  class  "A"  insulated  coil  to  50  deg. 
C,  or  90  deg.  F.  This  rule  does  not  apply  to  held  coils 
wound  of  copper  strip,  such'  as  were  shown  in  Fig.  4  of 


PIG.   2.     STATOR  YOKE  OF  TURBO-ALTERNATOR 

the  preceding  article  dealing  with  the  rotor,  Mar.  2 
issue.  For  this  kind  of  coil,  where  the  thermometer 
can  be  placed  directly  on  the  copper,  the  corrective  fac- 
tor, according  to  the  rules  of  American  Institute  of 
Electrical  Engineers,  is  5  deg.  C.  This  permits  a  maxi- 
mum observable  temperature  of  100  deg.  C.  (212  deg. 
F.)  or  a  temperature  rise  of  60  deg.  C,  or  108  deg.  F., 
based  on  40-deg.  C.  (104  deg.  F.)  air,  for  a  class  "A" 
insulated  field  coil.  It  is  frequently  more  convenient 
to  determine  the  temperature  of  the  field  winding  by  its 
rise  in  resistance,  and  to  the  value  thus  obtained  a  cor- 
rective factor  of  10  deg.  C,  or  18  deg.  F.,  is  to  be  added 
to  attain  the  maximum  coil  temperature.  Class  "B" 
insulation  is  seldom  applied  on  engine-type  alternators. 
On  a  turbo-alternator  the  stator  has  to  meet  the  same 
requirements  as  the  stator  of  an  engine-driven  machine, 
but  on  account  of  its  crowded  construction  and  great 
width,  additional  problems  have  to  be  met  in  its  design. 
Figs.  2,  3  and  4  show  a  turbo-stator  in  three  different 
stages  of  completion,  and  Fig.  5,  the  finished  stator 
vdth  its  end  covers  To  insure  a  tight  stator  core,  it  is 
necessary  to  clamp  the  core  punchings  together  under 
great  pressure,  and  the  clamping  plates  and  clamping 
bolts  are  correspondingly  heavy,  as  may  be  seen  from 
Fig.  3.  Special  provisions  have  to  be  made  to  rigidly 
support  the  projecting  ends  of  the  stator  coils  so  that 
they  will  withstand  the  heavy  shocks  to  which  they  are 
subjected  should  the  generator  become  short-circuited 
or  be  thrown  in  parallel  with  other  machines  when 
out  of  phase  with  them.  In  either  case  the  value  of  the 
short-circuit  current  during  the  first  few  cycles  may 
reach  from  10  to  40  times  the  rated  generator  current, 
depending  on  the  characteristics  of  the  machine.  The 
duration  of  this  heavy  current  is  instantaneous,  and  it 
recedes,  within  two  to  three  seconds  after  the  short- 
circuit,  to  a  value  that  is  fixed  by  the  excitation  of  the 
machine  when  the  short-circuit  occurs.  This  latter 
value  is  generally  from  1.2  to  3  times  the  rated  current 
of  the  machine. 


The  peak  value  of  the  current  is  of  too  short  dura- 
tion to  affect  the  coils  by  heating,  but  the  magnetic  flux 
that  accompanies  the  current  develops  attraction  or  re- 
pulsion between  the  stator  coils  in  the  different  phases 
sufficient  to  twist  and  bend  the  parts  of  the  coils  not 
rigidly  supported,  which  means  the  parts  of  the  coils 
that  are  not  embedded  in  the  stator  slot.  For  that  rea- 
son, special  provision  must  be  made  for  bracing  and 
supporting  thoroughly  the  coil  ends.  In  Fig.  4  one 
method  of  coil  support  is  shown.  Instead  of  using  the 
bracket  support  shown,  the  coil  ends  may  be  laced  to 
one  or  more  supporting  rings.  Relays  are  not  practi- 
cable for  protecting  a  machine  against  the  shocks  due 
to  short-circuit  because  they  do  not  act  quickly  enough. 
The  problem  of  coil  support  is  particularly  difficult  in 
the  construction  of  large  25-cycle  machines,  and  has 
frequently  led  to  the  adoption  of  reactance  coils  con- 
nected in  series  with  the  generator  terminals.  The 
function  of  the  reactance  coils  is  to  choke  down  the  in- 
stantaneous short-circuit  current  and  thereby  reduce 
the  shock  to  which  the  coils  and  the  machine  are  sub- 
jected. 

The  electrical  operation  of  engine-driven  alternators 
and  turbo-alternators  is  quite  similar.  The  voltage  reg- 
ulation is  accomplished  by  varying  the  field  strength, 
either  by  changing  the  setting  of  the  main  alternator's 
field  rheostat  or  by  altering  the  exciter  voltage.  As 
the  energy  dissipated  in  the  field  rheostat  is  a  total  loss, 
the  voltage  variation  should,  wherever  possible,  be  ac- 
complished by  changing  the  exciter  voltage. 

Of  engine-type  alternators  the  voltage  regulation,  as 
a  rule,  is  better  than  with  the  turbo-alternator.  How- 
ever, the  introduction  of  automatic  voltage  regulators 


FIG.  3. 


STATOR  YOKE  OF  TURBO-ALTERNATOR  WITH 
CORE  PUNCHINGS  CLAMPED  IN  PLACE 


has  made  this  feature  one  of  minor  importance.  At  the 
piesent  time  machines  whose  voltage  regulation  from 
full  load  to  no  load  is  from  40  to  60  per  cent  are  in 
successful  operation. 

In  synchronizing,  the  same  requirements  regarding 
voltage,  frequency  and  phase  relationship  are  to  be  met 
by  either  type  of  machine.  It  is,  however,  much  easier 
to  synchronize  turbo-generators  with  each  other  or  with 
engine-driven  alternators  than  it  is  to  synchronize  en- 
gine-type machines  with  each  other.  This  is  due  to  the 
uniform  speed  of  the  turbo-generator,  which  permits 
periods  ranging  from  1  to  15  seconds  for  synchronizing. 
After  the  machines  are  operating  in  parallel,  the  most 
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lioliccable  diitereiicc  is  due  to  the  speed  regulation  of 
the  respective  prime  movers.  As  the  steam-turbine  reg- 
uhitor  can  be  adjusted  to  give  much  closer  regulation, 
the  alternator  endeavors  to  take  all  the  load  lluctuations 
on  the  system.  The  engine-driven  machines  will  carry 
a  steady  load  as  long  as  the  fluctuations  da  not  exceed 
the  capacity  of  the  turbo-unit;  in  other  words,  the  turbo- 
generator functions  as  a  fiyvi^heel  or  a  storage  battery. 

The  uniform  speed  of  the  turbo-alternator  makes  it 
particularly  suitable  for  supplying  power  to  rotary  con- 
verters or  synchronous  motors,  and  the  trouble  of  hunt- 
ing frequently  experienced  when  machines  of  these 
types  are  supplied  with  power  from  engine-driven  al- 
ternators is  practically  unknown  where  turbo-generators 
are  used.  The  close  speed  regulation,  together  with  the 
stabilizing  effect  of  the  turbo-unit,  makes  it  a  desirable 
addition  to  power  systems  with  heavily  fluctuating  loads 
v\here  the  power  is  developed  by  reciprocating  engine- 
driven  alternators.  On  such  systems,  during  the  pe- 
riods of  light  load  the  turbo-unit  can  be  adjusted  to 
operate  lightly,  and  during  the  ])eaks,  with  the  steam 
valves  fully  opened,  it  will  be  able  to  meet  the  addi- 
tional power  requirements  which  otherwise  would  cause 
appreciable  drop  in  frequency  and  voltage  and  interfere 
Vvith  the  operation  of  the  synchronous  machines  on  the 
svstem.  If  close  speed  regulation  is  not  desirable,  the 
regulator  on  the  steam  turbine  of  course  can  be  adjusted 
for  coarser  governing. 

Between  alternators  in  parallel  the  load  division  in 
kilowatts  depends  on  the  power  input  of  the  prime 
movers,  but  the  distribution  of  the  wattless  current  re- 
quired by  the  system  between  the  different  machines 


FIG. 


BRACKET-TYPE  COIL  BRACING  IN  TURBO- 
ALTERNATOR 


is  controlled  by  the  field  excitation,  which  is  generally 
adjusted  to  give  each  machine  its  proper  share  of  the 
wattless  current  in  addition  to  its  kilowatt  load.  Under 
special  circumstances  it  may  be  desirable  to  let  certain 
of  the  units  carry  the  kilowatt  load  and  then  supply  the 
wattless  current  from  one  or  more  units  by  overexciting 
their  alternators.  The  turbo-driven  alternator  is  par- 
ticularly suitable  for  this  class  of  service.  It  is  started 
and  synchronized  in  the  usual  manner,  but  after  it  is 
in  parallel  its  excitation  is  increased  until  its  current 
is  limited  either  through   the   rotor  or   stator   heating. 


At  the  same  time  the  steam  admitted  to  liie  turbine  can 
be  reduced  until  the  amount  is  just  sufficient  to  carry 
off  the  heat  that  is  generated  by  the  friction  between 
the  turbine  blading  and  the  surrounding  steam.  If  no 
provisions  arc  made  for  this  purpose,  the  blading  will 
overheat  and  suffer  permanent  damage  and  finally  break 
off.  If  the  amount  of  steam  admitted  is  not  sufficient 
to  supply  the  losses  in  the  unit,  the  generator  will  draw 
the  balance  of  the  power  required  fnjm  the  system,  and 
operate  as  an  overexcited  synchronous  motor  (^yn- 
chronous  condenser).     The  power  required  to  drive  a 


FIG.  5. 


STATOR  OF  TURBO-ALTERNATOR   COMPLETE 
V/ITH  END  COVERS  IX  PLACE 


turbo-alternator  under- this  condition  is  small,  and  as 
it-^  characteristics  are  such  as  to  exclude  the  danger  of 
hunting,  this  method  of  operation  can  be  counted  upon 
to  give  satisfactory  results.  Engine-driven  alternators 
are  less  suitable  for  power-factor  correction,  as  they 
require  a  considerable  amount  of  power  and  are  likely 
to  hunt  and  cause  disturbances. 

In  the  foregoing  a  few  of  the  salient  points  in  con- 
struction and  operation  of  engine-type  and  turbo-alter- 
nators have  been  covered.  In  conclusion  it  can  be  said 
that  the  operation,  higher  efficiency,  small  space  re- 
ciuired,  etc.,  of  the  turbo-unit  gives  this  type  of  ma- 
chine an  advantage  so  decided  as  to  lead  to  its  replacing 
the  reciprocating  unit  except  m  the  special  cases  where 
cheap  gas  or  oil  warrants  the  installation  of  the  engine- 
type  alternator. 


Tn  the  course  of  the  excavations  for  the  new  Welland 
Ship  Canal,  near  Thorold,  in  Southern  Ontario,  the  site 
of  an  immense  prehistoric  waterfall  has  been  uncovered. 
The  Chicago  Evening  Post  says  that  the  edge  of  the 
fall  liar,  been  disclosed  for  a  distance  of  400  ft.,  but  the 
depth  has  not  been  ascertained.  Above  the  main  fall 
there  are  indications  of  a  series  of  lesser  falls,  with  a 
total  drop  of  25  ft.,  which  are  plainly  water-worn.  The 
site  is  about  half  a  mile  from  the  present  Falls  of 
Niagara,  and  it  is  believed  that  the  deep  canyon-like 
valley  through  which  the  ship  canal  passes,  whe^e  Eight 
Mile  Creek  once  meandered  on  its  way  to  Lake  On- 
tario, must  have  been  the  bed  of  the  prehistoric  river 
which  furnished  the  waters  of  the  giant  fails  with  their 
outlet  to  the  sea. 


There  is  a  gold  mine  in  Ouray  County.  Colorado, 
where  the  whole  of  its  plant,  including  everything  from 
the  crushing  mill  to  the  settling  tanks,  is  built  in  under- 
ground cliambers.  This  is  because  of  the  severity  of  the 
snow  slides,  which  wreck  all  buildings  above  the  ground 
level. 
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An  Advocate  of  the  Junior  Technical  School 

Arthur  L.  Williston,  Who  Has  Devoted  Himself  to  the  Training  of 
The  Non-commissioned  Officers  of  Industry 


DURING  the  past 
half  century,  a 
great  deal  has 
been  said  and  written 
about  technical  engineer- 
ing education.  Begin- 
ning with  a  few  pioneers, 
the  idea  of  technical  train- 
ing has  swept  over  the 
whole  country,  until,  now, 
a  college  or  university 
seems  incomplete  if  it 
does  not  have  one,  or 
more,  engineering  cour- 
ses. No  one  now  ques- 
tions the  fact  that  the 
technical  men,  trained  in 
the  engineering  schools 
and  universities,  have 
played  an  important  and 
essential  part  in  the 
world's  industrial  pro- 
gress. There  is  another 
field,  however,  which  has 
attracted  comparatively 
little  attention,  but  which 
at  last  seems  to  be  com- 
ing into  its  own.  This 
is  the  field  of  technical 
education  as  represented 
by  the  trade  schools,  or 
those    schools    which    do 

not  go  into  the  highly  specialized   technical   work  as 
is  done  in  the  colleges  and  higher  schools  of  technology. 

One  of  the  men  most  prominently  identified  with 
this  work  is  Arthur  L.  Williston,  principal  of  the  Went- 
worth  Institute  in  Boston.  Mr.  Williston  is  a  real 
enthusiast  when  it  comes  to  this  type  of  industrial 
education.  He  was  born  October  18,  1868,  in  Cam- 
bridge, Mass.,  and  comes  from  a  family  of  educators, 
both  his  father  and  grandfather  being  engaged  in  this 
work.  The  latter,  Mr.  Samuel  Williston,  was  the  Found- 
er of  the  Williston  Seminary  at  Easthampton,  Mas- 
sachusetts. 

After  graduating  from  the  Massachusetts  Institute 
of  Technology  in  1889,  Mr.  Williston  spent  a  year  at 
graduate  work  in  the  Institute,  and  then  worked  on 
railroad  construction,  in  Oregon  and  Washington,  for* 
the  Union  Pacific  Railway.  In  1891,  he  had  his  first 
experience  in  teaching  as  an  instructor  in  steam  engi- 
neering at  Technology,  but  the  next  year  we  find  him 
back  in  railroad  work,  in  charge  of  bridges  over  about 
6,000  miles  of  road  for  the  Big  Four  Railway. 

In  1893,  he  came  back  to  Boston  as  a  mechanical 
engineer  with  Lockwood.  Green  Company,  but  that  fall 
went  to  Columbus,  Ohio,  and  became  Professor  of  Mech- 
anical Engineering  at  the  Ohio  State  University.  While 
here.  Professor  Williston  was  also  secretary  of  the 
Engineering  Faculty  of  the  University.  After  five 
j^ears  in  Ohio,  he  was  made  director  of  the  School  of 
Science  and  Industry  at  Pratt  Institute,  Brooklyn,  New 
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York.  Here  began,  what 
Mr.  Williston  describes  as 
his  life  work,  "in  the 
pioneer  field  of  creating  a 
new  type  of  technical 
education." 

Arioch  Wentworth,  a 
citizen  of  Boston,  ex- 
pressed in  his  will  an  aim 
to  establish  a  school  "for 
the  purpose  of  furnish- 
ing education  in  the 
mechanical  arts."  As  a 
result,  there  was  incor- 
porated, under  the  laws 
of  Massachusetts,  the 
Wentworth  Institute, 
which  should  be  a  school 
such  as  Mr.  Wentworth 
described.  In  1910,  when 
the  physical  plant  of  the 
school  was  only  repre- 
s  e  n  t  e  d  by  architect's 
drawings,  the  trustees 
chose  Mr.  Williston  as 
principal.  Under  his  di- 
rection, the  school  was  or- 
ganized and  the  build- 
ings erected,  and  the 
Wentworth  Institute  has 
become  a  prominent  fac- 
tor in  its  particular  field 
of  education.  The  old  system  of  apprenticeship  education 
in  the  mechanical  trades  had  much  to  recommend  it  and 
much  to  condemn  it.  Under  a  competent  journeyman 
who  is  willing  to  help,  the  apprentice  could  become  in 
time,  a  real  workman.  An  incompetent  master,  or  one 
who,  however  competent  in  his  trade,  could  not  teach  an- 
other, resulted  in  much  waste  of  time  for  the  apprentice. 
Whatever  its  faults  or  virtues,  the  apprentice  system 
has  practically  disappeared  from  modern  industry.  The 
only  substitute  for  it  is  the  trade  school,  or  the  junior 
technical  school. 

As  Mr.  Williston  sees  it,  such  a  school  should  culti- 
vate intelligence  as  well  as  manual  skill.  It  should 
develop  habits  of  reasoning,  initiative  and  ambition. 
Enough  instruction  and  practice  should  be  allowed  for 
the  student  to  acquire  a  reasonable  degree  of  skill  in 
the  use  of  his  tools  and  material,  but  he  must  also 
receive  instruction  in  the  technical  and  scientific  prin- 
ciples covering  his  work.  Only  when  he  has  received 
a  sound  fundamental  training  in  the  technical  princi- 
ples of  his  trade,  can  a  workman  do  things  intelligently, 
otherwise  he  must  blindlj^  follow  the  habits  and  customs 
of  that  particular  trade.  In  the  trade  school,  however, 
great  care  is  necessary  not  to  emphasize  the  technical 
side  of  the  training  too  strongly.  The  man  who  wants 
a  highly  specialized  training  goes  to  the  technical  school 
for  it,  not  to  the  trade  school,  and  the  man  who  goes 
to  the  trade  school  desires  especially  practical  instruc- 
tion in  the  operation  of  that  particular  trade. 
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A  system  of  education  based  on  these  principles  has 
been  Mr.  Williston's  dream  for  a  number  of  years.  His 
nine  years  of  varied  engineering  experience  and  his 
twelve  years  in  the  Pratt  Institute,  in  addition  to  his 
thorough  technical  training,  gave  him  an  excellent  foun- 
dation for  the  practical  development  of  this  dream  when 
the  opportunity  arose.  As  the  active  head  of  the 
Wentworth  Institute  from  its  beginning,  Mr.  Williston 
has  had  an  excellent  opportunity  to  convert  his  ideas 
into  practical  results.  Whatever  measure  of  success 
the  Institute  has  achieved,  must  be  credited,  to  a  very 
large  extent,  to  him.  That  the  school  has  been  a 
success  is  testified  by  the  fact  that  the  War  Depart- 
ment established  one  of  its  schools  for  engineering 
troops  there  during  the  war.  This  was  not  a  unit  of 
the  students'  army  training  corps,  but  a  school  for  the 
special  training  of  a  number  of  the  engineering  corps 
for  their  particular  duty. 

Enthusiastic  as  Mr.  Williston  is  over  the  Wentworth 
Institute,  he  finds  time  for  considerable  work  on  the 
outside  in  the  same  direction.  He  is  a  member  of 
the  American  Society  of  Mechanical  Engineers,  and 
the  Society  for  the  Promotion  of  Engineering  Educa- 
tion, of  which  he  is  secretary  and  vice-president,  and 
of  the  National  Society  for  the  Promotion  of  Engi- 
neering Education,  of  which  he  is  a  director,  and  also 
a  secretary  of  the  State  branch.  He  is  also  president 
of  the  Industrial  Educators  Department  and  of  the 
Science  Department  of  the  National  Educational  Asso- 
ciation. In  addition  to  the  active  part  that  he  has 
taken  in  the  work  of  these  societies  Mr.  Williston, 
himself,  has  made  surveys  and  investigations  along  the 
lines  of  industrial  education  for  a  number  of  important 
educational  institutions  throughout  the  country.  Dur- 
ing the  war  he  was  Educational  Director  for  New 
England  for  the  War  Department  Committee  on  Edu- 
cation and  Special  Training. 

Hot-Process  Water  Softening 

The  hot-process  water  softening  system  is  the  result 
of  an  effort  to  take  advantage  of  the  increased  rapidity 
of  chemical  reactions  in  hot  water.  The  curves  in  Fig. 
1  are  from  the  results  of  tests  made  in  the  chemical 
laboratory  of  the  Harrison  Safety  Boiler  Works  to 
determine  the  effect  of  temperature  on  the  reactions 
taking  place  in  the  treatment  of  boiler  feed  water. 

It  will  be  seen  from  these  curves  that  the  reduction 
in  calcium  and  magnesium  salts  is  greater  at  the  end 
of  ten  minutes  in  water  at  210  deg.  F.  than  at  the 
end  of  five  hours  in  water  at  50  deg.  F.  In  fact, 
twenty-four  hours  in  cold  water  did  not  bring  down 
as  much  scale  forming  matter  as  ten  minutes  in  hot 
water.  The  sample  which  had  stood  for  five  hours  at 
50  deg.  F.  was  then  heated  to  the  boiling  point  with 
about  the  same  result  as  ten  minutes'  treatment  in  hot 
water. 

The  effect  of  hot  water  may  be  shown  roughly  by  the 
following  simple  experiment.  Place  one  pint  of  cold 
untreated  water  in  each  of  two  beakers,  heat  one  sample 
to  the  boiling  point  and  add  the  theoretical  amount  of 
water  softening  chemical  to  each  sample.  Stir  thoroughly 
and  note  the  result.  The  reaction  and  sedimentation  will 
be  much  more  prompt  in  the  hot  water. 

When  the  reaction  seems  complete  in  the  cold  water, 
carefully  pour  off  the  clear  liquid  and  heat  it  to  the  boil- 
ing point.  Further  precipitation  will  result,  showing 
that  the  reaction  was  incomplete  in  cold  water. 


Another  advantage  of  the  hot  process  is  in  the  in- 
creased velocity  with  which  the  particles  of  solid  matter 
settle  to  the  bottom  of  the  liquid.  From  Sokes'  law. 
the  velocity  with  which  a  spherical  particle  will  sink 
in  a  liquid  is  given  by  the  following: 

V        9  X       ^       A  (jr 

where  V  is  the  velocity,  D  the  density  of  the  particle,  d 
the  density  of  the  liquid,  g  the  acceleration  due  to  grav- 
ity, r  the  raiius  of  the  particle,  and  N  the  coefficient 
of  viscosity  of  the  liquid. 

It  is  obvious  from  this  formula  that  the  smaller  the 
coefficient  of  viscosity,  the  faster  the  particles  will  sink 
to    the   bottom.      The  accompanying   table    gives    some 
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SOFTENING  REACTIONS 

values  of  this  coefficient  of  viscosity  for  water  at  dif- 
ferent temperatures.  From  these  values  it  may  be  seen 
that  a  given  particle  of  solid  matter  will  settle  about 
four  times  as  fast  in  water  at  212  deg.  F  as  in  water 
at  68  deg.  F. 

Consider  the  effect  of  this  fact  in  a  tank  of  quiet 
water,  A  particle  of  a  given  size  will  fall  four  times 
as  far  in  hot  water  during  a  given  time  as  in  cold 
water.  In  the  case  of  a  continuous  water  softener  the 
velocity  of  flow  through  the  sedimentation  tank  may 
be  four  times  as  much  with  hot  water  as  with  cold 
water,  without  carrying  particles  of  a  given  size  to  the 
pump  supply.  It  will  be  noticed  further  from  the 
formula  that  the  sinking  velocity  of  a  particle  varies 
as  the  square  of  its  radius.  Therefore  it  is  obvious  that 
much  smaller  particles  will  have  time  to  settle  out  in 
hot  than  in  cold  water  if  we  keep  the  velocity  of  the 
water  through  the  settling  tank  constant. 

In  any  water  softening  apparatus  it  is  necessarv  that 
the  chemical  reagents  be  supplied  at  a  rate  which  is 
proportional  to  that  at  which  the  raw  water  enters  the 
system.  Many  mechanical  devices  have  been  used  to 
control  the  reagent  supply.  In  some  of  these  the  raw 
water  flowing  to  the  softener  turns  a  waterwheel  or 
operates  a  tilting  bucket  which  in  turn  operates  dippers 
by  which  the  reagents  are  ladled  out.  In  other  softeners 
a  certain  portion  of  the  water,  divided  from  the  main 
supply  by  weirs  or  orifices,  is  led  through  chambers 
containing  the  reagents.  In  another  form  the  water 
displaces  the  reagent  from  a  tank,  at  the  same  time 
diluting  the  remaining  reagent,  this  dilution  being 
compensated  for  by  adjusting  the  orifices. 

The  hot-process  softener  should  carry  a  few  pounds 
pressure  so  as  to  insure  a  temperature  of  at  least  205 
deg.  F  at  all  times.    Under  these  conditions  the  methods 
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of  proportioning  referred  to  are  not  entirely  satis- 
ffictory.  One  method  applicable  to  the  hot-process  is  to 
drive  a  pump,  supplying  the  reagent,  by  means  of  the 
raw  water.  Of  course  in  this  case  both  the  water 
motor  and  the  pump  must  be  kept  in  first  class  condition 
to  avoid  poor  proportions  due  to  leakage. 


ba/ance 
Disk 


PIG.  2.      REAGENT  PROPORTIONING  DEVICE 

Another  reagent  proportioning  device  depends  upon 
the  difference  in  pressure  on  the  two  sides  of  an  orifice 
through  which  the  raw  water  flows.  A  diagram  of 
this  apparatus  is  shown  in  Fig.  2.  The  raw  water 
flows  through  an  orifice  (not  shown)  on  its  way  to  the 
softener.  Pipes  are  led  from  above  and  below  this 
orifice  to  the  top  and  bottom  respectively  of  the  cylinder 
C  The  differential  pressure  on  the  orifice  then  tends 
to  lower  the  piston.  The  chemical  reagent  enters  at 
A  under  pressure  and  a  part  goes  up  through  the  pipe 
B  to  the  cheAnical  orifice.  The  remainder  of  the  reagent 
flows  out  under  the  valve  or  balance  disk  which  is  held 
do^vn  by  the  piston  referred  to  above.  Thus  the  pres- 
sure on  the  reagent  orifice  is  always  equal  to  the  differ- 
ential on  the  raw  water  orifice  and  the  amount  of  re- 
agent fed  is  always  proportional  to  the  amount  of  raw 
water.  The  reagent  which  flows  out  at  the  balance  disk 
is  returned  to  the  reagent  storage  tank  and  pumped  into 
the  apparatus  again.  The  chemical  passing  the  orifice 
is  caught  in  the  funnel  showr  and  drains  from  there 
to  the  chemical  feed  pump  which  forces  it  into  the 
softener  against  whatever  pressure  is  maintained.  The 
counter  weight  balances  the  weight  of  the  piston  and 
valve  disks. 

Feed  Water  in  Contact  With  Steam 

The  hot-process  apparatus  should  consist  of  an  open 
type  feed  water  heater,  where  the  feed  water  is  heated 
by  direct  contact  with  the  steam.  As  the  heating  takes 
place  the  dissolved  gases  will  be  given  off  and  then  the 
chemical  reagent  should  be  mixed  with  the  water.  The 
water  then  should  move  slowly  downward  to  allow  set- 
tling of  the  precipitate  and  be  drawn  off  near  the  bot- 
tom of  the  tank.  By  admitting  the  water  at  high 
temperature  at  the  top  of  the  tank  and  causing  a  slow- 
downward  circulation,  no  convection  currents  are  pres- 
ent to  stir  up  the  mass  of  precipitate. 


Some  conditions  require  the  use  of  sand  filters  after 
the  chemical  treatment.  These  are  simply  beds  of  sand 
through  which  the  water  flows  by  gravity.  These  filters 
are  cleaned  by  reversing  the  direction  of  the  water  flow, 
"back  washing,"  and  at  the  same  time  blowing  air 
through  orifices  embedded  in  the  sand  bed. 


TABLE    HY   THORPE    AND    RODGER   S.HOWING    VARIATION 
IN   \ISCOSITV    OF    WATER    WITH    Tii.MPERATURE 

Temperature  Co-efficient  of 

Degrees  F.  Viscosio' 

:J2  0177G 

50  01303 

G^  01002 

86* 00798 

101  00654 

122  00518 

140  00468 

158  00406 

186  00356 

194  00:il6 

212  00283 


Gallagher  Flexible  Staybolt 

One  of  the  chief  troubles  incidental  to  the  use  of 
staybolts  between  flat  surfaces  arises  from  the  un- 
equal expansion  of  the  tw^o  sheets.  One  is  usually 
in  contact  with  the  fire,  and  the  other  is  heated  to  the 
temperature   of    the   water.     This   difference    in   tem- 


F/ex/'b/e  Shev^ 
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"-1^  Threads  Per  I " 


ST.VYBOLT    AND    FLEXIBLE    SLEEVE    APPLIED    TO 
BOILER   SHEET 

perature  causes  considerable  relative  motion  between 
the  two  sheets,  which  frequently  results  in  broken 
staybolts  in  a  section  near  the  inner  surface  of  the 
sheet. 

The  old  non-flexible  staybolt  is  especially  SHtcep- 
tible  to  rupture,  and,  as  a  result,  several  forms  of 
flexible  staybolts  have  been  used  with  success.  A 
recent  form  of  flexible  staybolt  is  the  invention  of 
P.  F.  Gallagher,  Clifton,  S.  I.  It  consists  of  a  flexible 
steel  sleeve  2]  in.  at  the  largest  outside  diameter. 
This  sleeve  is  threaded  to  screw  into  a  1=,'  in.  tapped 
hole  in  the  boiler  sheet,  and  is  also  threaded  12  threads 
per  inch  to  take  a  1  in.  dia.  drilled  staybolt  at  the 
threaded  portion.  The  end  of  the  staybolt  is  riv  ^ted 
over  as  shown  in  the  illustration.  The  flexible  sleeve 
extends  }•;  in.  beyond  the  boiler  sheet  on  the  outside, 
and  is  y\.  in.  thick.  This  allows  of  a  staybolt  1  in. 
longer  than  could  be  used  if  the  staybolt  were 
screwed  directly  into  the  boiler  sheet.  The  idea  of 
this  design  of  staybolt  is  to  obtain  flexibility  in  the 
steel  sleeve,  instead  of  having  the  strain,  due  to  un- 
equal expansion  of  the  plates,  come  directly  on  the 
staybolt  next  to  the  boiler  sheet. 
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Fluctuations  in  Bituminous 
Coal  Production 

IN  THIS  issue  appears  an  abstract  of  the  paper  pre- 
sented by  George  Otis  Smith,  Director  of  the  United 
States  Geological  Survey,  before  the  American  Insti- 
tute of  Mining  and  Metallurgical  Engineers.  It  gives 
statistics  from  the  Survey's  data  regarding  the  ir- 
regularity of  coal  production  and  shows  how^  serious 
is  the  situation.  When  an  industry  as  important  to 
the  welfare  of  the  country  as  this  one  is  shut  down 
an  average  of  93  out  of  308  working  days  per  year, 
the  public  ought  to  know  the  reasons.  If  the  causes 
contributing  to  this  condition  can  be  removed,  no  time 
should  be  lost  in  doing  so. 

The  immediate  causes  of  seasonal  fluctuations  are 
car  shortage,  labor  shortage,  mine  disability  and  "no 
market."  A  study  of  such  figures  as  are  available 
shows  that  by  far  the  major  portion  is  credited  to 
car  shortage  in  the  winter  months  and  "no  market" 
in  the  spring  months.  For  example,  in  April,  1919, 
the  time  lost  due  to  the  latter  cause  averaged  over  forty 
per  cent  of  full-time  operation.  This  of  course  results 
in  a  condition  of  car  shortage  when  the  demand  rises 
in  the  fall  and  winter  months.  It  is  interesting  to 
note  that  during  the  period  from  1910  to  1918  only 
10.6  per  cent  of  the  time  lost  in  the  bituminous  mines 
was  due  to  strikes. 

The  measure  of  responsibility  of  the  domestic  con- 
sumers for  the  fluctuation  is  shown  very  forcibly  in 
the  curves  of  monthly  consumption.  Although  house- 
holders take  only  twelve  per  cent  of  the  total  production, 
the  fluctuation  from  about  two  million  tons  in  July  to 
ten  million  tons  in  January  is  more  serious  than  that 
due  to  any  other  class. 

The  picture  Mr.  Smith's  paper  paints  is  black,  but 
the  reality  is  worse  than  may  appear  from  a  hurried 
inspection  of  the  data.  The  number  of  "lost  days"  as 
given  represents  only  days  when  the  mines  are  closed, 
days  when  no  coal  can  be  mined  whether  the  miner 
wants  to  work  or  not.  No  statistics  are  given  to  show 
how  completely  the  men  take  advantage  of  the  days 
when  the  mines  are  open.  That  there  must  be  con- 
siderable loss  from  individual  absenteeism  is  evident. 
Moreover,  the  seasonal  "slump"  in  production  occurs  at 
different  times  in  different  fields.  Therefore,  in  many 
localities  the  conditions  are  much  worse  than  the  aver- 
age curves  for  the  whole  country  show. 

It  is  pointed  out  that  this  condition  adversely  affects 
the  miner,  the  operator,  the  railroad,  and  the  consumer. 
They  all  suffer,  but  as  always,  the  consumer  has  to  pay 
the  bill.  The  miner  has  to  eat  365  days  a  year,  the 
operator  and  railroads  have  to  earn  a  reasonable  re- 
turn on  their  capital.  If  miner,  operator  and  railroad 
could  work  continuously,  they  would  receive  a  bigger 
return  and  at  the  same  time  the  consumer  would  have 
cheaper  coal. 

As  was  pointed  out  in  these  columns  last  week,  the 
solution  of  the  problem  must  come,  for  the  most  part, 
from  the  storage  of  coal  during  the  summer  to  help 


meet  the  extra  winter  demand.  Furthermore,  this 
storage  must  be  at  or  near  the  point  of  consumption. 

There  have  been  several  objections  raised  to  the 
plan  of  summer  storage.  One  is  that  an  enormous 
amount  of  capital  would  be  tied  up  in  coal-storage 
equipment  and  in  the  stored  coal.  It  does  cost  a  lot  of 
money  to  build  a  coal-storage  plant.  It  is  also  true 
that  storage  of  coal  means  an  extra  handling.  On 
the  other  hand,  a  few  shutdowns  of  any  plant  due  to 
inability  to  get  coal  would  more  than  make  up  for 
the  cost.  That  such  shutdowns  are  likely  to  occur 
the  experiences  of  the  last  few  years  furnish  suffi- 
cient evidence. 

Another  objection  to  the  storage  of  bituminous  coal 
in  large  quantities  is  its  tendency  to  spontaneous  com- 
bustion. It  cannot  be  denied  that  this  danger  is  a 
real  one  with  improperly  stored  coal.  It  has  been 
proved,  however,  that  bituminous  coal  can  be  stored 
safely  and  that  it  will  suffer  little  or  no  depreciation 
if  reasonable  care  is  used. 

A  reduced  summer  price  at  the  mines  and  a  reduced 
summer  freight  rate  would  undoubtedly  lead  many  con- 
sumers to  buy  coal  at  the  slack  season  and  store  it. 
This  would  divide  the  burden  more  evenly  among  those 
who  would  benefit.  There  has  been  a  feeling  that  the 
coal  interests  welcomed  the  annual  shortage  in  winter 
in  order  to  raise  prices,  and  such  a  differential  rate 
would  help  materially  to  remove  this  friction.  One 
of  the  diagrams  m  Mr.  Smith's  paper  shows  how 
successful  this  plan  has  been  in  the  anthracite  mines. 

Whatever  the  final  result  of  the  various  plans  may  be, 
it  is  obvious  that  the  storage  of  coal  in  summer  by 
the  individual  consumer  will  result  in  benefit  to  him- 
self. At  the  same  time  he  will  be  doing  his  part 
toward  the  solution  of  a  serious  national  problem. 

Economical  Supply 
of  Electric  Power 

SINCE  the  introduction  o/  the  steam  turbine  as  a 
successful  prime  mover,  advancement  in  large  power- 
plant  design  has  been  so  rapid  that  one  scarcely  has  had 
time  to  recover  from  amazement  at  some  great  achieve- 
ment in  power-plant  engineering  before  another  of 
greater  magnitude  has  been  accomplished.  In  the 
opinion  of  many  the  limit  in  size  of  steam-turbo-gen- 
erator units  has  been  nearly  reached;  if  not  from  struc- 
tural limitations,  from  economical  considerations.  How- 
ever, now  comes  the  superpower  plan,  to  provide  an 
economical  supply  of  electric  power  for  the  industries 
and  the  railroads  of  the  northeast  Atlantic  seaboard. 

This  plan,  the  most  stupendous  conception  in  power 
generation  and  transmission  ever  conceived,  and  some 
of  the  engineering  problems  it  involves,  were  presented 
at  the  midwinter  convention  of  the  American  Institute 
of  Electrical  Engineers,  in  the  form  of  a  symposium, 
by  ten  of  che  leading  consulting,  designing  and  power- 
plant  engineers  and  discussed  by  a  number  of  others. 
An  abstract  of  this  symposium  and  discussion  appears 
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in  this  issue.  The  plan  as  proposed  suggests  an  elec- 
tric generation  and  transmission  system  running  from 
Boston  to  Washington,  D.  C,  from  which  power  will  be 
supplied  to  factories  and  railroads  wherever  economi- 
cally possible  in  a  zone  extending  from  one  hundred  to 
one  hundred  and  fifty  miles  inland  from  the  coast.  It 
is  estimated  that  such  a  scheme  would  supply  the  nec- 
essary power  from  a  plant  capacity  of  five  and  a  half 
million  horsepower  which  at  the  present  time  requires 
seventeen  million — ten  million  for  the  industries  and 
seven  million  for  the  railroads.  It  is  predicted  that  the 
load  factor,  at  present  not  exceeding  fifteen  per  cent, 
would  be  raised  to  more  than  fifty  per  cent.  As  a  result 
there  would  be  an  estimated  yearly  saving  of  three  hun- 
dred million  dollars  and  thirty  million  tons  of  coal, 
besides  relieving  the  intolerable  congestion  of  the  rail- 
roads in  this  zone.  It  will  also  make  possible  the  eco- 
nomical development  of  many  of  the  water  powers 
within  this  zone  that  cannot  be  utilized  economically 
under  the  present  system.  Whether  this  plan  or  some 
other  is  the  solution  of  the  power  and  transportation 
problem  along  our  northeastern  seaboard,  it  is  apparent 
that  a  very  serious  condition  exists  in  that  zone  as  was 
emphasized  by  harassing  experiences  during  the  war. 

The  first  logical  step  in  such  an  undertaking  is  a 
complete  survey  by  a  representative  commission  of 
engineers.  An  appropriation  by  Congress  to  make  the 
necessary  investigation  under  the  direction  of  the  De- 
partment of  the  Interior,  as  has  been  requested,  would 
be  a  step  far  reaching  in  the  solution.  There  is  little 
doubt  that  this  system  will  consist  of  a  tieing  together 
of  the  large  generating  systems  in  the  large  industrial 
centers  reinforced  by  water-power  plants  on  the  rivers 
and  steam-power  plants  at  the  mines.  Consequently, 
before  anything  constructive  can  be  done  it  must  be 
definitely  known  just  what  the  essential  features  of  this 
development  will  be  and  if  the  scheme  suggested  is 
economically  correct.  If  this  system  is  going  to  oper- 
ate at  sixty  cycles  and  it  becomes  definitely  known  that 
this  is  to  be  the  standard  frequency,  then  it  will  be  a 
matter  for  the  various  power  companies  in  this  zone 
standardizing  as  far  as  economically  possible  on  this 
frequency,  so  that  when  the  time  comes  for  tieing  all 
the  large  systems  within  this  zone  together,  one  of  the 
most  important  features  in  regard  to  interconnection 
will  be  in  a  fair  way  to  being  solved.  Prof.  Malcom 
Maclaren,  in  discussing  this  problem,  said: 

"The  picture,  which  might  be  formed  of  a  general 
scheme  to  be  followed  during  the  next  ten  years  to 
meet  the  growing  need  for  power  within  this  territory, 
is  that  the  power  companies  in  the  large  cities  should 
in  general  complete  their  present  construction  programs 
but  should  not  greatly  increase  their  generating  facili- 
ties beyond  this  point,  additional  capacity  being  ob- 
tained by  the  construction  of  steam  plants  at  the  mines, 
reinforced  on  the  east  by  hydro-electric  plants  on  the 
Delaware  River  and  on  the  west  by  hydro-electric  plants 
on  the  Susquehanna,  the  whole  territory  being  inter- 
connected with  transmission  circuits.  Such  a  system 
should  procure  a  cheap  and  reliable  source  of  power 
under  normal  conditions  and  would  have  the  greatest 
flexibility  for  meeting  emergencies,  for  the  generating 
facilities  would  be  divided  in  approximately  equal 
amounts  among  steam  plants  at  the  large  cities  burn- 
ing bituminous  coal,  steam  plants  at  the  mines  burning 
anthracite  and  hydroelectric  plants  on  the  Delaware 
and  Susquehanna  Rivers;  the  unified  system  of  trans- 


mission circuits  making  it  possible  to  transfer  larger 
blocks  of  power  to  any  point  in  distress  without  the 
use  of  rail  transportation." 

The  foregoing  apparently  is  one  of  the  most  logical 
schemes,  since  on  account  of  certain  physical  problems 
there  is  little  doubt  that  a  large  percentage  of  the 
power  generated  from  coal  in  this  zone  must  be  pro- 
duced locally  near  the  large  industrial  centers,  as  at 
present. 

Oil  Land  Leasing 
Bill  a  Law 

PRESIDENT  WILSON  has  signed  the  bill  releasing 
for  development  millions  of  acres  of  Government  oil, 
coal  and  phosphate  lands  in  the  West.  California  and 
Wyoming  lead  in  the  extent  and  richness  of  their 
deposits,  although  Louisiana,  Arizona,  Utah,  Wyoming, 
Colorado  and  Alaska  are  represented  in  the  oil  field.  In 
coal  lands  North  Dakota  leads  the  other  twelve  States 
with  more  than  eleven  million  acres. 

The  bill  provides  for  a  royalty  rental  on  the  fuel 
produced,  and  in  the  case  of  oil  this  may  he  demanded 
in  oil  or  in  cash  as  the  Government  elects.  This  year, 
at  least,  the  Government  is  expected  to  collect  its  royal- 
ties in  oil  so  as  to  assure  a  supply  for  the  Shipping 
Board  at  fair  prices.  The  naval  reserve  oil  lands  are 
not  to  be  opened  unless  the  President  shall  so  prescribe. 
That  these  lands  will  be  promptly  developed  is  evident 
from  further  reports  that  there  were  "rushes"  to  file 
location  claims  in  a  number  of  the  fields.  As  most  of 
these  oil  lands  are  in  the  fields  producing  fuel  oils,  this 
development  will  be  of  interest  to  all  fuel-oil  consumers. 
There  has  been  a  feeling  that  the  largely  increased  use 
of  oil  instead  of  coal  would  result  in  a  prohibitive  in- 
crease in  the  price  of  the  former.  The  signing  of  this 
bill  may  at  least  help  to  postpone  the  evil  day. 

In  this  connection,  however,  it  is  well  to  note  that  the 
country's  supply  of  petroleum  is  not  inexhaustible.  Fuel 
oil  offers  many  advantages  for  the  power  plant,  but  it  is 
little  short  of  criminal  to  waste  it.  Conservation  of  our 
natural  fuel  supply  is  a  vital  necessity,  and  conservation 
of  our  limited  oil  supply  is  especially  important. 


Referring  to  the  proposed  cut  in  appropriations  for 
promoting  foreign  trade,  from  $1,658,000  to  $490,000, 
Secretary  Alexander  of  the  Department  of  Commerce 
says,  "This  is  the  most  serious  blow  ever  aimed  from 
within  at  our  foreign  trade."  The  sum  allowed  is  only 
one-half  of  the  appropriation  now  used.  This  cut  in 
funds  will  abolish  entirely  the  commercial  attaches  of 
embassies  in  a  dozen  different  countries,  will  greatly 
reduce  the  number  of  trade  commissioners  who  are 
reporting  on  rapidly  changing  commercial  conditions  in 
Europe  and  will  close  up  almost  all  of  the  district  offices 
in  this  country.  The  point  considered  most  vital  is  the 
loss  of  the  commercial  attache  system,  which  has  been 
so  highly  commended  by  many  business  men  with  a 
knowledge  of  foreign  trade.  In  short,  at  a  time  when 
other  countries  are  bending  every  effort  to  establish 
their  foreign  trade,  this  bill  would  cripple  the  machinery 
by  which  the  United  States  keeps  in  touch  with  the  com- 
m.erce  of  the  world.  In  the  name  of  economy  we  are  to 
smash  our  carefully  built  up,  smooth-running,  trade-pro- 
motion machine  and  then  spend  many  times  as  much 
money  to  put  it  in  running  order  again  when  the  eri'or 
of  shutting  it  down  has  been  demonstrated.  And  it  will 
be  demonstrated  in  a  verv  few  months. 
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Frozen  Boiler  Connections 

In  reference  to  the  boiler  explosions  published  on 
page  175  of  the  Feb.  3rd  issue,  I  would  like  to  say 
that  ice  forming  conditions  are  altogether  too  preva- 
lent in  some  boiler  rooms.  In  spite  of  all  the  safety 
precautions  demanded  by  law  and  although  there  are 
careful  well-trained  boiler-room  employees,  there  are 
thousands  of  plants  that  are  exposed  to  the  cold,  due 
doubtless  to  the  close-fisted  attitude  maintained  by  the 
owners. 

I  recently  worked  at  a  plant  where  the  boiler  blow- 
off  pipe  would  freeze  up  during  the  day's  run,  between 
the  valve  and  the  cock,  if  both  were  closed  and  no 
blowing  out  was  done  oftener  than  once  in  10  hr.  in  real 
cold  weather.  It  is  not  uncommon  for  a  steam  gage 
connection  to  freeze  and  the  gage  register  a  false 
pressure.  J.  Forest. 

Norwood,  Ohio. 

Compressed  Safety-Valve  Springs 

After  reading  the  account  of  the  Interstate  Iron  and 
Steel  Company's  explosion,  page  175  of  the  Feb.  3  issue, 
and  also  the  editorial  in  the  same  issue,  it  seems  quite 
possible  that  the  accident  was  due  to  the  defective  con- 
dition of  the  safety  valves. 

As  suggestions  are  in  order  to  prevent  future  acci- 
dents, the  following  may  be  of  value  to  operators  and 
owners  of  plants.  I  have  had  several  years'  experience 
in  the  inspection  of  boilers  and  have  found  several  cases 
where  safety  v^lve  springs,  especially  old  ones,  were  so 
compressed  that  the  normal  lift  was  so  reduced  that 
even  though  a  valve  would  open  at  the  pressure  at  which 
it  was  set  it  would  not  discharge  anything  near  the 
amount  of  steam  generated  in  case  of  a  shutdown  of  the 
engine.  I  have  known  of  cases  where  the  pressure 
increased  from  75  to  100  lb.  while  the  valves  were  blow- 
ing, and  if  in  such  a  case  the  steam  gage  happened  to 
be  defective  trouble  would  very  likely  result,  possibly  a 
boiler  explosion. 

This  condition  of  safety  valves  has  received  very  little 
attention  from  boiler  operators  or  others,  but  I  feel  that 
it  is  worthy  of  due  consideration.  If  boiler  attendants 
would  occasionally  take  the  time  to  shut  the  stop  valve 
while  the  boiler  is  run  to  full  capacity  and  beyond,  they 
could  readily  determine  the  capacity  of  the  safety  valves 
and  if  deficient  a  new  spring  or  a  larger  valve  could  be 
provided. 

Frozen  steam  gages  and  their  piping  are  often  met 
with  during  the  winter  weather.     This  is  a  source  of 


danger  particularly  to  the  class  of  men  who  are  ignorant 
or  careless  in  their  work.  There  is  a  remedy  for  this 
condition,  which  is  inexpensive  and  easily  carried  out. 
If  the  piping  and  gage  are  thoroughly  drained  and  then 
filled  with  a  reliable  freeze  proof  mixture  such  as  can  be 
purchased,  there  will  be  no  occasion  to  drain  the  piping 
for  the  season  and  freezing  will  not  occur.  There  may 
be  cases  where  an  alcohol  mixture  or  kerosene  will  serve 
but  the  first  mentioned  seems  to  be  better  suited  for 
such  a  purpose.  James  Coyne. 

Pittsburgh,   Penn. 

Air  in  Steam  Boilers 

The  suggestion  is  made  in  the  article  relating  to  the 
boiler  explosion  at  East  Chicago  that  it  was  due  to 
overpressure  because  the  safety  valves  failed  to  func- 
tion, due  to  ice  that  clogged  the  vent  pipe,  in  spite  of  the 
fact  that  there  had  been  a  fire  under  the  boiler  for  seven 
hours.  The  assumption  is  also  made  that  air  was  trapped 
in  the  boiler  when  it  was  filled  and  that  it  acted  as  an 
insulator,  keeping  the  steam  in  the  boiler  from  reaching 
the  top  of  the  drum  and  thus  thawing  out  the  safety 
valve. 

My  experience  tends  to  disprove  this  assumption. 
When  getting  steam  up  on  one  of  eight  400-hp.  boilers 
a  4-in.  bleeder  valve,  located  under  the  stop  valve  was 
left  wide  open  to  allow  the  air  to  escape.  On  several 
occasions,  when  some  one  of  the  operating  crew  had 
shut  this  bleeder  when  the  pressure  reached  50  lb.,  be- 
cause of  the  roar  of  the  esc<.ping  steam,  we  would  lose 
vacuum  on  both  condensers,  when  the  boiler  was  cut  in 
on  the  line.  Even  though  the  bleeder  was  left  cracked 
until  the  boiler  went  in,  a  noticeable  drop  in  vacuum 
always  occurred  so  that  it  became  customary  to  speed 
up  the  vacuum  pumps  whenever  a  boiler  was  to  be 
cut  in. 

If  stratification  takes  place  in  the  drum  the  air  would 
collect  in  the  nozzle  under  the  stop  valve  and  escape 
through  the  bleeder.  The  fact  that  air  is  present  in  such 
quantities  in  the  boiler  as  to  interfere  with  the  con- 
densers, in  spite  of  the  bleeding,  proves  that  the  air 
and  steam  intermingle,  doubtless  due  to  a  counter-cur- 
rent being  set  up  in  the  steam  and  gas  by  the  circula- 
tion of  the  water  in  the  drum. 

In  this  particular  case  the  explosion  may  have  been 
caused  by  a  frozen  safety-valve  vent  pipe,  the  ice  re- 
mained despite  the  heating  from  the  steam,  and  not 
because  air  was  present  which  prevented  the  steam  from 
reaching  and  thawing  the  valves. 

Perth  Amboy,  N.  J.  ADOLPH  QUADT. 
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Frozen  Safety  Valve  Discharge  Pipe 

The  account  of  the  boiler  explosion  at  the  Interstate 
Co.'s  plant  in  the  Feb.  3  issue  brings  to  mind  an  experi- 
^'nce  I  had  with  the  same  make  of  boiler,  but  used  as  a 
vaste-heat  boiler  over  a  furnace  and  for  heating  mate- 
rial for  steel  forgings.  The  furnaces  were  started  early 
one  Monday  morning  so  as  to  have  a  heat  ready  for  the 
forgers  when  they  came  at  7  o'clock. 

The  boiler  before  that  time  furnished  steam  for  a 
boiler-feed  pump  and  for  a  small  engine  running  a 
forced-draft  fan  for  the  furnaces.  Shortly  after  7 
o'clock  I  went  to  the  forge  shop  and  the  engineer  called 
my  attention  to  the  steam  gage  which  registered  at  135 
lb.  The  spring  pop  safety  valve  set  at  125  lb.  was  not 
blowing.  The  hammers  were  at  that  time  running, 
taking  some  steam. 

I  went  on  top  of  the  boiler  and  found  that  the  valve 
and  the  pipe  leading  from  the  valve  to  the  outside 
through  the  roof  were  frozen.  I  worked  the  lever  and 
hammered  the  pipe  until  the  steam  began  to  leak 
through  the  valve  a  little  and  finally  blew.  The  engineer 
who  was  watching  the  end  of  the  pipe  from  the  outside 
said  that  a  piece  of  ice  shot  out  of  the  pipe  for  a  dis- 
tance of  about  100  yd.  out  on  the  marsh.  I  think  the 
pipe  became  full  of  snow  and  sleet  on  Sunday,  while  the 
furnace  fires  were  banked,  due  to  a  sleet  storm  that  blew 
right  into  the  mouth  of  the  pipe  and  froze  solid. 

I  believe  that  every  safety  valve  that  blows  outside  of 
a  building  through  a  pipe,  should  have  an  elbow  opened 
downwards  on  the  end  of  pipe.  This  will  prevent  snow 
and  sleet  from  getting  into  the  end  of  the  pipe  and 
freezing.  Be  sure  that  there  is  a  drip  hole  in  the  body 
of  safety  valve,  above  the  seat  that  will  drain  any  leak- 
age from  the  valve  and  that  the  valve  above  the  seat  will 
not  then  be  covered  with  water  and  possibly  freeze. 

Chester,  Penn.  Frank  McLean, 

National  Engineer's  License  Law 

I  have  read  with  much  interest  the  letter  by  Mr. 
Reed — "National  Engineer's  License  Law" — on  page 
234  of  the  Feb.  10  issue.  Having  been  an  engineer 
in  Massachusetts  when  the  license  law  was  enacted,  I 
feel  that  I  should  know  something  about  it.  It  was  an 
up-hill  undertaking  to  get  the  wheels  in  motion  that 
finally  drafted  a  law,  and  after  it  became  effective  the 
engineers  in  general  were  more  or  less  dissatisfied.  It 
would  be  the  same  thing  if  a  National  engineer's  license 
law  were  enacted. 

There  were  engineers  in  Massachusetts  who  had  been 
operating  plants  of  perhaps  160  hp.  for  several  years. 
A  first-class  engineer's  license  permitted  the  holder  to 
have  charge  of  an  unlimited  amount  of  horsepower;  a 
second-class  engineer's  license  permitted  the  holder  to 
have  charge  only  up  to  150  hp,  A  clause  was  inserted 
in  the  law  that  provided  for  the  engineer  who  was 
unable  to  pass  an  examination. 

Operating  a  plant  as  chief  for  five  years  entitled  the 
said  operator  to  a  license  (without  examination)  sufii- 
clent  to  cover  his  plant.  Therefore  many  an  engineer 
operating  a  plant  of  slightly  over  150  hp.  for  five  years 
was  given  a  first-class  certificate.  The  same  thing 
applied  to  the  lower  grade  licenses  and  many  a  man 
unable  to  read  or  write  was  granted  a  license. 
The  licensing  of  engineers  and  firemen  is  simply  a 
"safety  first"  affair  and  is  not  (at  least  legally)  an 
issue  to   raise  power  workers'    wages. 


At  first  the  point  was  raised  that  it  was  the  boiler 
that  was  dangerous,  and  only  this  piece  of  apparatus 
need  be  covered  by  the  law,  but  eventually  the  majority 
ruled  and  engines  were  covered  also. 

If  a  National  license  law  is  enacted  the  illiterate  will 
have  to  be  taken  care  of  in  other  states  as  they  were 
in  Massachusetts,  so  for  a  period  of  years  no  apparent 
results  will  obtain,  but  eventually  great  good  will  prob- 
ably come  from  it.  C.  W.  Peters. 

New  York  City. 

Regulating  the  Oil  Pressure 

The  step  bearings  of  two  vertical  turbo-generators 
were  supplied  with  oil  at  a  pressure  of  500  lb.,  the 
supply  coming  from  a  line  under  750  lb.  pressure 
through  a  reducing  valve.  An  18-ton  dead-weight  ac- 
cumulator connected  in  with  the  oiling  system  supplied 


ACCUMULATOR  TRAVEL  ALARM  WHISTLE 

oil  at  the  required  pressure  for  a  few  minutes  in  case 
the  pump  in  service  became  airbound,  etc.,  to  allow  time 
to  put  a  spare  pump  into  operation. 

The  oil  pressure  v/as  regulated  by  the  height  of 
the  accumulator,  a  li-in.  cable  passing  over  two  small 
pulleys  from  the  accumulator  to  a  weighted  lever  valve 
in  the  steam  line  to  the  pump.  The  arrangement  was 
not  satisfactory  as  the  pumps  were  kept  running  with 
a  jerky  motion  due  to  the  action  of  the  valve  lever, 
which  caused  the  accumulator  to  bob  up  and  down  in- 
cessantly with  the  consequent  packing  wear  and  leak- 
age around  the  accumulator  shaft. 

To  do  away  with  this  trouble,  a  globe  valve  was 
placed  in  the  steam  line  with  a  5-in.  pulley  fastened  to 
the  stem,  the  face  of  the  pulley  being  made  wide 
enough  to  allow  several  turns  of  the  cable.  The  free 
end  of  the  cable  was  weighted  just  enough  to  close 
the  valve.  The  pump  action  was  steadied,  but  the  valve 
stem  threads  wore  quickly.  Upon  substituting  one  of 
steel  the  arrangement  proved  satisfactory. 

In  case  the  accumulator  rose  or  fell  too  far  beyond 
a  certain  position,  an  alarm,  as  shown  in  the  figure, 
would  be  put  into  operation.  The  curved  lever  A  was 
pivoted  at  B,  the  curved  end  resting  on  the  top  weight 
of  the  accumulator,  the  alarm  whistle  being  operated 
by  the  chain  C.  ARNOLD  Erickson. 

Chicago,  111. 


March   16.  1920 


row  r:  11 


435 


Emergency  Repair  to  Lubricator  Plug 

The  threads  on  the  filling  plug  of  a  lubricator  be- 
came so  badly  worn  that  the  plug  would  not  hold  ow- 
ing to  countless  removals  and  insertions  which  had 
blunted  the  threads.  We  were  some  di&tance  from 
towti,  and  with  no  repair  shop  to  speak  of,  it  was  a 
problem  to  get  oil  into  the  engine  cylinder. 

A  hole  was  drilled  in  the  end  of  the  plug  to  a 
distance   a   little   beyond   the   threads,    leaving   a   fair 


Oil  Indicator  Gage 


PIATGOED  THE  LUBRICATOR   FILLING   PLUG 

amount  of  stock,  A  taper  pin  was  filed  and  driven 
into  the  hole  to  expand  the  lower  end  of  the  plug,  thus 
enlarging  the  threaded  portion.  After  being  expanded 
until  it  was  a  snug  fit  in  the  threads  in  the  body,  the 
pin  was  driven  in  and  the  end  of  the  plug  peened 
slightly  to  hold  it  in  place.  Although  the  threads 
were  worn,  the  enlarged  plug  worked  very  well  for 
some  months  until  the  engine  was  no  longer  needed. 
Then  the  plug  was  sent  to  a  machine  shop  for  proper 
treatment.  Arnold  W.  Bentley,  Jr. 

Missouri  Valley,  Iowa. 

How  the  Boiler  BlowoflP  Water 
Was  Utilized 

In  our  plant  water  does  not  cost  much,  but  as  we  have 
to  blow  down  each  boiler  twice  each  8-hour  watch,  it  is 
evident  that  a  considerable  amount  of  water  is  wasted, 
but  what  is  more  serious,  it  is  hot  water  and  it  costs 
money  to  heat   it. 

We  have  a  hot  pond  that  has  to  be  kept  full  of  hot 
water  for  softening  the  bark  on  pulp  wood  so  that  the 
bark  can  be  more  readily  removed  and  also  to  thaw  the 
frozen  wood  which  makes  it  easier  for  the  chippers. 
It  takes  about  all  a  2-in.  steam  line  can  deliver  to  keep 
this  pond  hot. 

We  piped  the  blow-off  from  the  boilers  into  this  pond 
and  find  that  very  little  live  steam  is  required  to  keep  it 
hot  in  the  winter  and  in  the  summer  it  does  not  require 
any  live  steam  at  all. 

Van  Buren,  Me.  William  B.  Smith. 


Recently  the  firm  by  which  I  am  employe<l  in- 
stalled oil-burning  equipment  for  their  boilers.  We 
desired  a  gage  to  show  the  quantity  of  oil  in  the  tank 
which  is  below  the  ground,  and  for  this  purpose 
adapted  a  water-level  indicating  gage  similar  to  those 
used  for  showing  the  elevation  of  water  in  reservoirs, 
etc.    The  illustration  shows  the  resulting  installation. 

The  gage  has  a  5-in.  dial  furnished  in  black  with 
white  enai.ielled  figures  and  letters  and  sets  on  a  5- 
in.  wrought-iron  pipe  which  contains  a  float  resting 
on  the  surface  of  the  oil  in  the  tank  below.  The  small 
pipe  at  the  right  guides  the  counterweight.  The  dial 
may  be  graduated  directly  in  barrels,  gallons,  or 
pounds;  in  the  instrument  illustrated  each  division 
represents  50  gallons.  The  amount  of  oil  put  into 
or  taken  out  of  the  tank  is  readily  determined  by 
observing  the  amount  of  movement  of  the  dial  hand 
which  also  shows  the  amount  of  oil  in  the  tank. 

The  measurement  of  fuel  oil  in  power  plants  with 
;he  usual  types  of  meters  presents  certain  difficulties 


OIL  GAGE,  EACH  GRADUATION  REPRiOSENTING  50 
GALLONS 

which  often  make  its  measurement  impracticable. 
The  method  described  herein  obviously  has  great  ad- 
vantageb  over  the  old  method  of  measuring  black, 
sticky  oil  with  a  measuring  rod. 

If  the  float  pipe  cannot  be  placed  directly  over  the 
tank  it  may  be  possible  to  connect  the  two  at  the 
bottom  by  a  small  pipe  and  thus  the  gage  can  be 
located  at  considerable  distance  away.  If  it  is  not 
possible  to  change  the  location  of  the  float  pipe  the 
gage  ma^^  be  located  at  some  distance  from  it  by  lead- 
ing the  float  cord  over  special  idler  pulleys. 

Providence,  R.  I.  A.  E.  Watjen. 
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Reinsulating  Series  Winding  of 
Compound- Wound  Motors 

Where  it  is  necessary  to  rewind  the  series  coils  of 
medium-  or  large-sized  compound-wound  machines,  it 
may  be  found  difficult  to  obtain  the  proper  size  of  wire. 
In  such  cases  the  coils  can  generally  be  satisfactorily 
reinsulated. 

First  the  old  insulation  must  be  entirely  re- 
moved from  the  copper,  which  is  easily  done  by  sub- 


SERIBS    FIELD   COIL   SEPARATED   READY   FOR 
RETNSULATINO 

jecting  the  coil  to  fire  and  burning  it  off.  This  also 
anneals  the  copper  and  makes  it  easy  to  handle.  Next 
the  coil  is  placed  on  a  long  piece  of  pipe  that  is  stiff 
enough  to  support  it.  Then  the  turns  of  the  coil  are 
very  carefully  separated,  as  shown  in  the  figure,  after 
which  they  can  be  conveniently  insulated  with  linen 
tape  and  the  turns  may  be  reassembled  as  in  the  original 
coil.  A.  A.  Fredericks. 

New  York  City. 

Operating  Troubles  With  Steam 
Turbines 

1  have  followed  with  interest  the  many  articles  in 
Power  in  regard  to  operating  troubles  with  the  larger 
sizes  of  steam  turbines,  and  in  particular  the  recent 
discussion  which  seems  to  indicate  that  there  is  more 
or  less  of  a  tendency  for  the  large  low-stage  wheels  to 
flutter  on  the  rim.  While  I  have  never  been  in  personal 
contact  with  these  machines,  this  particular  point  in 
their  construction  has  interested  me. 

When  a  young  man  T  worked  for  several  years  around 
large  circular  saws  in  lumber  mills,  and  while  I  have 
seen  saws  that  ran  at  a  rim  velocity  of  300  ft.  per  sec, 
anyone  who  suggested  that  they  would  stand  speeds 
much  in  excess  of  that  would  have  been  considered 
crazy. 

The  important  point  about  these  high-speed  saws 
was  the  amount  of  strain  or  tension,  as  the  filer  would 
name  it,  that  was  required  to  keep  them  from  flutter- 
ing on  the  rim.  The  saw  plate  was  stretched  with  a 
hand  hammer,  on  a  small  anvil,  for  about  one-half  the 
distance  between  the  eye  and  the  rim  until  the  saw  was 
dished  like  a  saucer  when  standing  still.  I  have  seen 
this  dish  amount  to  as  much  as  4  in.  in  a  saw  5  ft. 
in  diameter,  yet  when  it  came  up  to  speed  it  was 
straight,  the  centrifugal  force  stretching  the  rim  enough 
to  equalize  the  initial  looseness  of  the  center. 


While  I  realize  that  the  present  type  of  construction 
ir  regard  to  clearance,  etc.,  would  make  it  impossible 
to  use  this  system  to  the  extent  of  entirely  equalizing 
the  strain  in  the  modern  turbine  wheel,  it  seems  that  a 
certain  amount  of  this  initial  tension  would  be  benefi- 
cial, inasm.uch  as  present  design  almost  fills  the  bill. 

The  influence  of  temperature  changes  was  especially 
noticeable  in  these  large  saws  If  the  arbor  bearing 
next  to  the  saw  collars  warmed  up  even  a  small  amount, 
the  saw  would  fall  over  toward  the  log.  Sometimes, 
when  dull,  it  would  croM^d  the  guide  pins  at  the  rim, 
which  would  cause  an  increase  in  temperature  that  was 
scarcely  noticeable  to  the  bare  hand,  yet  was  sufficient 
to  cause  a  pronounced  flutter. 

Perhaps  if  those  big  turbine  wheels  ran  out  in  the 
open  where  their  performances  could  be  observ'ed,  some 
of  the  experts  might  discover  something  new. 

Whitehall,  N.  Y.  R.  G.  Yaxley. 


Faulty  Heating  System  Piping 

A  certain  five-story  building  90  x  110  ft.  had  about 
twenty  ceiling  radiators  of  l]-in.  pipe.  The  manner  of 
connecting  the  drains  to  the  trap  is  shown  in  the  sketch. 
It  will  be  noticed  that  the  check  valve  and  air  vent  on 
each  raidator  are  at  the  same  level,  and  as  it  requires 
a  small  head  of  water  to  lift  the  check-valve  disk,  it  will 
be  apparent  that  the  air  vents  would  have  to  operate  on 
water.  That  they  did  this  was  evident  from  the  fact 
that  the  outlets  were  plugged  with  bolts,  screws  and 
other  things  that  would  serve  the  purpose. 

Live  steam  through  a  reducing  valve  was  used  for 
heating  the  building,  although  an  ample  supply  of  ex- 
haust steam  passed  through  the  basement  of  the  build- 


Vent 


Radiator 


HOW    THE    PIPING    VVA.«!    DESIGNED 

ing  to  3erve  a  dry  kiln  adjacent  to  it.  In  the  illustra- 
tion A  is  a  drain  from  a  special  radiator  that  was  sei*ved 
with  live  steam,  but  not  through  the  reducing  valve, 
regulation  being  effected  by  "cracking"  the  valve.  That 
often  resulted  in  having  the  valve  wide  open,  with  the 
inevitable  result  that  a  pressure  was  built  up  on  the 
discharge  side  of  the  check  valve,  holding  it  shut  and 
giving  the  air  vent  a  supply  of  water  on  which  to  operate. 

The  installation  was  made  by  a  reputable  firm  of 
heating  engineers  who  would  be  greatly  peeved  if  their 
ability  were  questioned.  R.  McLaren. 

Toronto,  Ont.,  Can. 
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Boiler-Tube  Failures 

In  a  recent  issue  of  Power,  a  reader,  Mr.  Tous- 
saint  says  that  he  does  not  agree  that  graphite  is  a  scale 
remover.  My  experience  with  graphite  is  that  it  will 
remove  scale,  and  very  quickly  at  that.  I  know  of  a  case 
where  chemical  treatment  was  unsuccessful.  Boiler 
graphite  was  used,  and  the  scale  came  off  in  large  flakes 
and  new  scale  was  not  formed.  The  graphite  and  scale- 
forming  material  was  in  the  form  of  a  soft,  black  mud 
and  was  easily  washed  out  of  the  boilers.  Before  graph- 
ite treatment  was  started,  no  less  than  sixty  tubes  were 
lost  in  three  months.  After  the  treatment  was  well  under 
way,  but  twenty  tubes  were  lost  in  the  same  length  of 
time. 

However,  to  get  good  results  boilers  must  be  washed 
out  frequently,  to  the  fourth  row  of  tubes  at  least,  as 
the  mud  and  graphite  is  sure  to  cause  blisters.  I  have 
coated  the  inside  of  steam  drums  with  graphite  without 
any  beneficial  result.  One  boiler  inspector  recommends 
graphite  and  boiled  linseed  oil  for  coating  tubes  and 
steam  drums.  Herbert  B.  Brand. 

Homestead,  Penn. 

The  Fusibility  of  Ash  from 

Eastern  Coals 

In  Power  for  Nov.  4,  1919,  page  655,  there  were  pub- 
lished the  results  of  over  120  determinations  of  the 
softening  temperature  of  coal  ash,  together  with  the 
sulphur  and  ash  content  oi  the  dry  coal. 
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FIG.  1.  SOFTENING  TEMPERATURE  OF 

ASH  PLOTTED  AGAINST  PER  CENT 

SULPHUR  IN  COAL 


FIG.  2. 


In  order  to  determine  whether  a  relation  exists 
between  the  softening  temperature  of  the  ash  and  the 
sulphur  or  ash  content  of  the  coal,  I  plotted  these  values 
as  shown  in  Figs.  1  and  2.  The  points  having  arrows 
attached  indicate  that  the  softening  temperature  is 
higher  than  the  temperature  indicated  by  the  point 
itself. 

In  Fig.  1,  the  softening  temperature  of  the  ash  is 
plotted  against  the  percentage  of  sulphur  in  the  dry 
coal.  From  the  manner  in  which  the  points  are  scat- 
tered, it  is  clear  that  there  is  no  definite  relation 
between  the  percentage  of  sulphur  in  coal  and  the  soft- 
ening temperature  of  its  ash.  It  does  seem  to  be  true 
that  the  coals  having  the  ash  of  highest  softening  tem- 
perature have  low  sulphur  content,  and  that  a  high- 
sulphur  coal  is  quite  likely  to  have  a  low  melting  ash; 
but  a  low-sulphur  coal  is  quite  as  likelv  to  have  an  ash 


of  low  softening  temperature.  Thus  the  sulphur  con- 
tent of  a  coal  gives  us  no  reliable  index  of  the  prob- 
ability of  clinker  trouble. 

In  Fig.  2  the  softening  temperature  of  the  ash  is 
plotted  against  the  percentage  of  ash  in  the  dry  coal. 
From  the  very  complete  scattering  of  the  arrow  points 
it  would  seem  that  there  is  no  relation  whatever 
between  the  amount  of  ash  and  its  .softening  tempera- 
ture. (One  sample  included  in  the  data  was  not  plotted, 
because  of  its  very  high  percentage  of  ash,  42.98  per 
cent,  with  a  softening  temperature  above  3,010  degrees.) 

The  results  are  in  no  way  surprising,  but  it  is  inter- 
esting to  have  so  good  an  opportunity  to  check  the  facts 
from  reliable  data  covering  a  wide  range  of  coals. 

Detroit,  Mich.  G.  Harold  Berry. 

Treating  Boiler-Feed  Water 

I  read  with  interest  the  communications  on  the  sub- 
ject of  "Boiler-Tube  Failures"  that  have  appeared  from 
time  to  time.  It  is  not  my  purpose  to  comment  on  the 
theories  advanced  or  objections  made  to  the  different 
ideas  or  suggestions  presented  in  the  articles  in  the 
Dec.  16-23-30  issue,  page  838,  but  to  call  attention  to 
one  paragraph  in  which  some  unusual  mathematical 
results  are  given  in  regard  to  the  quantity  of  treat- 
ment prescribed,  or  recommended. 

The  author  takes  one  gallon  of  treatment  to  a  100-hp. 
boiler   operating   a   ten-hour   day   as   the   basis   of  his 
calculations.     The  assumption  is  made  then  that  one 
gallon  of  compound  weighs  10  lb.    A  mathematical  com- 
putation then   results   in  the 
statement     that     this     would 
mean  one  ounce  of  compound 
to  6,000  lb.  of  water.     This  is 
a  figure  I  can  not  understand. 
An  evaporation  of  3,750  lb.  of 
water  per  hour  is  suggested, 
and   ten  times  that   quantitj'^ 
in  ten  hours.    If  10  lb.  of  com- 
pound  are   recommended   per 
day    this    would    mean    one 
pound  of  compound  per  hour, 
or  one  pound  of  compound  to 
3,750  lb.  of  water  evaporated. 
Assuming  that  a  gallon  of 
water    weighs    approximately 
8  A  lb.,  this  would  mean  some- 
where between   400   and   500 
gal.   per  hour.    According  to 
conversion    tables   one   pound 
per  1000  gal.  is  virtually  the  same  as  seven  grains  per 
gallon;  one  pound  per  500  gal.  would  then  be  i4  grains 
per  gallon,  which  would  be  the  quantity  of  compound 
introduced  into  a  boiler  water  on  the  basis  expounded. 
Fourteen  grains  per  gallon  is  a  great  deal;  it  is  more 
than  the  total  mineral  residue  in  many  waters.    If  prop- 
erly put  together,  the  reactions  should  take  care  of  much 
more  tuan  this  amount  of  material. 

As  I  figure  it,  the  dosage  referred  to  is  rather  exces- 
sive, and  I  simply  make  the  calculations  this  way,  hop- 
ing that  if  the  computations  are  incorrect  they  will  be 
corrected,  and  if  not  that  the  author  will  explain  the 
course  of  arriving  at  the  dosage  of  one  ounce  per  6.000 
pounds  of  water.  Perhaps  some  reader  of  Foivcr  may 
have  something  of  interest  to  say  regarding  the  subject 
Chicago,  111.  D.  K.  French. 
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Every  Man  Not  au  Efl&ciency  Engineer 

With  reference  to  the  foreword  "Every  Man  an  Effi- 
ciency Engineer"  on  page  123  of  Jan.  27  issue  of 
"Poivcr,"  I  wish  to  take  exception  to  several  statements 
made  therein. 

It  is  true  that  many  individuals  of  meager  experience 
hide  behind  the  much  abused  name  of  "Efficiency  Engi- 
neer," and  it  seems  obvious  that  since  the  term  engineer 
incorporates  the  meaning  efficiency — for  it  is  the  engi- 
neer's function  to  introduce  efficiency  in  all  undertak- 
ings— the  modifier,  "efficiency,"  should  be  eliminated. 
All  reputable  engineers  must  first  be  efficient  to  call 
themselves  engineers  at  all. 

While  it  is  also  true  that  the  importance  of  the  co- 
operation of  all  concerned  in  the  operation  of  any  plant 
cannot  be  overestimated,  I  think  that,  generally  speak- 
ing, such  statements  as — "It  will  be  necessary  to  call  in 
outside  aid  to  find  the  weak  spots,  and  to  devise  better 
methods  of  doing  things,"  and  "No  man  can  be  as  fa- 
miliar with  the  workings  within  a  shop  as  he  who  spends 
day  after  day  at  his  bench,  at  his  lathe,  or  on  whatever 
his  job  may  be,"  leave  a  wide  field  for  argument  as  to 
the  soundness  of  this  reasoning. 

In  the  operation  of  a  plant,  the  heating  load,  steam 
requirements  for  processes  and  energy  generation  must 
be  treated  as  a  closely  interrelated  unit  and  must  be 
carefully  balanced  against  each  other.  The  individual 
interest  of  efficiency  engineers  can  only  result  in  indi- 
vidual economies,  but  cannot  yield  the  bigger  economies 
which  usually  result  in  working  combinations.  To  make 
the  latter  more  clear,  I  will  mention  a  specific  case, 
which  must  not  be  considered  highly  unusual. 

In  a  certain  wood-working  establishment,  a  dry  kiln, 
consuming  as  much  steam  as  the  Corliss  engine  unit 
that  was  operating  the  plant,  was  operated  with  live 
steam,  whereas  the  Corliss  engine  was  running  con- 
densing. No  matter  how  much  dry  kiln  or  engine  oper- 
ation were  improved,  the  broader  economy  to  be  se- 
cured by  running  the  engine  noncondensing  and  exhaust 
ing  into  the  dry  kiln  had  never  occurred  to  anyone,  since 
no  knowledge  ,had  been  obtained  of  actual  steam  quan- 
tities involved. 

It  has  been  my  experience  that  the  bigger  and  more 
intricate  a  plant  becomes,  the  more  likely  will  be  the 
man  in  charge  to  fail  to  recognize  combinations.  It  is 
not  frequently  the  case,  that  a  man  with  thorough  gen- 
eral engineering  knowledge,  embracing  heating,  ventilat- 
ing, steam,  hydraulics  and  electricity  generation,  is  in 
charge  of  such  a  plant  for  obvious  reasons,  and  a  man 
would  have  to  "work  at  his  lathe"  for  many  a  year  be- 
fore he  could  analyze  such  problems. 

Combined  Experiences  Better  Than  Individual 

The  experience  of  a  corps  of  organized  engineers 
should  always  be  able  to  treat  such  a  combination  of 
problems  to  better  advantage  than  any  one  man  who 
will  not  usually  be  master  of  all. 

It  does  not  seem  true  that  he  who  is  at  the  same 
bench  or  lathe  knows  better  the  workings  of  his  rou- 
tine than  an  outsider.  We  are  all  more  or  less  slaves  to 
habit,  and  the  more  we  are  confined  to  routine,  the  more 
we  lose  sight  of  possibilities.  It  is  usually  he  who  per- 
forms a  routine  task  who  is  more  blind  to  betterments, 
for  in  his  routine  he  has  developed  certain  habits  and 
has  formed  partialities  and  prejudices.  The  outsider 
who  can  view  matters  in  the  perspective,  and  who  has 
had  wider  experience  in  having  been  in  intimate  con- 


tact with  the  experience  of  others  can  serve  to  good  ad- 
vantage as  a  clearing  house. 

An  engineer  who  can  solve  such  problems  must  have 
trained  his  faculties  of  observation  and  developed  an 
analytical  mentality;  and  "working  at  a  lathe,"  or  at 
any  routine  task,  tends  in  exactly  the  opposite  direction. 

This  much  in  defense  of  the  reputable  consulting  en- 
gineer, who  is  not  a  child  of  charity,  but  one  who  is  as 
necessary  in  the  economical  operation  of  power  plants 
as  the  physician  is  necessary  to  human  life. 

Milwaukee,  Wis.  Cornelius  G.  Weber. 

Peculiar  Engine  Design 

In  going  througlh  my  Nov.  11-18,  1919,  issue  of  Poiver, 
I  note  an  engine  of  peculiar  design.  1  would  say 
that  it  is  an  "Estey"  engine  and  was  built  about  1880 
or  1890  by  the  Novelty  Iron  Works,  of  Dubuque,  Penn. 
I  have  among  my  engineering  files  a  copy  of  the  catalog 
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an  engine  op  peculiar  design 

then  issued  regarding  it.  Such  items  are  interesting 
in  that  they  serve  to  recall  to  us  old-timers  the  hysterics 
and  convulsions  the  steam  engine  has  gone  through  in 
the  past  forty  years,  W.  V.  White. 

Hamilton,  Ohio. 

Boiler  Bagged  Due  to  Muddy  Water 
and  Neglect 

After  reading  the  article  on  page  108  of  the  Jan.  20 
issue  of  Power,  by  Edward  Jesse,  in  regard  to  the 
boiler  that  was  bagged  owing  to  muddy  water,  I  am  of 
the  opinion  that  the  engineer  in  charge  of  the  plant 
was  to  blame,  because  I  considered  that  he  had  full 
charge  and  could  have  made  the  necessary  changes 
required  to  get  the  water  from  the  river,  and  also  that, 
as  he  was  using  water  from  the  mine,  he  should  have 
taken  care  of  the  boiler  by  washing  it  out  at  least  every 
fourteen  days  and  used  the  boiler  blowdown  not  less 
than  once  every  eight  hours. 

Nearly  every  case  of  bagged  boiler  is  caused  by 
neglect.  This  case  was  no  doubt  neglect  on  either  the 
engineer's  or  the  manager's  part.  If  the  engineer  really 
had  charge  of  the  plant,  it  was  his  neglect  because  he 
did  not  take  proper  care  of  the  boiler  and  because  he 
did  not  get  better  feed  water  when  it  was  so  handy. 

Chicago,  111.  L.  B.  Shields. 
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Girth  Seams  Lapped  Toward  Fire — ^^  hal  is  the  disad- 
vantage of  having  the  ring  seams  of  a  horizontal  return- 
tubular  boiler  lap  toward  the  fire? 

The  outer  plate  of  the  lap  is  more  or  less  overheated  and 
has  a  tendency  to  expand  away  from  the  inner  plate  and  cause 
leakage,  and  more  especially  when  the  lap  is  toward  the  fire, 
as  the  calking  is  exposed  to  the  direct  impingement  of  the 
heated  gases. 


Banking  Fire  with  Coarse  Coal — We  have  been  accus- 
tomed to  use  run-of-mine  bituminous  coal,  employing  the 
smallest  sizes  for  banking  fires.  The  last  coal  shipment  re- 
ceived was  nearly  uniform  stove  size,  and  we  are  troubled  to 
hold  a  banked  fire.     How  should  the  banking  be  done? 

Prepare  a  heavier  bank  of  clean  live  coals  sloped  against 
the  bridge-wall  and  covered  with  a  layer  of  fresh  coal.  To 
hold  the  fire,  blanket  the  bank  with  a  thick  enough  layer  of 
fine  ashes  to  prevent  a  draft  through  the  coals.  For  restarting 
the  fire,  drag  off  the  ashes  and  only  enough  of  the  top  layers 
of  coal  to  leave  a  bank  of  clean  kindling  coal. 


Increasing  Length  of  Meter  Connections — In  connecting 
up  alternating-current  meters  on  th"^  switchboard,  does  it 
affect  the  accuracy  of  the  meter  to  splice  four  or  five  feet  of 
wire  to  the  potential-  and  current-transformer  secondary  leads 
so  as  to  make  them  reach  the  meters  ?  V.  K.  S. 

The  only  case  where  the  accuracy  of  electrical  measuring 
instruments  is  affected  by  a  change  in  the  length  of  the  leads 
is  when  the  instrument  is  connected  to  a  shunt,  such  as  direct- 
current  ammeters  and  in  some  cases  the  current  coils  of  watt- 
meters. With  alternating-current  instruments  connected  to 
the  secondaries  of  transformers  the  length  of  the  leads  maj' 
be  changed  without  affecting  the  accuracy  of  the  instrument. 


Choke-Coil  Voltage — What  determines  the  voltage  rating 
of    choke    coils    such    as    are   used    with    lightning   arresters? 

W.  A.  M. 

The  voltage  rating  of  a  choke  coil  used  with  lightning  arrester 
has  in  general  no  reference  to  the  coil,  but  to  the  insulators 
on  which  the  coils  are  mounted.  A  coil  designed  for  100 
amperes  would  be  practically  the  same  whether  used  on  a 
11,000-volt  circuit  or  33,000  volts,  but  the  insulators  for  the 
33,000-volt  coil  would  have  to  be  designed  to  withstand  three 
times  the  voltage  of  the  11,000-volt  coil.  From  a  protective 
standpoint  the  33,000-volt  coil  would  be  perfectly  satisfactory 
on  a  6,600-volt  circuit,  but  from  the*  commercial  side  the  cost 
of  insulators  would  be  necessarily  high. 


Conversion  of  Inches  of  Vacuum  to  Pounds  per  Square 
Inch — What  pressure  per  square  inch  would  be  equivalent 
'0  26  in.  vacuum?  E.  C.  H. 

A  column  of  mercurj'  1  in.  high  at  ordinary  temperature 
exerts  a  pressure  of  0.491  lb.  per  sq.in.,  and  "inches  of  vacuum" 
-signifies  the  number  of  inches  of  mercury-column  pressure  less 
than  the  pressure  of  the  atmosphere  at  the  place  of  observation. 
When  a  vacuum  gage  indicates  26  in.  vacuum,  the  pressure  is 
'6  X  0.491  =:  12.766  lb.  per  sq.in.  less  than  the  pressure  of  the 
atmosphere.  The  absolute  pressure  of  the  atmosphere  varies 
with  the  elevation  of  the  place.  At  sea  level  it  usually  is  as- 
nimed  to  be  14.7  lb.  per  sq.in.,  so  that  at  sea  level  the  absolute 
pressure  for  26  in.  vacuum  would  be,  14.7  — 12.766=1.934,  or 
practically  2  lb.  per  sq.in.  absolute. 


Live  Steam  Wasted  Through  Back-Pressure  Valve— Why 

is  our  boiler  called  upon  to  generate  more  steam  when  heating 
the  building  bj  adding  live  steam  to  the  exhaust  oi  the  engine 
operated  with  a  light  load  than  when  there  is  a  heavy  load  on 
the  engine  and  plenty  of  exhaust  for  the  heating  without  addi- 
tion of  live  steam?  C.  T.  B. 

The  greater  amount  of  steam  used  when  the  exhaust  is 
supplemented  by  live  steam  undoubtedly  arises  from  the  escape 
of  more  steam  to  the  atmosphere  through  the  exhaust  back- 
pressure-relief valve.  When  live  steam  is  used  to  supplement 
exhaust  for  heating,  it  should  be  supplied  through  a  pressure- 
reducing  valve  that  will  regulate  the  supply  at  a  pressure  several 
pounds  below  the  relief  pressure  of  the  back-pressure  valve. 
Otherwise  there  is  likely  to  be  great  waste  of  live  steam  in 
attempting  to  satisfy  the  requirements  for  heating. 


Galvanizing  Process — How  are  water  fittings  and  other 
articles  galvanized  for  the  purpose  of  resisting  corrosion? 

B.  N.  M. 

The  articles  to  be  galvanized  must  first  be  pickled  in  a  dilute 
acid  to  remove  or  loosen  all  surface  dirt  and  scale,  and  when 
removed  from  this  bath,  the  articles  are  well  brushed  with 
brooms  or  steel  brushes  and  washed  by  dipping  in  fresh  watc^ 
or  with  clean  water  from  a  hose.  They  are  then  placed  in  a 
weak  bath  of  muriatic  acid  to  insure  a  clean  metallic  surface 
and  taken  directly  from  this  bath  to  a  flux  bath  that  consists 
of  a  hot  solution  of  sal  ammoniac  covered  with  beef  tallow. 
From  the  fluxing  bath  the  articles  are  lifted  dripping  and  im- 
mediately lowered  into  the  galvanizing  bath.  This  consists  of 
molten  zinc,  contained  in  a  pot  or  iron  tank  surrounded  b> 
brick  walls,  with  space  enough  between  the  walls  and  the 
tank  to  maintain  a  coke  fire  or  heat  of  gas  flame  for  keeping 
the  zinc  melted.  The  articles  to  be  galvanized,  suspended 
from  wires  or  supported  in  a  wire  basket,  are  lowered  in  the 
zinc  bath  for  a  few  minutes  and  then  lifted  out  and  allowed 
to  cool. 


Equalization  of  Draft  of  Boilers  Set  in  Battery— We  have 

three  horizontal  return-tubular  boilers  set  in  battery,  each 
provided  with  a  48  by  16-in.  uptake,  and  all  discharging  into 
a  48-in.  diameter  stack  connection.  There  is  difiiculty  in  ob- 
taining equalization  of  the  draft,  especially  when  one  of  the 
boilers  is  operated  with  a  forced  draft.  How  can  the  trouble 
be  remedied?  W.  G.  J. 

For  obtaining  the  most  benefit  from  smoke  connections  of 
a  given  size,  all  junctions  of  the  uptakes  wii.n  the  main  stack 
connection,  and  junction  of  the  latter  with  the  stack  flue,  should 
be  made  with  easy  bends  so  that  flow  of  the  gases  may  be 
smooth  and  continuous.  To  obtain  equalization  of  the  draft, 
each  boiler  uptake  except  the  one  farthest  from  the  Stack  should 
be  provic'ed  with  a  baffle  for  so  directing  the  course  of  the 
gases  that,  when  discharged  into  the  main  connection,  their 
flow  will  be  toward  the  stack  before  coming  in  contact  with 
gases  discharged  by  other  boilers.  By  this  arrangement  the 
gases  discharged  from  a  boiler  with  stronger  draft  exert  a 
jet-pump  action  rather  than  an  obstruction  to  the  discharge 
of  the  furnace  gases  from  the  other  boilers. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  ad- 
dresses. This  is  necessary  to  guarantee  the  good  faith  of 
the  communications  and  lor  the  inquiries  to  receive  atten- 
tion.— Editor.l 
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Economical  Supply  of  Electric  Power 


IN  A  symposium  entitled  "Economical  Supply  of  Electric 
Power  for  the  Industries  and  the  Railroads  of  the  North- 
eastern Atlantic  Seaboard,"  by  W.  S.  Murray,  W.  L.  R. 
Emmet,  J.  F.  Johnson,  H.  G.  Reist,  F.  W.  Newbury,  W.  B. 
Potter,  Philip  Torchio,  Percy  H.  Thomas,  W.  D.  A.  Peaslee 
and  A.  O.  Austin,  presented  at  the  midwinter  convention 
of  the  American  Institute  of  Electrical  Engineers,  held 
in  New  York  City,  Feb.  18-20,  are  discussed  the  problems 
involved  in  the  superpower  system  proposed  for  the  in- 
dustrial district  along  the  North  Atlantic  Seaboard.  Ab- 
stracts from  this  symposium  and  discussion  thereon  follow 
and  show  that  such  a  system  as  proposed  can  be  installed 
and  operated  at  pressures  as  high  as  250,000  volts. 

In  outlining  what  the  proposed  superpower  plan  is,  W.  S. 
Murray  said  in  part:  "The  superpower  plan,  briefly  sum- 
marized, provides  a  means  by  which  a  present  estimated 
machinery  capacity  of  17,000,000  hp.,  divided  10,000,000  for 
industrial  pui*poses  and  7,000,000  for  the  railroads,  in  a 
region  between  Boston  and  Washington  and  extending 
inland  from  the  coast  100  to  150  miles,  now  operated  with 
a  load  factor  not  exceeding  15  per  cent,  can  be  lifted  to  a 
load  factor  greater  than  50  per  cent  and  possibly  to  60 
per  cent,  and  a  means  by  which,  conservatively  speaking, 
one  ton  of  coal  will  do  the  work  of  two,  and  the  railroads 
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within  the  above  zone  and  those  carrying  coal  into  that 
zone  will  be  relieved  of  transporting  one-half  of  the  amount 
required  for  power  and  lighting  purposes.  In  short  the 
value  of  machine  capacity  from  a  utilization  standpoint  will 
be  increased  from  threefold  to  fourfold,  and  coal  resources 
far  the  purpose  named  being  conserved  twofold.  This 
means  that  a  present  plant  capacity  of  17,000,000  hp.  can 
■^e  replaced  by  one  not  greater  than  5,500,000  hp.,  and  that 
not  less  than  30,000,000  tons  of  coal  per  annum  can  be  saved, 
which  at  $5  per  ton  will  represent  $150,000,000  per  year. 

"Besides  the  foregoing  savings,  two  great  departments 
of  economy  will  be  created;  one  applying  both  to  the  rail- 
roads and  industries,  in  the  reduced  cost  of  maintainence 
j£  machinery,  and  the  other  applying  to  the  railroads  alone 
in  the  reduction  of  train  miles.  It  is  estimated  that  these 
latter  economies  will  effect  a  saving  of  another  $150,000,000 
annually,  thus  making  a  saving  of  $300,000,000.  The  fore- 
going arc  the  direct  savings  as  estimated  from  data  collected 


from   actual  past  operation   of  the  specific  order  contem- 
plated to  be  put  into  force  in  the  zone  under  consideration. 

"This  plan  offers  immediate  relief  from  the  present 
intolerable  congestion  of  our  railroads  by  automatically 
increasing  rail  capacity  without  increasing  track  mileage, 
and  reducing  power  equipment  to  a  minimum.  By  the  cre- 
ation of  an  overhead  common  carrier  system  of  power,  the 
present  cargo  space  now  required  for  industrial  coal  will 
be  cut  in  half;  train  equipment  in  all  classes  will  have  its 
service  practically  doubled,  and  the  present  steam-power 
equipment,  replaced  by  electrical  equipment,  can  be  trans- 
ferred to  other  divisions  where  it  is  so  vitally  needed.  The 
superpower  plan  contemplates  the  general  application  of 
electiMcity  wherever  economically  possible  in  the  factories 
or  on  the  railroads  in  the  zone  described." 

W.  L.  R.  Emmet,  in  discussing  large  steam  turbines, 
pointed  out  that  "the  best  steam-turbine  station  equipment, 
operating  under  favorable  conditions  can  deliver  a  horse- 
power-hour in  the  form  of  electricity  with  an  expenditure  of 
one  pound  of  coal,  where  four  pounds  are  required  to  deliver 
a  horsepower-hour  to  the  draw  bar  of  a  good  locomotive. 
The  locomotive  is  subject  to  many  disadvantages;  its  fuel 
supply  must  be  delivered  and  stored  on  a  relatively  small 
scale,  in  many  inconvenient  places,  and  its  efficiency  is 
greatly  affected  by  conditions  of  tem- 
perature. The  water  supply  is  also  a 
matter  of  much  trouble  and  expense. 
While  the  comparison  of  efficiency  be- 
tween the  large  power  station  and  the 
smaller  engine  or  turbine  equipment  used 
in  small  stations  and  isolated  plants  is 
less  striking  than  that  with  the  locomo- 
tives, it  is  nevertheless  highly  unfavor- 
able to  the  small  plant." 

J.  F.  Johnson  expressed  the  opinion 
that  "The  design  of  the  steam -generating 
stations  such  as  would  be  required, 
would  probably  not  differ  materially 
from  those  being  employed  for  the  larger 
and  most  modern  stations  now  building, 
and  their  efficiency  would  not  differ 
materially  from  those  now  obtainable 
except  as  affected  by  the  higher  load 
factor  under  which  they  would  operate. 

''Reliability  would,  of  course,  have  to 
be  the  first  aim  of  the  designer,  and  this 
requisite  would  preclude  the  adoption  of 
experimental  apparatus  or  conditions 
widely  removed  from  those  now  used  in 
order  to  produce  satisfactory  results. 
Generating  stations  of  some  200,000-  to 
300,000-kw.  capacity,  employing  generat- 
ing units  of  some  60,000-  to  75,000-kw. 
capacity,  each  operated  on  steam  con- 
ditions of  300-lb.  pressure,  200-deg.  F. 
superheat  and  29-in.  vacuum  referred  to 
a  barometer  of  30  in.,  would  involve  no  difficulties  of  design, 
construction  or  operation,  and  from  such  stations  a  steam- 
consumption  rate  of  10  lb.  or  less  per  kilowatt-hour  and  a 
total  station  rate  of  less  than  1.5  lb.  of  good-quality  coal 
per  kilowatt-hour  output  should  be  obtained." 

"The  size  of  the  generating  unit  for  such  a  project,"  said 
H.  G.  Reist,  "will  undoubtedly  be  determined  largely  by  the 
output  required  for  individual  power  houses.  It  seems  prob- 
able that  whatever  frequency  is  selected  for  this  system 
of  distribution,  turbines  and  generators  can  be  supplied  to 
meet  the  most  desirable  number  of  units  to  be  placed  in 
each  installation.  So  many  generators  of  from  30,000  to 
50,000  kva.  are  at  present  in  operation,  giving  satisfactory 
service,  that  there  need  be  no  hesitancy  in  considering 
generators  as  large  as  those  now  in  use  or  larger.  The 
potential  of  these  generators  should  be  within  the  limits  of 
our  experience;  that  is,  not  above  13,200  volts,  and  pre- 
ferably lower,  if  this  does  not  cause  inconvenience  in  the 
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lines  leading  from  the  generators  to  the  step-up  trans- 
formers. The  efliciency  of  large  modern  generating  units 
is  very  high.  The  losses  may  be  expected  to  be  less  than 
2  per  cent  of  the  output  of  the  machine.  On  account  of 
the  great  capacity  of  the  lines  in  such  a  large  system,  there 
may  be  some  advantages  in  the  use  of  induction  generators. 
Roughly,  the  size  of  induction  generators  would  probably  be 
from  25  per  cent  to  30  per  cent  lai-ger  than  a  synchronous 
generator  and  the  cost  of  the  machine  in  proportion. 

F.  D.  Newbury  gave  his  point  of  view,  in  regard  to  the 
generating  end  of  this  subject,  by  saying  that  "the  gener- 
ating element  in  the  proposed  Boston-Washington  power- 
supply  system  does  not  involve  anything  new  or  untried. 
The  individual  power  station  need  not,  and  probably  would 
not,  be  any  larger  than  stations  now  in  operation  or  under 
construction.      Certainly,    any    probable 

station    involved    in    carrying    out    the 

superpower    development    could    be    de-     | 
signed  with  steam  or  electric  generating     | 
units  of  a  size  now  available.     Suppose     I 
we  assume  a  station  of  300,000  to  500,000     ! 
i<w.   total  capacity.     We  have   available     j 
single-shaft     generating     units     up     to 
40,000  kw.  with  generators  of  50,000-kva.     j 
capacity.     The  preferred  speed  for  such     j 
units   would    be    1,200    r.p.m.,    60-cycles. 
Eight   to   twelve   such   units  would   give     j 
the     assumed     total     station     capacity. 
There    have    been    developed    and    built 
triple-shaft  compound  units  of  60,000  kw. 
Five  to  eight  such  units  would  constitute 
as  large  a  station  as  has  been  suggested. 
All  the  generating  units  referred  to  are 
actually  conservative  in  size  and  by  no 
means  represent  the  largest  unit  of  the 
speed  in  question  that  could  be'designed." 
Fi'om  a  consideration  of  data  available 
on  railway  operation  W.  B.  Potter  draws 
the  conclusions  that  "of  the  whole  mile- 
age   included    in    the    zone,    a    not    very 
large  proportion  has  been  electrified,  but 
main-line   electrifications   now   in   opera- 
tion are  of  sufficient  extent  to  carry  ton- 
nage of  a  character  to  present  data  that 
can  be  fairly  applied  to  the  traffic  of  the 
whole    district.      The    traffic    within    the 
zone  now  handled  by  steam  locomotives, 
if  handled  electrically,  would  require  an 
average  output  of  'ess  than   750,000  kw.   and   if  produced 
entirely  by  coal-burning  electric-power   station,  would   re- 
duce   the    coal    i*equirements    for    transportation    purposes 
from  21,000,000  tons  to  7,000,000  tons  annually.     As  a  cer- 
tain proportion  of  electric  power  would  be  produced  fi'om 
hydraulic-power   stations,    this   coal    requirement   would   be 
reduced  in  pi'oportion  as  advantage  is  taken  of  hydraulic 
operations.  The  reduction  in  cost  of  maintaining  the  motive- 
power   units   would   be   a   large   amount,   which,   estimated 
from    the    locomotive   mileage,   would    be    in    the    order    of 
$15,000,000  or  more  annually." 

Philip  Torchio,  in  his  conti*ibution,  discussed  the  relative 
values  of  water-  versus  steam-power  development.  From 
a  review  of  the  resources  and  consumption  of  coal  and  the 
availability  of  potential  water  power  in  the  United  States, 
Mr.  Torchio  said:  "The  Western  States,  Mountain  and 
Pacific,  have  resources  in  both  coal  and  water  to  meet 
indefinitely  all  the  heat  and  power  required  from  either 
source  of  supply,  the  potential  water  powers  alone  being- 
large  enough  to  supply  over  six  times  all  the  heat  and 
power  requirements  in  1915.  The  other  states,  with  cor- 
responding heat  and  power  requirements  forty  times  greater 
than  the  Western  States,  have  actually  smaller  resources 
in  coal  and  potential  water  power,  the  latter  capable  of 
supplying  only  8  per  cent  of  their  total  heat  and  power 
requirements.  It  follows,  then,  that  these  states  must 
indefinitely,  as  far  as  present  human  knowledge  can  forsee, 
depend  upon  the  use  of  coal  to  supply  the  great  bulk  of 
these  needs.  These  states,  comparatively  so  deficient  in 
water  powers,  consumed  in  1915,  528,000,000  tons  of  coal, 
about    one-half    for    generating    power    and    one-half    for 


generating  heat.  They  obtained  an  average  efficiency  from 
coal  of  5  per  cent  for  the  power  and  50  per  cent  for  the 
heat." 

In  a  comparison  of  the  cost  of  steam-power  plants  and 
hydro-electric  developments  Mr.  Torchio  pointed  out  that 
the  former  cost  about  one-third  to  one-quarter  that  of  the 
lattei*,  consequently  one  dollar  invested  in  steam  plants  will 
make  available  several  times  more  power  for  industries  than 
a  dollar  invested  in  hydro-electric  plants.  The  author  urges 
development  of  our  water  powers  especially  in  connection 
with  electrochemical  processes  and  metal  refining  using 
immense  amounts  of  power  continuously,  where  the  net  cost 
of  hydroelectric  power  may  be  considerably  less  than  steam 
power.  "There  is  a  great  advantage  to  the  whole  nation 
to  devoting  as  much  as  possible  of  the  economical   water 
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powers,  particularly  those  which  are  continuous  or  nearly 
so  and  those  without  regulatory  daily  storage,  to  intensify 
the  development  of  these  mdustries  which  can  prosper  and 
render  their  full  benefit  to  the  Nation  only  under  the  condi- 
tions of  mass  production  and  most  favorable  cost  of  power. 
The  harassing  experiences  of  coal  famines  have  brought 
forth  repeatedly  pressure  that  immediate  effoi-ts  be  directed 
to  the  development  of  the  potential  water  powers  of  the 
country.  While  from  the  general  standpoint  of  conserving 
the  national  coal  resoui'ces  the  proposition  deserves  the 
most  favorable  consideration,  it  is  questionable  whether 
quicker  and  greater  results  could  not  be  obtained  hy  con- 
centrating the  effort  upon  improving  and  changing  wasteful 
methods  of  utilizing  coal." 

Tables  are  given  comparing  the  relative  values  of  hydro- 
electric and  steam  power  for  a  number  of  specific  conditions 
of  service  which,  cover  all  possible  ranges  of  condition? 
that  may  exist  for  different  situations  of  power  production 
from  vei'y  large  plants,  equipped  with  modern  apparatus. 
In  anothei  table  "Review  of  the  Supply  and  Consumption 
of  Coal  by  Classes  ar.d  Territories  and  the  Relation  Which 
the  Potential  Water  Power  Bears  to  the  Amount  of  Coal 
Used  in  the  United  States,"  very  interesting  information 
and  data  on  potential  water  power  and  coal  saving  is  given. 

Percy  H.  Thomas,  in  discussing  this  subject,  assumed  a 
transmission  line  extending  from  Lawrence,  Mass.,  to  Wash- 
ington, D.  C,  as  in  Fig.  2,  operating  at  250,000  volts,  with 
tap  lines  running  to  the  various  sources  of  power  and  large 
centers  of  power  consumption,  and  shows  that  it  is  within 
the  pi'emise  of  present  engineering  practice  to  construct  and 
operate  such  a  svstem. 


442 


POWER 


Vol.  51,  No.  11 


In  discussing  the  capital  cost  of  such  a  system,  the 
author  points  out  that  it  may  be  assumed  that  a  400,000-kw. 
power  station  may  be  built  under  reasonably  favorable  price 
conditions  for  $100  per  kw.,  including  overhead  necessary 
for  design  and  construction;  that  the  transmission  line  as 
proposed  (namely,  two  150-mile  250,000-volt  400,000-kw. 
tap  lines,  and  100  miles  of  similar  capacity  line  for  the 
central  part  of  the  main  connecting  line,  and  250  miles  of 
200,000-kw.  line)  can  be  built  at  an  average  cost  of  $47.50 
per  kw.  generated,  including  overhead;  also,  that  the  neces- 
sary 250,000-volt  step-up  transformers  with  250,000-volt 
switches  can  be  installed  for  $15  per  kw.,  allowing  $1.50 
per  kw.  for  miscellaneous  cost,  gives  the  total  cost  ror 
900,000  kw.,  allowing  12^  per  cent  spare  as  $150,000,000 
or  $164  per  kilowatt.  A  fair  estimate  of  the  cost  of  instal- 
ling plants  to  generate  the  same  amount  of  power  at  the 
sevei'al  large  centers,  supposed  to  be  supplied,  would  be 
about  $125  per  kw.,  leaving  an  excess  capital  cost  on 
account  of  the  transmission  scheme  of  $40  per  kw.,  a  very 
small  amount  for  the  benefits  offered. 

Insulators  for  Proposed  System 

W.  D.  Peaslee  said  that,  "The  utilization  of  220,000  volts 
or  higher  for  the  transmission  of  power  is  not  a  problem 
that  holds  any  terror  for  insulator  manufacturers."  He  also 
called  attention  to  a  disk  insulator  that  was  being  de- 
veloped and  said  that  "this  disk  insulator  will  be  very 
well  suited  for  this  particular  work,  and  our  research  work 
has  progressed  far  enough  so  that  we  feel  confident  that 
by  the  time  such  a  line  is  an  active  proposition,  we  will  be 
able  to  undertake  the  installation  problem." 

A.  O.  Austin,  in  speaking  of  the  problem  of  insulating 
such  a  system  as  proposed,  said:  "The  large  conductors 
necessary  for  a  system  such  as  this,  would  require  heavy 
working  stresses  for  the  insulators.  The  insulator  art, 
however,  is  such  that,  high  ultimate  insulators  with  long 
life  can  be  produced  at  a  much  lower  price  than  they  could 
formerly.  It  is  now  possible  to  produce  insulators  such  that 
a  single  string  will  carry  the  line  at  a  cost  probably 
not  moi'e  than  50  to  60  per  cent  of  that  i*equired  for  a 
110,000-volt  line.  From  this  it  will  be  seen  that  the  cost 
of  insulators  for  a  220,000-volt  project  will  probably  be  less 
than  the  cost  of  150,000-volt  line  pi'eviously  installed.  The 
transmission  art  has  advanced  rapidly  and  many  an  econ- 
omy could  be  effected  by  carrying  out  a  comprehensive 
scheme,  which  is  not  possible  in  many  of  existing  systems." 

Discussion  on  Super  Power  System 

In  discussing  this  project  Prof.  Malcolm  Maclaren  sug- 
gested that  some  independent  body  make  a  careful  study 
of  this  situation,  and  pointed  out  that  the  institute  could 
render  no  greater  service  to  this  community  at  the  present 
time  than  by  urging  the  creation  of  a  commission  which 
should  direct  the  course  that  these  developments  should 
take. 

The  speaker  called  attention  to  the  power  requirements 
of  a  portion  of  this  district,  namely,  eastern  Pennsylvania, 
New  Jersey  and  New  York  City.  This  portion  he  divided 
into  four  industrial  districts,  one  including  Philadelphia  and 
extending  along  both  banks  of  the  Delaware  River  from 
Chester  to  Trenton;  another  centered  around  Newark,  reach- 
ing from  Paterson  in  the  north  to  Perth  Amboy  in  the 
south;  the  third  is  confined  within  the  limits  of  greater 
New  York;  and  the  fourth  includes  the  anthracite-coal 
fields  extending  south  to  Allentown,  Bethlehem  and  Easton, 
which  may  be  designated  as  the  Lehigh  district.  From  a 
recent  analysis  made  by  Pi-of.  Maclaren  the  results  show 
that  for  the  Philadelphia  district  the  maximum  demand 
would  be  approximately  700,000  kw.,  for  the  Newark  district 
550,000  kw.,  for  the  Lehigh  district  650,000  kw.,  and  for  the 
New  York  district  approximately  700,000  kw.,  making  a 
total  of  2,600,000  kw.  The  most  promising  methods  for 
obtaining  additional  capacity  in  this  district,  says  Prof. 
Maclaren,  are  "by  hydroelectric  developments  on  the  Sus- 
quehanna River,  hydroelectric  developments  on  the  Dela- 
ware River  and  by  construction  of  steam  plants  at  the 
anthracite  mines.  The  largest  single  development  projected 
for  the  Susquehanna  River,  at  Conowing,  near  the  mouth 


of  the  river,  will  have  an  initial  capacity  of  125,000  kw 
and  will  be  capable  of  producing  appx'oximately  700,000,000 
kw.-hr.  in  a  dry  year.  This  700,000,000  kw.-hr.  represents 
only  about  one-third  of  the  energy  of  the  river  at  Conow- 
ing, and  with  a  relatively  small  amount  of  river  control 
it  should  be  possible  to  increase  the  output  at  this  point  and 
develop  other  sites  that  would  yield  between  200,000  and 
300,000  kw.  and  1,500,000,000  kw.hr.  annually.  By  plans 
that  are  well  advanced  for  the  development  of  a  series  of 
hydroelectric  plants  on  the  Delaware  River,  this  river  would 
be  capable  of  producing  250,000  kw.  of  primary  power  and 
1,000,000,000  kw.hr.  annually. 

"Considering  next  the  construction  of  steam  plants  at  the 
mines,  it  should  be  noted  that  it  may  not  prove  feasible  in 
the  present  state  of  the  art  to  install  in  .the  anthracite 
region  superpower  plants  of  300,000  kw.,  or  more,  such  as 
has  been  proposed  for  other  districts,  as  there  are  few  if 
any  sites  in  this  district  where  there  is  combined  an  ade- 
quate supply  of  the  smaller  sizes  of  coal  with  water  condi- 
tions suitable  for  operating  a  plant  of  such  magnitude. 

"The  report  of  the  Bureau  of  Mines  for  Pennsylvania 
shows  that  for  a  total  annual  production  of  80,000,000  tons 
of  anthracite  for  this  district,  over  8,000,000  tons  was  used 
in  mine  operation.  Data  obtained  from  the  electrified  mines 
of  the  district  indicate  that  if  all  the  mines  were  electrified 
from  a  central-supply  system,  this  8,000,000  tons  now  being 
used  for  mining  coal  would  be  capable  of  supplying  all  the 
needs  of  the  coal  companies  and  leave  a  balance  sufficient 
to  operate  a  generating  system  of  over  600,000  kw.  capacity 
at  50  per  cent  load  factor. 

A  Picture  op  a  General  Power  Scheme 

"The  picture  that  might  be  fonned  of  a  general  scheme 
to  be  followed  in  the  next  ten  years  to  meet  the  growing 
needs  for  power  within  this  territory  is  that  the  power 
companies  in  the  large  cities  should  in  general  complete 
their  present  construction  programs,  but  should  not  greatly 
increase  their  generating  facilities  beyond  this  point,  addi- 
tional capacity  oeing  obtained  by  the  construction  of  steam 
plants  at  the  mines,  reinfoi-ced  on  the  east  by  hydro-electric 
plants  on  the  Delaware  River  and  on  the  west  by  hydro- 
electric plants  on  the  Susquenhanna,  the  whole  of  the 
territory  being  interconnected  with  transmission  circuit." 

Prof.  Charles  S.  Scott  reviewed  the  growth  of  electrical 
power  devices,  during  the  past  13  years  and  said  that  with 
the  load  doubling  every  five  years  it  is  absolutely  necessary 
to  consider  some  economical  means  of  providing  an  adequate 
^ower  supply  to  meet  the  requirements  of  the  future.  The 
superpower  scheme  offers  one  of  the  solutions  to  the 
problem. 

N.  W.  Storer  referred  to  the  shortage  of  labor  and  fuel 
being  experienced  by  the  railway  companies  at  the  present 
time  and  said  that  they  should  take  a  lesson  from  the  house- 
wife and  do  it  electrically.  The  speaker  said  that  the  elec- 
tric locomotives  can  do  more  work  than  the  steam  locomo- 
tive and  do  it  better,  and  do  it  on  one-third  of  the  coal 
burned  in  a  steam  locomotive. 

Electrifying  of  All  Industries 

D.  B.  Rushmore  reviewed  the  changes  that  led  up  to  the 
present  industrial  development  and  said  that  industry  in  this 
country  is  bound  to  increase,  and  with  labor  becommg  more 
expensive,  the  situation  can  be  met  only  by  an  increased 
use  of  power,  which  means  the  electrifying  of  all  industries. 
On  the  suggestion  of  Professor  Maclai'en  and  Mr.  Rushmore 
a  motion  was  put  by  H.  W.  Buck  that  the  board  of  directors 
be  requested  to  appoint  a  committee  with  W.  S.  Murray 
as  chairman  to  give  the  support  of  the  American  Institute 
of  Electrical  Engineers  to  the  superpower  plan.  The  mo- 
tion was  carried. 

W.  D.  Peaslee  announced  that  from  the  result  of  an  in- 
vestigation his  company  was  now  ready  to  provide  insul- 
ators up  to  350,000  volts  and  ready  to  guarantee  them. 

E.  E.  F.  Creighton  said  that  in  the  very  near  future  means 
would  be  available  whereby  any  disturbance  from  lightning 
would  be  I'emoved  from  the  line  in  a  few  hundredths  of  a 
second. 
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J.  W.  Lieb  called  attention  to  the  fact  that  an  adequate 
power  supply  is  one  of  the  most  important  economical  prob- 
lems before  the  nation  at  the  present  time,  therefore  it 
should  have  the  support  of  the  American  Institute  of  Elec- 
trical Engineers.  The  engineer  should  view  the  problem 
with  a  broad  national  outlook  and  not  make  the  mistake 
of  the  railroads  by  a  battle  over  the  different  systems. 
Every  day's  delay  makes  the  consummation  of  the  super- 
power plan  more  difficult.  The  speaker  referred  to  the 
question  of  both  voltage  and  frequency  making  the  problem 
involved  and  illustrated  this  point  by  our  experience  during 
the  war,  when  New  Jersey  was  short  of  power,  and  in 
New  York  City  100,000  hp.  was  available,  but  could  not 
be  connected  with  New  Jersey's  power  system  on  account 
of  a  difference  of  21  cycles  between  the  two  systems.  Mr. 
Lieb  announced  that  this  difference,  however,  no  longer  ex- 
isted, since  the  New  York  Edison  Co.  has  recently  changed 
the  frequency  of  their  system  fi-oni  62i  to  60  cycles.  Mr. 
Lieb  laid  great  stress  on  the  necessity  of  continuity  of 
service  and  said  that  in  a  community  like  New  York  City, 
the  seriousness  of  interrupted  service,  even  for  a  short 
time,  would  be  impossible  to  exaggei-ate,  therefore  it  should 
be  assured  by  everything  that  money  can  buy,  tkat  human 
foresight  can  propose  and  that  engineering  ability  can 
provide. 

Chicago  N.  A.  S.  E.  Welcome 
National  Officers 

On  Saturday  night,  Feb.  28,  the  combined  N.  A.  S.  E. 
associations  of  Chicago  assembled  350  strong  to  greet  the 
national  officers  at  a  banquet  held  in  their  honor  at  the 
central  Y.  M.  C.  A.  Auditorium.  The  officials  were  on 
their  way  to  Milwaukee  to  make  arrangements  for  the 
next  annual  convention.  With  representatives  of  the  Chi- 
cago Association  of  Commerce,  the  Manufacturers'  Asso- 
ciation and  the  Building  Managers,  present  upon  invitation, 
the  banquet  was  made  a  booster  meeting.  For  forty  years 
the  association  has  been  working  along  quietly,  hiding  its 
light  under  a  bushel,  and  it  was  felt  that  it  was  high  time 
for  publicity  on  the  aims  and  objects  of  the  association, 
what  it  stands  for  and  what  it  has  been  doing  for  the  last 
forty  years.  The  various  officers  taking  part  in  the  pro- 
gram brought  out  from  various  angles  the  features  in  the 
preamble  and  one  and  all  eloquently  expressed  the  ideals 
of  the  association.  Education,  economy,  the  enactment  of 
license  laws  and  harmony  between  employer  and  employee 
were  the  features  brought  to  the  fore.  "To  earn  more, 
learn  more"  is  the  guiding  spirit  of  the  association,  which 
sets  its  face  against  the  furtherance  of  strikes  or  inter- 
ference of  any  kind  between  its  members  and  their  em- 
ployers. In  these  days  of  social  unrest,  bringing  sudden 
changes  and  reversals  of  pre-war  conditions,  an  associa- 
tion founded  on  the  principles  previously  outlined  is  an 
exception  worthy  of  the  highest  commendation.  The  men 
who  pay  the  wages  of  its  members  should  know  all  about 
it,  and  the  various  speakers  took  pride  in  laying  their  claims 
before  them. 

Tom  McNeill,  chairman  of  the  entertainment  committee, 
introduced  Alfred  Johnson  asi  toastmaster  for  the  evening, 
and  in  turn  he  called  upon  President  Callahan,  who  was 
followed  by  W.  M.  Ellis,  of  the  Building  Managers'  Asso- 
ciation, Homer  J.  Buckley,  of  the  Chicago  Association  of 
Commerce,  the  following  officers  of  the  association:  Joseph 
F.  Carney,  William  Reynolds,  John  A.  Wickert,  C.  W.  Nay- 
lor,  Joe  O'Connell,  Fred  Raven,  "Dad"  Beckerleg;  and 
Homer  Smith,  of  the  Exhibitors'  Association. 

During  the  evening  it  was  brought  out  that  the  associa- 
tion is  in  a  better  position  than  ever  before.  The  paper 
is  prospering  and  the  drive  for  a  25  per  cent  increase  in 
membership  is  progressing  favorably.  New  Jersey  has  high 
hopes  of  pulling  down  the  prize,  but  New  York  and  other 
states  expect  to  offer  close  competition,  and  Wisconsin,  with 
the  convention  coming  to  Milwaukee,  has  already  shown 
an  increase  throughout  the  state  of  25  per  cent,  with  sev- 
eral months  to  go. 

Passing  on  to  Milwaukee,  the  officers  were  given  a  rous- 
ing reception  at  a  beefsteak  dinner  Monday  night  and  par- 


tic'pated  in  the  formalities  attending  the  initiation  of  75 
new  members.  On  the  following  evening  they  had  the 
pleasure  of  initiating  almost  as  many  in  the  rooms  of  No. 
1  association,  Chicago. 

Military  Engineers'  Society 
Is  Being  Organized 

A  national  association  of  present  and  former  officers  of 
engineers  and  civilian  engineers  who  have  served  in  any 
arm  or  branch  of  the  U.  S.  Army — to  be  called  the  Society 
of  American  Military  Engineers,  is  being  organized  by  a 
committee  appointed  by  the  Chief  of  Engineers.  Thf 
society's  objects  are  to  promote  the  science  of  military  engi> 
neering  and  to  foster  the  co-operation  of  all  arms  and 
branches  of  the  service,  and  of  civilian  engineers,  in  that 
science.  The  objects  and  a  provisional  constitution  of  the 
society  have  been  approved  by  the  Chief  of  Staff. 

A  letter  ballot  from  all  engineer  officers  in  the  service 
and  a  canvass  of  representative  opinions  among  officers  who 
had  been  in  the  service  during  the  war  showed  a  strong 
majority  in  favor  of  such  a  society.  The  committee  orig- 
inally appointed  to  consider  the  feasibility  of  a  technical 
organization,  therefore,  drafted  a  provisional  constitution 
and  created  a  temporary  board  of  directors  from  its 
membership. 

The  annual  meeting  is  to  be  held  in  Washington,  and  its 
date  is  fixed  with  reference  to  that  of  the  American  Society 
of  Civil  Engineers  in  order  to  make  possible  attendance  of 
members  at  both  meetings.  The  dues  ai-e  fixed  not  to 
exceed  $5  per  year,  those  for  the  present  year  being  $4.50. 

The  society  is  to  publish,  bi-monthly,  a  journal  to  be 
called  "The  Military  Engineer,"  which  will  supplant  "Pro- 
fessional Memoirs"  heretofore  published  by  the  Corps  of 
Engineers. 

Further  information  regarding  the  society  may  be  secured 
from  Col.  G.  A.  Youngberg,  Office,  Chief  of  Engineers, 
U.  S.  Army,  Washington,  D.  C. 

A.  I.  E.  E.  Boston  Meeting 

The  Boston  meeting  of  the  American  Institute  of  Elec- 
trical Engineers  will  be  held,  April  9,  1920,  jointly  with 
the  American  Electrochem.ical  Society  and  will  be  under 
the  auspices  of  the  Boston  Section  and  the  Committee  on 
Electrochemistry  and  Electrometallurgy.  Tentative  plans 
have  been  arranged  as  follows: 

On  Thursday,  April  8,  the  American  Electrochemical 
Society  will  hold  meetings,  morning  and  afternoon,  at  the 
Massachusetts  Institute  of  Technology,  and  members  of  the 
A.  I.  E.  E.  are  cordially  invited  to  attend.  On  Thursday 
evening  at  8:30  a  get-together  smoker  is  planned  by  the 
American  Electrochemical  Society  at  the  Copley  Plaza  Hotel, 
to  which  all  Institute  members  are  invited. 

On  Friday,  April  9,  a  joint  session  will  be  held  at  9:30 
a.m.  for  the  presentation  and  discussion  of  a  symposium, 
"Electrically  Produced  Alloys."  In  the  afternoon  an  in- 
spection trip  will  be  made  to  the  laboratories  of  the  General 
Electric  Co.  at  Lynn,  where  talks  on  research  work  at  the 
laboratories  will  be  delivered  by  Prof.  Elihu  Thomson  and 
others.  At  6:30  p.m.  a  subscription  dinner  will  be  served 
at  the  Copley  Plaza,  at  $4  per  plate.  The  evening  session 
will  be  held  in  the  Copley  Plaza,  at  8:30  p.m.,  where  a 
symposium  will  be  presented  on  "Power  for  Electrochemical 
Purposes."  The  American  Electrochemical  Society  will 
continue  its  meeting  on  Saturday. 


In  order  to  provide  a  dependable  water  supply  against  the 
threatened  dry  season  this  year,  the  land  owners  under 
the  Government  project  in  the  Okanogan  Valley,  Wash- 
ington are  preparing  to  install  one  of  the  most  powerful 
steam  pumping  plants  ever  used  for  in-igation  purposes. 
It  is  proposed  to  lift  sufficient  water  out  of  the  Okanogan 
River  to  irrigate  5,300  acres  of  land  now  in  bearing  orchards 
in  the  vicinity  of  Omak.  This  v/ater  will  have  to  be  lifted 
to  the  total  height  of  470  ft.  and  pumps  having  a  capacity 
of  25,000  gal.  per  min.  will  be  required  for  the  wo'"k. 
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Fatal  Boiler  Explosion  at  Seattle 

Five  men  are  dead  and  three  others  are  injured,  two 
possibly  fatally,  following  an  explosion,  at  noon,  Saturday, 
Feb.  14,  of  a  mud  drum  of  a  water-tube  boiler  at  the  steam 
plant  of  the  Puget  Sound  Traction,  Light  and  Power  Co., 


FIG.   1.    FRONT  AND  ,S1DF  ViFW  OF  THK  EXPIiODBD 
BOIT,ER 


Setittle,  Wash.  Windows  were  blown  out,  brick  walls  were 
shattered  and  the  employees  of  the  plant  were  showered 
with  steam,  boiling  water  and  bricks. 

The   exploded  boiler,   which   had   been    inspected    on    Feb. 


place.  It  had  been  in  service  about  an  hour  when  the  ex- 
plosion occurred. 

The  boiler  was  of  oil-burning  type,  encased  in  a  brick 
setting.  The  initial  fracture  is  believed  to  have  been  in 
the  cast-iron  mud  drum,  pieces  of  which  were  found  more 
than  thirty-five  feet  in  the  rear  of  the  boiler. 

Asked  for  a  statement  i-egarding  the  explosion,  Superin- 
tendent  Santmyer  said: 

"The  explosion,  as  we  now  understand  it,  occurred  when 
the  mud  drum  let  loose.  The  boiler  had  not  been  in  use 
since  Feb.  6,  when  it  was  inspected  by  the  insurance  com- 
pany.    The  inspector  pronounced   it  in  first-class  order-, 

"The  boiler  was  installed  in  1906,  but  was  considered 
still  as  good  as  new,  as  it  has  not  been  used  except  for 
relief  of  one  of  the  regular  boilers.  It  was  rated  at  500 
horsepower." 

C.  D.  Paddock,  chief  boiler  inspector  for  the  Hartfoi'd 
company,  also  stated  that  his  company  had  made  an  inspec- 
tion of  the  boiler  on  Feb.  6  and  had  found  it  in  good  order, 
He  said: 

"A  thorough  investigation  will  be  made  by  City  Boiler 
Inspector  William  E.  Murray  and  myself  to  determine  just 
what  was  responsible  for  the  explosion.  I  cannot  say  from 
the  preliminary  investigation  that  I  have  made  that  the 
bursting  drum  was  responsible.  It  may  be  that  through 
some  sudden  change  of  the  pressure  the  drum  was  broken, 
or  it  may  be  that  the  explosion  was  not  in  or  near  the  mud 
drum,  but  that  it  was  a  result  of  some  other  condition." 

The  dead  are:  William  Santmyer,  machinist,  son  of 
Walter  J.  Santmyer,  superintendent  of  the  Puget  Sound 
Traction,  Light  and  Power  Co.;  George  0.  Bunnell,  store- 
keeper; David  T.  Spurgeon,  engineer;  T.  A.  Nolan,  steam- 
fitter,  and  P.  H.  Jacobs,  carpenter.  The  injured  are: 
T.  D.  Parr,  foreman;  Edward  H.  Huntley,  machinist,  and 
Fred  Offield,  steamfitter. 

Spain's  available  water-power  is  estimated  at  5,000,000 
hp.,  only  a  tenth  of  which  has  been  developed.  There  have 
been    recent   developments    in    hydro-electric    power    trans- 
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back-i«:nd  view  oi"  boiler 


6,  '.vas  located  in  a  one-story  building  adjacent  to  a  five- 
story  building  housing  five  large  main  boilers.  The  small 
building  contained  two  auxiliary  boilers,  used  only  in  cold 
weather,  or  as  relief  for  one  of  the  main  boilers  when 
necessary. 

Steam  had  been  cut  off  from  one  of  the  main  boilers,  and 
the  auxiliary  boiler  that  exploded  was  fired  up  to  take  its 


mission.  In  Catalonia,  the  principal  industrial  district  of 
Spain,  works  already  under  construction  will  add  200,000 
hp.  to  that  now  in  use,  making  a  total  for  the  country  of 
about  700,000  hp.  The  country  has  large  resoui'ces  in  coal. 
However,  inadequate  transportation  in  the  interior  has 
prevented  a  development  of  these  resources,  and  while  coal 
might  have  been  exported,   it  has  been   imported. 
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One  of  the  World's  Largest  Steel-Mill 
Electrical  Equipments 


AT  THE  regular  monthly  meeting  of  the  Philadelphia  sec- 
A\  tion  of  the  Association  of  Iron  and  Steel  Electrical 
/.  \.  Engineers,  R.  B.  Gerhardt,  superintendent  of  the  elec- 
trical department  of  the  Sparrows  Point  plant  of  the  Beth- 
lehem Steel  Co.,  presented  a  paper  on  "Electrical  Features  of 
a  Modern  Steel  Plant."  The  author  gave  a  very  compre- 
hensive description  of  the  electrical  equipment  of  the 
Bethlehem  Steel  Co.'s  plant  at  Sparrows  Point,  Md.,  which 
is  now  neax'ing  completion  after  four  years  of  work  and 
involving  an  expenditure  of  $50,000,000.  In  this  plant  there 
is  installed  a  total  of  2,169  motors  having  an  aggregate 
capacity  of   117,850   horsepower. 

The  plant  consists  of  an  oi'e-handling  plant;  coal-handling 
plant;  coke  ovens;  blast  furnace  plant;  open-hearth  plant; 
bloom  and  rail  mills;  bloom,  billet  and  bar  mills;  36  x  110 
in.  sheared-plate  mill;  60-in.  universal  plate  mill,  and  sheet 
and  tin-plate  mill.  The  ore-handling  plant  is  equipped 
with  four  motor-operated  unloaders,  which  with  three  of 
them  working  are  capable  of  unloading  10,000  tons  of  ore 
from  a  boat  into  the  storage  yard  in  16  hours.  The 
electrical  equipment  of  this  part  of  the  plant  consists  of 
60  motors  having  a  total  capacity  of  3,618  hp.  A  ton  of 
ore  can  be  transferred  from  a  boat  into  the  storage  yard 
and  then  from  here  into  the  furnace  stock  bins,  on  an 
average  power  consumption  of  1.5  to  2  kilowatt-hours. 

The  coal-handling  plant  is  equipped  for  unloading  either 
from  boats  or  railway  cars.  There  are  two  breakers  and 
four  crushers  in  this  plant  all  electrically  driven.  The 
electrical  equipment  in  this  .plant  comprises  56  motors 
totalling  4,100  horsepowei'. 

Coal  after  passing  through  the  crushers  is  delivered  to 
the  storage  bin  over  six  batteries  of  by-products  coke  ovens, 
each  comprising  60  ovens.  Each  battery  has  a  capacity  of 
750  tons  of  coke  per  24  hours.  For  the  total  coKe-oven 
plant  including  the  coal  unloading,  crushing  and  by- 
products plant,  there  are  required  a  total  of  174  motors 
representing  8,035  hp.  The  average  power  consumption 
per  ton  of  coke  is  1.3  kilowatt-hours.  The  foregoing  does 
not  include  the  power  required  to  drive  the  gas  exhausters, 
which  are  driven  by  steam  turbines. 

Blast-Furnace  Plant  Equipment 

In  the  blast-furnace  plant  thei'e  are  four  450-ton  furnaces 
in  operation  and  two  500-ton  units  nearing  completion.  For 
blowing  the  furnaces  there  are  two  gas-blowing  engine 
plants  arranged  for  a  total  of  fourteen  Bethlehem  47  x  60 
in.  gas  end  by  84  x  60  in.  air  end,  including  all  necessary 
auxiliaries.  There  is  also  a  steam  blowing  plant  which 
contains  four  Corliss  engines,  42  x  88  x  60  in.  steam  end 
by  84  X  84  in.  air  end.  Also  two  blowing  engines  38  x  38 
X  60  in.  steam  end  by  84  x  84  in  air  end.  There  is  also 
a  10,000  hp.  gas-fired  boiler  plant,  containing  forty  250  hp. 
boilers.  Most  of  the  boilers  aVe  not  operated  unless  there 
is  a  surplus  of  gas  from  the  gas  engines.  A  total  of  10,887 
hp.  of  motors  is  required  in  this  plant.  Excluding  the 
casting  plant  and  sintering  plant,  the  average  power  con- 
sumption of  6.9  kilowatt-hours  is  required  per  ton  of  pig- 
iron.  In  the  sintering  plant  an  average  of  15.5  kilowatt 
hours  per  ton  of  sinter  is  required. 

There  are  two  open-hearth  plants  in  which  are  installed 
a  total  of  237  motors  having  an  aggregate  capacity  of  12,658 
horsepower. 

The  rolls  of  both  the  bloom  and  rail  mills  are  driven 
by  steam  engines  opei'ating  condensing  and  supplied  with 
steam  from  twenty  250  hp.  oil-fired  boilers.  For  auxiliary 
drives  in  this  department  there  is  a  total  of  136  motors 
representing  5,190  horsepower. 

The  bloom,  billet  and  bar  mills  are  located  m  one  build- 
ing and  aranged  to  roll  billets,  slabs  or  bars  direct  from 
ingots.  A  5,000-hp.,  600  volt  direct-current  reversing 
motor  drives  the  bloom  mill.     This  motor  is  supplied  with 


power  from  two  2,000  kw.  600-voIt  direct-current  genera- 
tors driven  by  a  3,000-hp.  6,600-volt  induction  motor.  This 
mill  rolls  ingots  weighing  16,500  lb.,  into  slabs  9  x  38  in. 
in  16  passes.  Power  consumption  averages  10.4  kilowatt- 
hours  per  tor  of  finished  slabs.  Ingots  weighing  12,000  lb. 
are  rolled  down  to  8  x  8  in.  blooms  in  20  passes  in  this 
mill  on  an  average  power  consumption  of  20.8  kilowatt- 
hours  per  ton  of  finished  blooms. 

A  six-stand  24-in.  continuous  mill  driven  by  a  4,000-hp., 
6,600-volt  three-phase  motor  rolls  4  x  4  in.  billets  or  8  x  2 
in.  slabs  on  a  power  consumption  of  9.55  kilowatt-hours 
per  ton  of  finished  product.  The  8  x  2  in.  slabs  go  to  a 
six-stand  18-in.  continuous  mill  driven  by  a  3,250-hp.  motor 
where  they  are  rolled  into  sheet  bars,  on  an  average  power 
consumption  of  26.8  kilowatt-hours  per  ton  of  finished 
product.  In  the  bloom,  billet  and  bar  mills  a  total  of  18,774 
hp.  is  required  in  181  motors. 

A  4,000-hp.,  6,600-volt  slip-ring  induction  motor  drives 
the  36  X  liO-in.  sheared-plate  mill.  The  average  slabs 
rolled  in  this  mill  are  6  x  38  in.  weighing  4,000  lb.  and  are 
rolled  down  to  J  x  72-in.  plates  with  an  average  power 
consumption  to  the  main  motor  of  21.0  kilowatt-hours  per 
ton  of  slabs,  and  on  44.0  kilowatt-hours  for  the  total  mill. 
The  total  horsepower  required  in  this  mill  is  8,653  in  122 
motors. 

Two-High  Reversing  Plate  Mill 

A  60-in.  two-high  reversing  universal  plate  mill  is  under 
construction  and  will  be  in  operation  in  the  near  future, 
and  is  designed  to  roll  13  x  62  in.  slabs  weighing  10,000  lb. 
down  to  a  §  x  60  in.  plate  in  21  passes.  This  mill  will  be 
driven  by  a  700-volt  direct-current  reversing  motor  having 
a  maximum  peak  rating  of  17,500  hp.  and  will  operate  at 
a  speed  of  from  0  to  100  r.p.m.  in  either  direction.  Power 
is  supplied  to  this  motor  from  a  flywheel  motor-genera  tor 
set  consisting  of  two  3,000-k.w.  700-volt  direct-current  gen- 
erators directly  connected  to  a  5,000-hp.  6,600-volt  motor 
and  a  75-ton  flywheel  all  mounted  on  a  common  bed  plate. 

In  the  sheet  mill  sheet  bar  is  rolled  in  hot  mills  arranged 
in  four  groups  of  six-roll  stands  each.  Two  of  the  groups 
are  driven  by  1,200-hp.  and  two  1,000-hp.  wound-rotor 
induction  motors  equipped  with  double  flywheels  and  liquid 
slip  regulator.  The  total  connected  load  in  this  mill  is 
6,070  hp.  made  up  of  96  motors.  In  the  tin-plate  mill  116 
motors  are  used  totalling  5,441  horsepower. 

Power  for  the  plant  is  supplied  from  two  sources,  namely, 
the  Consolidated  Electric  Ligh'  and  Power  Co.  and  from 
the  Bethlehem  Steel  Company's  own  gas-engine  driven  plant 
at  the  mill.  Seventeen  thousand  kilowatts  are  supplied  fx'om 
the  former  source  at  26,000  volts,  over  a  duplicate  trans- 
mission line  from  Baltimore,  Md.  All  the  rest  of  the  power 
required  in  the  mills  is  supplied  from  the  company's  own 
gas-engine  driven  plant,  in  which  at  the  present  tine  five 
5,000  kva.  generators  are  being  installed.  Each  generator 
is  driven  by  a  Bethlehem  47  x  60  in.  twin-tanJen  gas  engine. 
The  power  plant  is  designed  for  an  ultimate  capacity  of 
100,000  kva.  Power  is  distributed  about  the  plant  at  6,600 
volts  and  this  distribution  system  takes  the  form  of  a 
double-ring  bus,  which  originate  and  ends  at  the  gas-engine 
plant.  This  bus  consists  of  1,000,000-circ.mil.  weather- 
proof cable  carried  overhead  on  special  cable-top  33,000- 
volt  insulators,  mounted  on  85-ft.  steel  towers.  On  this 
bus  there  are  located  four  switching  towers  with  taps  to 
the  four  principal  substations  located  at  the  40-in.  blooming 
mill,  60-in.  universal  plate  mill,  110-in.  plate  mill,  rail  mill 
and  coke  ovens. 

In  closing,  Mr.  Gerhardt  paid  high  tribute  to  the  members 
of  his  electrical  organization  at  Sparrows  Point,  and  said 
it  was  onlj'  through  the  hearty  co-operation  of  every  one 
in  this  organization  that  made  possible  the  result  obtained 
at  Sparrows  Point  during  the  past  four  years. 
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Temporary  Fuel  Control 

By  an  executive  ordei'  the  President  has  extended  tlie 
powers  of  the  Fuel  Administration  for  a  period  of  sixty 
days  from  March  1.  The  control,  however,  is  divided  be- 
tween Director  General  Hines  and  a  commission  of  four, 
consisting'  of  A.  W.  Howe,  of  the  Tidewater  Coal  Exchange 
Rembrandt  Peale,  representing  the  coal  operators,  and 
F.  M.  Whittaker  and  J.  F.  Fisher,  representing  the  rail- 
roads. 

Mr,  Hines  will  retain  the  jurisdiction  over  domestic 
distribution,  and  the  commission,  which  will  function 
through    the    Tidewater    Coal    Exchange,    will    look    after 


bunker  and  export  coal.  Although  the  office  of  Director 
General  of  Railroads  expired  March  1,  Mr.  Hines'  authority 
as  con';erns  coal  distribution  has  been  extended  for  the 
period  stated. 

It  is  specifically  directed  that  the  order  issued  by  the 
United  States  Fuel  Administration  Nov.  6,  1917,  relative 
to  tidewater  transshipment  of  coal  at  Hampton  Roads. 
Baltimore,  Philadelphia  and  New  York,  and  for  the 
employment  of  and  co-operation  with  the  Tidewater  Coal 
Exchange,  as  a  common  agency  to  facilitate  transshipment 
and  to  reduce  delays  in  the  use  of  coal  cars  and  coal-carry- 
ing vessels,  suspended  by  Dr.  Garfield  on  Feb.  20,  1919, 
be  reinstated. 


New  Publications 


HKNDRICKS'  COMMERCIAL,  KEGISTKR 
of  the  United  States  for  Buyers  and 
Sellers,  1919-1920.  S.  E.  Hendricks 
Co.,  Inc.,  New  York  City.  Cloth,  2,703 
pages.  Price  $1^.5<'. 
The  28th  Annual  Edition  of  "Hendricks" 
ha.s  .just  been  published,  after  having  been 
ilpla>ed  for  two  months  by  the  strike  of 
I  lie  printers.  The  new  edition  contains  sev- 
>  ral  improvements,  the  most  noticeable  be- 
ing the  new  method  of  exterior  indexing 
by  coloring  the  front  edge  red,  white  and 
blue  to  indicate  the  different  main  sections 
of  tlie  book.  First  is  blue,  on  which  is 
stamped  the  words  'Trades  Index."  This 
is  a  section  of  162  pages  in  which  every 
product  listed  in  the  book  is  inde.xed  and 
cross-indexed  for  ready  reference.  The  red 
-section  is  the  main  classified  trades  list. 
It  contains  1,813  pages,  listing  over  18,000 
different  products.  In  tlie  present  edition 
there  are  more  than  1,200  new  headings, 
including  many  covering  the  chemical  in- 
dustry. The  third  section,  as  indicated  by 
the  white  edges,  contains  216  pages  listing 
tlie  tiade  names  under  which  products  are 
manufactured,  with  the  names  and  ad- 
dresses of  the  manufactuiers.  The  second 
blue  section  is  the  alphabetical  section  of 
4  87  pages  containing  al!  tlie  names  in  the 
liook  in  one  alphabetical  list,  with  addresses 
and  their  main  line  of  business.  This  is 
followed  by  a  20-page  index  to  advertisers, 
containing  a  full  list  of  branch  and  foreign 
offices  following  each  name.  The  volume 
contains  2.703  pages. 


Obituary 


Cyrus  Thurston  .J<ilin>.tuii.  mechanical 
and'  electrical  engineer,  died  at  his  home 
in  St.  Paul.  Minn.,  Wednesday.  Feb.  25, 
after  a  brief  illness.  He  was  a  graduate 
of  the  i^Iassachusetts  Institute  of  Tech- 
nology, class  of  1909,  and  had  been  as- 
sociated with  his  father,  Clarence  H.  .John- 
ston, architect,  of  St.  Paul.  At  the  time  of 
his  death  he  had  entire  charge  of  the  heat- 
ing, plumbing  and  ventilating  ^\•ork  of  the 
office.  A  host  of  friends  will  lament  the 
untimely   ending  of  his   promising  career. 

•John  .\.  Kaiidolf.  of  the  Westinghouse 
Electric  and  ^Manufacturing  Co..  died  at  the 
Columbia  Hostiital,  Wilkinsburg.  Penn.,  on 
Friday,  Jan.  30.  1920.  Death  was  caused 
by  pneumonia.  Mr.  Randolf  ^vas  a  graduate 
of  Syracu.se  University  with  the  class  of 
1903.  Following  his  graduation  he  engaged 
in  engineering  and  writing  technical  litera- 
ture for  trade  magazines ;  old  readers  of 
Power  will  no  doubt  recall  .some  of  his 
articles  dealing  with  electrical  subjects. 
He  was  also  an  active  worker  for  a  time 
with  the  Society  for  Electrical  Dp\elopment, 
located  in  New  York. 
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David  J.  Armoui',  formerly  associated 
with  ■  the  United  States  Rubber  Co.,  has 
joined  the  New  York  City  sales  force  of 
the   McLeod   &   Henry   Co. 

-Miles  B.  liumbert  was  appointed  manager 
of  the  railway  department  of  the  Westing- 
house  Electric  and  Manufacturing  Co.  He 
lias  been  connected  with  the  Westinghouse 
forces  since  1901. 


\\.  S.  Kugs.  manager  of  the  railway  and 
M, urine  deparimenls.  and  Charles  Kobbins. 
a-ssistant  sales  manager,  of  the  Westing- 
h.uuse  IClectrie  and  Manufaclurmg  i^o..  ha^L 
been  appointed  assistants  to  the  vice  presi- 
dent. 

George  -M.  Ogle,  formerly  chief  electrical 
engineer  of  the  United  States  Shipping 
Board,  Emergency  Fleet  Corporation,  is 
now  a  member  of  the  Englneermg  Organi- 
zation of  the  Vulcan  Iron  Works  Inc 
Jersey  Citv,  N.  J.,  in  charge  of  electrical 
contracting  and  the  consulting  engineering 
department. 

V  T  Slnirick.  of  the  business  staff  of  the 
Coal  Trade  Journal  has  been  elected  vice 
president  of  F.  C.  Thornley  &  Co..  Inc.,  at 
'n  West  43rd  St..  New  York  City.  Mr. 
Shurick  is  a  graduate  of  the  \  irginia  Poly- 
technic Institute.  He  was  actively  engaged 
in  his  profession  as  engineer,  tor  ten  years 
with  the  Rock  Island  Coal  Co.,  the  Mexican 
Coal  &  Coke  Co.  and  the  .Anaconda  Copper 
Mining  Co.  In  1911  he  joined  the  editorial 
^taff  of  Oo«7  Age. 

Fred  \V.  Herbert  has  been  appointed 
superintendent  of  the  service  department 
of  the  National  Electric  Light  .\sssociation 
Headquarters,  29  West  39th  St.,  and  George 
F  Oxlev  has  been  selected  as  director  ot 
the  publicity  department.  Mr.  Herbert  will 
take  charge  of  interpreting  the  unitorni 
classification  of  accounts  and  rate  research 
and  general  statistical  -service  for  mei.ibt. 
companies  of  the  association.  ^I'-  0^« 
will  have  charge  of  the  National  Associa- 
tion Magazine  and  all  publicity  in  the  inter- 
ests   of    the    electrical    industry.. 

James  T.  Hutcliiiiss  has  resigned  iis  presi- 
dent of  the  Rochester  Gas  and  Electric 
Corp.  to  accept  the  position  ot  assistant 
general  manager  with  the  United  Gas  Im- 
provement Co.,  of  Philadelphia.  Mr.  Hutch- 
ings  is  a  graduate  of  the  Amherst  Agricul- 
ture College.  He  was  connected  at  various 
times  with  the  Thomson-Houston  Electric 
Co  •  the  Germantown  Electric  Co.,  of  Phila- 
delphia as  assistant  superintendent  :  the 
West  End  Electric  Co.,  of  Philadelphia, 
as  superintendent,  and  with  the  Rochester 
Railway  and  Light  Co.,  of  which  he  became 
president. 


Engineering  Affairs 


Itiiflalo  Cliai>ter  .American  .Vssoclation 
of  lingineers.  400  members,  has  voted  to 
join   the   Buffalo  Chamber  of  Commerce. 

The  Pennsylvania  Congress  for  1920  Will 
be  held  at  Harrisburg  -March  21-25  under 
the  ausiiices  of  the  Department  of  Labor 
and  Industrv  of  the  Commonwealth  of 
Pennsvlvania.  With  tlie  exception  of  Sun- 
day sessions  all  meetings  will  be  held  in 
the   Hall   of   the    House   of   Representatives. 

The  .\merican  Institute  of  Idectrieal  Eii- 
s-ineers.  at  the  meeting  of  its  board  of  di- 
rectors held  Feb.  18.  decided,  in  accordance 
with  the  recommendation  of  Vice  President 
r<"isken  and  the  Portland  section,  to  hold 
the  1920  Pacific  Coast  convention  at  Port- 
laud,   Ore.,   .July    21-23. 

The  Eastern  Pennsylvania  Chapter  of  the 
-American  Society  of  Heating  and  Ventilat- 
ing Engineers  will  hold  a  meeting  at  the 
Engineers  Club  of  Philadelphia,  1317  Spruce 
St..  Thursday  evening,  April  8.  An  illus- 
trated lecture  on  "Economizers"  will  be 
given  by  M.  C.  Sherman,  mechanical  engi- 
neer, of  the  Green  Fuel  Economizer  Com- 
pany. 

The  American  Institute  of  Electrical  En- 
gineers, in  accordance  with  the  action  of  its 
board   of  directors  at  a  meeting   held    Feb. 


18.  and  iiegoliations  carried  on  since,  has 
derided  to  hold  its  annual  convention  ai 
The  Greenbrier,  AVhite  Sulphur  Springs. 
W.  Va..  .June  2y-July  2.  This  is  a  week 
later  than  it  was  originally  planned  to  hold 
the  convention.  Details  will  be  announced 
later. 

The  Association  of  Iron  &  Steel  Electrical 
Kngineers,  Philadelphia  Section,  will  hold 
the  following  meetings:  On  April  3,  James 
E.  Wilson,  electrical  engineer  of  the  Tread- 
well  Engineering  Co.,  will  present  a  paper 
on  "Electric  versus  Gas  Welding."  On  May 
1,  every  active  member  is  invited  to  prepare 
a  paper  on  the  subject  pertaining  to  the 
application  of  electricity  to  the  iron  and 
steel   industry. 


Buginess  Items 


The  Daj-ton-Dowd  Co.,  of  Quincy,  111., 
has  opened  a  branch  office  in  Cleveland, 
Ohio,  under  the  management  of  L<.  E. 
Maker,  of  the  Maker  Engineering  Co..  of 
Chicago. 

Tlie  Jefl'rey  ilanufacturlng  Co.,  of  Colum- 

l.us.  Ohio,  has  opened  a  new  branch  office 
in  Los  -\ngeles,  Cal.  The  office  will  be  in 
L'harge  of  F.  R.  Field,  formerly  manager  of 
tlie    Denver    office. 

The    Black    &    Decker    Manufacturing    Co. 

has  been  sold  to  the  Dieffenbach  Westen- 
dorf  Manufacturing  Co.  The  new  company 
is  com])osed  entirely  of  former  employees 
of  the  Black  &  Decker  Manufacturing  Co. 

The   Hays   Engineering    Co.,  of  Columbus, 

Ohio,  has  a  district  office  at  lOOS  Scofleld 
Building,  Cleveland.  The  district  office 
manager  is  Henry  Kelsey.  The  company 
handles  the  Joseph  W.  Hays  Corp.  line  of 
combustion  apiiaratus. 

The  Bufl'alo  Forge  Company,  Buffalo.  N. 
^'.,  at  a  recent  stockholders'  meeting  ap- 
pointed the  following  new  officers ;  Hem> 
W.  Wendt,  president;  Edgar  F.  Wendt.  Jr.. 
vice  president  and  secretary,  and  C.  A. 
Booth,  vice  president  and  sales  manager. 
The  new  directors  include  the  above-named 
officers  and,    in   addition.   H.   S.   Whiting. 


Trade  Catalogs 


G-K  InstanlaiieouK  Heater.  Bulletin  No. 
2S1.  The  Griscom-Russell  Co.,  New  York 
City.  11  pages,  6x9  in.  illustrating  and 
describing  the  construction  and  uses  of 
this  heater. 

The  Sterling  Engine  Co.,  Buffalo.  N.  V.. 
has  recently  published  a  23-page,  illustrated 
catalog  on  Sterling  engines  of  the  com- 
mercial type  for  boats,  pump  and  generator 
drives.  A  page  is  devoted  to  gasoline 
motors  for  stationary  work  for  driving  cen- 
trifugal pumps  and  electric  generators : 
several  ))ages  to  various  Sterling  engine 
models,  specifications  and  installations,  and 
charts  showing  the  guaranteed  fuel  and 
horsepower  curves  of  tw-o  models.  A  copy 
may  be  had  upon  application, 

Wortliington   Pump  and  Machinery    Corp.. 

New  York  City,  has  issued  a  new  and  com- 
plete 115-page,  illustrated  catalog  on  "Wor- 
thington  Condensing  .Apparatus."  All  types 
of  condensers  are  described — vacuum  and 
ciiculating  pumps,  steam  ejectors,  relief 
valves,  flow  of  water  in  pipes,  etc.  It  has 
also  several  pages  of  low  pressure  steam 
tables,  a  page  of  conversion  tables,  with 
other  notes   and   information. 


March    IG,    1920 
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IU)STON — Current  prices  per  gross  ton  f.o.b.  Ne« 

Vork  loading  ports; 

Anlhracire 

Company 
Coal 

Egg        U  20(5  $8  65 

Stove 8  45(?'    9  05 

Chestnut 8   35(S    9.05 

Pea 7  03ra    7  40 

Buckwheat 3  60(fl    3  80 

Rice 2   30(5    2   30 

Barley   125 

Bituminous 

Cambrias  aixl 
Clearfields         Soincrspts 
F.o.b.  mines,  net  tons       $2  85(o  $3  35   .$3    I  5{o  $3  60 
F.o.b.  Philarlelpliia,  gross 

tons 5   05(0    5   60     5   35(S    5  90 

F.o.b.   New  York,  gros> 

tons 3   40("     5.95     5   75©    6  25 

Along.'side  Boston  (water 

coal),  gross  tons 7.00(5,   7.75     7  60(o    8  00 

Pocahontas  and  New  River  are  practically  off  the 
market  for  coastwise  shipment,  but  are  ((noted  a  I 
$6.25(5  $7.00. 

NEW  YORK— Current  quotations.  White  .\sli,  per 
gross  tons,  f.o.b.  Tidewater,  at  the  lower  ports  arc  a^ 
follows: 

Anthracite  Conipaii\ 

Coal  ' 

Broken .$7.  80(5  $8.  25 

Egg 8  20(5    8.65 

Stove 8.45(5    9  05 

Chestnut 8  55(5    9  05 

Pea 7.05(5    7  40 

Buckwiieat : 5.15 

Rice 4  30 

Barley 4.85 

Boiler 4  85 

Bituminous 

Government  prices  at  mines:  Spot 

.South  Fork  (best) $3.25(5  $3.50 

Cambria  (best) 3 .  00(5    3   25 

Cambria  (ordinary) 2  60©    2 .  90 

Clearfield  (best) 3 .  00(5    3  ,  25 

Clearfield  (ordinary) 2 .  60(5    2 .  90 

Reynoldsville 2.85(5    2  90 

(Juemahoning 3 .  23(3',   3 .  50 

Somerset  (medium*  .  .  3  00(5'    3 .  25 

Somerset  (poor) '2 .  50(3'    2 .  75 

Western  Maryland  2  50(5    2.75 

Fairmont 2.25(5;   2.50 

Latrobe 2.60(5    2  90 

Greensburg 2   75(5    3 .  00 

Westmoreland  J  in 3 .  40(3;   3 .  50 

Westmoreland  run-of-mine 2.75©    3.00 

PHIL.A.DELPffI.^ — Bituminous  coal  prices  vary 
according  to  district  from  which  they  are  mined.  For 
ordinary  slack  the  price  is  $2.45(a'$2.55;  lump, 
$3.35,  at  the  mines. 

BUFFALO— 

Anthracite 

On  Car.■^.      At  Curb, 
Gross  Ton      Net  Ton 

Grate $8.55  $10.80 

Egg 8.80  10.65 

Stove 9.00  10.85 

Chestnut 9.10  10.85 

Pea 7  75  9  30 

Buckwheat 5  70  7  75 

Bituminous 

$4.80 
4.65 

4.65 

4  80 

4.  10 

4  60 

Pennsylvania  Smithing 5   70 

CLEVELAND — Prices  of  coal  per  net  ton  delivered 
in  Cleveland  are: 

-Anthracite 

Egg $l2.25(a>$12.40 

Chestnut 12.  SO©-    1 2 .  70 

Orate 12.25®    12.40 

Stove      1  ?   40(51    1 2 .  60 

Pocahontas 

Nine-run $7 .  50 

Domestic  Bituminous 

West  Virginia  split $8.  50 

No.  8  Pittsburgh $6  60@   6 .  90 

Massillon  lump 8   25(5'    8.50 

Co=hocto:i  lump    7.15 

-Steam  Coal 

No.  6  slack  $5 .  25@  $5  .  50 

N'o.  8sla«k 5.10®   5.  5C 

^'oughiogheny  slack 3  .  25©    5 .  50 

-No.  8  Hn 3  .  70©    6 .  60 

No.  6  mine-run 3  25©    5  .  50 

No.  8  mine-run 3   75 

Only  coal  available  is  mine-run  Pocahontas. 
MIDDLE  WEST— Chicago  quotations,  f .  o.  b  car^ 
ftt  mine: 

Springfield, 
Carterville, 

Williamson,  Grundy. 

Franklin,  La  Salle, 

Saline,  Fulton,  Bureau. 

Harrisburg  Peoria  Will 

Lump $2.  55©  $2  70  $2.95©$3   10  $3.25©$3.40 

Washed..    2.75©    2  90 3.45©    3.60 

Mine-run   2.35©   2.50     2.75©)   2.90     3.00@   3.15 
Screen'gs    2.05©    2   20     2.35(5'    2.50     2.75©    2.90 


Allegheny  Valley 

Pittsburgh 

No.  8  Lump 

Mine-run 

Slack 

Smokeless 


New  Construction 


PROPOSKI)     WORK 

Conn.,  Bridgeport — C.  .i.  l.rf'WiK,  ltj<i  F'aii- 
field  Avf.,  will  receive  bids  for  the  construc- 
tion of  a  ?,  story,  67  x  .S7  ft.  bowling  alley 
addition  and  altering  of  present  building 
on  KUn  St.  .V  steam  heating  sy.stem  will 
be  installed  in  samf.  Total  estimated  cost. 
$100,nO(].  Davis  &  Donf  .  1024  .Main  .St.. 
.Vrchts.   and    lilngrs. 

Conn.,  Torrington — .J.  .V.  .Jackson,  .\rchl.. 
1133  B'waj',  New  Y'ork  City,  will  .soon 
nward  the  contract  for  the  construction  of 
a  1  story,  12.")  .x  130  ft.  church  on  I'nion 
.St.,  for  the  St.  Marys  Polish  Romati  Cnth- 
olic  Society,  Rev.  J.  Kowalski.  Pastor.  A 
steam  heating  system  will  bo  insLalkd  ii; 
same.      Total    cslimatert   cost,    $12-j.000. 

N.  Y,.  Arcade — The  Bd.  Educ.  is  having 
l)Ians  prepared  for  the  construction  of  a 
school  building.  A  steam  heating  sy.^tem 
will  be  installed  in  same.  Total  estimated 
cost,  $125,000.  Tooker  &  Marsh,  101  Park 
Ave..    Xew    York    Cily.    .\rchts.    and    lingrs. 

N.  Y.,  Little  t'lills — The  Bd.  Kduc.  is 
having  plans  prepared  for  the  construction 
of  a  school  building,  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $125,000.  Tooker  &  Marsh, 
10)  Park  Ave.,  Ne^v  York  City.  .-Xrchts. 
and   Engrs. 

>*.  Y.,  New  Yorit — The  Bd.  Educ.  500 
Park  Ave.,  is  having  pla.is  prepareu  lur  the 
construction  of  a  5  story.  70  x  !•!.">  .x  143 
ft.  school  on  87th  St.  .\  steam  heating 
system  will  be  installed  in  sami-.  loial 
estimated  cogt.  $470,000.  C.  B.  .1.  Snyder. 
Municipal   Bldg.,   Archt.    and   Engr. 

X.  Y.,  New  York — The  Merchants  &  Ship- 
pers Insurance  Co..  4!)  AVall  St..  is  havin.s 
plans  prepared  for  the  construction  of  a  1  -' 
.«tory  office  building  at  14  South  Williani 
St.  A  steam  heating  sy.<-cem  will  be  in- 
stalled in  same.  Charles  H.  Higgins.  19 
West   4  4th    St..    Archt.    and    Engr. 

N.  Y.,  New  York — The  Post  Office  Dept., 
[J.  S.  Government,  Wash..  D.  C.  is  having 
plans  prepared  for  the  construction  of  a  4 
.«iory,  125  x  200  ft.  post  office  building,  here. 
A  steam  heating  system  will  he  installed  in 
.«ame.  Total  estimated  cost.  $400,000.  John 
H.  Sheier,  25  West  42nd  St..  Archt.  and 
Consult.    Engr. 

N.  Y.,  Ogdensbiirg: — Williams  &  Johnston, 
.Archts.,  will  receive  bids  for  the  construc- 
tion of  a  1  story,  73  x  289  ft.  factory 
building,  a  70  x  130  ft.  foundry  and  a  25  x 
4.1  ft.  garage  on  Green  St.  Power  boilers 
and  a  complete  steam  heating  system  will 
b*.  installed  in  .siame.  Total  estimated  cost. 
$100,000. 

N.  Y.,  Ossining  —  Charles  F.  Rattigan. 
.Supt.  of  the  State  Prisons.  Hall  of  Records 
Bldg.,  Capitol,  Alban>-.  will  receive  bids 
until  March  23  for  the  construction  of  a 
[lump  house  and  installation  of  heating  sys- 
tems,  etc.,  at  the   Sing  Sing  Prison,  here. 

N.  Y.,  Randalls  Island — The  Dept.  of 
Pub.  Charities,  Municipal  Bldg..  New  York 
City,  received  bids  for  delivering  and  in- 
."talling  4  new  boilers  in  'lie  po\\'er  house, 
liere.  from  Chute,  Thornton  &  Bailey.  2  East 
13th  St.,  Xew  York  Citv,  $5.i.S00  ;  Boston 
Rng.  Co..  308  Atlantic  St..  Boston  Mass., 
$69,875;  W.  J.  Olvanv.  177  Christopher  St., 
New  Vork  City,  $74,380. 

N.  Y.,  Sehenect.Tdy — Dubois  B.  Bennett  <St 
Son.  Contractors.  I'ngrs..  and  Builders.  413 
McClellan  St.,  are  in  the  market  for  second 
hand  equipment  including  one  18  or  20  C.  F. 
Mixer,  Hopper  Loading  with  engine,  wi.h 
or  without  boiler,  1  hoisting  engine  D.  D. 
d.  c.  skeleton.  1  stiff-leg  derrick  80  ft.  boom 
10  ton  capacity,  fittings  to  be  for  3  lines, 
1  C.  Y.  clamshell  bucket,  independent  swing- 
ing engine,  1  40  to  60  hp.  locomot've  type 
boiler  and  3  line  derrick  fittings. 

N.  Y.,  Seneca  Falls  —  The  Seneca  Co. 
Products  Creamery  Co.  Inc.,  'will  install 
an  ammonia  cold  storage  plant  and  ice 
cream  making  machinery.  Total  estimated 
cost,    $5,000.       Address    William    L.     Clark. 

N.  J.,  Vineland — The  Catholic  Church  c. 
the  Sacred  Heart  will  soon  award  the  con- 
tract for  the  construction  of  a  2  stor.v, 
60  x  120  ft.  school.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $100,000.  Borrv  &  Cummlskey,  Real 
Estate  Trust  Bldg.,  Philadelphia,  Archts. 

Pa.,  Boilin/v  Springs — The  Boilin.g  Springs 
Rlectric  Light  &  Water  Co.  plans  to  install 
one  100  kva..  2.400  volt,  3  hp..  60  cycle. 
1.200  r.p.m.  Westinghouse  a.c.  generator  for 
the  lighting  system.      J.   C.   Bucher.   Mgr. 

Pa.,  Dushore — The  Sullivan  Co  Electric 
(■^o.  plans  to  install  a  new  generator  and 
boiler  and  construct  a  3  mi.  transmission 
line.      H.   L.   Troxell,   Mgr. 


Pa.,  P'ord  <  it.v — The  Municipal  Electric 
Light  Plant  plans  to  in.mall  one  more  unit. 
P.  J.  Winlgens.  Supi. 

Pa..  Grove  City — The  Municipal  Electric 
I'lant  plans  lo  install  one  125  kw.  unit 
iiirectly  connected  to  oil  engine  and  con- 
struct ';  mi..  3  ph.,  3  wire,  2,200  volt  trans- 
mission line.     Frank  H.  Poehlman,  Supt. 

Pa.,  Hazleton — The  HafJeton  School  Bd. 
plans  to  build  a  2  story.  100  x  100  ft.  junior 
liigh  school  at  Hazleton  Heights.  A  steam 
heating  system  will  be  installfd  in  same. 
Total  estimated  cost,   $200,000. 

Pa.,  I^ark.sville— (Wilkes-Barre  P.  O.) — 
i<t.  John's  Church  Congregation  plans  to 
build  a  3  story.  .'.0  x  100  ft.  school  building. 
.\  steam  healing  s'ystem  will  be  installed  in 
same.      Total   estiinated  cost,   $100,000. 

l"a.,  .Monessen — The  Borough  of  Monessen 
will  soon  receive  bids  for  the  construction 
of  a  deep  well  pump.  Chesl(-r  &  Fleming, 
I'nion    Bank    Bldg..    Pittsburgh,    Engr.s. 

Pa.,  Orrtanna  —  The  Orrtanna  Electric 
Light  &  Power  Co.  plans  to  construct  a 
triinsmission  line  from  here  to  Biglerville. 
S.   Z.    Mussolman,   ^Igr. 

Pa..  O.vrurd  —  The  Oxford  Electric  Co. 
plans  to  construct  an  e.Ktension  to  trans- 
mission system.  Estimated  cost  $100,000. 
J.   H.  Ware,   Mgr. 

Pa.,  Philadelphia — Proctor  &  Schwartz, 
Tabor  Rd.  and  6th  St..  will  build  a  4  story, 
7  7  X  l.-jO  ft.  factory  addition.  A  steam 
heating  system  will  be  installed  in  .same. 
Total  estimated  cost.  $150,000.  Day  & 
Zimmerman,  611  Chestnut  St..  Archts.  and 
lOngrs. 

Pa.,  Pitca'rn  —  The  Municipal  Electric 
Light  &  Power  Plant  plans  to  install  a  new 
200   kva.  gas  unit.     M.    H.   Stout.  Secy. 

Pa..  Ridg^vay — The  Ridgway  Electric 
Light  Co.  plans  to  install  one  5,000  kva. 
mi'bo-generator,  boiler  and  conden.ser  equip- 
ment and  construct  about  2  mi.,  22,000 
\olt  transmission  line.     W.  H.  Brown,  Supt. 

Pa.,  .Scranton  —  Worth ington  Scranton, 
.Monroe  and  Linden  Sts..  will  soon  award 
ihe  contract  for  the  construction  of  a  1 
story.  85  x  195  ft.  school  on  Clay  Ave. 
and  Poplar  St.  .\  steam  heating  and  ven- 
tilating system  will  be  installed  in  same. 
Total  estimated  cost.  $100,000.  Edward  H. 
Davis  and  William  C  D.  Lewis,  Union 
Hank    Bldg..    .Archt."--. 

Pa.,  Willianistown  —  The  Lykens  Valley 
Light  &  Power  Co.  plans  to  construct  a  5 
mi..  3  ph.  transmission  line.  J.  B.  Whit- 
worlh.  Mgr. 

Md..  Baltimore — The  Hess  Steel  Corp., 
Piddle  St.  and  Loney's  Lane,  is  in  the 
market  for  a  75  ft.  stack,  measuring 
4  0    in.    in    diameter. 

Md..  Baltimore  —  Samual  T.  Williams. 
223  North  Calvert  St.,  is  in  the  market  for 
:i  100  hp.  steam  engine,  either  throttling 
or    automatic     (used). 

N.  C.  W'ake  Forest — The  ^layor  will  re- 
ceive bids  until  March  25th  for  the  con 
struction  of  a  pumping  station,  tower  tank, 
etc.     yv.  j\I.  Piott.  Durham,  Engr. 

S.  C,  Bamburg — The  Comrs.  of  Pub. 
Wks.  plan  to  install  one  12.'>  kw.  generator. 
■T.   F.  Black.  Supt. 

.*i.  C.  Chesterlield — The  Teal  Light  & 
Power  (IJo.  plans  to  install  a  chiplicate  unit. 
D.  T.  Teal,  Mgr. 

O.,  Cleveland — The  city  will  soon  award 
the  contract  for  installing  two  125  hp. 
boilers  ■with  stokers.  Total  estimated  cost. 
$10,000.     C.  C.   Smith,  Engr. 

O.,  Cleveland — The  city  received  bids  for 
the  installation  of  two  850  gal.  per  min." 
centrifugal  feed  water  pumps,  from  Dravo- 
Doj'le  Co..  Citizens  Bldg..  $9,850  and 
$10,598:  J.  Sheldon  Engine  Co..  Toledo, 
$10,820  and  $11,024. 

O.,  Cleveland — St.  Jose,ih"s  Church.  Rev. 
J.  W.  Bell,  Pastor.  14422  Aspinwall  Ave., 
is  having  plans  prepared  for  the  construc- 
tion of  a  3  story,  80  x  145  ft.  school  on 
St.  Clair  .\ve.  between  East  144th  and 
14  6th  Sts.  A  .steam  heating  system  v^-ill 
be  installed  in  same.  Total  estimated  cost, 
$300,000.  Charles  Greco.  (Guardian  Bldg., 
Archt. 

O..  Cleveland — St.  Stanislaws  Chuicll. 
Rev.  W.  Krzycki,  Pastor.  3649  East  Both 
St.,  plans  to  build  a  3  story  school  building. 
An  extension  to  steam  heating  system  in 
tiresenl  plant  will  be  installed  in  same. 
Total  estimated  cost.  $150. OOo.  W".  C.  J,^n- 
sen.    Electric   Bld.g..    .\rcht. 

O,.  Cleveland — M.  Silverberg.  9305  Hough 
Ave.,  is  having  prelitninary  plans  prepared 
for  the  construction  of  a  2  story  theatre 
and  commercial  building  on  East  152nd  St 
and  St.  Clair  Ave.  .\  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost.  $100,000.  F.  J.  Prochaska, 
11111    Buckeve   Rd.,   Archt. 
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O..  t'levelaiul — W.  Taylor  Son  &  Co..  630 
Euclid  Ave.,  plans  to  construct  a  13(i  x  loO 
ft  warehouse  on  East  17th  and  Superior 
Ave.  A  steam  heatini?  system  will  be  m- 
stalled  in  same.  Total  estimated  cost, 
$100,000. 

O.,  Columbus— R.  L.  Wirtz,  2080  Luka 
Ave.,  is  having  plans  prepared  for  the  con- 
struction of  a  4  story,  62J  x  131 1  ft.  office 
building  on  East  State  St.  A  steam  heat- 
ing svstem  will  be  installed  in  same.  Total 
estimated  cost,  $250,000.  E.  E.  Pruitt,  209 
South    High    St.,    Archt. 

O  Jewett — The  village  will  receive  bids 
until  March  25  for  the  construction  of  a 
municipal  waterworks  plant  including  deep 
well  pump.s,  steel  reservoir,  etc.  George  H. 
Collins,  Pres.  of  the  Bd.  of  Trustees  of 
Public   AfHairs. 

O.,  Marion — The  Bd.  Educ.  will  receive 
bids  until  March  29  for  the  construction  of 
a  2  story,  70  x  90  ft.  school  on  Grand  Ave. 
A  steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $100,000.  H. 
J.  Merchant,  Clk.  O.  D.  Howard.  8  Bast 
Broad  St.,  Columbus,  Archt. 

la.,  Ames — The  Dept.  of  Eng.,  will  soon 
receive  bids  for  the  construction  of  a  sew- 
age disposal  plant  consisting  of  a  pumicing 
plant,  etc.,  for  the  city.  Total  estimated 
cost,    $100,000.     P.   B.   Hopkins,   Mgr. 

la.,  Aurelia — E.  S.  Kiernan,  Secy,  of  the 
Bd.  Educ.  received  bids  for  the  installation 
of  a  heating  and  plumbing  system  in  the 
proposed  3  story.  75  x  166  ft.  school  build- 
ing from  the  C.  F.  Rock  Plumbing  &  Heat- 
ing Co.,  St.  Joseph,  Mo.,  at  $41,895. 

ta..  Dps  Moines  —  Frank  Jeffries,  City 
Clk.,  will  soon  award  the  contract  for  the 
installation  of  1  single  unit  electric  sump 
pump  in  connection  with  the  Northeast 
Sanitary  Sewer  system  project.  Total  esti- 
mated cost,  $35,000.  K.  C.  Kastberg,  City 
Engr. 

la.,  Sutherland — F.  E.  Tellier,  Pres.  of 
the  Bd.  Educ.  is  having  plans  pi-epared 
for  the  construction  of  a  3  story,  60  x  140 
ft.  consolidated  school  building.  A  steam 
heating  and  ventilating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$125,000.  Keffer  &  Jones,  204  Masonic 
Temple,   Des  Moines,   Archts. 

Minn.,  Nashwauk — R.  M.  Blockburn,  Clk., 
will  receiv  bids  until  March  20  for  the  con- 
struction of  a  3  story,  160  x  174  ft.  high 
school  for  the  School  Dist.  9,  Itasca  Co. 
A  steam  heating  and  ventilating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$400,000.  W.  T.  Bray,  Torrey  Bldg.,  Du- 
luth,    Archt.    and    Engr. 

Kan.,  Ft.  Scott — Thogmartin  &  Gardner, 
Contractors,  are  in  the  market  for  one  75 
h]).    traction   engine. 

Neb.,  Kearney — The  State  Bd.  Educ.  will 
receive  bids  until  April  11  for  the  con- 
struction of  a  3  story,  64  x  160  ft.  dormi- 
tory. A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$100,000.  J.  H.  Craddock  &  Co.,  Elks 
Bldg.,    Omaha,    Archt. 

S.  D.,  Armour — The  South  Dakota  Light 
&  Power  Co.,  plans  to  install  one  500  Tip. 
oil  engine  Diesel  or  semi-Diesel  type  and 
one  300  hp.  producer.  G.  W.  Welch,  Supt. 
N.  D.,  Farg-o — The  Public  Service  Garage 
Co.  will  soon  receive  bids  for  the  con- 
struction of  a  2  story,  140  x  200  ft.  garage. 
A  steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $125,000. 
Braseth  &   Rosatti,   105i   B'way,   Archts. 

tlVyo.,  Hiverton  —  'Dubois  &  Goodrich. 
Archts.,  Townsend  Bldg.,  Casper,  will  re- 
ceive liids  until  April  15  for  the  construc- 
tion of  a  2  story  public  school  for  the  city. 
A  stearn  heating  and  ventilating  system 
will  be  installed  in  sa-ne.  Total  estimated 
cost.   $100,000. 


Mo.,  Fulton — Holmes  &  Flynn,  .Archts.,  8 
South  Dearborn  St.,  Chicago,  will  receive 
bids  in  March  for  the  construction  of  a  3 
story  65  x  140  ft.  academy,  for  the  William 
Woods  College.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $125,000. 

Mo..  St.  I>ouis — The  Lehmann  Machine 
Co.,  606  South  B'way,  plans  to  construct 
a  2  storv,  110  x  195  ft.  factory  on  La 
Salle  and  Grand  Sts.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated   cost,   $4  50,000. 

Mo.,  St.  I.,ouis — The  Wiedmer  Eng.  Co., 
Archts.,  Syndicate  Trust  Bldg.,  will  soon 
receive  bids  for  the  construction  of  a  3 
story,  180  X  200  ft.  factory  for  the  manu- 
facture of  automobiles,  on  Forest  Park 
Ave.  and  Sarah  St.,  for  The  Dorr  is  Motors 
Corp.,  Sarah  St.  and  Laclede  Ave.  A  steam 
heating  svstem  will  be  installed  in  same. 
Total   estimated   cost,    $350,000. 

Tex.,  Abilene — The  Abilene  Gas  &  Elec- 
tric Co.,  plans  to  install  a  new  generating 
plant  of  a  25  kw.  capacity.  J.  W.  Daw- 
ley,    Mgr. 

Tex.,  Archer — The  Municipal  Electric 
Plant  plans  to  construct  an  entire  new 
plant  for  the  generating  system.  A.  Min- 
nich,    Mgr. 

Tex,,  Bastrop — The  Bastrop  Water,  Light 
&  Ice  Co.  plans  to  install  one  150  kva. 
generator.     J.   E.   Haines,   Supt. 

Tex..  Cisco — The  Cisco  Gas  &  Electric 
Co.  plans  to  construct  a  transmission  line 
from  here  to  Abilene.  P.  W.  Campbell, 
M,L;r. 

Tex.,  Gordon — The  Gordon  Mingus  Light 
Co.  plans  to  install  a  50  hp.  unit  in  the 
generating   system.      S.    W.    Daws,    Mgr. 

Tex.,  Henderson — The  Henderson  Cot- 
ton Oil  &  Gin  Co.  plans  to  install  a  com- 
lilete  new  generating  plant.  O.  B.  Morris, 
Mgr. 

Tex.,  Ijometa — The  Lometa  Light  & 
Power  Co.  plans  to  install  ar  additional 
oil  engine  in  the  generating  system.  M.  D. 
Melear,    Mgr. 

Tex.,  Marshall — The  Marshall  Electric 
Co.  ])lans  to  install  one  1500  kw.  turbo 
generator.      W.    Campbell,    Mgr. 

Tex.,  Nocoma — The  Nocoma  Ice  &  Light 
Co.  plans  to  install  a  new  75  kw.  250  volt 
d.c.  generator,  and  construct  a  3  wire,  250 
volt  transmission  system.  J.  W.  Leh.nan. 
Mgr. 

Tex.,  PalacJos — The  City  of  Palacios 
plans  to  install  one  75  kva.  generator.  M. 
Lipscomb,    Supt. 

Tex.,  San  Benito  —  The  Commonwealth 
Water  &  Electric  Co.  plans  to  install  one 
complete  200  hp.  unit  in  generating  system. 
A.   L.   Harris,   Mgr. 

Tex.,  Troup — The  Troup  Power  &  Light 
Co.  plans  to  replace  the  power  plant  with 
a  transmission  line.  H.  E.  DeLawe.  Vice 
Pres. 

N.  M.,  Silver  Cit.v— The  Silver  City  ivatt. 
Bank  is  having  plans  prepared  for  the  con- 
struction of  a  6  story,  102  x  14  6  ft.  hotel. 
A  vacuum  steam  heating  system  will  be  in- 
stalled in  same.  .T.  .7.  Prauenfelder,  1116 
Story    Bldg.,    Los    Angeles,    Archt. 

litali,  Myton — '^"e  Uintah  Power  &  Light 
Co.  plans  to  construct  a  new  power  plant 
and  a  transmission  line  to  connect  wttli  6 
small   towns.      J.    H.    Co'thorp,   Mgr. 

Ariz.,   Phoenix- — Charles    Korrick,    c/o    L. 

M.  Fitzhugh,  Archt.,  210  Noll  Bldg.,  is  hav- 
ing plans  prepared  for  the  construction  of 
a  4  story,  123  x  130  ft.  office  building  on 
3rd  Ave.  and  Washington  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $250,000. 


Ariz.,  Phoenix— The  Salt  River  Valley 
Water  Users  Association  plans  an  election 
in  April  to  vote  on  proposed  installation  of 
pumps,  etc.  Total  estimated  cost,  $400,000. 
D.  AV.  Murphy,  606  South  Hill  St.,  Los 
Angeles,   Cal.,   Consult.   Engr. 

Wash.,  Chelan — The  Chelan  Electric  Co. 
plans  to  install  a  75  kw.,  3  ph.  generator 
and  construct  a  3  mi.  transmission  line. 
F.  V.  Harper,  Mgr. 

Wash.,  Clarkston — The  Washington,  Idaho 
Light  &  Power  Co.  plans  to  extend  a  9  mi. 
transmission  line  from  here  to  Cul  de  Sac, 
Idaho.      F.    J.    Keyes,   Mgr. 

Wash.,  Connell — The  Town  Council  plans 
to  construct  a  waterworks  system  for  do- 
mestic purjioses  including  the  installation 
of  a  i)um))ing  plant,  etc.  Total  estimated 
cost,   $8,000.      C.  K.    Bell,   Clk. 

Wash.,  Ephrata — The  Ephrata  Light  & 
Power  Co.  plans  to  change  gene.a*ing  sys- 
tem from  a  110  to  250  hp.  L.  R.  Nelsen. 
Mgr. 

Wash.,  Republic — The  Republic  Light  & 
Power  Co.  plans  to  construct  a  new  pipe- 
line at  povier  house  in  generating  system. 
A.    L.    Capper,    Mgr. 

Wash.,  Seattle — The  Westminster  Pres- 
byterian Church,  B'way  and  East  Colum- 
bia St.,  has  retained  R.  H.  Orr,  Archt., 
1301  Van  Nuys  Bldg.,  Los  Angeles,  to  pre- 
pare plans  for  the  construction  of  a  126 
x  140  ft.  church.  Steam  heating  and  ven- 
tilating system  will  be  installed  in  same. 
Total  estimated  cost,  $125,000. 

AVash..  AValla  Walla — The  city  plans  to 
construct  a  hydro  electric  plant  based  on 
50  second  ft.  watpr  to  generate  1,000  kw. 
of  power,  capable  of  furnishing  900  kw.. 
1,200  h)i.  at  city  line.  Total  estimated  cost. 
$381,000.  E.  B.  Hussey,  Alaska  Bldg.,  Engr. 
Wash.,  Yacolt — The  Northwestern  Elec- 
tric Co.,  Portland,  Ore.,  is  making  surveys 
for  an  electric  power  plant  site  near  here. 
Estimated  cost,   $5,000,000. 

Ore.,  Portland — The  Multnomah  Hospital 
Comn.  plans  to  build  a  5  story,  150  x  210 
ft.  building.  The  boiler  house  and  laundry 
departments  are  to  be  in  a  separate  build- 
ing.     Total   estimated  cost,   $800,000. 

Ore,,  Stayton — The  Stayton  Light  & 
Power  Co.  plans  to  install  a  125  hp.  engine. 
H.   J.    Rowe,   Mgr. 

Cal.,  Burlingame — The  City  Trustees  re- 
ceived bids  for  furnishing  and  installing 
two  pumps  for  the  city  waterworks  system, 
from  the  Simonds  Mchy.  Co.,  117  New 
Montgomery  St.,  San  Francisco,  $11,107  : 
L.  E.  Penniman,  San  Mateo,  $12,581. 

Cal.,  Huntington  Park  (Los  Angeles 
P.  O.) — The  City  Trustees  are  having  plans 
prepared  for  the  installation  of  pumps,  con- 
struction of  a  1,000,000  gal.  reservoir,  etc. 
The  citv  voted  $160,000  bonds  for  this  proj- 
ect. F."  E.  Trask,  616  Union  Oil  Bldg.,  Las 
Angeles,    Engr. 

Cal.,  Redlaiids — The  Redlands  University 
retained  N.  F.  Marsh,  Archt.,  211  B'way 
Central  Bldg.,  Los  Angeles,  to  iirepare  plans 
for  the  construction  of  3  buildings  includ- 
ing a  2  story  dormitory  and  2  smaller  build- 
ings for  the  Art  Dept.  An  extension  to  the 
steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,  $120,000. 

Out.,  Inijersoll — W.  G.  Murray.  Archt, 
Dominion  Savings  Bldg.,  London,  will  soon 
award  the  contract  for  the  construction  of 
a  2  story  school  for  the  School  Bd.  A 
steam  heating  svstem  will  be  installed  in 
same.  Total  estimated  cost.  $125,000.  R.  B, 
Hutt,    Chn. 

Ont.,  Kingston — The  Paramount  The- 
atres, Ltd.,  Temple  Bldg.,  Toronto,  puin 
to  build  a  1  and  2  story  theatre.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $350,000.  N.  L. 
Natha.son,  Temple  Bldg.,  Toronto,  Mgr. 
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Moderation 


HAVE  you  ever  stopped  to  consider  the 
importance  of  the  idea  conveyed  by 
the  word  "Moderation"?  That  one 
word  would  make  a  good  sign  to  hang  up  be- 
side the  "Safety  First"' card,  where  everyone 
would  see  it. 

There  are  two  men  likely  to  be  found 
around  any  power  plant  who  have  to  be 
watched.  One  is  the  man  who  thinks  that 
things  "that  are"  must  be  the  best  because 
they  "are."  The  other  thinks  that  anything 
new  must  be  best  because  it  is  new.  The 
man  who  picks  his  way  between  these  two  is 
the  one  who  gets  results. 

The  "Let's -try -something -new"  man 
thinks  he  stands  for  progress,  and  often  he 
does,  but  unless  he  is  very  careful  his  progress 
may  lead  to  chaos.  The  only  kind  of  prog- 
ress that  pays  is  progress  in  the  right  direction. 


The  "Old  Fogy"  thinks  he  stands  for 
what  is  sure  to  be  right  because  it  has  seemed 
to  be  right  in  the  past.  If  his  advice  was 
followed  entirely,  no  progress  would  ever  be 
made.  In  fact,  we  wouldn't  have  any  power 
plants  to  make  progress  in. 

The  man  whose  motto  is  "Moderation" 
listens  to  both  stories.  He  knows  that  only 
by  using  the  new  things  and  the  new  ideas 
can  improvements  be  made.  He  also  knows 
that  a  modern  plant  cannot  live  if  it  stands 
still.  It  must  go  ahead.  On  the  other  hand, 
he  realizes  that  a  new  idea  is  not  bound  to  be 
good  just  because  it  is  new.  If  an  idea  has 
been  used,  and  proved  its  worth,  it  should 
not  be  discarded  simply  to  make  a  change. 
As  the  lawyers  say,  "The  burden  of  proof  is 
on  the  advocate  of  a  change." 

Enthusiasm  is  a  great  thing,  but  enthusiasm 
tempered  by  moderation  is  much  greater. 


ContributPd  >n-  Waldo  Wpa\'Gr 
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High-Speed  Turbine-Driven  Blowers 


By  C.  H.   SMOOT* 


DEVELOPMENT  of  the  centrifugal  blower  into 
I  its  modern  form  permits  high  speeds  of  rotation 
and  economical  machines  handling  small  volumes 
to  high  pressures.  When  the  speed  of  rotation  is  lim- 
ited, a  given  pressure  generally  determines  a  given 
minimum  horsepower  volume  which  can  be  handled 
economically  by  a  turbo-blower.    By  using  high  rotative 


FIG.    1.      SECTION    THROUGH    TURBINE. 

speeds,  this  limit  can  be  removed,  and  turbo-blowers 
built  in  a  range  of  capacities  and  pressures  otherwise 
impossible. 

On  raising  the  speed  of  rotation  for  a  given  horse- 
power output,  the  first  limit  encountered  is  at  the  tur- 
bine. It  is  more  difficult  to  find  means  of  constructing 
a  high-speed  turbine  than  to  find  means  of  constructing 
the  turbo-blower  which  the  former  will  drive,  and  in 
almost  every  instance  the  limit  of  rotative  speed  is 
found  in  the  turbine  end  of  the  unit  and  not  in  the 
blower.  The  type  of  high-speed  turbine  and  blower 
which  the  Rateau  Battu  Smoot  Co.,  of  New  York  City, 
has  developed  is  shown  in  the  headpiece  and  also  in 
Figs.  1  and  5. 

The  most  significant  feature  in  the  turbine  construc- 
tion is  the  use  of  a  single  steel  forging  for  the  entire 
rotating  element,  as  indicated  in  Fig.  1.  The  shaft  and 
disk  wheels  are  made  integral,  with  turbine  buckets 
mounted  in  the  periphery  of  the  wheels;  the  latter  are 

"Engineer,  Rattan   Uatlu   .Snioot  Co. 


virtually  collars  on  the  shaft.  As  a  result  the  shaft  dia- 
meter can  be  made  as  large  as  desired  to  accomplish 
the  almost  necessary  condition  of  having  its  critical 
speed  above  the  speed  of  rotation.  Since  the  disk  wheel 
is  integral  with  the  shaft  and  is  not  a  perforated  ring 
of  metal,  its  stresses  can  be  maintained  low,  as  the 
shaft  where  it  passes  through  the  wheel  contributes  its 
full  share  in  holding  the  wheel  against  centrifugal 
strains.    A  wheel  that  is  made  separate  from  the  shaft, 


FIG.    2.      SECTION   THROUGH    BLOWER 

on  the  contrary,  requires  either  material  that  will  stand 
much  higher  stresses,  or,  on  the  other  hand,  the  shaft 
must  be  made  so  small  that  the  machine  passes  through 
its  critical  speed,  both  conditions  being  objectionable 
and  both  conditions  being  eliminated  by  the  use  of  the 
integral  construction. 

The  turbine  shown  to  the  left  in  the  headpiece  and  in 
Fig.  1  is  a  three-stage  high-pressure  condensing 
machine  in  which  the  bucket  velocity  is  sufficiently  high 
to  use  economically  the  available  heat  energy  between 
boiler  pressure  and  vacuum.     The  design  of  the  rotor 
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FIG.  3,     BLOWER  BLADES 


permits  this  high  bucket  velocity  and  maintains  the 
working  stress  well  within  safe  limits.  The  blower 
driven  by  this  machine  is  direct-connected,  and  its  rotor 
construction  is  in  principle  similar  to  that  of  the  tur- 
bine. The  blower  blades  which  constitute,  the  impellei 
are  similar  to  those  in  Fig.  3  and  are  mounted  with  a 
dove-tailed  construction  direct  in  the  blower  shaft,  Fig. 
4,  no  disk  wheel  being  used.    In  consequence  the  blower 

shaft  can  be  of  ample  diam- 
eter and  stiffness  to  obviate 
its  passing  through  the  criti- 
cal velocity.  Since  the  cen- 
trifugal effort  of  the  impel- 
ler blades  is  held  by  the  metal 
of  the  shaft,  this  metal 
serves  the  double  purpose  of 
giving  proper  stiffness  to  the 
shaft  and  at  the  same  time 
holding  together  the  impeller 
against  centrifugal  effort. 

The  blades  are  made  with 
a  large  cross-section  at  their 
root,  and  taper  to  a  small 
cross-section  at  the  periph- 
ery in  such  a  way  that 
the  stress  is  practically  con- 
stant throughout  the  blade 
section.  The  diffusion  action 
of  the  blower  is  accomplished 
in  an  annular  passage  sur- 
rounding the  impeller  wheels, 
in  which  no  stationary  guide 
blades  are  employed,  follow- 
ing the  practice  in  many 
water  pumps,  and  through  the  proportioning  of  this 
diffuser  extremely  efficient  velocity  conversion  into  pres- 
sure is  obtained.  Also,  the  absence  of  the  guide  blades 
entirely  eliminates  the  siren  action,  which  has  frequently 
made  turbo-blowers  objectionably  noisy.  The  section 
through  the  blower,  Fig.  2,  clearly  indicates  by  arrows 
the  path  of  the  air. 

The  stationary  part  of  the  turbo-blower  is  entirely 
water-jacketed  by  the  use  of  large  water  spaces,  also 
indicated  in  Fig.  2,  which  may  be  readily  inspected  and 
cleaned  of  sediment.  The  passages  contain  a  relatively 
large  amount  of  water,  which  keeps  the  temperature  of 
the  blower  casing  sufficiently  low  to  avoid  distortions 
and  misalignment  of  the  machine  when  running  for 
long  periods  on  a  closed  discharge. 

The  machine  shown  in  the  headpiece,  with  the  upper 
half  of  the  casing  removed^  and  in  Figs.  1  and  2,  is 
capable  of  developing  1,000  shaft  horsepower  maxi- 
mum, and  compressing  15,000  cu.ft.  of  free  air  to 
15  lb.  pressure  when  running  at  a  speed  of  8,750  r.p.m. 
This  pressure  is  obtained  in  two  stages,  of  two  sets  of 
impeller  wheels  in  series.  Similar  machines  are  being 
constructed  in  which  a  pressure  of  15  lb.  is  generated 
in  a  single  impeller  wheel,  and  in  these  units  the  work- 
ing stress  is  likewise  maintained  well  within  the  safe 
value.  The  1,000-hp.  units  have  been  tested  up  to  a 
speed  of  10,000  r.p.m.  and  operate  in  a  most  satisfac- 
tory manner  at  this  speed.  The  compactness  of  these 
units  is  evidenced  by  their  dimensions,  being  only  12 
ft.  6  in.  ovei'-all  length  and  4  ft.  6  in.  outside  diameter 
for  the  blower,  and  3  ft.  4  in.  diameter  for  the  turbine. 
In  the  design  and  operation  of  units  under  these  con- 
ditions, many  interesting  features  have  been  developed. 
The  bearings,  for  intance,  are  of  much  more  importance 


to  the  units  as  oil  dashpots  than  for  'the  purpose  of 
bearing.s,  and  a  surprising  amount  of  "oat-of-balance" 
can  be  absorbed  in  the  bearings  themselves.  A  simple 
cast-iron  babbitt-lined  bushing  of  imple  size  is 
employed  for  this  purpose. 

In  order  to  control  the  speed  of  units  of  this  and 
greater  rotative  speeds,  a  new  form  of  governor  has 
been  developed  in  which  the  speed  element  is  a  small 
.steel  fan  mounted  rigidly  on  an  extension  of  the  tur- 
bine .shaft.  The  pressure  of  the  fan  varies  as  the 
square  of  the  speed  of  rotation  in  a  manner  analogous 
to  that  of  a  fly-ball,  and  this  pressure  is  used  in  a 
static  regulator  of  very  simple  form  which  controls  the 
admission  of  steam.  The  governing  is  accomplished 
through  pressure  regulation  on  the  small  direct-con- 
nected fan.  Very  satisfactory  speed  regulation  is 
obtained  in  this  manner  through  exceedingly  simple 
apparatus,  which  has  a  very  small  probability  of 
derangement. 

One  result  from  the  development  of  this  type  of 
uurbine,  which  may  be  of  significant  value  in  the  future, 
is  that  it  has  been  shown  that  a  noncondensing  tur- 
bine of  high  efficiency  can  be  constructed  along  these 


FIG.  4.  BLOWER'S  ROTARY  SHAFT.  SHOWIK-G  DO^-ETAIL 
CROOVKK  FOR  ATTACHTXG  BLADKS 


FIG.  5.  TURBINE  AND  BLOWER  ROTOR  FOR  150-HP. 
20,000  R.P.M.  MACHINE 

lines  of  design.  Since  at  the  high  speec  of  rotation  a 
large  amount  of  the  power  may  be  generated  in  wheels 
of  small  diameter,  the  proportion  of  lost  energy  due  to 
windage  in  the  small  high-speed  machines  is  less  than 
in  the  corresponding  slower-speed  machine. 

These  machines  have  been  built  in  sizes  of  150  hp., 
operating  at  20,000  r.p.m.,  to  2,300-hp.,  operating  at 
1,500  r.p.m.  The  rotor  of  the  150-hp.,  20,000-r.p.m. 
machine  is  shown  in  Fig.  5.  The  combined  weight  of 
the  turbine  and  blower  rotor  is  only  about  fifty  pounds. 
In  this  type  of  machine  the  blower  and  turbine  rotor 
are  each  made  from  one  solid  steel  forging.  A  150-hp. 
turbine  ai.d  blower  of  the  foregoing  type  that  oper- 
ated at  60.000  r.p.m.  was  built  in  France  during  the 
war  for  use  on  an  airplane.  This  machine  weighed 
only  about  thirty  pounds. 


452 


POWER 


Vol.  51,  No.  12 


Diesel-Electric  Equipment  of  the  Yacht  '^'^Elfay'' 


A  PRACTICAL    application    of    oil-electric    drive    in 

l\  which  some  form  of  oil  engine  drives  an  electric 
X  Jk.  generator  which  in  turn  furnishes  power  to  mo- 
tors driving  the  propellers  is  to  be  found  in  the  yacht 
"Elfay,"  a  schooner  152  ft.  over-all,  30-ft.  beam,  and  313 
gross  tons,  which  went  into  commission  in  January. 
1920.  Among  the  chief  advantages  claimed  for  this 
drive   are  the   following: 

The  engine  operates  continuously  at  constant  speed 
in  one  direction  only  and  therefore  under  ideal  condi- 
tions; its  fuel  economy  is  exceedingly  high;  the 
electric  system  of  distributing  and  applying  power  is 
flexible;  a  simple  and  effective  form  of  control  can 
be  used;  and  greater  safety  can  be  secured  through 
the  use  of  several  main  engines  and  generators,  as 
well  as  two  or  more  main  motors  and  propellers,  so 
that  part  of  the 
equipment  can  be 
out  of  commission 
without  crippling 
the  ship. 

The  "Elfay's" 
main  engine  is  a 
s  i  X  -  c  y  1  i  n  d  e  r, 
Model  54,  Winton 
full-Diesel  oil  en- 
gine, with  a  7  2 -in. 
bore,  11-in.  stroke, 
and  rated  115  hp. 
running  425r.p.m. 
It  is  equipped 
with  a  sensitive 
governor,  v\'hich 
controls  the  fuel 
supply  and  holds 
the  speed  of  the 
engine  practically 
constant,  the  max- 
i  m  u  m  variation 
being  about  20 
r.p.m.  A  75-kw. 
West  i  n  g  h  0  u  s  e 
125-volt  direct- 

current  generator  is  directly  connected  to  this  engine; 
and  driven  from  it  by  a  silent  chain  is  a  9-kw.  125- 
volt  exciter  of  900  r.p.m.  which  supplies  the  field 
current  for  both  the  main  generator  and  the  pro- 
peller motor  and  has  "also  about  5  kw.  additional 
capacity  for  other  purposes.  The  propeller  is  driven 
by  a  90-hp.  Westinghouse  motor  of  350  r.p.m.  At  the 
maximum  motor  speed  the  speed  of  the  boat  is  Si- 
knots.  It  is  claimed  that  this  boat  can  make  81  knots 
on  7  J  gal.  of  fuel  per  hour.  S-ince  this  boat  carries 
2,400  gal.  of  fuel,  she  is  able  to  run  2,000  miles  on  her 
propelling  equipment  alone.  All  the  electrical  ma- 
chines— the  generator,  exciter  and  motor — are  of 
standard  design,  the  only  special  element  being  the 
use  of  ball  bearings  to  permit  operation  with  the  vessel 
listing  on  a  wide  angle. 

The  method  of  controlling  the  ship  is  an  interesting 
feature  of  the  in.stallation.  When  it  is  desired  to  use 
the  power,  the  engineer  starts  the  engine  with  its 
generator  and  exciter  and  brings  them  up  to  speed. 
He  then  closes  the  switches  that  connect  the  propeller- 
motor  armature  with  the  generator  and  the  propeller- 


VIEW   OF  MAIN   ENGINE,    GENERATOR  AND   EXCITER 


motor  field  with  the  exciter.  After  this  he  has  no 
further  responsibility  in  the  handling  of  the  ship,  except 
to  keep  the  machinery-  running  properly.  The  entire 
control  of  the  propeller  is  centered  in  a  handle  that 
is  mounted  on  a  pedestal  on  the  deck  just  forward 
of  the  steering  gear.  In  the  center  position  of  this 
handle  the  propeller  motor  is  stopped.  By  turning  the 
handle  in  one  direction,  the  motor  starts  driving  the  ship 
ahead  with  continuously  increasing  speed  as  the  handle 
is  turned,  until  full  speed  is  reached.  By  turning  the 
handle  in  the  other  direction  the  ship  is  driven  astern 
in  a  similar  manner.  The  change  from  full  speed  ahead 
to  full  speed  astern  can  be  made  in  five  seconds.  In  front 
of  the  control  handle  a  set  of  meters  is  mounted,  which 
show  the  voltages  of  the  generator  and  the  exciter,  the 
current   taken  by  the   motor   and   the   speeds   of   the 

generator  and  the 
motor.  The  navi- 
gator, therefore, 
has  complete  con- 
trol of  the  vessel 
and  can  maneuver 
with  the  utmost 
speed  and  pre- 
cision. The  fields 
lOf  both  the  motor 
"and  the  generator 
are  separately  ex- 
cited, as  has  al- 
ready been  stated 
in  the  foregoing. 
The  motor  field  is 
kept  always  at  full 
strength  when  the 
'motor  is  in  serv- 
ice,  but  the 
strength  of  the 
generator  field  is 
varied  by  means 
of  a  rheostat 
which  is  operated 
by  the  control 
handle.  In  the 
off  position  of  this  handle  the  generator  field  is 
open  so  that  no  current  is  delivered  to  the  motor. 
As  the  handle  is  moved  around,  the  generator  field 
strength  is  increased  and  the  voltage  of  the  current 
supplied  to  the  motor,  consequently  the  motor  speed, 
is  also  increased.  When  the  control  handle  is  reversed, 
the  direction  of  the  generator  field  current,  and  also  the 
current  to  the  motor  and  its  direction  of  rotation  is  re- 
versed, but  otherwise  the  action  is  the  same. 

The  "Elfay"  is  lighted  and  heated  by  electricity  and 
all  her  machinery  is  electrically  operated.  There  is 
also  a  2-kw.  wireless  outfit.  All  this  apparatus  is 
supplied  with  power  from  the  exciter  when  the  main 
engine  is  operating  and  from  a  storage  battery  when 
the  main  engine  is  shut  down.  This  outfit  consists 
of  a  300-ampere-hour  Philadelphia  battery,  which  is 
charged  bj'  means  of  an  auxiliary  generating  set  con- 
sisting of  a  25-hp.  Quayle  engine,  with  an  electric 
starter,  which  drives  a  15-kw.  generator.  The  battery 
has  capacity  enough  to  supply  the  needs  of  the  boat 
(with  the  exception  of  propulsion)  for  two  days  with- 
out recharging. 
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mw  to  Mike  T^sts    %,    ^^ 

A.N.Dudley'' 


Tells  Hoin  To  Make  the  Tests  Necessary 
To  Locate  Ten  Most  Common  Faults 
That  May  Occur  in  Indiuition-Motor 
Windings. 


AFTER  the  enumeration  of  the  commonest  errors 
made  by  the  winder,  as  outHned  in  the  article 
"Locating  Fauhs  in  Induction  Motors — Most 
Common  Defects"  in  Mar.  2  issue,  the  next  step  is 
;o  consider  them  in  turn  with  particular  reference  to 
how  each  may  be  detected  and  corrected. 

First  Fault:  Grounds.  If  the  ground  is  fairly  low 
resistance — that  is,  the  bare  copper  of  the  winding 
touches  the  core — the  defect  may  be  detected  by  using 
an  incandescent  lamp  arranged  as  shown  in  Fig.  1. 
One  of  the  lamp  leads  is  touched  to  a  bare  spot  on  the 
winding — for  example,  a  terminal  connector  or  a  "stub" 
where  two  adjacent  coils  are  connected — and  the  other 
is  touched  to  the  bare  metal  of  the  motor  frame  at  some 
point  not  protected  by  paint.  If  there  is  a  ground  pres- 
ent, the  lamp  lights  up.  Another  common  method  is  by 
"ringing  out"  with  a  magneto  similar  to  that  used  in 
telephone  work.  In  this  method  the  terminals  of  the 
magneto  are  applied,  one  to  the  winding  and  the  other 
to  the  frame  similar  to  the  procedure  m  Fig.  1,  and  the 
handle  is  turned.  If  the  bell  rings,  there  is  probably  a 
ground  in  the  winding.  A  third  method  employs  a 
'testing  box,"  which  is  really  a  transformer  for  ob- 
taining voltage  much  higher  than  the  normal  voltage  of 
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CONNT^CTTONS  FOR  TESTING  MOTOR  FOB 
GROUNDS  WITH  LAMP 


the  motor  under  test.  These  boxes  give  2,000  or  3,000 
or  more  volts  and  readily  detect  grounds  on  windings 
of  550  volts  and  below.  The  test  box  is  so  arranged 
that  when  the  terminals  are  applied  as  in  Fig.  1,  the 
presence  of  a  ground  instantly  opens  a  circuit-breaker 
on  the  side  of  the  box. 

Having  established  the  fact  that  the  winding  is 
grounded  by  some  one  of  the  foregoing  methods,  the 
next  problem  is  to  locate  in  which  coil  or  what  part  of 
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the  winding  it  has  occurred.  This  can  sometimes  be 
done  by  inspection,  but  sometimes  requires  other  means. 
The  most  usual  of  these  is  to  put  enough  voltage  on  the 
g/ound  with  the  lamp  device  of  Fig.  1,  or  the  test  box, 
so  that  the  resulting  current  heats  up  the  contact  that 
is  causing  the  ground  and  it  becomes  evident  through 
smoke  or  slight  arcing.  This  will  generally  require 
tv/o  or  more  lamps  connected  in  parallel.  When  the 
ground  is  definitely  located,  it  is  cc-rected  by  repairing 
the  insulation  at  this  point  by  retaping  the  coil,  or 
replacing  the  defective  slot  cell  or  whatever  may  be 
causing  the  trouble.  Sometimes  the  ground  cannot  be 
"smoked  out"  in  this  manner,  and  it  then  becomes  nec- 
essary to  open  up  the  winding  at  two  or  three  placer- 
and  test  out  the  different  pieces  to  find  in  which  one  the 
g;ound  is  present.  If  it  is  still  not  evident,  the  de- 
fective section  of  the  winding  is  further  broken  into 
smaller  pieces  and  the  search  pursued  until  the  trouble 
is  finally  run  down  to  the  individual  coil  which  is  de- 
fective. It  is  seldom  necessary  to  go  so  far,  as  the 
ground  furnishes  evidence  of  its  location  a<5  snnn  as  the 
voltage  is  put  across  it. 

Second  and  Third  Faults:  Short-circuit  of  a  few 
turns  in  a  coil,  or  a  single  coil  completely  short-cir- 
cuited, becomes  hot  in  a  short  time  if  the  motor  is  run 
light  on  normal  voltage.  Their  presence  can  be  detected 
by  feeling  around  the  winding  with  the  hand  immedi- 
ately after  starting  the  machine  and  noting  if  some  i 
dividual  coils  are  much  warmer  than  others.  A  device 
foi  detecting  such  short-circrits  before  the  rotor  is  put 
in  the  stator  and  without  applying  any  voltage  to  th  . 
vnnding  itself  is  shown  in  Fig.  2.  This  device  is  some- 
what similar  to  a  large  horseshoe  magnet  excepting  tha< 
the  iron  part  is  built  up  of  laminations,  or  it  may  be 
considered  as  a  core-type  transformer  having  a  primary 
ceil  only  with  one  side  of  the  iron  core  missing.  The 
coil  is  excited  WMth  alternating  current  of  suitable  volt- 
age, and  then  the  complete  device  is  jiassed  slowly 
a-ound  the  bore  of  the  machine  being  te>ted  as  shown 
in  Fig.  3.  In  passing  around,  if  the  testing  device 
passes  over  any  short-circuited  turn  or  coil,  such  short- 
circuit  immediately  acts  as  a  short-circuited  secondary 
coil  on  a  transformer  of  which  the  exciting  coil  on  the 
testing  device  is  the  primary  and  whose  magnetic  circuit 
is  made  partly  by  the  testing  device  and  partly  by  the 
core  of  the  machine  under  test.  .\s  in  any  short-cir- 
cuited transformer,  an  increased  current  flows  both  in 
the  primary  and  secondary  coil  and  can  be  detected  by 
an  ammeter  in  series  with  the  device  or  by  the  heating 
that  immediately  takes  place  in  the  defective  coil,  or  by 
the  attraction  that  the  short-circuited  coil  has  for  a 
strip  of  sheet  iron.  By  passing  the  device  slowly  around 
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he  core  and  observing  its  behavior  from  point  to  point, 
short-circuits  can  readily  be  detected.  This  refers  par- 
ticularly to  short-circuits  in  individual  turns  or  in  one 
complete  coil.  A  short-circuit  of  a  complete  pole-phase 
gioup  is  more  readily  located  by  a  compass  test,  and  a 
short-circuit  of  an  entire  phase  can  be  located  by  a 
"balance  test." 

The  "compass  test"  referred  to  in  the  preceding  par- 
agraph  consists   in   passing   a   compass   slowly   around 


FIQ.   2.     TESTING  DEVICE   FOR   I.OCATIXG   SHO.IT- 
CnUTlTS    IN   STATOR   WINDING 

the  bore  of  the  stator  from  which  the  rotor  has  been 
removed  and  which  has  the  winding  excited  by  direct 
current  of  the  value  of  about  one-third  the  full-load 
alternating  current.  The  effect  of  this  direct  current 
is  to  set  up  north  and  south  poles  alternately  in  the 
phase  which  is  excited,  and  as  the  compass  is  passed 
slowly  around  the  bore  its  needle  reverses  vvith  the 
polarity,  and  by  marking  the  polarity  plus  and  minus 
with  chalk  marks  in  the  bore,  the  chalk  marks  imme- 
diately indicate  the  correctness  or  faults  in  the  winding.. 
If  it  is  a  two-phase  machine,  the  direct  current  is  put  on 
each  phase  separately  and  the  check  is  made.  For  a  three- 
phase  star  winding  cause  the  direct  current  to  flow  from 
each  lead  to  the  star  by  making  three  observations  and 
mark  the  polarity  only  on  the  groups  from  the  lead  to 
the  star  in  each  phase  separately.  This  can  be  readily 
understood  by  referring  to  Fig.  4.  For  the  first  ob- 
servation put  the  direct-current  plus  lead  on  A  and  the 
minus  on  the  star .  connection,  then  pass  the  compass 
around  the  bore  and  mark  the  polarity  of  the  groups 
from  A  to  the  star  point  with  an  arrow,  the  arrow 
^'Ointing  in  the  same  direction  as  the  compass  needle. 
Foi  the  second  observation  put  the  direct-current  plus 
lead  on  U  and  the  minus  lead  on  the  star  connection 
and  passing  the  compass  around  marking  the  polarity 
of  tl  c  groups  from  B  to  the  star  point.  For  the  third 
observation  put  the  direct-current  plus  lead  on  C  and 
the  miiius  on  the  star,  and  by  means  of  the  compass  de- 
termine and  mark  the  polarity  of  the  groups  from  C 
to  the  star  point.  If  the  three  observations  have  been 
made  correctly,  there  will  be  a  chalk  arrow  on  each 
pole-phase  group  of  the  winding,  and  if  the  winding  is 
correctly  connected,  tl^^se  chalk  arrows  will  alternate 
north  and  south,  as  shown  in  'he  Fig.  k  In  case  of  a 
short-circuit  of  a  complete  pole-phase  group  the  com- 
pass needle  will  not  be  deflected.  If  a  three-phase  delta 
winding  is  being  checked,  open  the  delta  connection  at 
one  lead,  a=  in  Fig.  5,  and  connect  the  direct-current 
source  in  so  that  the  current  flows  through  the  three 
phases    in    series,    and    if    the     pole-phase     groups     be 


checked  for  polarity,  the  arrows  will   reverse  as  just 
described  for  the  star  winding. 

The  "balance  test"  referred  to  consists  in  checking 
each  phase  of  the  winding  separately  with  low-voltage 
alternating  current,  say  20  per  cent  of  normal  full  volt- 
age, and  measuring  the  amperes  to  check  the  impefl 
ance  roughly  and  see  if  it  is  the  same  in  all  phases.  The 
connections  for  a  star  connected  winding  are  made,  as  in 
Fig.  6,  so  that  the  current  can  be  measured  in  each 
phase,  with  an  ammeter.  The  low- voltage  alternating- 
current  source  is,  in  all  cases,  connected  across  one 
terminal,  A,  B  or  C,  and  the  star  as  in  the  figure.  The 
ammeters  should  read  the  same  in  all  three  leads.  For 
a  delta-connected  winding  it  is  necessary  to  open  th'- 
delta  connections  at  some  point,  as  at  A,  then  test 
across  each  phase  separately.  This  test  is  made  on  the 
stator  only  and  with  the  rotor  removed. 

Fourth  and  Fifth  Faults :  Reversal  of  one  or  more 
coils  in  a  group  or  group  of  coils.  It  happens  that  in- 
dividual coils  or  sometimes  entire  groups  are  connected 
in  backward.  If  the  error  is  confined  to  one  coil  it 
does  not  usually  show  up  on  a  "balance  test"  and 
would  not  be  found  on  a  resistance  test,  since  the  re- 
sistance would  be  the  same  no  matter  which  way  the 
coil  was  connected.  Such  reversed  coils  or  groups 
Can  be  located  by  means  of  the  compass  test  described 
under  "Short  Circuits."  If  an  individual  coil  is  re- 
versed, it  will  show  a  tendency  to  reverse  the  com- 
p;;ss  needle  when  the. needle  is  directly  over  that  coil. 
If  an  entire  pole-phase  group  is  reversed,  the  com- 
pass needle  will  indicate  the  same  direction  of  field 
on  three  successive  groups,  as  at  Z,  Fig.  7.  .A.I50  if  a 
coil  is  left  out  of  circuit,  or  "dead,"  as  listed  under  the 


FIG.  3.     METHOD  OP  USING  TESTING  DKVICR  SHOWN 
IN  >'IG.  2 

tenth  fault,  the  compass  .edle  will  indicate  an  irregu- 
larity at  the  instant  of  passing  over  that  particular  coil. 
By  checking  the  three  phases  oi  r,  three-phase  winding 
separately,  with  :i  compass,  as  described  und.^r  the  sec- 
ond and  third  faults,  it  ir  possible  -o  check  for  the 
reversal  of  an  entire  phase. 

Sixth  Fault :  This  is  the  case  where  jnc  coil  "of 
many  or  too  few  is  connected  m  a  pole-phase  group,  as 
at  A'  and  B'  Fie.  7.    Th^  bes^  c>cck  on  this    :  a  visual 
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FIGS.   4  AND  5.     THREE-PHASE  FOUR-POLE  INDUCTION-MOTOR  WINDING  DIAGRAMS 
TTjfr.    (— Three-Phase  Four-Pot-  Series-Star  Connection.     Fig.   .5— Three-Pha.-^e     Fotir-Pole     Series-Delta     Connection,     Showing 
Direct-Current  Source  Connected  into  Corner  of  Delta  at  A.  lor  Making  Polarity  Test. 


FIGS.  6  .AND  7.     THRER-PHASK  FOUR-POI.E   TNDI'CTION-MOTOR  WINDING  CONNl-:CT10i\s> 
Method   of  Making-  Balance   Test   on   Series-Star  Winding.    Fig.  7-Shows  Wroncr  Connections  in  Serles-Ctar  AVindinp. 
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inspection  and  count  of  the  "stubs"  at  the  end  of  each 
gi  oup,  and  when  the  trouble  is  located  it  is  corrected  by 
disconnecting,  regrouping  and  reconnecting. 

Seventh  Fault:  The  reversal  of  an  entire  phase  in 
1  three-phase  winding  usually  manifests  itself  in  a  very 
pronounced  manner  when  the  motor  is  run  light.  If 
the  rotor  turns  over  at  all  it  is  probably  at  a  speed  very 
much  less  than  normal  and  emits  a  loud,  growling  noise 


the  end  that  was  a  lead  to  the  star,  thus  giving  the  con 
nection,  Fig.  4.  In  a  two-phase  winding  there  is  no 
trouble  with  reversed  phase  for  the  reason  that  if  the 
direction  of  rotation  of  the  motor  is  wrong,  the  leads 
may  be  easily  reversed  outside  of  the  motor  and  the 
correct   rotation  secured. 

Eighth  Fauh :      Connection  for  wrong  voltage.     If  a 
motor  is  connected  for  a  lower  voltage  than  the  circuit 
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FTGS.   R  TO  in,     THREE-PHASE  FOUR-POLE  INDUCTION-MOTOR  WTVPTVO  TONNECTIONS 
Fig.  8— Serie.s-.SlHr  Winding  wilii    B  Phase  Reversed.     Fig-.  9— Four-Pole  Two-Parallel   Star  Connection.     Fig.    10 — Shows  Method 
0-'  Testing  for  Open-Circuits  with  a  Voltmeter  in  a  Series-Star  "W^inding. 


and  immediately  becomes  hot.  This  fault  may  also  be 
detected  by  the  compass  test,  as  described  under  faults 
two  and  three.  The  arrows  on  the  windings  will  point 
in  groups  of  three  in  opposite  directions,  as  in  Fig.  8. 
The  remedy  when  the  defect  is  found  is  to  open  the  star 
point  and  use  the  star  point  on  the  defective  phase, 
which  is  the  Z?  phase  in  Fig.  8,  for  a  lead  snd  bringing 


upon  which  it  is  operating,  the  no-load  current  becomes 
excessive  and  may  even  approach  fulL-load  value.  There 
is  a  pronounced  magnetic  hum  and  a  vibration  indicat- 
ing that  the  field  is  very  strong,  which  is  the  case.  On 
the  other  hand,  if  the  motor  is  connected  for  a  higher 
voltage  than  that  upon  which  it  is  being  tried,  the  no-loac 
current  is  very  small  and  the  motor  apparently  "pulls 
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out"  on  much  less  than  its  rated  full  load.     If  these 

I'aults  are  a  matter  of  half-voltage  or  double  voltage, 
for  exaniijJe,  they  can  usually  be  detected  without  much 
trouble;  but  if  the  variation  is  less,  this  becomes  a  more 
diliicult  matter  and  in  the  absence  of  any  other  official 
data  it  sometimes  becomes  necessary  to  take  a  brake 
test  to  determine  what  the  trouble  is.  After  the  diffi- 
culty and  its  extent  have  been  determined,  a  reconnec- 
tion  of  the  groups  can  usually  be  made  wdiich  will  give 
the  proper  operating  conditions.  For  example,  if  it  is 
found  that  the  winding  is  connected  series-star  as  in 
Fig.  4,  and  the  motor  is  connected  for  440  volts,  when 
it  is  to  be  operated  on  a  220-volt  circuit  the  winding 
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FTGS.   11  AND  12.     SCHEMATIC  DIAGRAM  OP  A  TWO- 
PARALLEL  DELTA  CONNECTION 

should  be  changed  to  parallel  star,  as  in  Fig.  9,  and  the 
operation  w-ill  be  normal. 

Ninth  Fault :  The  easiest  way  to  detect  a  connection 
for  the  wrong  number  of  poles  is  to  run  the  motor  light 
and  take  the  speed  with  a  tachometer  or  speed  counter. 
When  it  is  found  that  the  winding  is  connected  for  the 
wrong  number  of  poles,  the  possibility  of  reconnecting 
can  be  determined  by  methods  suggested  in  the  articles 
on  "Changing  Number  of  Poles,"  in  the  Apr.  9,  1918, 
Aug.  20,  1918,  and  Jan.  7,  1919,  issues. 

Tenth  Fault :  Open-circuits  are  manifest  from  the 
fact  that  the  motor  will  not  start,  but  acts  as  if  it  were 
operating  single-phase.  It  is  easy  to  determine,  in  a 
star-connected  winding,  in  which  phase  the  open-circuit 
exists  by  connecting  all  phase  leads  to  the  starting  trans- 
former and  opening  them  one  at  a  time  to  see  in  which 
lead  no  current  is  flowing.  In  Fig.  10  assume  that  the 
open  is  in  phase  C  at  X.  Then  if  lead  A  is  open,  no 
current  will  flow  through  the  motor,  since  the  path  is 
from  B  to  C  and  is  open  at  X.  If  the  B  lead  is  discon- 
nected with  A,  and  C  connected,  no  current  can  flow, 
since  the  C  phase  is  still  in  circuit.  If  C  is  disconnected 
with  A  and  B  lead  connected  in  circuit,  then  C,  the  de- 
fective phase,  will  be  cut  put  of  circuit  and  current 
will  ilov,  in  the  A  and  B  windings  of  the  motor  and  it 
v;ill  r.C:  as  if  operating  single-phase,  which  will  be  !»>- 
dicated  hy  the  motor  emitting  a  humming  sound.  When 
the  defective  phase  is  located,  it  is  not  always  apparent 
JLi..,  where  the  break  is.  A  visual  inspection  may  fail 
to  show  the  break  on  account  of  tape  over  the  defect 
or  foi  some  other  reason.  If  this  point  cannot  be  located 
by  inspection,  a  simple  method  of  finding  it  electrically 
i.-  '.ndicated  by  referring  to  Fig.  10.  A  test  voltage 
somewhat  lower  than  normal  or  whatever  is  convenient 
is  then  applied  to  B  and  C,  and  a  suitable  voltmeter  *""" 
usee  to  measure  the  voltage  between  B  and  various 
point,  along  the  C  phase,  as,  for  example,  1,  2  and  C 
whicn  are  chosen  at  random  along  the  "stubs."  or  coil- 
to-coil  connections,  or  on  the  group  cross-connections, 
:i>  in  the  figure.  With  the  condition  as  shown  in  Fig. 
10,  assume  tha'  llC  volts  has  been  applied  to  the  Y>  and 


C  terminals  of  the  winding,  as  shown.  If  one  lead  from. 
the  voltmeter  be  attached  to  B  and  the  other  lead  touchcl 
successively  to  C  and  1,  2  and  3,  the  voltmeter  will  read 
110  volts  between  B  and  C,  B  and  1,  B  and  2,  and  zero 
volts  between  B  and  3,  since  the  C  phase  is  open  at  A'. 
The  conclusion  is  immediately  and  properly  reached 
that  the  break  is  between  2  and  3  and  with  the  inspec- 
tion narrowed  down  to  this  small  section  of  the  winding 
the  break  is  usually  apparent.  However,  should  thr 
break  not  be  discovered  by  inspection,  points  can  be 
selected  wit>,  finer  steps  between  2  and  3  and  voltrge 
readings  taken  until  the  defect  is  narrowed  to  the  exact 
coil  or  piece  of  cross-connection  w  here  it  exists. 

In  the  ca.se  of  a  delta  connection  one  of  the  sim- 
I'lest  ways  to  detect  an  open-circuit  would  be  to  open 
the  connection  at  one  terminal  of  the  delta,  such  as  A 
in  Fig.   5,  and  connect  a  test  circuit  across  the  .open. 
If  the  winding  is  open  no  current  will  flow.    The  phase 
with  the  open  in  may  be  located  by  testing  across  each 
phase  separately.     If  a  lani])  is  used  to  make  the  te'^t, 
the  defective  phase  will  be  indicated  by  failure  of  the 
lamp  to  light.     After  the  faulty  phase  has  been  located, 
the  location  of  the  defect  can  be  determined  as  for  the 
star  connection,  Fig.  10.   There  are  all  manners  of  par- 
allel-star and  other  groupings  in  which  it  is  difflcult  to 
locate  an  open-circuit,   since  an  open   in  one  parallel 
group  does  not  open  the  circuit  through  the  phase,  but  in 
only  one  of  the  parallel  groups.     For  example,  in  Fig. 
11  an  open  in  phase  C  at  X  will  not  open  the  pha^^e  be- 
tween terminals  B  and  C,  but  only  through  C/'    There- 
fore, to  detect  the  open  group  it  will  be  necessary  to 
break  the  winding  up  into  its  parallel  groups  and  test- 
each  group  separately.     The  defective  phase  could  be 
detected   by   the  balance   test   as   previously   described. 
First,  open  the  delta  connection,  for  example,  at  A.  Fig. 
12,  then  apply  the  low-voltage  alternating  current  be- 
tween points  A  and  B  and  measure  the  current   with 
Tvn  ammeter,  test  between  A  and  B,  B  and  C  and  be- 
tween C  and  Aj  .     The  phase  with  the  open   circuit, 
which  in  this  case  is  C,  will  show  a  lower  reading  than 
the  other  two  phases,  after  which  all  that  is  necessary  is 
to  break  the  phase  up  into  its  parallel  groups  and  test 
the  defective  group  for  opens,  as  explained  in  Fig.  10. 
These  are  the  defects  that  commonly  occur  and  the 
usual  method  of  locating  them.     In  checking  for  these 
defects  the  order  usually  observed  is  as  follows :    After 
the  winder  has  completed  the  connection  of  the  entire 
winding,  his  work  is  checked,  preferably  by  a  second 
winder,  against  the  winding  diagram  specified  for  that 
particular  job.     The  coils  per  group  are  counted  and  a 
visual  inspection  made  for  short-circuits,  open  circuits 
and  reversed  coils,  groups  or  phases.     A  balance  test 
is  made  on  the  stator  alone  with  low  voltage  to  see  if, 
roughly,  the  same  current  flows  in  the  various  phases. 
A  high-voltage  test  is  then  made  on  the  insulaiion  to 
insure  that  the  coils  are  not  grounded  on  the  iron  core, 
or  that  there  is  no  .^^hort-circuit  between  the  conductors 
of  the  different  phases.     If  everything  is  satisfactorv  up 
to  this  point,  the  rotor  is  then  assembled  in  the  stator  and 
th?  machine  prepared  for  a  running  test.     The  resist- 
ance of  the  winding  is  measured  on  all  phases,  and  ii 
ali!:<?,  the  machine  is  passed  for  running  test  without 
load.     Sufficient  voltage  is  applied   to  start  the  rotor, 
and  if  it  comes  up  to  speed  quickly  without  apparent  di-^- 
iress  or  irregularity  of  any  kind",  the  speed  is  checked 
'Jo  verity  whether  the  winding  has  the  proper  number 
o."  poles     'Jhe  temperature  of  the  winding  is  then  tested 
witb.  tfe  'land,  passing  completely  around  the  machine 
anc  using  cr.rc-  tha:  the  rotating  member  and  it.    )arts. 
do  not  strike  the  observer.     If  neither  general  'uating 
.lor  aot  spots  are  observed.  i\v^  voltage  i-^  raised  to  nor- 
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mal  ana  the  no-loaa  current  in  all  phases  and  the  total 
vatts  are  read.  If  these  values  check  with  the  previous 
tests  on  similar  machines  or  with  calculations,  the  wind- 
ings are  considered  to  be  correctly  connected.  If  the 
motor  does  not  readily  come  up  to  speed  or  the  phases  do 
not  balance  or  there  are  signs  of  unequal  heating  in  the 
winding  or  other  distress,  the  rotor  is  removed  and  the 
connections  again  checked.  If  the  error  is  still  not 
apparent  and  a  source  of  direct  current  is  available,  the 
compass  test  may  be  applied.  Having  exhausted  this 
resource  without  avail,  the  problem  is  one  that  can  be 
solved  only  by  some  expedient  at  the  command  of  an 
experienced  designing  engineer,  but  such  appeals  are 
very  seldom  required,  as  the  trouble  usually  appears 
from  the  simple  tests  described. 

Shaw  Monolith  Suspended 
Boiler  Arch 

The  Shaw  suspended  boiler  arch,  a  design  that  does 
away  with  a  multiplicity  of  small  bricks,  has  been  de- 
veloped, and  is  put  out  by  L.  S.   Shaw  &  Co.,  Union 
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FIG.   1.      DETAILS  OF  HANGER 

Buflding,  Cleveland.  Ohio.  This  arch  can  be  constructed 
flat  or  with  any  desired  curvature  or  shape  by  simply 
turning  the  nut  on  the  suspension  bolt. 

In  Fig.  1  are  shown  the  details  of  the  hanger,  which 
consists   of   a   ventilated    cast-iron    disk    suspended    by 
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FIG.    2.      FLAT-SURFACE    BOILER    ARCH 

means  of  a  l-in.  pipe  from  supporting  beams,  each  disk 
carrying  about  200  lb.  load. 

The  arch  proper  consists  of  a  compounded  firebrick 
material  of  silica  and  alumina  fireclay  heavily  charged 
with  asbestos  fiber  and  free  from  expansion  and  con- 
traction. Thus  it  is  not  necessary  to  form  expansion 
joints.   It  is  necessary  to  form  contraction  joints,  which, 


after  the  arch  material  has  been  baked,  are  filled  with 
fireclay.  These  joints  are  three  feet  apart  and  form  a 
natural  lamination  which  allows  for  easily  removing  a 
section  of  the  firebrick  when  repairs  are  necessary. 

The  monolith  arch  is  adapted  to  all  furnace  design 
and  irregularities  in  construction,  as  it  is  only  neces- 
sary to  build  side  walls  and  fill  in  between,  with  the 
forms  centered,  with  the  firebrick  mixture,  and  then 
bake  it  in  position,  as  shown  in  Figs.  2  and  3,  the  former 
indicating  a  flat  surface  and  the  latter  view  an  irregular 
one. 

The  shape  of  the  temporary  form  is  made  by  screwing 
a  l]-in.  adjusting  pipe  A,  Fig.  1,  that  is  supported  by 
the  channel  B  and  supports  the  expanded  metal  C.  After 


3XPsfc 


FIG.   3.      IRREGULAR  BOILER  ARCH 

the  brick  is  baked,  the  pipe  ^1  is  removed  from  the  disk 
Z),  leaving  the  pipe  hole,  which  can  be  filled  with  brick. 
When  the  brick  requires  repairs,  this  pipe  A  is  screwed 
into  the  disk  to  support  the  centering  form,  which  is 
filled  with  brick  and  then  the  pipe  is  removed. 

It  will  be  seen  that  this  monolith  form  of  arch  has  a 
simple  beam  construction,  but  one  type  of  casting  and 
firebrick,  the  whole  being  simple  to  build,  easy  to  repair 
and  requiring  ordinarily  but  a  few  repair  parts  to  be 
kept  on  hand. 

Combustion  at  Low  Speeds  with 
Semi-Diesel  Engine 

For  many  years  the  inability  to  guarantee  satisfactory 
running  of  semi-Diesel  engines  at  slow  speed  and  light 
load  was  an  important  factor  in  limiting  the  number 
of  this  type  of  engine  installed  for  marine  purposes. 
The  difficulty  was  due  to  the  impossibihty  of  keeping 
the  vaporizer  sufficiently  hot  to  insure  combustion  when 
the  engine  was  running  slow  and  without  load.  This 
trouble  has  been  overcome  by  the  Vickers-Fetters  patent 
light-load  running  gear,  which  permits  the  injection 
of  fuel  very  much  in  advance  of  the  normal  point  of 
injection. 

The  arrangement  is  carried  out  by  making  a  con- 
nection in  such  a  waj'  that  one  fuel  pump  delivers  fuel 
to  tw^  cylinders  at  each  stroke.  One  part  of  the  charge 
is  injected  into  the  cylinder  normally  supplied,  and  at  the 
normal  timing,  while  the  other  part  is  injected  into 
the  other  cylinder  in  advance  of  the  normal  timing. 
The  early  injection  is  a  light  one  and  burns  in  the 
combustion  chamber,  maintaining  sufficient  heat  there 
to  insure  proper  combustion  of  the  normal  charge. 
The  change  over  to  this  light-load  device  is  made 
easily  and  at  any  time  by  a  small  hand  lever.  The  main 
injection  is  in  no  way  interfered  with  and  the  governor 
is  still  in  action.  Should  full  load  be  suddenly  applied 
the  governor  at  once  assumes  its  duties  and  regulates 
the  fuel  accordingly. — Engineering,  London. 
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Refrigeration  Study  Course  — V,  Ammonia 
Fittings  and  Accessories 


By  H.  J.  Macintire 

Professor  Mechanical  Eneincfrins.  T'niversitv  of  Idaho 


ENGINEERS  who  are  familiar  with  steam  and  the 
operation  of  steam  boilers  and  engines  should 
have  no  trouble  with  refrigerating  apparatus  or 
the  operation  of  an  ammonia  system.  For  example, 
the  fireman  has  two  things  of  major  importance  to 
care  for — water  regulation  and  combustion  control. 
The  engineer  has  one  big  fear,  namely,  the  effect  of 
water  in  the  steam  line  and  in  the  engine  cylinder; 
and  a  lesser  one,  perhaps,  the  matter  of  lubrication. 
Let  us  see  how  this  compares  with  the  refrigerating 
system. 

The  expansion  valve  controls  the  liquid  feed  into 
the  refrigerating  or  cooling  coils.  The  amount  of  gas 
boiled  from  these  coils  depends  on  the  manner  of 
operation  and  the  amount  of  feed.  But  it  is  just  as 
easy  to  bring  back  a  slug  of  ammonia  to  the  compres- 
sor as  it  is  to  bring  water  into  the  steam  engine. 
Also,  in  opening  a  valve  one  should  expect  an  accumu- 
lation of  liquid  ammonia  back  of  it  as  easily  as  in  a 
cold  steam  pipe.  Similarly,  low  points  in  the  pipe 
line  should  be  provided  with  drains  and  certain  other 
parts  with  modified  separators.  There  is  not  the  same 
danger  of  liquid  hammer  on  the  pipe  line  and  fittings 
of  the  ammonia  system  only  because  the  load  does  not 
tend  to  fluctuate  suddenly,  as  a  steam  engine  is  likely 
to.  However,  when  trouble  does  occur,  it  is  much 
more  serious  on  account  of  the  peculiarities  of  am- 
monia. There  are  other  troubles,  however,  such  as 
increase  of  pressure  due  to  rise  of  temperature,  diffi- 
culty in  maintaining  tightness  at  all  times,  removal 
of  oil  and  water,  foul  gases,  etc. 

The  Ammonia  Line  Must  Be  Made  Tight 

Ammonia  has  the  property  of  escaping  through  pip- 
ing and  fittings  which  would  be  absolutely  tight  for 
steam.  The  result  is  that  the  material  used  must  be 
special  or  must  be  of  high  grade  and  very  thick 
Screwed  fittings  are  made  tight  in  two  ways:  Either 
by  tinning  and  soldering,  or  by  making  up  with  a 
paste  of  l?tharge  and  glycerine.  Flanged  fittings  are 
made  with  a  special  design.  The  faces  are  fitted  on  a 
lead  or  rubber  gasket  placed  inside  of  the  groove. 
When  properly  erected,  an  ammonia  line  can  be  made 
perfectly  tight. 

The  material  used  for  ammonia  is  undergoing  a 
steady  change.  Where  ordinary  cast  iron  is  still  used 
it  has  to  be  very  thick,  but  most  manufacturers  are 
taking  to  the  use  of  air  furnace  iron,  semi-steel  or 
(in  the  case  of  fittings)  drop-forging.  The  drop- 
forged  ammonia  fitting  is  becoming  widely  used  in 
spite  of  its  additional  cost. 

Headers  and  receivers  are  now  made  of  steel, 
usually  flame-welded,  both  as  regards  the  longitudinal 
seam  and  headers,  and  also  in  respect  to  the  nipples 
and  outlets.  The  finished  product  is  light  in  weight, 
moderate  in  price  and  (if  the  work  is  properly  exe- 
cuted) amply  strong.  The  flame-welded  shapes  may 
be  made  readily  for  any  design,  as  it  is  a  matter 
only  of  cutting  out  the  steel  plate  and  rolling  to  form. 


The  kind  of  pipe  to  be  used  is  still  a  que.stion  for 
debate,  with  the  use  of  black  steel  pipe  gaining  in  the 
race.  For  certain  special  work  where  corrosion  is 
likely  to  occur,  it  is  becoming  the  custom  to  specify 
extra-heavy  steel  pipe  in  preference  to  wrought-iron 
pipe.  In  fact,  there  are  so  many  factors  which  cause 
corrosion  that  it  is  fairly  doubtful  as  to  just  what 
kind  of  pipe  is  least  affected.  Both  lap-  and  butt- 
welded  pipe  are  used,  thefe  being  no  particular  differ- 
ence if  the  finished  product  is  carefully  inspected  and 
tested. 

Oil  Traps  Should  Be  Provided 

One  of  the  most  serious  operating  troubles  is  due 
to  the  effect  of  oil.  Most  operators  feed  the  lubri- 
cating oil  too  heavily,  but  the  more  recent  designs  for 
high-speed  compressors  require  considerable  lubrica- 
tion. If  oil  gets  out  of  the  cylinder  (and  it  will),  it 
should  be  separated  from  the  hot,  compressed  gas  be- 
fore it  enters  the  condenser.  In  consequence  an  oil 
separator  is  placed  in  the  line,  preferably  nearest  the 
condenser.  However,  no  oil  separator  is  perfect,  be- 
cause some  of  the  oil  is  vaporized  by  the  heat,  and  oil 
will  pass  into  the  condenser  and  will  ultimately  find 
its  way  into  the  liquid  line  and  expansion  piping.  Of 
course,  oil  in  expansion  piping  (or  any  other  heat- 
transfer  piping)  is  almost  as  bad  as  if  it  were  in 
boiler  tubes.  The  efficiency  of  the  piping  is  reduced, 
and  the  coils  will  lose  capacity.  In  consequence  it  is 
wise,  wherever  there  is  a  low  point  in  the  expansion 
piping,  to  place  a  trap  for  the  collection  of  the  oil. 
These  traps  may  be  connected  together  and  all  run 
into  the  purifier,  or  they  may  drain  into  the  atmos- 
phere. 

The  refrigerator,  or  purifier,  is  an  arrangement 
which  is  absolutely  necessary  for  plants  of  moderate 
size.  The  piston  rod,  being  cold,  has  moisture  from 
the  air  condensed  on  it,  and  this,  in  time,  gets  into  the 
refrigerating  system,  being  carried  in  by  the  move- 
ment of  the  piston.  Water  will  make  ammonia  "dead," 
and  after  a  time  satisfactory  results  are  impossible. 
In  consequence  it  is  necessary  to  i-enew  the  ammonia 
charge  by  pumpii.g  out  the  entire  system  and  recharg- 
ing, or  to  use  a  special  device.  This  latter  is  an 
arrangement  by  which  a  small  amount  of  liquid 
ammonia  is  bled  off  from  the  high  side,  or  from  the 
traps,  into  a  special  drum  usually  arranged  for  heat- 
ing by  means  of  hot  water  or  steam  coils.  Liquid 
ammonia  is  bled  off  regularly  and  is  heated  sufficiently 
in  the  regenerator  to  boil  off  the  ammonia  which 
passes  to  the  suction  of  the  compressor.  The  water 
and  oil  are  left  behind  as  a  residue. 

Function  of  the  Accumulator 

Every  steam  engineer  knows  the  test  for  the  water 
level  in  the  boiler  by  use  of  the  gage-cocks,  and  each 
engineer  has  his  own  idea  of  the  reason  for  the  fact 
that,  when  \vater  is  allowed  to  blow  out,  it  appears  as 
a  wet  steam.  Apparently,  water  has  flashed  into 
steam  on  being  allowed  to  escape  into  the  atmosphere 
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As  a  matter  of  fact,  the  water  in  the  boiler  contains 
more  heat  energy  at  boiler  pressure  than  is  permis- 
sible at  atmospheric  pressure.  As  the  water  reduces 
in  pressure  on  passing  the  gage-cock,  the  surplus  heat 
energy  vaporizes  some  of  the  water,  and  therefore  the 
appearance  of  steam. 

The  expansion  valve  has  been  misnamed;  it  really 
is  only  a  pressure-reducing  valve.  As  the  liquid 
ammonia  is  fed  through  the  valve,  the  pressure  drop> 
from,  say,  150  lb.  to  about  15  lb.  or  whatever  the  suc- 
tion pressure  may  be  held  at.  The  heat  in  a  unit 
weight  of  liquid  ammonia  at  60  deg.  F.  is  much  greater 
(because  of  its  temperature)  than  a  similar  weight 
of  liquid  ammonia  at  0  deg.  ¥.  In  consequence  the 
ammonia,  on  passing  the  expansion  valve,  has  the 
same  effect  take  place  as  with  the  gage-cocks,  and 
some  ammonia  will  be  vaporized.     This  ammonia  de- 
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pends  on  the  temperatures  of  the  liquid  on  the  two 
sides  of  the  expansion  coils  and  may  be  less  than 
10  per  cent,  but  ut^ually  it  is  between  10  and  15  per 
cent.  The  vapor  formed  is  of  no  practical  value  for 
refrigeration,  and  the  sooner  it  is  gotten  rid  of  the 
better  it  will  be.  In  consequence,  in  certain  cases 
a  special  device,  called  an  accumulator,  is  used. 

The  accumulator  is  a  special  trap,  arranged  so  that 
not  only  is  the  gas  formed  by  the  process  of  the  reduc- 
tion of  pressure  returned  directly  to  the  compressor, 
but  it  acts  also  as  a  separator  and  insures  against 
liquid  returning  to  the  machine.  In  one  design,  shown 
in  Fig.  1,  it  is  seen  that  there  are  two  parts,  the  upper 
acting  as  a  kind  of  precooler  and  suction-gas  drier, 
and  the  lower  as  a  separator  for  the  vapor  and  liquicT 
and  the  lowest  part  as  an  oil  collector.  It  is  noticed 
that  the  whole  trap  is  open  to  the  suction  pressure  and 
that  the  liquid  ammonia  flows  to  the  expansion  (re- 
frigerating) coils  by  gravity.  In  consequence,  suffi- 
cient head  must«be  allowed  to  force  the  liquid  into  the 


ooils,  which  are  fed  from  the  bottom  and  are  called 
"flooded."  A  flooded  system  of  refrigerating  coils  is 
not  exactly  as  its  term  would  indicate.  As  soon  as 
the  liquid  enters  the  refrigerating  coils,  evaporation 
(and  refrigeration)  begins  and  gas  is  given  off.  This 
gas  passes  on  up  through  the  pipe  and  finally  gets 
into  the  suction  pipe.  So  the  coils  are  all  liquid  at 
the  beginning  and  all,  or  nearly  all,  gaseous  at  the 
top.  The  advantage  of  the  flooded  system  is  in  the 
initial  removal  of  the  gas  in  the  accumulator  and  the 
easy  control  of  the  feed  into  the  cooling  coils.  The 
coils  are  much  more  efficient  in  this  system,  but  as  a 
rule  it  can  only  be  used  in  ice  tanks  or  special  piping 
where  a  gravity  head  may  be  employed. 

Pump-Out  Lines  Should  Be  Provided 

To  make  repairs  or  alterations  it  is  required  that 
means  be  provided  to  remove  the  ammonia  charge 
from  the  part  of  the  system  in  question  and  store  it 
in  another  part.  In  consequence,  "pump  out"  lines 
are  provided.  These  pipe  lines  leading  back  to  the 
compressor  need  not  be  of  full  size  pipe,  as  it  is  ex- 
pected that  only  small  coils  or  a  few  stands  of  pipe 
will  be  pumped  out  at  a  time. 

To  pump  out  the  high  side  easily  it  is  customary  to 
have  cross-connections  on  the  compressor.  These  ai'e 
means  by  which  the  discharge  from,  the  compressor 
is  delivered  to  the  suction  pipe  and  the  suction  is 
drawn  from  the  high  side.  The  suction  and  discharge 
stop  valves  are  closed  tight,  and  these  bypass  valves 
are  placed  on  each  side  of  the  stop  valves.  In  addi- 
tion, on  account  of  necessity  for  freedom  in  starting 
electric-driven  compressors,  a  full-sized  bypass  fre- 
quently is  made  between  the  discharge  and  suction 
pipes.  This  is  really  just  a  "short-circuit"  so  as  to 
reduce  to  a  minimum  the  power  required  on  starting. 

Suction-Line  Scale  Trap 

On  erection  the  pipe  line  is  carefully  blown  out  to 
clear  of  mill  scale,  etc.,  but  during  operation  some 
scale,  dirt,  foundry  sand,  etc.,  will  become  loosened 
and  will  flow  back  to  the  compressor.  The  poppet  type 
of  valve  is  ground  to  a  "line"  contact,  and  other  forms 
are  ground  to  a  surface  fit.  It  is  clear  that  impurities 
of  all  sorts  must  be  kept  out  of  the  cylinder  and 
valves.  A  leakj'  valve  means  much-reduced  capacity. 
Therefore,  a  scale  trap  is  placed  in  the  suction  line 
near  the  compressor,  where  it  may  be  cleaned  readily. 


The  extent  to  which  fuel  oil  is  used  in  the  United 
states  may  be  inferred  from  the  fact  that  more  than 
half  of  the  total  yearly  consumption  of  petroleum  is 
utilized  as  fuel  for  steam  raising,  this  including  not 
only  the  fuel  oil  produced  by  the  refineries,  but  the 
oil  used  in  its  crude  state.  The  whole  southwestern 
part  of  the  United  States  is  dependent  on  oil  fuel,  be- 
cause of  the  absence  of  coal  fields,  and  there  has  been 
a  marked  increase  in  the  use  of  liquid  fuel  in  the  New 
England  section  because  of  industrial  expansion  brought 
about  by  war  activities.  War  demands  placed  a  heavy 
burden  on  the  oil  industry,  and  the  rate  of  consumption 
greatly  exceeded  the  rate  of  production.  During  1918, 
according  to  the  statistics  of  the  Geological  Survey, 
the  total  marketed  production  of  crude  petroleum  in 
the  United  States  was  345,986,000  bbl.  of  42  gal.  each. 
In  the  same  time  the  consumption  amounted  to  367,- 
489,000  bbl.,  indicating  that  the  domestic  production 
fell  behind  the  consumption. 
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An  Educator,  Engineer  and  Executive 


What  Professor  Thomas  Thinks  of  the  Future  of  Marine  Propelling  Machinery 

Many  ships  'propelled  by  steam  turbines  and  reduction  gears  have  been  put  in  service  within  the  past  tivo  or  three 
years,  and  valuable  information  as  to  durability  and  economy  of  operation  is  now  in  existence.  It  is  very  desirable  that 
this  be  mude  public  for  tlie  guidance  of  engineers  and  ship  owners.    My  personal  view  of  the  matter  is  about  as  follows: 

Several  types  of  geared  turbine  equipment  have  given  exceedingly  satisfactory  results,  but  there  is  considerable  reason 
for  questioning  the  ultimate  desirability  of  gearing.  Fuel  economy  of  the  main  propelling  unit  alone  does  not  necessarily 
control  the  over-all  cost  of  ope^-ation,  and  many  reciprocating  engine  ships  are  still  relatively  satisfactory  in  this  respect. 

The  steam-turbine-elect 7'ic  drive,  ivith  water-tube  boilers  and  oil  fuel,  appears  to  offer  the  only  sohition  for  navy  and 
passenger  vessels  of  above  30,000  or  U0,000  hp.,  though  the  steam  hirbine  and  single-reduction-gear  drive  is  well  adapted 
for  such  vessels  having  less  power  than  those  nayned. 

For  cargo  vessels  where  the  power  is  from  2,000  up  to  perhaps  6,000  hp.,  the  best  solution  appears  to  me  to  be  the 
heavy-oil  engine  with  electric  drive.  Two  oil  engines  can  readily  be  installed  in  a  single-screw  ship,  to  drive  generators 
at  approximately  constant  speed.  The  arrangement  would  be  quite  flexible  with  regard  to  overhaul  and  maneuvering, 
as  either  engine  alone  would  ordinarily  be  available  for  propulsion.  The  fuel  and  space  economy  ivith  such  an  arrange- 
ment should  be  very  good  as  compared  with  a  steamship,  although  the  cost  of  engine-room  service  would  probably  he 
greater.  A  great  advantage  in  using  electric  drive  in  connection  with  oil  engines  is  that  the  engines  can  be  b^lilt  to 
rotate  alivays  in  one  direction — the  motor  on  the  propeller  shaft  being  reversible. 

An  alternative  arrangement  has  been  proposed  consisting  of  two  heavy-oil  engines  direct-connected  to  two  sets  of 
propeller  shafting.  This  loould  be,  in  sotne  respects,  simpler  than  two  oil  engines  with  electric  drive  and  single  screw, 
but,  on  the  other  hand,  the  propellers  would  be  smaller  and  in  more  exposed  position  with  twin  screws,  and  the  first  cost 
of  the  vessel  would  be  considerably  higher.  The  choice  for  oil-engine-driven  cargo  vessels  seems  to  lie,  however,  between 
these  two  types,  pending  the  probable  development  of  relatively  large  engines  suitable  for  direct  drive. 

The  use  of  the  geared  ttcrbine  drive  during  the  war  emergency  was  undoubtedly  justified  because,  at  the  time  contracts 
were  let,  turbines  and  gears  could  be  manufactured  mxch  more  quickly  ovd  in  greater  vnmhers  than  reciprocating  engines. 


TO  BE  a  successful  teacher,  practicing  engineer  and 
executive  requires  a  combination  of  qualities  pos- 
sessed by  few — in  fact — so  few  that  they  can 
easily  be  singled  out  in  the  engineering  profession. 
Among  such  men  will  be  recognized  Carl  C.  Thomas, 
head  of  the  Department  of'  Mechanical  Engineering 
at  Johns  Hopkins  University,  Baltimore,  and  more 
lately  identified  with  the  achievements  of  the  great 
Hog  Island  shipyard,  where,  since  the  early  days  of 
the  war,  he  was  in  charge  of  the  Engineering  Depart- 
ment, and  as  such  had  supervision  over  the  fabrica- 
tion  of  machinery  going  into   our  merchant  fleet. 

This  involved  responsibility  for  the  organization  of 
the  department,  the  designing  of  all  machinery  and 
equipment  for  the  ships,  and  specifying  for  their  pur- 
chase. The  equipment  was  supplied  by  over  3,000 
firms  widely  scattered  throughout  the  country,  and  it 
was  necessary  to  furnish  them  complete  detailed 
drawings  and  specifications,  as  well  as  to  inspect 
the  work  in  the  most  careful  manner.  An  interesting 
feature  of  the  work  was  the  erection  in  two  special 
buildings  on  the  Island  of  one  complete  set  of  machin- 


ery, boilers,  piping,  etc.,  for  each  type  of  ship.  This 
was  done  before  the  first  hulls  were  ready  to  receive 
their  machinery,  in  order  to  make  sure  that  all  the 
parts  manufactured  in  different  parts  of  the  country 
would  fit  together  according  to  the  design.  This  tem- 
plet shipwork  proved  to  be  of  great  value  in  checking 
up  the  material  received. 

Born  in  Detroit,  Mich.,  July  14,  1872,  of  old  New 
England  stock  dating  back  to  1631,  the  subject  of 
this  sketch  chose  mechanical  engineering  as  a  voca- 
tion and  entered  Cornell  University,  from  which  he 
graduated  with  the  class  of  1895.  Shortly  after  gradu- 
ation he  became  identified  with  the  Globe  Iron  Works, 
shipbuilders,  of  Cleveland,  and  later  was  chief  drafts- 
man of  the  Marine  Department  of  the  Maryland  Steel 
Co.,  leaving  there  in  1901  to  join  Moran  Bros.,  ship- 
builders, of  Seattle,  Wash.  Fortified  with  this  prac- 
tical experience,  he  entered  upon  a  teaching  career 
and  became  professor  of  marine  engineering  at  Cornell 
University,  succeeding  Prof.  W.  F.  Durand,  when  the 
latter  was  called  to  Leland  Stanford,  Jr.,  University. 
After  four  year?  at  Cornell  Professor  Thomas  accepted 
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a  call  to  the  University  of  Wisconsin  as  head  of  the 
Department  of  Mechanical  Engineering,  and  remained 
there  for  five  years,  leaving  in  1913  to  organize  the 
newly  created  Department  of  Mechanical  Engineering 
at  Johns  Hopkins  University.  When  the  v^ar  broke  out, 
he  joined  the  American  International  Shipbuilding  Cor- 
poration at  Philadelphia,  remaining  with  that  concern 
antil  some  months  after  the  signing  of  the  armistice. 
He  has  since  returned  to  his  woi'k  at  .Johns  Hopkins 
!  University. 

As  a  teacher  Professor  Thomas  has  the  faculty  of 
S.iterpreting  engineering  problems,  in  a  practical  sense. 
iind  many  of  his  former  students  will  recall  that  he 
•,vas  always  at  his  best  when  in  the  midst  of  a  small 
afroup  of  boys  at  a  drawing  board  laying  out  some 
problem  in  design.  His  ^pproachability  and  the  fact 
that  he  has  always  dealt  with  his  students  as  men 
accounts  in  no  small  sense  for  his  success  as  a  teacher. 
Professor  Thomas  could  never  be  accused  of  having  a 
single-track  mind,  for  he  is  never  content  unless 
directing  several  projects  at  the  same  time.     While 


engaged  in  the  teaching  profession,  he  did  much  con- 
sulting work,  especially  in  the  early  days  of  the  tur- 
bine, was  author  of  the  first  book  written  in  this 
country  on  steam  turbines,  and  carried  on  consid- 
erable research  in  the  university  laboratories,  notably 
his  investigation  into  the  specific  heat  of  superheated 
steam.  He  is  the  inventor  of  the  widely  used  Thomas 
gas  meter,  the  Yarway  adjustable  spray  head  and 
other  power-plant  appliances,  as  well  as  a  mechanical 
agitator  used  in  process  work  in  various  chemical  in- 
dustries. 

He  has  for  a  number  of  years  taken  a  prominent 
part  in  the  activities  of  the  American  Society  of 
Mechanical  Engineers  and  is  a  member  of  the  Ameri- 
can Society  of  Naval  Architects  and  Marine  Engineers, 
the  American  Gas  As.sociation,  the  Engineers'  Club  of 
New  York,  the  Engineers'  Club  of  Philadelphia,  the 
University  Club  of  Philadelphia,  and  the  Phi  Gamma 
Delta  Fraternity.  He  has  also  had  membership  con- 
ferred upon  him  in  the  honoraiy  fraternities  of  Tau 
Beta,  Sigma  Psi  and  Phi  Beta  Kappa. 


Repairs  Made  by  Electric  Welding 


ACCORDING  to  the  general  rule  governing  the 
lK  acceptance  of  autogenous  welding,  paragraph 
jTjL  186  of  the  Boiler  Code  of  the  American  Society 
of  Mechanical  Engineers,  states  that  autogenous  weld- 
ing may  be  used  in  boilers  in  cases  where  the  strain 
is  carried  by  other  construction  which  conforms  to 
the  requirements  of  the  code  and  where  the  safety  of 
the  structure  is  not  dependent  upon  the  strength  of 
the  weld. 

In  Power,  page  40  of  the  Jan.  6  issue,  an  article  w  ... 
published  regrading  the  attitude  of  the  Steam  Boiler 
and  Flywheel  Service  Bureau  in   reference  to  autoge- 
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J'ATCH    WEIRDED    TO    WATER    L,EG    OF    A 
TiOrOMOTIVK'TYPFi   BOTr.ER 


nous  welding.  This  committee  is  made  up  of  engineers 
of  all  the  insurance  companies  in  the  United  States 
that  are  writing  steam-boiler  insurance.  All  welding 
accomplished  by  oxyacetylene,  hydrogen  or  other  flame 
processes,  or  by  electric  arc  comes  under  the  head 
of  autogenous  welding. 

The  accompanying  illustrations  show  several  weld- 


ing jobs  that  have  been  done  by  the  S  0  S  Welding 
Corporation,  of  Brooklyn,  N.  Y.  Figs.  1  and  2  illus- 
trate a  welding  job  that  was  recently  completed  on 
one  of  two  boilers  at  the  Republican  Club,  West  40th 
St.,  New  York  City.  This  boiler  is  of  the  stationary 
locomotive  type  and  is  rated  at  150  hp.  The  firing 
doors  are  on  one  side  of  the  firebox,  the  grates  running 


Fid. 


APPLICATION    OF   PATCH    AXD    POINTS 
OF    WELDING 


crosswise.  As  originally  set,  the  front,  back  and  end 
of  this  firebox  were  bricked  in  to  form  an  ashpit,  the 
side  below  the  firing  doors  being  of  cast  iron  and 
fitted  with  clean-out  doors. 

It  was  found  that  the  plates  and  rivets  of  the 
bricked-up  portion  of  the  boiler  water  leg  had  so  cor- 
roded at  the  joints  that  it  was  impossible  to  calk  the 
seam  B,  Fig.  2,  sufficiently  to  keep  them  tight,  and  ori 
the  advice  of  the  inspector  from  the  Employers'  Lia- 
bility Association  Corporation,  Ltd.,  of  London,  the 
outside  end  plate  of  the  water  leg  was  cut  out  for  a 
distance  of  twelve  inches  above  the  bottom  of  the  mud 
ring  and  a  patch  C  welded  on.  This  patch  is  of  the 
same  thickness  and  material  as  the  original  plate 
which  is  ,\.  in.  thick.  This  plate  turns  the  corner 
of  the  boiler  for  a  distance  of  twelve  inches,  the  joint 
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FIG.  3.  PATCH  THAT  IS  TO  BE  WELDED  IN  TOBE  SHEET   FIG.  4.  PATCH  SHOWING  WELDED  JOINT  IN  TUBE  SHEET 


at  the  back  and  front  ends  being  made  curved  instead 
of  with  $.  Bharp  corner. 

The  plate  and  patch  were  first  cut  V-shape  with  the 
outside  surface  as  shown  at  D  and  spot-welded  to 
hold  it  in  position.  The  V-groove  was  then  filled  in 
by  the  electric  welding  process.  After  filling  in  the 
groove  between  the  plates,  welding  material  was 
built  up,  making  the  welded  surface  on  the  outside 
of  the  plate  three  inches  wide,  as  shovra  at  E. 

As  the  mud-ring  rivet  heads  had  corroded,  welding 


material  was  applied  along  the  rivets  on  all  sides  of 
the  water  leg,  coming  flush  with  the  head  and  three 
inches  wide.  The  under  joints  between  the  plate  and 
the  mud  ring  were  also  welded. 

The  boiler  will  cany  ninety  pounds  pressure  the  same 
as  before  repairs  were  made.  The  entire  repair  bill 
will,  it  is  estimated,  be  about  one-third  of  what  a  new 
boiler  would  have  cost  and  what  would  have  been 
necessary  to  purchase  if  repairs  had  not  been  made  b>' 
welding.     Another  boiler  is  also  being  welded. 


PIGS.  5  TO  8.     SHOWING  DEFECTIVE  BOILER  BEFORE  AND  AFTER  WELDING 
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The  several  other  welding  jobs  illustrated  wore  por- 
formed  by  the  same  company.  The  one  shown  in  Figs. 
3  and  4  vas  inade  to  a  return-tubular  heating  boiler. 
Fig.  3  shows  the  defective  parts  cut  out  and  Fig.  4 
the  welded  portion  in  place.  This  work  was  performed 


PIG.    9.      BROKEN  PUMP  CASTING 

on  both  the  front  and  back  tube  sheets  of  the  boiler. 
This  repair  was  made  necessary  on  account  of  the 
corrosion  taking  place  around  some  of  the  tube  holes. 

In  another  instance  the  wasted  fire  sheet  of  a  ver- 
tical boiler  was  cut  out  and  a  new  piece  welded  in 
as  shown  in  Figs.  5  and  6.  In  this  instance  the  wasted 
plate  around  the  stay-bolts  was  built  up  by  electric 
welding.  Several  rivet  cracks  and  leaky  rivets  around 
the  door  frames  were  also  welded  by  the  same  process. 
When  the  repairs  were  complete,  the  boiler  carried  its 
original  pressure. 

Another  weld  is  shown  in  Figs.  7  and  8.  In  this 
case  the  sheet  between  the  firedoors  had  wasted  away. 
The  wasted  portion  was  cut  out  as  shown  in  Fig.  7, 


PIG.   10. 


CRACK   36   IN.    LONG  WELDED   IN  PRONT   HEAD 
OP  SCOTCH-MARINE  BOILER 


and  a  new  piece  of  plate  welded  in  place  as  shown 
by  Fig.  8.  The  welding  around  both  firedoor  openings 
replaced  the  rivets  altogether. 

A  neat  weld  is  shown  in  Fig.  10.  The  original  defect 
consisted  of  a  crack  36  in.  long  in  the  front  head  of 
a  Scotch  marine  type  of  boiler,  next  to  the  flanged 
edge  of  the  head.  This  was  electrically  welded  over 
night  while  the  steamer  was  being  unloaded,  thus 
obviating  any  delay  in  sailing. 

The  art  of  welding  has  reached  a  stage  whereby  prac- 


tically all  kinds  of  repair  work  is  being  done,  and  many 
power  plants  own  and  operate  a  welding  outfit  for 
making  their  own  repairs.  An  instance  of  casting 
welding  is  shown  in  Fig.  9.  This  was  a  casting 
forming  the  inlet  and  outboard  bearing  of  a  motor- 
driven  pump,  the  flange  having  been  broken  as  shown, 
by  Fig.  9.     The  broken  parts  were  welded   in  place, 


PIG.   11. 


WELDED  OUTBOARD   PUMP  BEARING   IN 
PLACE   AFTER   WELDING 


no  drilling  or  studding  being  done,  and  the 
casting  was  put  back  in  place  on  the  pump  i 


^A  oKi^^vAw^g,  ^v^^x.fe  uuiic,  aiiu  Liic  repaired 
casting  was  put  back  in  place  on  the  pump  as  shown 
in  Fig.  11. 


With  any  fuel  the  mixture  must  be  compressed  within 
the  engine  cylinder  before  it  is  ignited,  for  the  compres- 
sion adds  greatly  to  the  efficiency  of  the  fuel  and  in- 
creases the  output  of  a  given  size  cylinder.  All  other 
things  being  equal,  the  output  and  efficiency  increase 
with  the  compression  within  certain  limits.  The  degree 
of  compression  which  it  is  possible  to  carry  depends 
upon  the  character  of  the  fuel  to  a  great  extent.  Very 
rich  fuels,  such  as  kerosene,  start  cracking  and  pre- 
igniting  at  very  low  pressures,  80  lb.  per  sq.in.  probably 
being  the  limiting  pressure  for  kerosene.  In  aeronau- 
tic engines  the  compression  is  carried  to  the  highest  pos- 
sible point  so  as  to  obtain  the  maximum  output.  This 
maximum  is  reached  at  a  pressure  approximately  of  130 
lb.  per  sq.in.  with  gasoline.  With  very  lean  gases,  such 
as  producer  gas,  or  blast  furnace  gas,  much  higher  com- 
pressions are  possible,  the  pressure  for  producer  gas 
probably  averaging  240  lb.  per  sq.in.  while  400  lb.  per 
sq.in.  is  not  uncommon  with  blast  furnace  gas.  When  the 
compression  is  carried  up  to  too  high  a  point  with  any 
fuel,  explosion  waves  ar6  started  which  rack  the  struc- 
ture of  the  engine  and  cause  excessive  wear.  The  fuel 
is  then  decomposed  so  as  to  form  deposits  of  solid  car- 
bon. This  carbon  becomes  incandescent  later  on  and 
starts  preignition  and  other  troubles.  In  many  cases, 
the  efficiency  of  a  fuel  is  limited  by  the  limiting  compres- 
sion pressures  which  it  is  possible  to  use.  The  pre- 
ignition causes  violent  hammering  for  the  direction  of 
the  stresses  are  reversed. — Exchange. 
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DOLLING  MILLS 
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Air  is  provided  for  the  blast  furnace  by  huge 
steam-driven,  air-blowing  engines.  Some  of  these 
are  of  the  horizontal  and  others  are  of  the  ver- 
tical  type.  In  other  instances  gas-engine-driven 
bloioers  are  used,  and  in  still  other  plants  turbo 
blowers  produce  the  blov/ing  air. 

OF  EQUAL  importance  with  engines  of  various 
types  used  in  the  manufacture  of  steel  are  the 
blowing  engines,  and  it  is  doubtful  if  in  any  other 
industry  the  use  of  compressed  air  is  of  so  much 
importance.  As  stated  in  a  previous  article,  compressed 
air  is  used  in  the  blast  furnace  and  with  the  bessemer 
converters.  The  air  that  is  supplied  to  blast  furnaces 
is  forced  into  the  furnace'  by  extremely  large  blowing 
engines,  some  of  which  are  of  2,500-hp.  capacity  and 
capable  of  compressing  from  30,000  to  65,000  cu.ft.  of 
free  air  per  minute  to  a  pressure  of  from  15  to  30  lb. 
per  sq.in.,  which  is  about  what  one  blast  furnace 
requires.  After  leaving  the  compressor,  the  air  is 
heated  to  between  800  and  1,200  deg.  F.  by  being  made 
to  pass  through  hot-blast  stoves.  In  the  bessemer  proc- 
ess about  30,000  cu.ft.  of  cold  air  is  forced  through  the 
molten  material  per  minute. 


Most  blowing  engines  are  steam-operated.  At  the 
main  plant  of  the  Youngstown  Sheet  &  Tube  Co.  there 
are  four  88,  90  and  96  by  72-in.  2,500  hp.  Tod  engines 
in  one  plant,  each  with  a  capacity  of  48,000  cu.ft.  of 
free  air  per  minute  at  40  r.p.m.  compressing  to  from 
10  to  20  lb.  per  sq.  in.  Fig.  2  is  a  view  of  one  of  these 
engines  taken  from  the  crank  end.  The  Corliss  steam 
cylinders  are  arranged  cross-compound  and  are  placed 
next  to  the  engine  frame,  the  air  cylinders  being  placed 
at  the  head  end  of  the  machine. 

Fig.  1  is  a  genera]  view  of  the  blast-furnace  blowing 
room  and  shows  the  four  blast-furnace  blowing  engines, 
also  two  Southwark-Rateau  turbo-blowers  driven  by  a 
3,500-  and  5,000-kw.  turbine,  respectively.  Fig.  3  is  a 
view  of  the  2,000-hp.  unit  which  at  1,650  r.p.m.  has  a 
capacity  of  40,000  cu.ft.  of  free  air  per  minute,  com- 
pressed to  from  10  to  20  lb.  per  sq.  in.  It  is  equipped 
with  a  stabilizing  device  for  preventing  back  flow  when 
small  quantities  of  air  are  being  blown  and  with  a 
Rateau  multiplier  for  maintaining  the  delivery  of  air 
constant,  irrespective  of  the  pressure. 

At  the  Republic  Iron  &  Steel  Co.  plant,  I  found  sev- 
eral Allis-Chalmers  blowing  engines  of  the  steeple  type, 
used  to  supply  air  to  blast  furnaces.  These  are  shown 
in  Fig.  4.    These  engines  were  of  different  design,    tor 


FIG.  1.  GENERAL  VIEW  OF  BLAST-FURNACE  BLOWING  ROOM  AT  THE  YOUNGSTOWN  SHEET  AND  TUBF-  COMPANY 
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FIG.    2. 


ONE    OF   THE    48,000-CU.FT.    2.500-HP.    CROSS-COM- 
POUND  BLOWING   ENGINES 


instance,  there  were  three  high-pressure  and  two  low- 
pressure  vertical  long  crosshead  type  units  having  52 
and  96  x  60-in.  high-  and  low-pressure  cylinders, 
each  having  96  x  60-in.  air  cylinders.  Each  of  these 
blowers  has  a  capacity  of  20,000  cu.ft.  of  free  air 
per  minute  at  41  r.p.m.,  or  running  as  a  pair  of  dis- 
connected compounds — that  is,  one  high-  and  one  low- 
pressure  unit — each  pair  would  have  a  capacity  of  40,000 
cu.ft.  of  free  air  per  minute.  Fig.  5  shows  a  standard 
long-crosshead  engine  and  Fig.  6  a  long-crosshead  low- 
pressure  unit. 

The  high-pressure  units  are  arranged  to  exhaust  into 
a  receiver  from  which  the  low-pressure  engines  take 
their  steam.  This  arrangement  is  such  that  any  high- 
pressure  engine  can  run  with  any  of  the  low-pressure 


FIG.    3.      A    40.000-CU.FT.    TURBO-BLOWER.    2.000- 
HP.    CAPACITY 

engines.  Some  idea  of  the  size  of  these  engines  can  be 
had  from  the  following:  The  main  bearings  are  21  in. 
in  diameter  by  28  in.  long.  The  crosshead  and  crank- 
pins  are  12  in.  in  diameter  by  10  in.  long  and  the  fly- 
wheels are  24  ft.  diameter  and  weigh  approximately 
60,000  lb.  each. 

There  were  also  two  high-  and  two  low-pressure  ver- 
tical long-crosshead  blowing  engines  with  44-in.  high- 
pressure  and  84-in.  low-pressure  cylinders  each  having 
60-in.  stroke  and  both  having  84  x  60-in.  air  cylinders. 
Each  of  these  machines  has  a  capacity  of  20,000  cu.ft. 
of  free  air  per  minute  at  55  r.p.m.,  or  a  capacity  of 
40,000  cu.ft.  per  min.  for  each  high-  or  low-pressure 
machine. 

These  blowers  are  also  arranged  so  that  either  high- 


FIG.  4. 


STEEPLE  TYPE  OF  BLOWING  ENGINES  AT  THE  REPUBLIC  IRON  AND  STEEL  COMPANY'S  PLANT 
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FIG. 


STANDARD  LONG  CROSSHBAD  BLOW- 
ING   ENGINE 


FIG.    6.      A   LOW-PRESSURE    VERT- 
ICAL  BLOWING   ENGINE 


FIG. 


7.         STEEPLE      COMPOUND 
BLOWING   ENGINE 


pressure  unit  can  run  with  cither  low-pressure  machine. 
All  these  blowing  engines  operate  with  a  steam  pres- 
sure of  150  lb.  condensing,  as  does  the  cross-compound 
blowing  engine  shown  in  Fig.  7.  This  unit  has  a  46-in. 
high-pressure  and  a  88-iR.  low-pressure  cylinder  and 
two  79-in.  air  cylinders  with  a  common  stroke  of  60  in. 
At  50  r.p.m.  this  machine  has  a  capacity  of  30,000  cu.ft. 
of  free  air  with  a  maximum  air  pressure  of  30  lb.  The 
main  bearings  are  23  in.  in  diameter  and  36  in.  long, 
the  crankpins  are  14  x  12  in.  and  the  crosshead  pins  are 
12  X  12  in.  The  flywheel  weighs  100,000  lb.,  or  50  tons, 
and  is  24  ft.  in  diameter. 

There  is  also  a  horizontal-compound  blowing  enginp 
that  supplies  air  to  the  bessemer  converters.  It  has  46 
and  88  x  60-in.  steam  cylinders  and  two  76  x  60-in.  air 
cylinders.  This  unit  has  a  capacity  of  30,000  cu.ft.  of 
free  air  per  minute  at  50  r.p.m.,  against  an  air  pressure 
of  80  lb.  The  main  bearings  are  24  in.  in  diameter  and 
42  in.  long.  The  crosshead  pins  are  12  x  12  in.  and  the 
crankpins  are  14  x  12  in.  The  flywheel  is  24  ft.  diam- 
eter and  weighs  100,000  lb.  or  50  tons.  Fig.  8  shows 
an  installation  of  three  Mesta  steam  cross-compound 
blowing  engines  at  the  plant  of  the  McKinney  Steel  Co.. 
Cleveland,  Ohio. 

The    design    of    the    blast-furnace    plant    generally 


decides  the  question  as  to  whether  blowing  engines 
should  be  steam  or  gas  driven.  The  steam-driven  units 
predominate,  but  a  large  number  of  gas  engines  and 
units  have  been  installed  and  in  general  seem  to  have 
given  satisfactory  results.  In  some  blast-furnace  plants 
it  is  better  to  consume  all  the  furnace  gas  under  steam 
boilers  that  feed  steam  engines  or  turbines.  When  the 
blast  furnace  is  operated  with  a  steel  mill,  a  gas  engine 
driven  blower  is  said  to  pay  for  itself  whenever  the  coal 
cost  is  over  $2  per  ton.  There  are,  however,  so  many 
elements  that  enter  into  the  question  that  no  engineer 
would  care  to  make  a  definite  statement  as  to  the  superi- 
ority of  a  gas  engine  over  a  steam-driven  blowing  engine 
without  knowing  all  about  the  conditions  under  which 
they  are  to  operate. 

In  Fig.  9  are  shown  five  Mesta  gas-blowing  engines  at 
the  Lackawanna  Steel  Co.,  Buffalo,  N.  Y.  This  com- 
pany, I  was  told,  was  the  first  in  the  United  States  to 
use  blast-furnace  gas  in  gas  engines  on  a  large  scale. 
The  plant  at  that  time  consisted  of  sixteen  2,000-hp. 
blowing  engines  and  eight  1 ,000-hp.  generating  engines. 
All  these  units  were  of  the  twin  two-cylinder  two-cycle 
'horizontal  type. 

The  Gary  plant  of  the  Indiana  Steel  Co.  probably  has 
the  largest  installation  of  blast-furnace  gas  engines  in 


FIG.  8.     MESTA  CROSS -COMPOUND  BLOWING  ENGINES 


FIG.  0.     MESTA  GAS-BLOWING  ENGINES 
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this  country.  At  first  there  were  sixteen  twin,  tandem, 
four-cylinder  horizontal  four-cycle  types.  Each  of  these 
four  power  cylinders  was  42  x  54  in.  The  two  blowing 
cylinders  have  a  capacity  of  30,000  cu.ft.  of  free  air  per 
minute.  Additional  units  of  larger  capacity  have  since 
been  installed. 

At  the  Sparrows  Point,  Md.,  plant  the  air  compressors 
derive  their  power  largely  from  gas-driven  engines.  The 
original  gas-engine  driven  plant  consisted  of  five  tandem 
units,  which  number  was  increased  by  the  addition  of 
fourteen  new  units,  each  having  47  x  85  x  60-in.  cylin- 
ders and  capable  of  delivering  between  22,000  and  27,000 
cu.ft.  of  free  air  per  minute.  The  original  blowing  en- 
gines have  a  capacity  of  between  20,000  and  25,000  cu.ft. 
of  free  air  per  minute.  There  are  also  ten  4,000-kw. 
gas-electric  twin-tandem  units.  Eight  furnaces  supply 
the  fuel  for  driving  sixteen  blowing  engines  and  eight 
gas-electric  units,  the  remainder,  three  blowing  and  two 
gas-electric  units,  being  provided  as  spares  to  provide 
for  emergencies. 

Several  turbo-blowers  were  found  operating  at  vari- 
ous plants,  but  it  was  a  difficult  matter  to  photograph 
some  of  them. 

At  the  Mark  plant,  Indiana,  of  the  Steel  and  Tube 
Company  of  America,  there  are  two  Ingersoll-Rand 
turbo-blowers,  each  having  a  capacity  of  50,000  cu.ft.-  of 
free  air  per  minute,  working  against  an  air  pressure  of 
13  lb..  Fig.  10.  This  air  is  delivered  to  blast  furnaces. 
Each  unit  is  of  3,000  hp.  capacity  at  2,500  r.p.m.  The 
turbines  are  of  the  uniflow  type,  and  the  blowers  are 
designed  with  five  stages. 

Blowing  of  the  blast  furnaces  should  be  accomplished 
with  a  steady  air  blast,  and  for  that  reason,  among 
others,  there  are  those  who  are  in  favor  of  centrifugal 
compressors,  because  the  blast  from  such  a  machine  will 
be  a  steady  blow  without  pulsations. 

Although  it  is  claimed  by  some  that  engine-driven 
compressors  discharge  air  in  puffs  which  correspond  to 


FIG.  10.     INGERSOLL-RAND  TURBO-BLOWERS 

I  he  stroke  of  the  unit  and  the  blast  is  therefore  vari- 
iible,  others  maintain  that  the  pulsations  are  almost 
eliminated  because  of  the  large  volume  of  the  blast 
1  lain  and  stoves.  As  in  many  other  questions,  there  are 
those  who  favor  both  types  of  blowing  units,  and  much 
may  be  said  in  favor  of  both  types. 

At  the  Republic  Iron  &  Steel  Co.'s  plant  there  are 
two  General  Electric  centrifugal  blowers  that  are 
directly  connected  to  steam  turbine.  These  units  have 
a  capacity  of  43,500  cu.ft.  of  free  air  per  minute  with 


a  pressure  of  22  lb.  Fig.  11  shows  one  of  the  units  and 
the  turbine  end  of  the  other.  These  units  are  of  the 
multiple-stage  type,  consisting  of  several  impeller 
wheels  that  run  in  a  casing  having  passages  so  designed 
that  the  wheels  operate  in  series.  An  air  governor 
regulates  the  rate  of  blowing.  It  consists  of  a  disk 
that  rides  on  the  ingoing  air  in  the  center  of  a  conical 
fitting  on  the  inlet  pipe.  Any  movement  of  this  disk 
is  transmitted  to  the  valve  gear.  Differing  rates  of 
flow  are  secured  by  moving  a  weight  on  a  scale  beam 


FIG.  11.    GENERAL  ELECTRIC  TURBINE-DRIVEN  BLOWERS 

that  is  graduated  in  cubic  feet  of  free  air  per  minute. 
In  action  the  operation  of  the  air  governor  is  about  as 
follows : 

With  the  turbo-blower  running  at  a  low  rate  of  speed, 
such  as  would  be  the  case  when  tapping  the  blast  furnace 
the  force  of  air  current  passing  through  the  cone  part 
of  the  disk  will  be  insuflficient  to  support  the  disk  and 
the  unbalanced  weight  of  the  governor  beam,  and  the 
disk  will,  therefore,  fall  against  the  air  current,  and  in 
doing  so  operate  a  series  of  valves  successively  admitting 
steam  to  the  turbo-blower  and  increasing  its  speed.  This 
increases  the  air  pressure  in  the  discharged  end  about 
as  the  square  of  the  speed  and  produces  such  a  pressure 
as  to  overcome  the  resistance  of  the  blast  main,  stove 
and  furnaces  and  establish  the  desired  rate  of  air  flow. 
It  then  comes  to  rest  at  some  point  in  its  housing  and 
the  proper  number  of  steam  admission  valves  are  opened 
and  the  speed  of  the  turbo-blower  is  what  is  necessary  to 
produce  and  maintain  the  rate  of  air  flow  for  which  the 
weight  on  the  governor  arm  has  been  set,  irrespective 
of  the  pressure  against  which  the  blower  has  to  work. 

(The  next  article  will  deal  ivith  some  of  the  up-to- 
date  power  stations,  including  reciprocating  and  turbine 
units,  both  high  and  mixed  pressure  types,  found  at  the 
rolling  mills.) 


To  avoid  the  use  of  decimals  in  expressing  specific 
gravity,  the  Baume  system  is  used  in  the  oil  trade. 
The  Baume  scale  is  purely  arbitrary,  the  point  marked 
10  corresponding  to  a  specific  gravity  of  1.0,  and  the 
remainder  of  the  scale  being  graduated  in  degrees  up 
to  60.  A  scale  having  this  range  can  be  used  for  oils 
having  specific  gravities  from  0.737  to  1.0.  It  s.hould 
be  noted  that  an  increase  in  the  Baume  reading  cor- 
responds to  a  decrease  in  the  actual  specific  gravity 
of  the  oil;  in  other  words,  the  heavier  the  oil  the 
smaller  is  the  reading  on  the  Baume  scale. 
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Quantity  of  air  required,  velocity  through 
ducts,  layout  of  ventilating  system,  tempera- 
ture limits  and  means  of  measuring  coil  tem- 
peratures. 


IN  PREVIOUS  articles  the  construction  and  op- 
eration of  engine-type  and  turbo-alternators  have 
been  compared.  Following  out  this  comparison, 
there  is  little  to  be  said  regarding  ventilation  of  the 
engine-driven  machine,  as  the  open  construction  makes 
unnecessary  any  unusual  provisions.  Proper  ventila- 
tion of  the  turbo-alternator,  however,  requires  careful 
consideration  not  only  in  the  design  of  the  machine,  but 
also  in  its  installation  and  operation.  Although  the  in- 
dividual losses  in  the  turbe-alternator,  with  the  excep- 
tion of  windage  and  friction,  are  lower  than  in  a  cor- 
respondingly rated  engine-type  alternator,  the  radiat- 
ing surface  is  so  small  that  it  is  totally  inadequate  to 
dissipate  the  heat  caused  by  these  losses  without  devel- 
oping disastrously  high  temperatures. 

In  the  design  the  problem  of  ventilation  is  solved  by 
inclosing  the  machine  and  blowing  air  through  a  mul- 
tiplicity of  ducts  in  the  stator  and  core  to  the  parts 
where  the  heat  is  generated.  By  adopting  the  inclosed 
construction,  the  noise  inherent  to  high-speed  operation 
iS  materially  reduced.  There  has  to  be  a  sufficient  num- 
ber of  air  ducts  in  the  turbo-alternator  to  permit  a 
volume  of  air  great  enough  to  conduct  away  the  heat 
without  the  air  velocity  exceeding  7,000  ft.  per  minute. 
The  amount  of  air  re- 
quired to  keep  a  machine 
within  a  given  tempera- 
ture rise  depends  upon 
the  iron  and  copper  losses 
and  also  upon  the  wind- 
age loss  in  the  machine 
itself.  The  friction  loss  > 
is  not  to  be  included,  as  it 
occurs  outside  the  ma- 
chine proper  in  the  gen- 
erator  bearings. 

With  the  specific  heat 
of  air  taken  as  0.237,  one 
cubic  foot  of  air  can  ab- 
sorb energy  correspond- 
ing to  26.7  ft.-lb.  with  a 
temperature  rise  of  1  deg. 
C.  Hence,  one  kilowatt 
will  heat  1,650  cu.ft.  of 
air  per  minute,  1  deg.  C, 
or  provided  it  were  possi- 
ble to   heat   the   air  uni- 
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formly,  one  kilowatt  loss  would  increase  the  tempera- 
ture of  165  cu.ft.  of  air  per  minute  10  deg.  C.  It  is. 
however,  impossible  to  pass  the  air  through  the  ma- 
chine in  such  a  way  that  it  will  be  uniformly  heated, 
and  it  is  necessary  to  provide  a  much  larger  volume  of 
air  than  is  indicated  by  the  theoretical  calculations.  In 
nractice  the  actual  amount  supplied  is  approximately 
lOO  cu.ft.  of  air  per  minute  per  kilowatt  loss  in  the  ma- 
chine. If,  as  an  example,  a  machine  has  50  kw.  loss,  it 
will  require  for  proper  ventilation  5,000  cu.ft.  of  air 
per  minute.  In  general,  a  turbo-generator  will  require 
from  4  to  5  cu.ft.  of  air  per  minute  per  rated  kilovolt- 
ampere  for  its  ventilation. 

Several  methods  have  been  devised  for  guiding  this 
laige  volume  of  ventilating  air  through  the  machine 
parts  without  causing  undue  friction  and  heating.  One 
such  method  is  shown  in  Fig.  1.  The  arrows  indicate 
the  flow  of  the  air  through  one  of  the  several  ventilating 
ducts  in  the  stator.  Part  of  the  air  is  blown  through 
the  air  gap,  cooling  the  rotor  and  inner  stator  surfaces. 
The  main  portion,  however,  passes  over  and  between 
the  exposed  parts  of  the  stator  coils,  over  the  rear  sur- 
face of  the  core  punchings  and  through  a  number  of 
short  paths  in  the  core  iron  to  the  main  exhaust  cham- 
ber in  the  yoke.  With  this  ventilating  arrangement  the 
temperature  of  the  turbo-alternator  can  be  kept  within 
the  safe  operating  limits  of  either  class  "A"  or  class 
"B"  insulation  (see  article  II  in  the  Mar.  16  issue), 
depending  upon  the  size,  rating  and  voltage  of  the 
machine. 

In  laying  out  the  power  station  and  foundation  for 

large  turbo  -  generators, 
provision  should  be  made 
for  air  channels  of  ample 
size  for  guiding  the  cool- 
ing air  to  and  from  the 
machine.  The  channels 
should  be  reasonably 
short  and  without  abrupt 
bends  or  turns,  and  have 
sufficient  cross-section  to 
keep  the  air  velocity  be- 
low 1.500  ft.  per  minute. 
After  the  turbo-alter- 
nator is  in  operation  as 
much  attention  should  be 
given  to  its  ventilation  as 
to  its  oiling  system.  As 
the  bearings  require  an 
adequate  amount  of  cool. 
clean  oil.  so  the  gener- 
ator requires  an  adequate 
amount  of  cool,  clean  air. 
If  the  oiling  is  neglected, 
the  ben  rings  will  overheat 
and  suffer  de^^truction.   If 


1.      SECTION     THROUGH    TURBO-ALTERNATOR 
SHOWING  PATH  OF  VENTILATING  AIR 
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the  ventilation  of  the  generator  is  restricted  or  throttled 
lown,  the  generator  will  overheat  and  its  coil  insulation 
will  be  damaged. 

In  the  installations  where  clean  air  is  not  available, 
air  filters  or  air  washers  should  be  provided.  The  air 
is  filtered  by  drawing  it  through  screens  covered  with 
light  flannel  or  cheesecloth.  The  area  of  the  filter 
should  be  such  that  the  velocity  of  the  air  through  it 
does  not  exceed  10  ft.  per  minute.  If  the  velocity  is 
that  low,  the  filter  will  not  clog  up  with  dirt  as  readily, 
pnd  there  will  be  comparatively  little  resistance  to  the 
flow  of  the  ventilating  air.  Filters  of  this  type  require 
constant  care  and  cleaning  and  should  not  be  used 
where  the  air  contains  much  dirt.  In  that  case  the  air 
washer  should  be  installed.  Here  the  dirt  is  washed 
out  of  the  air  by  means  of  a  water  spray  and  at  the 
same  time  the  temperature  of  the  air  is  brought  to 
within  a  few  degrees  of  the  temperature  of  the  water 
in  the  washer.     It  may  be  assumed  that  at  least  during 
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FIG.     2.      VENTILATING    LAYOT'T    FOR    TWO    TTTRBO- 
ALTERNATORS 


summer  months  the  water  in  the  washer  is  consid- 
erably cooler  than  the  air,  and  in  that  case  its  tem- 
perature will  be  lowered  and  the  rating  of  the  machine 
can  be  increased  correspondingly. 

In  Fig.  2  is  shown  a  ventilating  layout  of  two  turbo- 
alternators.  Forced  ventilation  may  be  supplied  by  fans 
which  are  part  of  the  machine  itself  or  by  means  of 
auxiliary  fans.  The  air  is  cleaned  and  guided  through 
the  machines  and  discharged  from  the  bottom  of  the 
stator  into  an  air  channel  and  may  be  utilized  either 
toi  heating  purposes,  forced  draft  under  the  boilers  or 
for  similar  purposes. 


In  turbo-generators  the  coil  insulation  used  is  either 
class  "A"  or  class  "B"  or  a  combination  of  both.  In 
l?rge  machines  it  is  difficult  to  ventilate  all  parts  equally 
well,  and  the  temperatures  of  certain  spots  in  the  core 
are  likely  to  be  much  higher  than  the  average  machine 
temperature  would  indicate.  These  spots,  frequently 
referred  to  as  "hot  spots,"  are  located  in  the  middle  of 
the  stator  core,  either  in  the  core  iron  or  in  the  stator 
coils  buried  in  the  slots.    To  enable  the  coil  to  success- 
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FIG.  3.    WIRING  DIAGRAM  FOR  TEMPERATURE  INDICATOR 

fully  withstand  hot-spot  temperatures,  it  is  common 
practice  on  large  machines  to  insulate  the  slot  part  of 
the  stator  coil  with  class  "B"  insulation.  This  is  not 
required  on  the  free  ends  of  the  stator  coils,  as  they 
get  into  direct  contact  with  the  cooling  air.  It  is 
furthermore  desirable  to  use  class  "A"  insulation  on 
the  coil  ends,  as  it  is  more  flexible  than  the  mica  insula- 
tion and  is  less  liable  to  suffer  damage  when  the  coils 
are  placed  in  the  stator  slots. 

How  THE  Temperature  of  an  Inclosed 
Machine  Is  Determined 

Special  arrangements  are  required  to  determine  the 
temperature  of  an  inclosed  machine.  The  thermometer 
method  that  is  used  on  engine-type  alternators  can  only 
be  applied  to  the  stator-coil  ends  or  the  surface  of  the 
iron  and  cannot  reach  the  interior  part  of  the  machine 
where  the  maximum  temperatures  are  developed.  For 
this  purpose  either  resistance  coils  or  thermocouples  are 
built  into  the  machine  and  located  in  the  parts  of  the 
winding  that  supposedly  develop  the  maximum  operat- 
ing temperature. 

In  applying  the  "resistance-coil  method,"  coils  wound 
noninductive,  from  fine  copper  or  nickel  wire  and  hav- 
ing a  fixed  resistance  at  a  fixed  temperature  (generally 
10  or  100  ohms  at  20  deg.  C),  are  placed  in  the  stator 
winding.  With  the  increase  in  the  temperature  of  the 
machine  the  resistance  of  the  embedded  coil  also  in- 
creases, and  by  connecting  it  to  a  properly  calibrated  in- 
strument, the  temperature  of  the  portion  surrounding 
the  coil  can  be  read  directly.  Several  types  of  instru- 
n>ents  are  available,  both  indicating  and  curve  drawing. 
The  curve-drawing  instrument  gives  a  permanent  rec- 
ord of  the  operating  temperature  during  any  time  the 
machine  is  in  operation. 

For  a  double-layer  winding  it  is  customary  to  locate 
the  resistance  coils  between  the  two  coil  halves  in  the 
middle  of  the  stator  core.  Even  with  this  location  it  is 
assumed  that  the  resistance  coil  does  not  indicate  the 
maximum  temperature  of  the  machine.    To  obtain  this 
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temperature  the  standardization  rules  of  the  American 
Institute  of  Electrical  I-Lngineers  specify  a  correction 
cf  5  (leg.  C,  or  9  deg.  F.,  to  be  added  to  the  tempera- 
ture indicated  by  the  resistance  coil.  For  class  "B"  in- 
sulation with  a  temperature  limit  of  125  deg.  C.  (257 
deg.  F.j  the  maximum  observable  temperature  is  120 
deg.  C.  (248  deg.  F.)  and  the  maximum  temperature 
rise  based  on  40  deg.  C.  (104  deg.  F.)  ventilating  air 
is  80  deg.  C,  or  144  deg.  F.  Under  these  conditions  the 
maximum  temperature  of  the  class  "A"  insulated  coil 
ends  must  not  exceed  105  deg.  C.  (221  deg.  F.)  in  the 
hottest  spot,  or  a  50  deg.  C.  (90  deg.  F.)  rise  as  deter- 
mined by  the  thermometer. 

As  the  resistance  coils  only  indicate  the  stator  tem- 
peratures, in  determining  the  safe  load  of  a  turbo-gen- 
erator it  is  necessary  also  to  consider  the  rotor  tem- 
perature. It  will  be  found  frequently  that  the  rotor  is 
the  limiting  factor,  especially  where  low  power-factor 
loads  are  involved.  As  it  is  impractical  to  place  re- 
sistance coils  in  the  rotor  winding,  its  temperature  is 
determined  by  the  increase  in  resistance  method.  If  the 
safe  operating  temperature  of  the  mica-insulated  rotor 
is  placed  at  150  deg.  C.  (302  deg.  F.)  and  the  usual 
correction  of  15  deg.  C.  (27  deg.  F.)  is  allowed,  the 
maximum  observable  temperature  is  limited  to  135  deg. 
C.  (275  deg.  F.),  or  95  deg.  C.  (171  deg.  F.)  rise  over 
the  air  at  40  deg.  C,  or  104  deg.  F. 

Fig.  3  is  a  wiring  diagram  for  a  temperature-indicat- 
ing instrument.  The  leads  from  the  resistance  coils  are 
brought  outside  the  machine  to  a  terminal  block  where 
connections  are  made  to  the  instrument.  As  long  as  the 
resistance  and  material  of  the  connecting  wires  are  alike, 
their  length  has  no  influence  on  the  accuracy  of  the 
meter,  which  for  that  reason  can  be  installed  in  any  con- 
venient location.  The  indicating  instrument  requires  a 
source  of  constant-voltage  direct  current  for  its  opera- 
tion. 

As  the  temperature  throughout  the  machine  va- 
ries and  as  a  consequence  the  resistance  coils  indicate 
dififerent  temperatures,  it  is  customary  to  use  the  coil 
that  indicates  the  maximum  temperature  for  determin- 
ing the  safe  load  on  the  machine.  By  keeping  a  record 
of  the  temperatures  corresponding  to  different  loads  and 
comparing  them  occasionally,  it  is  possible  to  deter- 
mine when  the  machine  needs  cleaning,  as  the  presence 
of  dirt  in  the  ventilating  ducts  will  cause  the  operating 
temperature  to  increase. 

Rules  for  Autogenous  Welding 

The  following  rules,  adopted  by  the  Committee  on 
Standards  for  Locomotives  and  Cars,  United  States 
Railway  Administration,  for  the  purpose  of  preventing 
the  abuse  of  autogenous  welding  for  purposes  for  which 
il  is  not  well  adapted,  have  been  sent  to  the  regional 
directors  by  Frank  McManamy,  assistant  director  of 
the  Division  of  Operation,  with  instructions  to  direct 
all  roads  to  observe  the  rules  in  the  construction  or  re- 
pair of  locomotive  boilers,  so  that  any  failures  which 
may  have  been  caused  or  contributed  to  by  unrestricted 
or  improper  use  of  autogenous  welding  may  be  pre- 
vented : 

1.  Autogenous  welding  will  not  be  permitted  on  any 
part  of  a  locomotive  boiler  that  is  wholly  in  tension  un- 
der working  conditions,  this  to  include  arch  or  water 
bar  tubes. 

2.  Stay-bolt  or  crown  stayheads  must  not  be  built 
up  or  welded  to  the  sheet. 

3.  Holes  larger  than  1^  in.  in  diameter,  when  en- 
tirely closed  by  autogenous  welding,  must  have  the 
welding  properly  stayed. 


4.  In  new  construction  welded  seams  in  crown 
sheets  will  not  be  used  where  full-sized  sheets  are  ob- 
tainable. This  is  not  intended  to  prevent  welding  the 
crown  sheet  to  other  firebox  sheets.  Side  sheet  seams 
shall  be  not  less  than  12  in.  below  the  highest  point  of 
the  crown. 

5.  Only  operators  known  to  be  competent  will  be 
assigjied  to  firebox  welding. 

6.  Where  autogenous  welding  is  done,  the  parts  to 
be  welded  mu'<t  be  thoroughly  cleaned  and  kept  clean 
during  the  progress  of  the  work. 

7.  When  repairing  fireboxes,  a  number  of  small 
adjacent  patches  will  not  be  applied,  but  the  defective 
part  of  the  sheet  will  be  cut  out  and  repaired  with  one 
patch. 

8.  The  autogenous  welding  of  defective  main  air 
reservoir  is  not  permitted. 

9.  Welding  rods  must  conform  to  the  specifications 
issued  by  the  Inspection  and  Test  Section  of  the  United 
States  Railroad  Administration  for  the  various  kinds 
of  work  for  which  they  are  prescribed,  which  specifi- 
catii>ns  will  be  issued  later. 

Miners'  Wages  Are  Fair,  Says 
Doctor  Garfield 

Dr.  Garfield,  former  Fuel  Administritor,  in  an  article 
written  for  farm  and  Home,  declares  the  compromise 
that  ended  the  coal  strike  to  be  "unsound  in  principle 
and  a  menace  to  our  institutions."  Dr.  Garfield  goes 
on  to  say: 

"The  wages  now  paid  to  mine  workers  are  sufficient. 
The  opportunity  that  should  be  the  mine  workers*  can- 
not be  secured  merely  by  an  increase  in  wages." 

In  proof  Dr.  Garfield  cites  the  average  of  $950  per 
annum  earned  by  the  lowest  paid  miners  working  180 
days  in  the  year,  while  for  200  days"  work  the  average 
miner  in  the  bituminous  fields  of  Pennsvlvania,  Ohio, 
Indiana  and  Illinois  earned  $1,660  in  1918  and  $1,300 
last  year.  This,  says  the  article,  is  "more  by  a  con- 
siderable sum  than  the  average  net  receipts  of  the 
farmer  and  many  others  who  may  or  may  not  work  300 
days  or  more  in  the  year." 

"The  public  ought  not  to  be  asked  to  pay  more  for 
coal,"  emphasizes  the  ex-Fuel  Administrator.  "It  is 
impossible  to  increase  the  wage  of  the  mine  workers 
without  inciting  the  workers  in  every  other  industry, 
including,  of  course,  agriculturt.  to  demand  an  increase 
in  wages.  This  w^ould  send  the  cost  of  living  upward 
in  a  vicious  spiral,  which  will  in  the  end  prove  hurtful 
to  the  workingman.  The  purchasing  power  of  the 
dollar  and  not  the  number  of  dollars  received  is  the 
important  factor. 

"The  public  is  the  chief  sufferer  when  capital  and 
labor  engaged  in  the  production  of  commodities  neces- 
sary to  the  support  of  life  fall  a-fighting."  continued  Dr. 
Garfield.  "In  these  cases  certainly  the  interest  of  the 
public  is  vital  and.  therefore,  paramount.  We  may  ad- 
mit the  right  to  strike  on  the  part  of  labor,  and  the 
right  of  capital  to  boycott,  but  in  each  case  the  right  of 
the  public  to  live  is  paramount  and  will  be  asserted. 

"We  now  are  called  upon  to  contemplate  an  arrange- 
ment with  a  group  opposing  the  government  which, 
however  it  terminates,  is  unsound  in  principle  and  a 
menace  to  our  institutions." 

To  guard  against  affairs  reaching  the  strike  stage, 
Dr.  Garfield  in  the  same  article  urges  that  a  perrranent 
fuel  administration  be  established  so  that  it  can  serve 
as  a  consultive  and  advisory  tribimal  and  head  off  diffi- 
culties before  thev  come  to  a  head. 
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Reorganization  of  the  Massachusetts 

Boiler  Inspection  Department 

and  Board  of  Boiler  Rules 

In  the  reorganization  of  State  Commissions  by 
the  Massachusetts  Legislature  the  Boiler  Inspection 
Department  became  a  part  of  the  Department  of  Public 
Safety  administered  by  a  Commissioner  of  Public  Safety 
and  comprising  three  divisions — that  of  State  Police 
under  his  own  immediate  charge,  that  of  Inspections 
under  a  Chief  of  Inspections,  and  that  of  Fire  Preven- 
tion under  a  State  Fire  Marshall,  The  Division  of  In- 
spections includes  the  functions  of  the  old  Boiler  In- 
spection Department  and  of  the  Building  Inspection  De- 
partment, both  of  which  were  under  the  old  District 
Police.  The  Board  of  Boiler  Rules  remains  as  pre- 
viously constituted  with  the  exception  that  the  Chief 
of  Inspections  is  chairman.    The  personnel  is  as  follows : 

Commissioner  of  Public  Safety,  Col.  Alfred  F.  Foote, 
Holyoke;  Chief  of  Inspections,  John  H.  Plunkett,  for- 
merly chief  of  the  District  Police. 

Board  of  Boiler  Rules 

John  H.  Plunkett,  Chief  of  Inspections  and  (ex-of- 
ficio)   Chairman  of  the  Board. 

Frederick  A.  Wallace,  M.  E.,  Chief  Engineer,  Pacific 
Mills,  Lawrence,  representing  boiler-using  interests. 

Henry  H.  Lynch,  President  of  the  Hodge  Boiler 
Works,  East  Boston,  representing  the  boiler-manufac- 
turing interests. 

John  A.  Collins,  Secretary  of  the  Mutual  Boiler  In- 
surance Co.,  of  Boston,  representing  boiler-insurance 
interests. 

John  Moles,  Chief  Engineer,  American  Writing  Paper 
Co.,  Holyoke,  representing  operating  engineers. 

New  Copes  Regulator 

Since  the  first  introduction  of  the  Copes  mechanical 
feed-water  regulator  changes  have  been  made  in  the 
details  of  construction,  the  principle  of  feeding  remain- 
ing the  same.  Recently,  the  design  of  the  central  valve 
has  been  altered.    Fig.  1  shows  the  new  valve,  in  which 


I?IG.  1.     SHOWING  CONSTRUCTION  OP  THE  VALVE 

the  reciprocating  stuffing-boxes  have  been  abandoned, 
a  horizontal  shaft  introduced,  which  rotates  very 
slightly,  performing  the  same  function  as  the  old  recip- 
rocating rod.  This  new  design  is  sensitive,  and  the 
frictional  resistance  has  been  reduced  as  much  as  six 
to  sixteen  pounds.  It  is  now  practically  zero  because 
the  shaft  rotates  very  slightly  and  the  same  part  of  the 
shaft  is  always  in  the  stuffing-box. 

The  valve  is  of  the  balanced  piston  type.  The  weight 
on  the  valve  lever  exerts  a  constant  closing  force  of 
fifty  pounds  on   the  valve  piston.     A  weight   is  used 


here  rather  than  a  spring  because  gravity  does  not 
vary,  whereas  springs  grow  weak  with  age,  corrode, 
stick,  break,  etc. 

A  vertical  section  through  the  valve  displays  the 
horizontal  shaft,  the  stuffing-box,  the  linkwork  connect- 
ing the  shaft  with  the  piston  valve,  etc.  The  valve  cap 
or  bonnet  can  be  unbolted  and  removed  with  the  fittings 
attached  without  removing  the  valve  body  from  the 
pipe  line. 

The  assembled  Copes  regulator,  which  is  manufac- 
tured by  the  Northern  Equipment  Company,  111  West 


FIG. 


THE  ASSEMBLED  REGULATOR 


Eleventh  St.,  Erie,  Penn.,  is  shown  in  Fig.  2.  It  con- 
sists principally  of  a  heavy,  long  diagonal  expansion 
tube  known  as  the  thermostat.  It  is  a  straight  piece  of 
heavy  metallic  tubing  11  in.  outside  diameter.  The  top  of 
the  thermostat  is  connected  with  the  steam  space  of 
the  boiler  and  the  bottom  with  the  water  space.  Hence 
there  is  a  water  level  in  the  thermostat  that  corresponds 
to  the  water  level  in  the  boiler,  and  it  is  this  water 
level  that  determines  the  rate  of  feed.  The  tube  length- 
ens and  shortens  with  a  drop  and  a  rise  of  water  level. 
The  lengthening  and  shortening  are  caused  by  change 
in  temperature  of  the  tube  as  the  water  rises  and  falls. 
This  expansion  or  contraction  is  amplified  by  means  of 
the  linkwork  shown  in  Fig.  2,  and  through  the  link- 
work  operates  the  control  valve. 

Why  Our  Oil  Supply  Is  Limited 

Assuming  a  population  of  108,000,000,  the  consump- 
tion per  person  in  the  United  States  during  1918  was  8.4 
bbl.  of  petroleum,  says  Petroleum  Magazine.  The  oil 
that  has  been  produced  since  1859  amounts  to  about 
forty-five  barrels  per  person,  and  the  oil  yet  under- 
ground, according  to  the  most  careful  estimate,  amounts 
to  about  sixty-seven  barrels  per  person. 

If  the  population  of  the  United  States  remained  un- 
changed and  the  rate  of  consumption  did  not  change,  the 
oil  available  would  last  about  twenty  years.  But  the 
population  is  continually  increasing  and  the  demands 
for  petroleum  are  multiplying,  so  that  in  less  than 
twenty  years  the  known  domestic  underground  fields 
will  be  exhausted  if  the  statistics  are  even  approximately 
correct.  Oil  shales  are  not  considered  in  this  connection 
as  a  source  of  fuel  oil. 

This  conclusion  does  not  mean  that  fuel  oil  users 
will  be  unable  to  obtain  supplies,  for  the  data  apply 
only  to  the  sources  of  petroleum  within  the  United 
States.  There  are  vast  fields  in  Mexico  and  Russia, 
from  which  oil  may  be  obtained,  but  of  course  at 
increased  cost  because  of  the  transportation  expense. 


A  report  issued  by  the  Department  of  Commerce, 
Bureau  of  Foreign  and  Domestic  Commerce,  Washing- 
ton, of  exports  of  refrigerating  machinery  from  the 
United  States  to  various  countries  shows  Japan  well  in 
the  lead,  with  Canada,  Cuba,  Argentina  and  Brazil  fol- 
lowing. A  report  on  exports  of  pumps  and  pumping  ma- 
chinery shows  Cuba  leading,  with  imports  costing 
$126,892. 
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Funds  for  Investigating 
Water-Power  Resources 

THE  shortage  of  power  on  the  Pacific  Coast,  par- 
ticularly in  California,  has  intensified  interest  in 
water-power  development.  The  universal  increasing 
cost  of  coal,  difficulties  with  the  enormous  labor  forces 
engaged  in  its  production  and  the  burden  placed  upon 
transportation  facilities  in  distributing  it  are  bringing 
about  a  broader  and  more  universal  realization  of  the 
importance  of  water  power.  In  many  localities  water 
power  cannot  compete  with  fuel  power  now,  but  the 
disparity  between  the  two  sources  of  energy  is  grad- 
ually disappearing.  Much  thought  is  being  directed 
toward  the  advantage  to  be  gained  through  a  combined 
usage  supplemented  by  interconnecting  large  areas  with 
superpower  transmission  lines. 

One  reason  why  water-power  development  has  pro- 
gressed somewhat  slowly  is  that  we  are  not  well  enough 
acquainted  with  its  possibilities  and  limitations. 
Hydraulic  development  must  be  adapted  to  many  phys- 
ical features,  of  which  a  sound  knowledge  of  water 
supply  is  extremely  vital.  The  only  safe  means  of  pre- 
dicting future  regimen  of  water  courses  is  by  consider- 
ing performance  in  the  past.  All  other  physical  features 
except  water  supply  may  be  ascertained  within  a  rela- 
tively short  time.  Reliable  records  of  flow  for  a  number 
of  years  must  be  available  for  proper  design  and  prac- 
tical plans  for  operation.  In  other  words,  the  need  for 
stream-flow  records  must  be  anticipated  far  in  advance 
of  development.  Many  hydraulic  projects  have  failed  on 
account  of  an  altogether  too  meager  knowledge  of  water 
supply.  Others  based  on  short  time  records,  compari- 
sons with  records  of  near-by  streams,  and  climato- 
logical  data,  have  levied  an  enormous  toll  upon  the  pub- 
lic, which  pays  either  directly  or  indirectly  for  inefficient 
service  resulting  from  unexpected  annual  or  seasonal 
variation  in  flow. 

The  question  arises.  What  agency  should  collect  the 
mass  of  information  necessary  for  comprehensive  de- 
velopment? The  Water  Resources  Branch  of  the  United 
States  Geological  Survey  has  made  a  systematic  inves- 
tigation of  water  resources  and  related  problems  for  a 
number  of  years.  It  has  become  the  well-recognized 
medium  for  collecting  stream-flow  data  throughout  the 
United  States,  in  Hawaii  and  in  Alaska.  An  efficient 
organization  with  well-formulated  methods  has  been 
evolved  with  a  surprisingly  small  expenditure.  During 
the  ten  fiscal  years  ending  June  30,  1920,  the  fund  made 
available  by  Congress  for  this  activity  has  averaged 
only  $155,000  a  year,  $150,000  each  year  except  1918 
and  1920,  when  $175,000  was  appropriated.  Numerous 
single  water-power  developments,  promoted  and  con- 
structed on  the  basis  of  data  collected  by  the  United 
States  Geological  Survey,  have  cost  many  times  the 
entire  amount  appropriated  during  the  ten  years. 
Naturally,  the  demand  for  stream-flow  records  has 
increased  rapiuly.  Cooperation,  tendered  to  meet  this 
demand  by  states  and  interested  parties,  has  Increased 
so  greatly  that  for  the  fiscal  year   1920,  the  Federal 


appropriation  represents  only  twenty-nine  per  cent 
of  the  cost  ot  the  work.  A  limit  is  being  reached  in  the 
amount  of  cooperation  that  can  be  absorbed.  In  fact, 
many  interests  desirous  of  obtaining  stream-flow  records 
and  willing  to  pay  for  them,  in  so  far  as  possible,  have 
been  refused  assistance  because  the  Federal  personnel 
can  not  handle  properly  the  cooperation  now  in  force. 
Having  absorbed  the  maximum  cooperation  possible 
the  United  States  Geological  Survey  is  confronted  with 
an  ever-increasing  demand  for  stream-gaging  results  to 
be  met  with  decreased  purchasing  power  of  funds  appro- 
priated. Obviously,  Congress  should  support  the  work 
in  such  manner  that  at  least  fifty  per  cent  of  the  cost 
of  records  would  be  borne  by  the  Government.  This 
would  mean  increasing  the  present  appropriation  from 
$175,000  to  something  over  $300,000  per  year,  and  pro- 
viding increases  from  year  to  year  depending  upon  the 
demand.  As  a  long  period  of  record  it.  desirable  for  wise 
development,  it  would  seem  proper  for  the  Government 
to  anticipate  development  far  in  advance  of  demand 
and  provide  funds  accordingly.  If  this  policy  were 
adopted,  an  appropriation  of  at  least  $500,000  would  be 
needed. 

The  inadequate  funds  appropriated  by  Congress  for 
investigating  one  of  our  most  important  future  assets 
can  be  accounted  for  only  in  two  ways:  either  Con- 
gress does  not  pursue  a  farsighted  and  constructive 
policy  regarding  future  advancement,  or  Congress  is 
wholly  lacking  in  its  realization  of  the  benefits  to  be 
gained  by  full  utilization  of  water-power  resources 

Cooling  of  Turbo-Alternators 

TURBO-ALTERNATORS  are  in  most  all  cases  cooled 
by  passing  large  volumes  of  air  through  and  around 
the  machine's  cores  and  windings.  This  air  is  made  to 
circulate  through  the  machine  either  by  fans  built  in 
the  rotor  or  by  a  separate  blcwer.  The  amount  of  cool- 
ing air  required  per  hour  by  a  modern  machine  attains 
tremendous  proportions,  amounting  to  nearly  the 
weight  of  the  alternator  itself.  When  this  cooling  air 
is  washed  by  a  water  spray  about  ninety-eight  per  cent 
of  the  dirt  in  the  air  will  be  removed.  However,  even 
with  so  low  a  percentage  of  dirt  remaining  in  the  air 
passing  through  the  alternator,  considerable  material 
will  be  deposited  in  the  ventilating  ducts  and  on  the 
end  of  the  windings,  and  not  infrequently  oil  vapors 
are  carried  into  the  machine.  These  dirt  deposits  not 
only  decrease  the  efficiency  of  ventilation  by  i  educing 
the  quantity  of  air  and  preventing  transfer  of  heat  from 
the  core  and  windings  to  the  air  currents,  but  they 
also  create  a  real  fire  hazard.  If  these  deposits  become 
ignited  by  either  electrical  or  mechanical  causes  they 
will  soon  be  fanned  into  a  flame  that  is  liable  to  seri- 
ously injure  if  not  completely  destroy  the  generator 
windings. 

The  effects  of  fires  and  failures  in  large  turbo  alter- 
nators have  become  so  serious  both  in  this  country  and 
abroad  that  other  methods  of  ventilation  have  been 
given  serious  consideration.    With  the  very  satisfactoiy 


474 


POWER 


Vol.  51,  No.  12 


experience  of  the  oil  insulated  transformer  to  draw 
from  it  is  not  suprising  that  considerable  attention  has 
been  directed  to  oil  as  a  cooling  medium  for  alternators. 
Although  it  is  within  the  possibilities  of  a  practical 
design  to  immerse  the  stator  core  and  windings  in  oil, 
it  is  very  doubtful  if  this  would  offer  a  real  solution  to 
the  problem.  In  the  transformer  the  windings  can  be 
thoroughly  insulated  and  space  provided  for  the  cir- 
culation of  oil  between  the  coils  and  still  keep  within 
the  limits  of  an  economical  design,  but  in  an  alternator 
the  slot  insulation  is  the  limiting  factor  in  high-voltage 
machines.  Immersing  the  windings  in  oil  would  not 
improve  the  insulation  in  the  slot  although  it  would 
overcome  a  number  of  the  objectionable  features  of  air 
ventilation.  However,  there  are  many  factors  in  the 
application  of  this  scheme  that  make  its  possibilities 
very  doubtful. 

In  a  paper  presented  before  the  British  Institute  of 
Electrical  Engineers,  January  8,  1920,  J.  Shepherd  sug- 
gests a  method  of  cooling  alternators  by  a  system  of 
circulating  water  through  the  rotor  and  stator  cores. 
Although  this  scheme  would  greatly  increase  the  ability 
of  the  machine  to  dissipate  the  heat  losses  it,  neverthe- 
less, would  be  difficult  of  application  and  would  require 
a  special  design  such  as  suggested  by  Mr.  Shepherd. 
Experiments  with  an  improved  system  of  cooling  large 
alternating-current  generators  with  air,  in  a  system 
which  is  completely  inclosed,  by  recirculating  the  air 
after  being  cooled,  apparently  offer  the  best  solution 
to  the  problem.  Although  this  scheme  does  not  possess 
all  the  qualities  that  might  be  desired,  it  does  prevent 
dirt  from  getting  into  the  machine  and  in  case  of  in- 
ternal fires  possesses  advantages  in  extinguishing  them. 
Furthermore,  such  a  scheme  is  applicable  to  standard 
equipment.  When  this  system  of  cooling  is  applied 
with  a  balanced-relay  method  of  protection  to  discon- 
nect the  machine  from  the  line  and  open  the  field  circuit, 
in  case  of  internal  trouble,  the  causes  of  a  large  per- 
centage of  the  disastrous  fires  in  turbo-alternators 
will  be  eliminated,  without  involving  any  of  the  com- 
plication inherent  in  any  system  of  oil  or  water  cooling. 

Long  Longitudinal 
Seams  on  Boilers 

THE  chief  inspector  of  one  of  the  boiler-insurance 
companies,  reverting  to  the  discussion  upon  the 
length  of  longitudinal  seams  in  boilers  which  took  place 
in  Poiver  some  months  since,  remarks  that  all  of  those 
who  contributed  to  the  discussion  seemed  to  consider  the 
subject  from  the  point  of  view  of  constructional  strength. 
There  is  much  to  be  said  from  the  operator's,  owner's 
and  underwriter's  standpoint. 

Distress  in  the  girth  seam  is  one  of  the  f\rst  indica- 
tions of  trouble  in  the  furnace  sheets.  A  leaky  round- 
about has  often  called  attention  to  an  accumulation  of 
scale  or  grease  upon  a  fire  sheet  which,  but  for  this 
warning,  might  have  resulted  in  a  serious  bulge  or  bag. 
The  girth  seam  is  also  a  strengthening  ring  for  the 
sheet.  He  had  recently  been  called  to  see  a  boiler  in  the 
fire  sheets  of  which  were  two  bags,  one  in  front  of 
and  one  just  behind  the  first  girth  seam.  If  this  had 
been  one  big  sheet,  the  bags  would  have  run  together 
and  probably  have  ruptured,  causing  a  disastrous 
explosion. 

With  a  long  sheet,  therefore,  bagging  is  more  likely 
to  occur  from  lack  of  notice  through  leakage;  when  it 
does  occur,  it  is  likely  to  cover  more  area  and  be  deeper 


and  more  serious  than  in  a  smaller  sheet;  there  is  less 
chance  of  its  being  possible  to  work  the  sheet  back  into 
place  or  to  patch  it,  and  if  the  sheet  has  to  be  replaced, 
it  is  much  less  expensive  to  renew  a  short  course  than 
a  long  one. 

In  his  opinion  the  provision  that  longitudinal  joints 
on  horizontal  boilers  shall  not  exceed  twelve  feet  in 
length  is  therefore  a  wise  one  and  should  hold  for  this 
class  of  boiler  whether  the  longitudinal  seam  is  lapped 
or  butt-strapped.  In  the  shells  of  internally  fired  boilers 
and  in  the  drums  of  water-tube  boilers,  where  the  sheets 
are  not  in  the  fire,  these  considerations  do  not  apply. 

A  New  Plan  for  Co-operation  Between 
Industry  and  the  Colleges 

REALIZING  that  technical  schools  are  not  serving 
.to  a  maximum  degree  the  industries  to  which  they 
owe  their  existence,  the  Technologj-  Clubs  Associated 
has  proposed  a  plan  for  closer  cooperation  between  the 
agencies  for  training  technical  men  and  the  industries 
in  which  their  training  is  to  be  used.  The  plan  is  to  be 
perfected  and  set  in  operation  at  a  meeting  in  the  Drexel 
Institute,  Philadelphia,  on  March  25  to  27. 

The  plan  consists  of  several  parts:  First,  the  writing 
by  the  representatives  of  industry  of  a  definite  speci- 
fication of  the  type  of  man  most  needed;  second,  the 
writing  by  the  representatives  of  the  colleges  of  a  defi- 
nite statement  of  the  capacity  of  the  colleges  to  meet 
this  demand ;  third,  forming  a  mutual  specification  from 
these  two  and  developing  permanent  means  for  carry- 
ing out  the  work  so  as  to  continue  permanently  the 
cooperation  thus  begun.  It  is  also  proposed  to  publish 
the  results  of  the  meeting  in  book  form  as  a  matter  of 
record. 

The  execution  of  this  idea  should  result  in  increasing 
the  efficiency  of  the  technical  schools  by  showing  them 
just  what  type  of  instruction  is  needed  in  the  industries. 
It  should  increase  the  efficiency  of  industrial  organiza- 
tions by  providing  men  trained  in  accordance  with  in- 
dustry's needs.  It  should  accomplish  these  results  in  a 
minimum  of  time  because  it  is  dependent  on  and  pro- 
vides for  direct  contact  between  the  teachers  and  the 
users  of  trained  men. 


Notwithstanding  the  comparative  immunity  of  Euro- 
pean countries  from  boiler  explosions,  they  do  have 
one  sometimes.  A  dispatch  from  Benrath,  Rhenish 
Prussia,  states  that  fifty  lives  were  lost  when  a  large 
boiler  exploded  in  the  Rhenish  Westphalian  Electricity 
Works.  Following  this  dispatch,  news  comes  in  of 
the  explosion  of  a  boiler  in  an  electrical  station  at 
Mayence,  France.  Ninety  workmen  were  buried  in  the 
ruins,  and  fourteen  bodies  had  been  taken  from  the 
debr-s  when  the  dispatch  to  the  Petit  Parisien  was 
sent.  Probably  owing  to  a  relaxation  of  the  usually 
strict  and  effective  governmental  supervision  of  European 
boilers  and  to  the  increasing  activity  of  our  own  in- 
dustrial commissions  and  other  safety  organizations, 
the  United  States  will  not  have  so  large  a  lead  in 
industrial  disasters  this  year  as  usual. 


As  was  generally  expected,  Senator  Norris'  amend- 
ment to  the  Water-Power  Bill,  providing  $25,000,000 
for  the  development  by  the  Government  of  the  Great 
Falls  power  project  on  the  Potomac,  above  Washington, 
was  eliminated  at  the  first  meeting  of  the  Senate  and 
House  conferees  on  the  measure. 


March  23,    1920 


POWER 


475 


Knoxville  Industrial  Co-operative  Plan 

In  the  winter  of  1918,  just  following  the  wholesale 
inspection  of  all  power  plants  by  the  Fuel  Administra- 
tion, a  body  of  men  in  Knoxville  undertook  to  improve 
power-plant  conditions  in  the  Southern  States,  and  es- 
pecially in  Knoxville.  This  group  of  men  was  the 
Knoxville  Chapter  of  the  National  Association  of  Sta- 
tionary Engineers.  Throughout  the  Knoxville  district 
a  large  number  of  plants  needed  repairs,  not  for  the 
sake  of  efficiency,  but  to  make  them  safe  places  to 
work  in.  There  were  plants  in  existence  that  did  not 
dare  ask  any  high-grade  boiler  insurance  company  to 
put  their  test  pumps  on  their  boilers  for  fear  of  a 
rupture. 

After  considerable  discussion  the  engineers  decided 
that  the  quickest  method  to  bring  about  effective  re- 
sults was  to  introduce  a  license  law  for  the  City  of 
Knoxville  and  to  incorporate  in  that  law  sufficient  pro- 
tection for  the  operating  engineer. 

The  engineers  appointed  a  committee  for  drafting 
this  ordiViance,  and  called  in  the  writer  in  a  consulting 
capacity  to  help.  What  was  considered  a  fair  ordi- 
nance was  finally  evolved  and  placed  before  the  City 
Commission.  The  municipal  law  of  Knoxville  requires 
that  all  ordinances  shall  pass  three  readings  before 
they  become  laws.  This  ordinance  passed  two  of  the 
necessary  readings,  but  at  this  juncture  the  stationary 
engineers  believed  it  would  be  more  fair  to  call  in  the 
manufacturers,  in  an  open  meeting  of  their  organiza- 
tion, to  ask  them  their  opinion  of  the  bill. 

Like  many  other  requests  coming  from  the  em- 
ployees, this  invitation  was  ignored  except  by  four 
or  five  of  the  manufacturers  of  the  city,  who  seemed 
to  realize  the  importance  of  the  bill.  These  few  men 
attended  the  open  meeting,  then  called,  on  the  follow- 
ing day,  a  meeting  of  all  interested  manufacturers 
into  a  secret  conference.  This  was  where  they  made 
one  of  their  errors,  as  they  failed  to  show  a  spirit  of 
cooperation  with  the  employees  and  aroused  antagon- 
ism. A  secret  meeting  of  this  type,  following  what  was 
a  fair  invitation  by  the  engineers  for  a  get-together 
conference,  is  not  good  business  management.  Con- 
ditions became  chaotic.  The  manufacturers  decided  to 
fight  the  ordinance. 

A  counter  proposal  was  offered  at  this  point  by  the 
University  of  Tennessee.  This  proposal,  pi'esented  to 
the  manufacturers,  signed  by  them,  and  on  the  fol- 
lowing day  accepted  by  the  engineers,  put  up  to  all 
parties  a  common  basis  of  cooperation.  By  it  the 
manufacturers  promised : 


1.  That  they  would  appoint  a  committee  of  five  to 
cooperate  with  a  committee  of  five  from  the  National 
Association  of  Stationary  Engineer.s,  to  put  into  effect 
the  principles  set  forth  in  the  preamble  of  the  consti- 
tution of  the  National  Association  of  Stationary 
En^^ineers. 

2.  They  agreed  to  financially  provide  for  five 
courses  on  steam  engineering  and  allied  subjects,  the 
students  to  pay  for  textbooks. 

3.  They  agreed  to  finance  an  advertising  campaign 
to  put  these  classes  in  operation. 

4.  To  subscribe  the  funds  to  publish  a  four-page 
monthlj'^  Power  Plant  Efficiency  Bulletin,  to  be  placed 
in  the  hands  of  every  fireman  and  engineer  in  the  city. 

5.  They  agreed  to  hold  a  "power-plant  efficiency 
banquet"  at  some  date  during  the  year,  at  which  time 
both  engineer  and  manufacturer  would  feast  together. 
The  engineers  were  to  arrange  the  banquet,  and  the 
expense  was  to  be  divided  among  all.  At  this  ban- 
quet the  National  Association  of  Stationary  Engineers 
were  to  prepare  a  comparative  table  showing  which  ten 
plants  in  Knoxville  were,  in  their  judgment,  the  most 
efficient.  Further,  a  similar  announcement  was  to  be 
made  of  the  engineer  and  fireman,  who  were,  in  the 
opinion  of  the  National  Association  of  Stationary 
Engineers,  the  most  deserving  of  the  distinction  and 
recognition  of  being  placed  first  in  their  profession  in 
the  city. 

Today  this  entire  program  has  been  completed  for  a 
cycle  of  one  year.  To  maintain  a  fair  censorship,  the 
writer,  at  the  request  of  both  parties,  accepted  the  edi- 
torship of  the  Power  Plant  Efficiency  Bulletin,  which  is 
referred  to  in  the  foregoing  agreement.  He  was  as- 
sisted by  a  committee  of  four  from  the  National  Asso- 
ciation of  Stationary  Engineers,  and  at  no  time  during 
the  year  did  he  find  it  necessary  to  cut  out  material  that 
was  undesirable  or  unprintable.  Furthermore,  he  has 
received  a  large  number  of  articles  from  these  prac- 
ticing engineers  that  were  worthy  of  a  place  in  any 
high-class  engineering  journal.  It  has  had  a  very 
healthful  influence  upon  all  of  the  stationary  engineers 
and  firemen  of  the  city,  for  not  only  have  they  been 
able  to  express  themselves  in  writing  for  the  general 
public,  but  they  have  monthly  received  the  Bulletin, 
with  articles  written  by  men  whom  they  knew.  Natur- 
ally, the  busy  engineer  is  more  ready  to  read  material 
coming  from  the  pen  of  a  friend  than  that  coming  from 
a  stranger. 

That  the  whole  program  has  been  a  great  success 
was  demonstrated  most  emphatically  by  the  success 
of  the  banquet   recently   held.     The  program  was   ar- 
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ranged  by  a  committee  li-om  the  National  Association 
of  Stationary  Engineers,  and  shop  talk  was  almost 
entirely  eliminated  from  the  program.  When  they 
gathered  at  the  St.  James  Hotel  in  Knoxville,  both 
sides  were  represented  by  a  full  quota.  The  program 
was  a  live  one,  with  a  real  live  toastmaster,  who  was 
neither  an  engineer  nor  a  manufacturer,  to  keep  things 
moving.  As  an  impromptu  part  of  the  program  he 
made  every  manufacturer  and  engineer  get  up  on  his 
feet  and  tell  where  he  was  from,  where  he  lived,  and 
what  his  position  might  be.  No  one  could  go  away 
without  saying  that  he  had  not  made  a  speech  at  the 
banquet. 

The  cost  to  each  manufacturer  for  the  entire  year, 
for  carrying  out  this  agreement  was  approximately 
$5,  and  I  believe,  as  a  fair  estimate,  we  can  say  that 
in  those  plants  where  the  spirit  of  the  plan  has  been 
felt  at  all,  the  investment  of  thfs  $5  by  the  manufac- 
turer has  brought  in  a  net  return  of  several  hundred 
per  cent  of  healthy  cooperation  on  the  part  of  the 
engineers. 

There  is  in  the  ordinary  power  plant  no  one  man 
who  is  in  a  position  to  spread  either  the  seed  of  con- 
tentment or  discontent  to  a  greater  measure  than  the 
engineer.  The  manufacturing  power-plant  engineer 
usually  must  assume  the  responsibilities  of  a  master 
mechanic  and  of  a  general  repair  man.  He  is  known 
to  practically  all  the  force,  and  discusses  from  day  to 
day  the  matters  of  the  factory  that  are  nearest  the 
heart  of  the  employees.  It  is  far  easier  for  him  to 
feel  the  pulse  of  the  employees  than  it  is  for  any  mem- 
ber of  the  management.  He  often  must  assume  the 
role  of  a  personal  relations  manager  for  the  factory  in 
which  he  is  located. 

We  are  confident  that  the  role  assumed  by  the  uni- 
versity has  made  it  a  force  for  healthy  cooperation, 
and  we  find  both  engineers  and  manufacturers  equally 
pleased  with  the  results  that  have  been  obtained. 

Knoxville,  Tenn.  W.  R.  WOOLRICH. 

Freezing  of  Brine  Puzzle 

In  the  Jan.  6  issue,  page  35,  under  the  heading, 
"Freezing  of  Brine  Puzzle,"  C.  A.  Goodwin  draws  some 
conclusions  from  his  experience  with  a  frozen  brine 
cooler  that  appear  to  be  false. 

Unfortunately,  he  does  not  give  data  relating  to  the 
temperature  of  the  brine  entering  and  leaving  the  cooler, 
the  range,  or  decrease  in  temperature,  between  the  inlet 
and  outlet  brine,  suction  pressure  under  which  the 
cooler  is  operated  and  such  other  data  as  would 
assist  the  readers  in  determining  the  cause  of  his 
trouble.  However,  it  is  evident  that  he  makes  a  prac- 
tice of  keeping  his  brine  solution  too  weak,  for  with 
the  double-pipe  brine  cooler  the  margin  of  safety  be- 
tween the  lowest  working  temperature  of  the  brine 
and  its  freezing  point  must  be  great  enough  to  allow 
some  leeway,  as  such  coolers  will  freeze  up  quickly  if 
the  conditions  are  not  as  they  should  be. 

Mr-  Goodwin  concludes  that  the  freeze-up,  in  the 
case  under  discussion,  was  directly  due  to  the  fact  that 
about  two  coils  of  the  submerged  cooler  were  above  the 
brine  level  and  thai  the  freezing  occurred  in  these  two 
exposed  sections.  This  is  incorrect,  as  there  never 
exists  such  a  wide  difference  of  temperature  as  he 
assumes  in  such  a  short  length  of  brine  travel;  that  is, 
from  the  top  of  the  submerged  part  of  the  cooler  to 


the  two  upper  sections  of  the  cooler  that  had  been  un- 
covered by  the  brine. 

As  a  matter  of  fact,  in  a  properly  operated  cooler 
of  this  design  a  i*ange  of  usually  5 J  to  6  deg.  between 
the  inlet  and  outlet  of  the  cooler  is  considered  good  prac- 
tice, and  if  his  assumption  were  correct,  he  would  get 
more  than  a  6-deg.  range  in  about  three  coils  instead 
of  the  entire  cooler. 

I  assume  that  his  cooler  is  connected  up  on  the  coun- 
ter-current principle — that  is,  the  ammonia  and  brine 
travel  in  opposite  directions  and  the  cold  brine  leaving 
the  cooler  comes  in  contact,  so  to  speak,  with  the  coldest 
ammonia — in  which  case  there  should  not  be,  as  he 
supposes,  a  wide  difference  of  temperature  or  heat  head 
between  the  evaporating  ammonia  and  the  brine  to  be 
cooled. 

Under  normal  operation  this  heat  head  or  temperature 
difference  should  not  exceed  10  deg.,  and  it  may  run 
as  low  as  5  to  8  deg.  Also,  if  the  brine  enters  at  the 
top  of  the  cooler  and  the  ammonia  enters  at  the  bottom, 
the  coldest  brine  would  be  found  in  the  submerged  sec- 
tion near  the  outlet  connection  and  not  in  the  exposed 
section  as  he  supposes. 

If  Mr.  Goodwin  will  check  up  his  thermometers  for 
accuracy,  place  a  pressure  gage  on  the  brine  pump, 
keep  the  brine  strength  at  its  proper  value  and  deliver 
sufficient  brine  to  the  cooler  to  maintain  the  proper 
range  for  a  given  tonnage  or  load  condition,  he  should 
not  have  any  trouble  with  the  freeze-ups;  also  when 
adding  more  water  to  the  tank  to  raise  the  brine  level,  do 
not  dump  fresh  water  in  the  tank  while  the  cooler  is 
in  operation  and  add  the  calcium  afterward,  because  if 
this  is  done  it  is  almost  certain  to  result  in  a  frozen 
cooler.  C.  T.  Baker. 

Atlanta,  Ga. 

Packing  Valve  Stems  Under  Pressure 

On  page  835  of  the  Dec.  16-23-30,  1919,  issue  of 
Power,  Gustav  Swenson  writes  that  Mr.  Jackson  must 
be  a  wizzard  if  he  can  pack  a  globe  valve  with  the 
pressure  coming  above  the  valve  disk.  It  can  easily  be 
done,  however,  by  taking  a  piece  of  band  iron  I  in. 
thick,  3  in.  wide  and  4  ft.  long  and  making  a  clamp 
of  a  size  to  get  around  the  packing  nut. 

To  pack  the  valve,  first  open  it  wide,  so  as  to  check 
the  flow  of  escaping  steam  as  much  as  possible  from 
around  the  valve  stem.     Then  remove  the  valve  wheel 
and  the  packing  nut.    A  piece  of  burlap  may  be  thrown  , 
over  the  valve  to  battle  the  steam. 

The  packing  rings  should  be  a  loose  fit  around  the 
valve  stem,  and  a  tight  fit  inside  the  packing  nut,  enough 
new  ring  being  used  to  fill  the  nut  about  three-fourths 
full.  The  clamp  can  then  be  tightened  to  the  stufl^ng- 
nut  for  screwing  it  in  place  on  the  valve.  The  strap 
is  then  removed,  and  the  operation  need  not  take  more 
than  two  minutes  if  everything  has  been  made  ready. 

Mr.  Swenson  also  says  that  I  seemingly  favor  con- 
necting globe  valves  with  the  pressure  under  the  disk. 
"On  the  contrary,  I  am  strong'y  in  favor  of  having  the 
pressure  under  the  disk. 

Regarding  clogging  of  valves,  neither  a  globe  valve, 
elbow  nor  pipe  that  is  attached  to  a  water  column  will 
close  up,  if  it  is  watched  and  attended  to  as  it  should 
be.  If  the  water  is  very  dirty,  clean  out  the  bottom 
connections  often.  James  E.  Noble. 

Portsmouth,  Ont.,  Canada. 
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Boiler-Room  Essentials 

In  the  excellent  article  on  "Boiler-Room  Essentials," 
by  H.  F.  Gauss,  that  appeared  recently  in  Power,  there 
is  one  sentence  that  should  be  amplified. 

The  statement  is  made  that  "for  uniform  flow,  such 
as  is  secured  by  centrifugal  boiler-feed  punps,  the 
venturi  meter  is  the  desirable  boiler-feed  meter,"  but 
"thf  re  is  some  question  as  to  the  accuracy  of  the  venturi 
meter  under  pulsating  flow." 

The  term  "pulsations"  is  orften  loosely  used.  Two 
kinds  of  pulsations  may  be  present  in  a  pipe  line — 
pulsations  in  pressure  and  pulsations  in  velocity — but 
the  two  do  not  always  accompany  each  other.  For 
instance,  in  a  water-works  system  a  reciprocating 
pumping  engine  discharging  into  a  main  distributing 
line  may  produce  severe  pressure  pulsations,  or  water 
hammer,  as  shown  by  the  lively  action  of  a  pressure 


To  take  an  extreme  case  of  pulsating  flow,  assume 
that  high  and  low  peaks  produce  a  maximum  differential 
nine  times  as  great  as  the  minimum  differential  in 
inches  of  mercury  column. 


DIAGRAMMATIC  PRESENTATION  OF  A  MERCURY 
MANOMETER 

gage,  and  this  effect  may  be  noticed  miles  distant,  but 
a  venturi  meter  in  the  main  would  reveal  a  very  steady 
flow.  The  reason  for  this  is  that  the  friction  of  the 
long  discharge  line  and  distributing  branches  absorb 
and  smooth  out  the  peaks  in  the  flow  line. 

In  a  boiler  plant  pulsations  in  pressure  are  usually 
accompanied  by  pulsations  in  flow,  although  the  venturi- 
meter  tube  can  often  be  placed  beyond  a  filter  or  econ- 
omizer, which  tends  to  straighten  out  the  flow  line.  A 
long  experience  with  the  measurement  of  boiler  feed 
by  venturi  meters  proves  that  single-plunger  pumps, 
almost  without  exception,  give  error-producing  pulsating 
flows  when  the  water  is  pumped  directly  through  the 
venturi-meter  tube  or  any  other  meter  of  the  so-called 
velocity  or  inferential  type.  Not  all  duplex  pumps  cause 
severe  enough  pulsations  to  be  detrimental,  and  triplex 
pumps  in  good  condition  can  be  used  without  taking  any 
precaution  to  dampen  the  pulsations.  When  two  or  more 
duplex  feed  pumps  are  in  service,  the  character  of  the 
flow  is  suitable  for  correct  mpter  registration. 

To  determine  accurately  the  extent  of  error  produced 
by  a  pulsating  flow  through  a  venturi-meter  tube,  the 
latter  should  be  connected  in  the  usual  manner  to  a 
mercury  manometer,  as  illustrated  diagrammatically  by 
the  accompanying  sketch.    Let : 

R  =  Rate  of  flow; 

C  =^  Meter  coeflficient; 

g  =  Acceleration   of   gravity; 

a,  r=  Throat  area; 

v^  =  Throat  velocity; 

h  ■=  Differential  pressure   in  manometer. 

■c,  =  Cy  \/2gh        R^a,X%  =  a,XCX  V^gh 
The  scale  is  graduated  in  the  rate  R,  which,  according 
to  the  formula,  varies  as  the  square  root  of  the  differen- 
tial pressure. 


Actual  maximum  rate  of  flow 
Actual  minimum  rate  of  flow 


/9  _  3 


or,  actual  average  rate  of  flow  =  2.  But  the  average 
mercury  differential  in  the  manometer  as  observed 
would  equal  5  in.     Therefore; 


Observed  average  rate  of  flow 


=  J  =  1.12. 


Actual  average  rate  of  flow 

or  the  error  resulting  from  reading  the  scale  opposite 
the  average  mercury  level  is  +12  per  cent. 

Since  recording  instruments  employ  a  much  larger 
weight  of  mercury  than  a  manometer,  and  hence,  owing 
to  the  inertia  of  the  mercury,  cannot  follow  change.s 
in  velocity  as  rapidly  as  a  manometer,  the  recording 
instrument  may  show  even  a  greater  plus  error  than 
the  manometer.  Employment  of  the  latter,  however, 
provides  a  ready  means  of  determining  the  extent  of 
the  error  of  the  recorder  under  any  condition  of  oper- 
ation. 

Throttling  the  small  pressure  connections  between  the 
meter  tube  and  the  recording  instrument  would  only 
aggravate  the  error.  The  only  practicable  method  of 
overcoming  the  diflficulty,  as  all  manufacturers  of  the 
velocity  type  of  meter  will  frankly  acknowledge,  is  to 
absorb  the  pulsations  in  flow  before  the  water  enters 
the  meter.  If  the  latter  cannot  be  advantageously 
located  to  accomplish  this,  as  outlined,  a  suitable  air 
chamber  should  be  installed  in  the  main  line  preceding 
the  meter,  designs  for  which  have  already  appea  e<l 
in  Power.  It  may  be  set  down  as  a  general  rule  that 
if  the  pulsations  in  velocity  are  severe  enough  to  atfect 
the  accuracy  of  the  venturi-meter  readings,  the  pu's.a- 
tion  in  pressure  is  causing  destructive  water  hammer 
on  the  pump  parts,  valves,  fittings  and  gaskets  and  is  in 
itself  sufficient  argument  for  a  remedial  air  chamber. 

Providence,  R.  I.  Charles  G.  Richardson. 

Use  of  Bichromate  Salts  as  Boiler 
Compound 

A  short  time  ago  a  reader  of  Potver  requested  data 
concerning  the  use  of  bichromate  as  a  preventive  of 
corrosion    in    steam    boilers. 

This  subject  has  received  pretty  thorough  investiga- 
tion, and  I  suggest  that  reference  be  made  to  J.  New- 
ton Friend's  work  entitled  "Corrosion  of  Iron  and 
Steel,"  as  published  by  Longmans,  Green  &  Co.  In  the 
chapter  headed  "Influence  of  Solutions  of  Electrolytes 
upon  Iron,"  the  subject  of  bichromates  and  chromates 
is  gone  into  very  thoroughly. 

While,  under  certain  conditions,  the  sodium  and  po- 
tassium bichromates  and  chromates  will  produce  a  pro- 
tective action  of  the  metal,  the  amount  required  per 
thousand  gallons  of  water  evaporated  renders  its  cost 
prohibitive. 

Furthermore,  as  will  be  noted  from  the  article  in 
question,  much  better  results  can  be  obtained  by  the 
use  of  the  chromate  instead  of  the  bichromate,  since 
if  the  latter  is  employed  in  the  presence  of  foreign 
salts,  especially  sodium  chloride,  very  little  protection 
is  secured  on  account  of  the  liberation  of  free  acid. 

Chicago,  111.  E.  L.  Gross. 
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Troul)le  Avitli  Spray  Valve  Packing 

Having  had  considerable  trouble  with  spray-valve 
packing  on  a  semi-Diesel  engine  v^'ith  closed  tap  valve, 
I  am  submitting  the  following: 

Because  the  stuffing-box  was  not  deep  enough  the 
shredded  metallic  packing  which  was  used  would  work 
out  around  the  outside  of  the  gland  enough  to  keep 
it  from  drawing  up  and  keeping  the  packing  tight  on 
the  valve. 

To  remedy  this  trouble  I  cut  a  piece  of  babbitt  I  in. 
thick  and  large  enough  to  cover  the  opening  in  the 


BABBITT  WASHER  APPLIED  TO  STUFFING-BOX 

stuffing-box.  I  then  drilled  a  hole  in  the  center  of  this 
the  size  of  the  spray -valve  and  cut  the  piece  down  to 
a  little  larger  than  the  opening  and  forced  it  into  the 
box  so  as  to  get  a  better  fit  on  account  of  the  box 
being  badly  scored. 

By  using  this  between  the  gland  and  the  shredded 
packing  there  has  been  no  further  trouble, 

Covington.  Ohio.  Harry  A.  Happle. 

Lubricating  an  Engine  Under  Varying 

Load  Conditions 

I  read  with  unusual  interest  the  letter  of  Charles  J. 
Mason  on  page  672  of  the  Dec.  8  Power,  treating  the 
question  of  lubricating  an  engine  under  widely  varj'ing 
load  conditions.  When  Mr.  Mason  says  "A  fully  loaded 
engine  using  large  volumes  of  steam  per  stroke  is  easy 
to  lubricate  as  compared  with  under-loaded  engines 
with  an  accompanying  early  cutoff  and  small  steam 
volumes,"  he  is  giving  expression  to  a  privately  formed 
conclusion  that  I  have  arrived  at  through  the  study  of 
a  most  peculiar  behavior  of  piston-rod  packing  on  an 
engine  now  in  my  charge.  This  engine  is  perfect  in 
alignment,  adjustment,  design  and  workmanship  and  is 
my  pride  as  well  as  the  praise  of  inspectors  and  supply 
men  who  come  to  the  plant.  But  while  this  engine  "runs 
like  a  song"  it  can  destroy  more  piston-rod  packing  than 
any  other  engine  I  ever  saw.  In  my  search  for  a  packing 
that  would  give  satisfaction  on  this  engine  I  carefully 
selected  and  tried  out  six  good  standard  makes  and  all 


failed.  These  packings  would  all  give  good  results  for 
a  while,  then,  suddenly,  and  with  less  than  two  minutes' 
warning,  would  bum  out.  Sometimes  the  packing  would 
run  beautifully  for  a  month  or  more  before  burning 
out  and  then  again  it  might  run  only  one  week  after 
being  freshly  packed.  The  burning  out  would  take  place 
as  follows: 

All  would  be  running  smooth  and  well  when  all  of  a 
sudden  I  would  hear  the  packing  start  to  blow  and  I 
would  find  it  smoking.  The  blowing  would  increase 
rapidly  and  become  violent  while  smoke  would  come  from 
the  rod  and  box  in  clouds.  Upon  examination  I  would  find 
the  rod  with  what  I  call  "a  hump  on  its  back"  (horizontal 
engine) ,  ^  The  rod  instead  of  being  straight  would  be 
raised  in  its  middle  a  full  i  in.  and  pinching  the  top 
sides  of  the  packing  rings  till  they  simply  burned  up. 
The  hotter  the  top  side  of  the  rod  became  the  more  it 
humped  up,  due  to  the  expansion  of  that  side,  and  the 
more  it  humped  up  the  greater  became  the  friction  and 
heat  on  that  side  to  hump  it  up  more.  A  brush  and  a 
can  of  cylinder  oil  would  straighten  the  rod  out  again 
in  a  few  minutes  without  stopping  the  engine,  but  that 
gland-full  of  packing  was  lost.  If  the  packing  were 
soft,  it  was  burned  and  if  it  were  semi-metallic  the 
metal  would  be  melted  out  of  it. 

This  might  happen  any  time  either  on  an  old  gland 
full  of  packing  or  on  a  newer  one  regardless  of  make. 
I  came  to  the  conclusion  that  there  must  be  times  when 
the  rod  failed  to  get  oil  and  ran  as  long  as  it  could  on 
what  the  packing  had  absorbed.  But  the  natural  tend- 
ency of  the  oil  would  be  to  gather  in  the  lower  halves 
of  the  packing  rings,  leaving  the  top  halves  compara- 
tively dry,  and  the  top  side  of  the  rod  next  to  the  dry 
half  of  the  rings  would  be  the  first  place  to  gather 
excess  heat  from  lack  of  lubrication.  As  quickly  as 
the  rod  started  to  warm  and  expand  along  its  top  side, 
the  bending  effect  due  to  unequal  expansion  would  take 
place  and  the  performance  I  have  described  would  be 
gone  through  with. 

I  next  noticed  that  this  overheating  always  took  place 
when  the  load  was  almost  nothing  and  the  steam  pres- 
sure high.  The  engine  is  15  x  18  in.,  running  200  r.p.m. 
directly  connected  to  an  a.c.  generator  and  runs  on 
135  lb.  steam  pressure.  The  load  averages  150  hp. 
but  varies  from  3  to  200  hp.  At  certain  seasons  of  the 
year  we  frequently  get  a  load  of  3  hp.  (one  small  motor) 
for  several  hours  at  a  time.  The  friction  load  is  prac- 
tically nil  due  to  lack  of  belts  and  shafting,  and  at 
these  periods  I  get  a  diagram  that  alniost  comes  back 
on  the  compression  line. 

I  am  firmly  convinced  in  my  own  mind  that  at  these 
periods  of  short  cutoff  and  small  volume  of  steam 
the  flow  past  the  lubricator  nozzle  is  not  sufficient  to 
atomize  the  oil  or  carry  it  along  the  rod  as  the  rod  i> 
drawn  into  the  cylinder.  After  a  lot  of  study  and 
experimenting  I  have  found  an  almost  perfect  cure  for 
the  trouble  in  a  combination  of  two  things.  First,  1 
arranged  an  oil  cup  over  the  rod  so  that  the  drop  would 
fall  upon  its  upper  side,  and  this  I  keep  filled  witli 
cylinder  oil  so  that  I  can  turn  it  on  whenever  I  see 
the  ammeter  drop  back  to  almost  zero  and  remain 
for  any  length  of  time.  Second,  I  found  a  packing  that 
is  made  of  asbestos  product  and  will  neither  burn  or 
melt.  This  packing  is  made  to  contain  annular  cavities 
encircling  the  rod  and  will  yield  to  the  distorted  rod 
and  come  back  to  place  when  the  rod  straightens  again. 

Vancouver,  B.  C.  R-  Manly  Orr, 
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INQUIRIES 
OF  GENERAL 


I-  INTEREST 


Velocity  in  Pump  Suction  and  Discharge  Pipes — What 
velocities  are  allowable  for  water  pump  suction  and  dis- 
charge pipes?  G.  L.  J. 

In  order  that  loss  of  pressure  from  pipe  friction  may  not 
be  too  j^reat  for  ordinary  lengths  of  pipe  lines,  the  velocity 
of  water  in  the  suction  pipe  should  not  exceed  240  ft.  per 
minute  and  that  in  the  discharge  pipe  300  ft.  per  minute. 

Relative  Heat  in  Water  and  Steam  of  Boiler — Does  a 
pound  of  water  in  a  boiler  contain  as  many  heat  units  as 
that  quantity  converted  into  steam  at  100  lb.  or  any  other 
pressure?  H.  B. 

The  water  in  a  boiler  is  at  the  same  temperature  as  the 
steam  but  before  the  water  can  be  converted  into  steam  it 
must  receive  additional  heat,  called  the  latent  heat  of 
evaporation.  Thus  for  100  lb.  gage  pressure  the  water  and 
steam  are  at  a  temperature  of  338  deg.  F.  and  each  pound 
of  the  water  contains  309  B.t.u.  above  32  deg.  V.,  but  for 
conversion  into  steam,  each  poond  of  water  must,  in  addition, 
receive  879.8  B.t.u.  which  is  the  latent  heat  of  evaporation 
at  the  stated  pressure;  so  that  the  total  heat  contained  by 
a  pound  of  the  steam  is  309   -f-  879.8    -   1188.8  B.t.u. 


Size  of  Steam  Pipe  for  Engine — What  size  of  steam  pipe 
would  be  required  for  an  18  in.  x  36  in.  engine  running  110 
r.p.m.,  assuming  the  velocity  of  steam  in  the  pipe  is  7,000 
ft.  per  min.  W.  H. 

The  piston  displacement  of  the  engine  would  be  (18  X  18 
X  0.7854)  X  36  X  2  X  110  =  2,015,399  cu.in.  per  min.  Allow- 
ing that  the  maximum  velocity  of  the  steam  in  the  pipe  is  to 
be  7,000  ft.  or  84,000  inches  per  minute,  when  the  piston  is 
traveling  at  its  average  speed,  the  required  cross-sectional 
area  of  the  steam  pipe  would  be  2,016,399  ^  84,000  =  23^9 
sq.in.  which  corresponds  to 

\0.7854--^-^'"-*^^- 

The  least  commercial  size  of  pipe  required  would  be  6  in. 
inside  diameter. 


Weight  liequired  at  End  of  Safety  Valve  Lever — If  the 

area  of  a  lever  safety  valve  is  1  sq.in.,  distance  from  valve 
to  fulcrum  2  in.,  weight  of  lever  2  lb.,  distance  of  its  center 
of  gravity  to  the  fulcrum  5  in.,  weight  of  the  valve  and  stem 
i  lb.,  and  total  length  of  lever  15  in.,  what  weight  must  be 
placed  on  the  end  of  the  lever  so  the  valve  will  blow  off  for 
a  pressure  of  100  lb.  per  sq.in.?  A.  B.  T. 

The  lever  alone  will  exert  a  pressure  on  the  valve  of 
(2x5)  —  2  =  5  lb.,  and  as  the  weight  of  the  valve  and 
stem  is  0.5  lb.  the  lever  and  dead  weight  of  the  valve  will 
balance  a  pressure  of  5.5  lb.,  leaving  100  —  5.55  =  94.5  lb. 
of  pressure  to  be  exerted  on  the  valve  by  the  leverage  of 
the  weight  placed  at  the  end  of  the  lever.  As  1  pound  at 
the  end  of  the  lever  would  exert  a  pressure  on  the  valve  of 
1  X  15  -r-  2  =  7.5  lb.,  the  additional  94.5  lb.  pressure 
required  would  be  balanced  by  a  weight  of  94.5  -4-  7.5  -- 
12.6  lb.  placed  on  the  end  of  the  lever. 


Sizing  Bushing  for  Engine  Cylinders — We  are  preparing 
to  rebore  and  bush  a  26  x  42  in,  Corliss  engine  cylinder. 
The  bushing  is  to  be  about  1  in.  thick  and  the  cylinder  will 
be  bored  in  four  steps.     How  much  oversize  will  it  be  safe 


to  make  the  bushing  larger  than  the  cylinder  diameter  to 
press  the  bushing  in  place  with  a  35-ton  jack?       W.  D.  P. 

No  more  than  a  snug  fit  is  necessary  when  the  bushin'^ 
and  cylinder  are  at  the  same  temperature  and  appropriaUj 
provision  is  made  for  preventing  the  bushing  from  turning 
or  slipping  endwise  in  the  cylinder.  Very  good  jobs  have 
been  made  by  turning  off  the  outside  of  the  bushing  about 
0.')05  of  1  in.  greater  in  diameter  than  the  diameter  of  the 
cylinder  bore  when  both  are  at  the  same  temperature  an<l 
then  inserting  the  bushing  with  the  cylinder  warmed  up  and 
the  bushing  cold.  By  that  method  the  pressure  required  for 
forcing  the  bushing  into  the  cylinder  will  depend  upon  the 
force  required  to  spring  the  bushing  to  the  form  of  the 
cylinder  in  compensation  of  imperfect  ooring  and  turning. 

Required  M.E.P,  for  Generating  Stated  Kw. — What  would 
be  the  m.e.p.  in  the  cylinder  of  a  10  x  10  in.  engine  running 
300  r.p.m.  direct  connected  to  a  generator  for  developing 
35  kw.?  R.  C. 

F'or  estimating  the  required  m.e.p.  it  is  necessary  to  take 
account  of  the  efficiency  of  the  engine  and  generator.  One 
kw.  is  development  of  work  at  the  rate  of  44,240  ft.-lb.  per 
min.  and,  assuming  the  mechanical  efficiency  of  the  engine 
to  be  85  per  cent  and  the  efficiency  of  the  generator  as  90 
per  cent,  the  work  required  by  the  steam  acting  on  th« 
engine  piston  would  be 

44^240  X  35  kw. 
0^85  X  0.90 

One  pound  m.e.p.  in  a  10  x  10  in.  engine  running  300  r.p.m. 
would  develop 


--  2,024,052  ft.-lb.  per  min. 


IX  (10x10x0.7854)  X   Jg    X2x300 


39.270    ft.-lb.    per 


min.  and  therefore  the  generation  of  35  kw.  would  require 
2,024,052  ^  39,270        51.54  lb.  m.e.p. 

Effective  Pull  of  Belt— What  is  meant  by  "belt  pull"  and 
how  is  it  computed?  Is  belt  pull  the  same  as  belt  stress? 
What  would  be  the  belt  pull  in  driving  a  machine  that 
requires  20  hp.  where  the  belt  speed  is  2,325  ft.  per  minute? 

W.  N.  J. 

The  term  "belt  pull"  is  commonly  employed  to  signify  the 
effective  pull  or  difference  in  tensions  of  the  tight  side  and 
slack  side  of  a  belt  when  transmitting  power.  The  actual 
pull  or  tension  that  tends  to  draw  the  be!t  apart  is  the 
tensile  stress  and  the  intensity  of  that  stress  usually  is 
expressed  in  pounds  per  square  inch  of  cross  sectional  area 
of  the  belt. 

For  transmission  of  20  hp.,  or  33,000x20  -  660,000  ft.-lb. 
per  minute,  and  for  a  belt  speed  of  2,325  ft.  per  min.  the 
effective  pull  would  be  660,000  -^  2,325  -  283.9  lb.  For 
transmission  of  any  given  power  with  a  given  speed  of 
belt,  the  maximum  tensile  stress,  or  actual  pull  coming  on 
the  tight  side  of  the  belt,  depends  on  the  required  effective 
pull,  the  tension  under  which  the  belt  was  put  on  pulleys 
and  elasticity  of  the  belt  material. 


[Correspondents  sending  us  inquiries  should  si;fn  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Kditor.] 
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Engineering  as  Prosperity  Insurance* 

By  GEORGE  OTIS  SMITHf 


INDUSTRY  is  a  reaction  into  which  raw  material  and 
energy  enter ;  it  is  the  function  of  engineering  to  use 
both  material  and  energy  in  the  smallest  quantities  pos- 
sible, in  other  words,  to  make  what  is  used  do  the  most  work. 
To  appreciate  the  rate  at  which  we  increase  our  annual  drafts 
upon  Mother  Earth's  treasury,  a  glance  at  the  records  for  the 
two  chief  metals  and  the  two  mineral  fuels  is  perhaps  enough. 
V\' ithin  the  last  half  century  the  country's  output  of  coal  has 
increased  more  than  20-fold,  iron  more  than  23-fold,  and 
copper  68-fold,  while  the  flow  of  petroleum  has  increased  not 
less  than  700-fold.  This  growth  of  tiie  mining  industry  within 
the  life  of  most  of  us  must  open  our  eyes  to  the  real  issue 
of   safeguarding  our   sources  of   supply. 

Although  the  99  per  cent  or  so  of  coal  left  unmined  is  a 
figure  that  might  seem  to  justify  an  optimism  as  to  coal  that 
is  not  warranted  as  to  oil,  we  may  need  to  think  less  of  the 
million  of  millions  of  tons  of  coal  which  we  are  told  lie 
awaiting  our  needs  over  the  length  and  breadth  of  our  land 
and  to  ask  for  more  details  as  to  where  this  coal  is  and  how 
much  of  it   remains  in  the  older   mining  districts. 

Before  you  indulge  in  mental  arithmetic  in  figuring  out  the 
life  of  our  coal  resources,  you  must  set  down  the  broad  fact 
that  the  best  and  most  accessible  coal  is  mined  first.  From 
this  premise  follows  the  practical  prophecy  that  with  the 
passing  of  time  in  our  rapid  industrial  expansion  we  may 
expect  for  the  coal  of  our  future  output  decreasing  quality 
and  increasing  cost.  It  is  this  aspect  of  our  tomorrow  that 
forces  the  discussion  of  the  best  use  of  America's  coal. 

The  reason  for  our  interest  in  the  past  and  future  of  coal 
is  that  coal  will  count  for  more  and  more  as  the  controlling 
factor  in  America's  industrial  future.  Even  now  we  can  take 
our  country's  record  of  the  highest  per  capita  coal  consump- 
tion in  the  world  as  the  gratifying  test  of  our  industrial 
capacity. 

Lessons  of  the  Armistice  Period 

The  lessons  of  the  armistice  period  have  increased  our  ap- 
preciation of  the  factors  that  insure  prosperity.  Raw  materials 
and  tools  are  what  the  war-stricken  peoples  of  Europe  are 
asking  for;  with  these  idleness  and  hunger  can  be  converted 
into  industrial  and  physical  health.  Coal  and  flour  are  two 
excellent  antidotes  for  bolshevistic  infection. 

Human  energy  was  something  that  the  ancients  spent  with 
little  regard  for  present  or  future  happiness.  The  great  mon- 
uments of  the  past — the  engineering  wonders  of  the  world — 
commemorated  slave  labor.  Today  we  regard  man-power  as 
something  to  be  conserved,  not  only  because  we  as  practical 
business  men  set  a  higher  value  upon  humanity  than  even  the 
philosophers  of  old,  but  also  because  we  have  learned  that  in 
much  that  we  try  to  do,  man-power  is  the  limiting  factor. 

To  lighten  the  load  of  labor  is  the  real  purpose  in  planning 
for  power.  In  the  evolution  of  industry  animal-generated 
power  was  first  brought  to  the  aid  of  man,  then  wind  and 
running  water  were  harnessed,  next  fuels  through  the  agency 
of  steam  made  possible  the  modern  industrial  system,  and 
now  electricity  has  been  made  a  servant  of  man  that  promises 
to  lift  the  burden  of  toil  so  that  human  pnerg>'  can  be  put  to 
the  highest  tasks. 

The  official  estimates  of  the  potential  water  power  in  the 
United  Stales  when  figured  on  an  80  per  cent  efficiency  indi- 
cate in  round  numbers  a  minimum  of  30  million  horsepower 
and  a  maximum  of  60  million  horsepower.  The  water  power 
now  utilized,  however,  is  less  than  one-third  of  the  minimum 
potential  power,  or  taking  a  world  view  of  the  water-power 
situation,  we  find  our  country  standing  third  in  potential 
power  resources,  with  about  7  per  cent  of  the  world  supply, 
but  first  in  rank,  as  determined  by  developed  power,  with  45 
per  cent  of  the  world's  total.  Canada,  France  and  Norway 
stand  next  in  order  as  to  power  developed,  but  the  total  of 
all  three  is  only  half  the  water  we  use. 


■'rvbstract   from   an   addres.s  delivered  before   Engineers'  Club  of  Phila- 
cdphia,   Penn.,   January   20.    1920. 

tDirector,  United   States   Geological   Survey,  Washington,   D.    C. 


These  are  the  basic  facts  that  suggest  what  the  future  can 
hold  for  us.  Unfortunately,  there  remains  a  fact  of  geo- 
graphic distribution  that  afifects  future  utilization ;  as  pointed 
out  recently  by  W.  B.  Heroy,  70  per  cent  of  the  available  water 
power  is  west  of  the  Mississippi,  whereas  70  per  cent  of  the 
water  power  now  installed  is  east  of  the  Mississippi.  With 
the  largest  power  market  and  the  largest  power  supply  so 
separated,  fuel  power  must  continue  to  carry  its  part  of  the 
load. 

Super-Power   Pla.\   for   Eastern    Industrial   Region 

The  super-power  plan  that  is  now  being  advocated  for  the 
great  industrial  region  of  the  East  seems  a  direct  answer  to 
the  appeal  for  the  best  use  of  America's  coal.  In  its  broad 
outlines  this  plan,  for  which  a  Federal  investigation  is  being 
asked  of  Congress,  is  the  linking  up  of  high-power,  high-economy 
generating  stations  with  a  super-power  transmission  line — a 
veritable  stream  of  power  from  which  will  flow  the  current 
wherever  it  is  needed  for  transportation,  industry  Or  home 
use.  You  engineers  do  not  need  to  be  told  by  me  the  pos- 
sibilities of  saving  through  higher  load  factor,  low  Coal  con- 
sumption and  greater  certainty  of  continuous  service.  How 
the  engineering  details  of  so  great  a  plan  are  to  be  worked 
out  is  a  story  for  future  telling;  but  we  can  confidently  expect 
that  this  interstate  system,  so  essential  to  the  whole  nation  in 
helping  us  to  meet  international  competition  effectively,  will 
be  thoroughly  democratic  in  spirit  and  will  be  so  planned  as 
best   to    serve    the   greatest   number    of    citizens. 

In  setting  up  a  practical  ideal  for  a  power  system,  the  two 
words  "public  service"  are  enough.  Service  to  the  public  is 
the  power  plant's  reason  for  being,  and  the  quality  of  that 
service  should  measure  the  corporation's  standing  with  the 
customer  and  ''ndeed  in  the  community  and  in  the  Nation. 
I  fear  lest  for  political  effect  too  much  stress  is  often  laid  on 
price;  of  course  both  economist  and  engineer  must  give  full 
attention  to  the  question  of  cost,  as  well  as  the  possible  profit 
in  the  business,  but  another  element  in  service  is  perhaps  even 
more  important,  and  that  is  reliability.  I  notice  that  Robert 
Treat  in  a  recent  technical  paper  puts  foremost  among  the 
aims  of  the  electrical  engineer  who  is  planning  large  electrical 
layout  reliability  of  supply  and  continuity  of  service:  The 
flow  of  energy  must  be  uninterrupted. 

The  power  company,  then,  deals  in  service.  A  recent  article 
in  one  of  the  engineering  journals  in  describing  a  great  inter- 
state power  system  classified  the  causes  of  the  interruptions 
of  service  on  its  lines  so  far  as  they  could  be  determined. 
Lightning  and  sleet  and  high  winds,  which  are  beyond  the 
control  of  either  company  or  customers,  together  caused  33  per 
cent  of  the  breakdowns,  but  failure  of  the  customers'  apparatus 
and  carelessness  in  the  customers'  operation  caused  35  per 
cent  of  the  interruption  in  service,  while  the  corresponding 
figure  for  company  failure  and  carelessness  was  less  than  10 
per  cent. 

Quality  of  Service  Dependent  on  Consumers 

At  the  Natural  Gas  Conference  in  Washington  last  week  it 
was  likewise  pointed  out  that  in  that  type  of  public  utility 
also  the  quality  of  the  service  rendered  the  public  depends 
largely  upon  the  consumers  themselves  Methods  of  use 
within  the  house  not  only  control  the  service  there,  but  also 
affect  the  service  rendered  to  other  consumers.  The  public- 
utility  engineer  can  profitably  devote  some  time  to  the  edu- 
cation of  his  customers. 

No  type  of  citizen  is  better  fitted  to  tackle  the  civic  prob- 
lems of  today  than  the  engineer.  The  large  questions  before 
the  people  arc  economic  questions,  and  engineering  is  mainl;, 
science  applied  to  life  in  an  economic  way;  the  engineer  in 
his  experience  as  well  as  in  his  training  has  studied  problei:: - 
in  economics,  whether  his  textbook  bore  that  title  or  not  <  .' 
whether  his  design  or  his  contract  was  so  labeled  or  not. 
The  constructive  issues  that  are  before  the  American  people 
this  year  and  that  promise  to  remain  before  our  legislative 
bodies  for  several  years  arc  all  in  some  degree  engineering 
issues,  and  in  a  large  degree  they  present  on  a  national  scale 
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problems  closely  akin  to  those  of  everyday  work  that  you 
engineers  have  in  hand  on  a  unit  scale. 

The  transportation  problem  now  before  Congress,  with  Mar. 
1  as  the  date  of  delivery  for  the  legislative  remedy ;  the  many 
questions  relating  to  the  production  and  distribution  of  the 
commodities  that  are  essential  to  life  and  comfort;  the  work- 
ing out  of  the  equities  of  the  partnership  between  labor  and 
capital  and  the  public — these  are  all  practical  economic  issues 
to  the  consideration  of  which  the  engineer  can  bring  an  ana- 
lytical mind  and  a  large  store  of  facts. 

These  public  questions  are  more  or  less  interlocking;  our 
coal  problem  is  hitched  up  with  the  railroad  problem,  and  both 
are  related  to  the  super-power  plan,  while  the  power  program 
in  turn  contributes  to  the  labor  question,  and  the  underlying 
ideal  of  prosperity  distribution  is  but  another  name  for  profit 
sharing  which  involves  accounting  in  terms  of  equities.  Some 
of  the  outstanding  elements  in  these  national  issues  may  be 
stated,  however,  even  if  a  logical  analysis  of  each  question  is 
not  made. 

How  THE  Various  Interests  Are  Tied  Together 

The  coal  industry  furnishes  perhaps  the  best  example  of 
how  the  operators,  the  mine  workers  and  the  consumers  are 
all  tied  together  in  actual  interest.  The  curve  of  weekly  coal 
production  tells  the  story  of  highly  irregular  operation,  and 
idle  plants  and  idle  men  are  expensive  taxes  upon  the  com- 
munity and  the  Nation. 

For  three  months  this  last  spring  the  coal  mines  of  the 
country  were  operated,  on  an  average,  for  only  about  24  hours 
a  week.  From  coast  to  coast  the  reason  for  lost  time  was 
"no  market" — something  beyond  the  control  of  either  operator 
or  mine  worker.  Here,  then,  is  the  greatest  branch  of  our 
mining  industry  vitally  affected  by  a  widespread  malady,  the 
remedy  for  which  lies  with  the  public  alone.  Laws  cannot 
make  coal  mines  operate  when  there  is  no  outlet  for  their 
product,  but  education  of  the  consuming  public  may  accom- 
plish much  in  bettering  the  conditions  of  demand,  and  we  as 
consumers  will  do  well  to  remember  that  the  price  we  pay  for 
coal  must  in  the  long  run  be  enough  to  pay  for  the  idle  days 
of  both  mines  and  miners,  as  well  as  for  the  days  they  work. 
The  public  interest  lies  in  a  longer  working  year,  not  in  a 
shorter  day  or  week.  Largely  on  account  of  the  irregular 
market  demand  for  coal,  our  mines  since  the  armistice  was 
signed  have  actually  averaged  only  30  hours  of  working  time  a 
week;  throughout  the  year  there  have  been  too  many  mines 
and  too  many  miners  waiting  for  work.  A  30-hour  week  is 
the  ailment,  not  the  cure. 

In  normal  years  the  seasonal  fluctuations  in  the  demand  for 
soft  coal  cause  a  slump  in  mine  output  during  the  spring  and 
a  peak  of  forced  production  in  the  fall  and  early  winter. 
Compared  with  the  average  for  the  whole  year,  the  monthly 
rates  of  output  will  commonly  range  from  81  or  82  per  cent 
in  March  and  April  to  115  or  higher  in  October  and  November. 
The  mine  operator  is  dependent  upon  a  too  irregular  market 

Comparison  of  Coal  Consumption  of  Typical  Power 

Companies 

As  a  suggestive  comparison  I  have  taken  the  coal  consump- 
tion of  six  large  typical  power  companl?« — companies  having 
an  aggregate  installed  capacity  of  nearly  700,000  kw. — which 
furnish  electric  current  to  a  trunk-line  railroad  and  several 
street-railway  systems,  as  well  as  general  lighting  and  power 
service  in  metropolitan  districts.  The  daily  average  coal  con- 
sumption of  these  companies  by  months  during  ten  months  of 
last  year  furnishes  a  curve  that  shows  a  seasonal  fluctuation 
similar  to  that  of  mine  output,  but  the  departures  from  the 
base  line  representing  the  average  for  the  whole  period  are 
much  smaller — 92  per  cent  is  the  spring  low,  and  110  per  cent 
is  the  winter  peak.  Applied  to  the  general  curves  of  soft- 
coal  production  for  several  years,  this  consumption  curve  of 
six  companies  shows  that  for  three-fourths  of  the  time  such 
power  companies  could  exert  a  helpful  influence  on  the  mar- 
ket, even  if  they  bought  their  supply  from  day  to  day.  The 
storage  of  anything  like  a  reasonable  tonnage  of  coal  at  such 
plants  would  still  further  smooth  out  the  curve  and  help  to 
put  the  coal  industry  on  a  better  basis.  The  influence  of  such 
consumers  is  well  worthy  of  consideration,  for  these  six  com- 


panies alone  use  nearly  one-half  of  one  per  cent  of  the  soft 
coal  mined.  It  is  also  doubtless  true  that  by  connecting  up 
such  power  units  into  a  single  system  the  improved  load 
factor  would  tend  to  smooth  out  the  curve  of  coal  consump- 
tion, and  the  pooled  purchase  of  coal  v/ould  further  help 
abate  the  seasonal  demand  which  is  today  the  greatest  evil 
in  the  bituminous-coal  industry. 

The  leaders  i.i  industry  today  are  calculating  the  vision  of 
a  new  type  of  prosperity  tomorrow  which  must  mean  profit 
sharing  on  a  thoroughgoing  scale  so  thc.t  all  concerned  are  to 
receive  in  proportion  as  they  have  .served.  The  goal  of  wisely 
directed  industry  is  the  prosperous  community  of  happy  homes, 
and  engineers  must  direct  such  industry. 

Cooperation  of  Accountants  Necessary 

Yet  the  engineer  must  have  the  full  cooperation  of  the 
accountant  if  the  returns  from  industry  are  to  be  fairly 
divided.  A  true  diagnosis  of  the  financial  condition  of  any 
industry  involves  bookkeeping  that  states  the  real  economic 
symptoms.  In  mining,  as  in  all  other  productive  business,  pro- 
duction costs  should  express  all  the  facts,  but  I  am  convinced 
that  we  have  not  yet  reached  that  stage  in  our  accounting 
methods.  Does  not  the  cost  of  a  pound  of  copper  just  as 
truly  include  its  share  of  the  interest  due  on  the  bonds  and 
t'le  dividend  due  on  the  capital  stock  actually  paid  in — that  is, 
wages  paid  to  capital — as  it  includes  the  wages  paid  to  the 
mine  worker  or  to  the  man  in  the  smelter?  Of  course  neither 
payroll  should  be  padded.  Do  not  regard  the  definition  of 
profit  as  a  simply  academic  question  for  college  professors  to 
discuss;  it  is  more  a  matter  of  fundamental  concern  to  the 
men  who  are  trying  to  build  up  the  industry. 

In  the  first  place,  such  terms  as  "net  earnings,"  "profit," 
"net  income,"  "surplus,"  or  "balance  to  surplus  account," 
which  appear  on  your  financial  sheets,  are  too  optimistic  in 
tone  when  the  operating  costs  do  not  include  any  charge  on 
account  of  the  investment.  The  inference  is  too  easily  drawn 
that  this  surplus  is  available  for  profit  sharing  between  labor 
and  capital. 

In  the  second  place,  I  fear  lest  accounting  which  does  not 
count  all  the  costs  may  lead  us  to  fail  to  appreciate  the 
results  of  American  engineering.  Our  engineers,  backed  up 
by  red-blooded  capitalists,  are  constantly  lowering  labor  costs 
by  increasing  the  investment  in  improved  mine  equipment. 
This  means  replacing  the  hardest  part  of  labor  with  machinery 
— it  means  working  dollars  instead  of  men — so  that  your  cost 
keeping  conceals  the  true  state  of  things  if  you  pay  labor  out 
of  so-called  "costs"  and  capital  out  of  so-called  "profits." 

Those  are  some  of  the  reasons  why  we  need  to  unite  in 
urging  the  engineers  of  the  country  to  take  a  larger  share  in 
citizenship;  indeed,  these  are  compelling  reasons  for  engineers 
to  assume  more  of  leadership  in  public  opinion.  The  engineer 
is  a  forward-looking  worker,  but  to  get  in  fullest  measure  the 
pull  of  inspiration  in  our  work,  perhaps  wc  need  to  hark  back 
as  well  as  look  ahead.  Prosperity  of  the  right  kind  is  all  we 
can  a.sk  and  all  that  we  need  lO  work  for.  If  the  door  of 
large  opportunity  is  to  open  wide  for  all  our  people,  the  key 
to  unlock  that  door  is  good  engineering. 


It  is  estimated,  says  the  Engineer  of  London,  that  at  the 
present  time  the  Irish  bogs  contain  between  3.500,000,900  and 
4,000,000,000  tons  of  anhydrous  peat,  or  5,000,000,000  tons  of 
air-dried  peat.  At  present  about  6,000,000  tons  of  peat  are 
burned  as  fuel  in  Ireland  per  annum,  and  over  4,500,000  tons 
of  coal  are  imported.  If  this  coal  were  replaced  by  peat  fuel 
at  the  rate  of  two  tons  of  air-dried  peat  to  one  ton  of  coal, 
the  total  consumption  of  peat  in  Ireland  would  be  about  15,- 
000,000  tons  per  a'.inum,  and  the  peat  deposits  would  be  suf- 
ficient to  satisfy  the  fuel  and  power  requirements  of  the  coun- 
try at  the  present  rate  of  consumption  for  more  than  300  years 


In  an  article  on  the  development  of  the  power  of  the  Niagara 
Falls  in  the  Bulletin  of  the  Ontario  Hydro-electric  Commis- 
sion, it  is  shown  how  as  long  ago  as  \?\2  Augustus  Port'T 
and  Peter  Emslie  began  the  construction  of  a  po.ver  canal 
100  ft.  wide.  The  canal  was  ultimately  completed  with  a 
width  of  35  ft.  and  a  depth  of  8  ft.  By  1885  the  full  capacity 
of  this  canal,  10,000  hp,,  was  being  utilized. 
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Fuel-Oil  Bibliography 


The  following  bibliography  leaves  much  to  be  desired, 
yet  it  will  go  far  to  meet  the  demands  of  engineers  in- 
terested in  it  from  the  power-plant  standpoint: 

References   to    Some   Articles    in   Power 
January  to  June,  1914. 
Articles 


Author 


Mcintosh 


Physical   Properties 


Government  Specifications 
for   Purchase  of   Storage 
and   Piping 

Oil   Burners 

Furnace  Design 

^Operating   Troubles 

January    to   June,    1913. 


W.  G.  Greenlees      Burning    Fuel     Oil     Under 

Boilers 
E.  H.  Peabody  Developments     in     Fuel-Oil 

Burning 

E.  H.  Peabody         Developments    in     Fuel-Oil 

Burning 

H.  O.  McCarthy  Oil-Flow  Problem  —  Flow 
from  Tank 

B.  F.  Hartley  Fleating  Fuel  Oil  in  Home- 

made  Heater 

Capt.  C.  W.  Dyson  Oil  Fuel  for  Destroyers 
?nd   Battleships 

January  to  December,  1913. 

B.  W.  Babcock        Furnace    for   Burning   Fuel 

Oil 
\v'.  B.  Perkins         Purchasers   Test    of    Crude 

Oil — Centrifugal 
Mcintosh  Production   Statistics 

January  to  June,  1915. 

F.  H.  Rosencrants  Chimneys  for  Oil  and  Coal- 

Burning    Plants 
Fuel  Oil   for  Locomotives 


Page       Issue 
32  Jan.   6,    see 

also     Jan.     27, 

p.   146. 
.54  Jan. 


13 


105  Ian. 
139  Jan. 
158  Feb. 
195  Feb. 


20 

27 
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10 


815  June 

9 

205  Feb. 

11 

244  Feb. 

18 

503  April 

8 

60  Jan. 

14 

145  Feb. 

4 

G.  M.  Bean 


239  Aug.    12 

259  Aug.    19 
915  Dec.    30 


637  May    11 
900  June   29 


F.  C.  Fearing 

Delaney 

W.  L.  Kidston 

A.  D.  Pratt 


Wales 

Halloway 

Camp 

Long 

Ewing 

Ewing 

Colwell 


Dr3man 
Nelson 
Noble 
Weymouth, 


July  to  December,   1915. 

Charts  on  Relative  Cost  of 

Coal  and   Oil                         826  Dec.  14 

Oil  Burning  Standby  Plants  172  Aug.  3 
Automatic     Regulation     of 

Oil   Burning                             637  Nov.  9 

Use  of  Oil  Fuel                      665  Nov.  9 


347  Mar.    13 
391  Mar.   20 
464  Sept.  26,'16 
464  Sept.  26,' 16 


January   to  June,    1917. 

Chart    on    Equivalent    Cost 

Coal  and  Oil 
Oil-Burner    Regulator 
Oil-Burning   Furnace 
Homc-Made  Oil  Burner 
Fuel  Oil  for  Steam  Boilers    399  Mar.    20 
Fuel     Oil     for     Stationary 

Boiler   Plants  W3  May      8 

Precautions      in      Fuel-Oil 

Storage  886  June   26 

July  to  December,  1917. 

Regulating  Fuel  Oil  Burn- 
ers 

Cost  of  Evaporation  of  Oil 
and   Coal 

Simple  Home-Made  Heater 
and   Separator 

E-Mlnsuishing  Fuel  Oil 
Fires 


599  Oct. 

30 

189  Aug. 

7 

741  Nov. 

27 

700  Nov. 

20 

January   to   July,   1918. 

Anderson     Oil-Burner     de- 
scription 
Johnson  Oil   Burner 
Lindsay    Low-Pressure   Oil 
Burner 
Walker  Burner  Regulation 

McHugh.  Burner  Regulation 

Oil    Burning    in    Tamarack 
Bromley  Mills,   Pawtucket 

Operating    Cost     Oil-Burn- 
Bromley  ing,    Tamarack    Mills 

Best   Auxiliary   Burner    for 
Oil  or  Tar  with  Coal 
Strott  Calculating  Contents  of  Oil 

Tanks    (Formula) 
Ward  Calculating  Contents  of  Oil 

Tanks   (Table) 

July  to  December,   1918. 

Ray  Oil  Burner 
Correct  Color  of  Flame 
Correct  Color  of  Flame 
Efficiency    in    Use    of    Fuel 

Oil     (book).     Bureau     of 

Mines 
Preventing   Waste   of    Fuel 

Oil 
Connecting  Pipe  to  Tank 

July  to  December,  1916. 

Oil  as  Fuel  Sta.  Oper. 
Comm.  Nat.  Dist.  Heat'g 
Asso. 

Powell  Oil-Burner  Valve 

Safety  in  Use  of  Oil  Burn- 
ing 

Oil  Burning  and  COj  Chart 

Tests  of  B.  &  W.  Boiler, 
Philadelphia  Navy  Yard 

Tate-Jones  Fuel  Oil  Burner 

Hammell  Oil  Pump  and 
Heater 

Fuel  Oil  in  Jenks  Spinning 
Co. 

Fire  Underwriters'  Rules 
for  Storage 

Draft  Gages  on  Oil-B.u ru- 
ing Boilers 

CO,  Available  with  Fuel  Oil 
Perry  Barker  Chart  of  Coal  and  Oil  Costs 

Ventilated  Front  Column 
Stirling  Boiler  Using  Oil 

Relative  Heating  Valves  of 
Fuels  (table) 
Kent  Fuels  for  Boilers 

July  to  December,   1912. 

Editorials  Superheat  Indicates  Excess 

.'Mr  (see  p.  800  for  vital 
question  about  this) 

Spacing  of  Burners  in  Boil- 
er Formerly  Used  for 
Coal 

Oil  Burni  g  with  Various 
Boiler  Settings 

Effect  of  Temperature  on 
Sp.Gr.  of  Crude  Oil 
(Chart) 

Burning  Fuel  Oil  in  New 
Orleans  Pumping  Sta- 
tions 

Strainer  for  Fuel  Oil 


Peabody 


Bromley 


614  Apr.  30 

578  Apr.  23 

804  June  4 
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426  Mar.  26 

548  Apr.  16 
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208  Aug.  8 

406  Sept.  19 
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400  Mar.   19 


422  Mar.  2C 

595  Apr.    _ 


See    also    "Bibliography   on    Fuel    Oil,"    issued    by    Uni' 
States  Bureau  of  Mines,  Bulletin  No.  149,  1Q18. 
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1911. 

Locomotive 
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Engrs.,  Dec.  15,  1911;  Iro7i  and  Coal  Trade  Review,  Dec.  22, 
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I  Personals  | 
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Col.  W.  A.  Dibblee  is  now  associated  with 
the  Western  Appraisal  Co.  and  the  Nation- 
al Industrial  Engineering-  Co.,  of  Cincin- 
nati, Ohio.     He  will  act  as  field  manager. 

Calvert  Townley,  assistant  to  the  presi- 
dent of  the  Westinghouse  Electric  and 
Manufacturing  Co.,  was  reelected  vice  presi- 
dent of  the  United  Engineering  Society  at 
a  recent  meeting. 

F.  P.  Brounstead,  formerly  manager  for 
the  Perolin  Co.  for  the  State  of  Ohio,  has 
been  appointed  assistant  manager  of  the 
Lubricating  Department  of  the  Moore  Oil 
Refining    Co.,    Cincinnati,    Ohio. 

C.  B.  Leach,  who,  for  the  past  two  years, 
has  been  representing  Powrr,  a  McGraw- 
Hill  Co.  publication,  in  the  Philadelphia  ter- 
Jfitory,  has  taken  charge  of  the  Chicago 
territory,  succeeding  A.  H.  Maujer,  who  has 
resigned. 

T>.  George  McMillan  has  resigned  as 
superintendent  of  power  with  the  Singer 
Manufacturing  Co.,  Elizabeth,  N.  J.,  and 
is  now  with  the  Williams  Printing  Co., 
of  New  York  City,  in  the  capacity  of  main- 
tenance engineer. 
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Engineering  Affairs 


The    Connecticut  State   Branch   of  the   A. 

S.  M.  E.  will  hold  a  meeting  at  the  Seaside 
Club,  Bridgeport,  March  29. 

The  A.   S.   M.   E.,   St.  Louis   S«ction,  Will 

hold    a   joint   meeting   with    the    Associated 
Engineering    Societies    of    St.    Louis    in    the 


Hotel  Statler  on  April  7.  F.  O.  Pahmeyer, 
engineer  for  the  Heine  Safety  Boiler  Co., 
will   be    the    speaker.' 

The  A.  S.  M.  E.,  Buffalo  Section,  Will 
hold  a  meeting  at  the  Ellicott  Club,  Elli- 
cott  Square  Building,  April  6.  Harrison  P. 
Eddy,  consulting  engineer  for  the  City  of 
Buffalo,  in  connection  with  sewage-disposal 
work,  will  address  the  meeting. 

The     South    Dakota    Electric     Association 

at  a  recent  meeting  planned  to  merge  the 
Minnesota  and  North  Dakota  Electric  Asso- 
ciations with  the  South  Dakota  organiza- 
tion. The  new  society  will  be  known  as  the 
North   Central  Electric  Association. 

The  Hartford  Branch,  A.  S.  M.  E.  hel^ 
a  meeting  at  the  City  Club,  Central  Row, 
Monday,  March  15.  George  A.  Orrok.  de- 
livered an  interesting  address  on  Power 
Production,  which  was  followed  by  dis- 
cussion in  which  members  and  guests 
joined. 

The  American  Engineering  Standards 
Committee,  after  almost  three  years  of  in- 
vestigation by  the  engineering  fraternity, 
has  adopted  a  revised  constitution  of  very 
wide  scope  which  allows  the  direct  or  in- 
direct participation  of  anyone  interested  in 
Standardization.  The  new  constit.ition  has 
been  ratified  by  the  A.  S.  C.  B.,  the  A.  I. 
M.  &  M.  E.,  the  A.  S.  M.  E..  the  A.  I.  E.  E., 
and  the  A.  S  T  M.  and  the  three  Govern- 
ment departments  of  Commerce,  Navy  and 
War 
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Miscellaneous  News 
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The  Alabama  Power  Co.,  Montgomery, 
Ala.,  is  planning  to  purchase  the  Gadsden. 
Attalla  &  Alabama  City  Electric  Light  and 
Street  Car  properties. 


The    Arkansas    Light    and   Power    Co.    has 

completed  negotiations  for  the  purchase  of 
the  power  plant  at  Picon.  Ark  The  deal 
involves    $235,000.00. 

The   Federation  of  Mexican   Chambers  of 

Commerce   has  decided   to   open   as   soon  as 

possible  an  International  Exposition  in 
Mexico  City. 

The  Chamber  of  Commerce  of  the  Vnited 
States  will  ^Id  its  eighth  annual  meeting  at 
-Atlantic  City.  April  27-29.  The  subject  of 
the  meeting  will  be  "Increased  Production." 

The  Lehigh  Naxigation  Electric  Co.. 
Hazleton,  Pa..  recently  appropriated 
$3,000,000  to  increase  the  electric  and  boiler 
capacity  of  the  Hauto  plant  from  S.Odu  to 
16,000   horsepower. 

Permits  for  the  Use  of  Water  for  power- 
development  purposes  in  northern  California 
involving  expenditures  of  more  than 
$11,000,000  have  been  filel  with  the  State 
Water  Commission. 

The  Manufacturers  Club,  of  Minneapolis. 
Minn.,  has  organized  a  juperinf^ndents'  and 
foremen's  section.  An  employment  man- 
agers' section  and  a  .steel'treaters'  section 
have    also    recently    been    organised. 

Health  Commissioner  Robinson,  of  Chi- 
cago, IS  inaugurating  a  driw  on  the  smoke 
nuisance  in  the  Windy  Citv.  A  number  of 
plants  have  been  closed  down  until  the  cause 
of  the  trouble  can  be  eliminated. 

The  Public  Service  Company  of  Northern 
Illinois  at  its  recent  annual  meeting  decided 
owing  to  the  greatly  increased  demands  for 
electrical  energy  in  the  northern  zone,  to 
construct  a  transformer  station  at  North 
Chicago.     Construction  is  under  way. 

The  Federal  Trade  Commission  has  been 
r.'iven  full  authority  to  arrange  for  the 
development  of  useful  inventions  of  depart- 
mental employees  in  order  that  the  public, 
tlie  industries  and  the  Government  depart- 
ments may  get  the  benefit  of  them. 
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A     Gigantic     Steam-Electric      Generating 

Plant  at  Milwaukee,  Mich.,  will  be  con- 
structed by  the  Consumers  Power  Co.  Five 
million  dollars  is  the  estimated  cost  of  the 
project,  which  will  aid  in  supplying  light 
and  power  to  Saginaw  and  surrounding 
cities. 

The  Metropolitan  Edison  Power  Co.,  of 
Reading,  Pa..  and  the  Pennsylvania 
Utilities  Co..  of  Baston,  Pa.,  have  com- 
pleted plans  for  the  connection  of  the  two 
plants  A  line  will  be  constructed  from 
Reading  to  Easton  and  then  to  Dover  that 
will  convey  7,000  kw.  of  electricity. 

The  Seventh  National  Foreign  Trade  Con- 
vention will  be  held  in  San  Francisco,  Cal., 
from  May  12-15.  inclusive,  under  the  au- 
siiices  of  the  National  Foreign  Trade  Coun- 
cil. "The  Effect  of  Being  a  Creditor  Na- 
tion" will  be  the  main  theme  of  the  con- 
vention. 

The  Hartford  Electric  Light  Co.,  has  ar- 
ranged to  purchase  the  Connecticut  Power 
Co.,  which  has  been  operating  a  large  hy- 
rlro-electric  power  plant  on  the  Housatonic 
River  and  western  Connecticut.  Negotia- 
tions are  being  completed  through  Stone  & 
Webster,   of   Boston. 

The  Bureau  of  Mines,  Department  of  the 
Interior,  in  a  series  of  investigations,  recently 
completed,  show  that  taking  gasoline  from 
natural  gas  does  not  detract  from  the  heat- 
giving  qualities  of  the  gas.  It  is  estimated 
that  several  hundred  million  gallons  of 
gasoline  are  added  to  the  country's  supply 
in  this  manner. 

The  Metropolitan  Edison  Co.,  of  Reading, 
Pa.,  gave  a  fine  illustration  of  efficiency, 
when  the  West  Reading  plant  was  kept 
running  without  interruption  during  a  17- 
foot  flood  in  the  Schuylkill  River,  which 
forced  its  way  into  the  power  station  and 
completely  submerged  pumps  and  similar 
equipment  on  the  ground  floor. 

The  Detroit  Edison  Co.  has  planned  a 
new  plant  with  an  ultimate  capacity  of 
130,000  kw.  The  plant  will  be  located  at 
Bunce  Creek  and  will  supply  more  power 
than  either  the  Conners  Creek  or  the  Delray 
plant.  An  initial  expenditure  of  $2,000,000 
will  be  made,  and  many  millions  more  will 
be  spent  before  it  is  finished. 

A  Heavy  Wind  Storm  Last  November 
greatly  damaged  telephone,  telegraph  and 
power  lines  in  the  State  of  California.  Tem- 
l)orary  repairs  were  made  in  one  instance 
to  a  60,000-volt  line  by  supporting  the 
insulators  on  railroad  ties  piled  high  enough 
to  keep  the  wires  off  the  ground.  Current 
was  thus  maintained  through  the  storm  with 
the    exception    of    a    few    hours. 
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THE    COAL   MARKET 


I  Business  Items  | 

The  Wagoner  Electric  Co.,  of  St.  Louis, 
has  removed  its  Buffalo  office  to  16  Carl- 
ton St.  Alfred  W.  Baldwin  will  take 
charge  as   branch  manager. 

The  William  B.  Pierce  Co.,  of  Buffalo, 
N.  Y.,  manufacturers  of  the  Dean  Boiler 
Tube  Cleaner,  has  removed  its  New  York 
office  to  480  Lexington  Ave. 

The  Air  Compressor  &  Equipment  Co., 
of  Portland,  Ore.,  has  been  incorporated  by 
George  Larrabee,  Guy  A.  Plalcolm  and 
Warren  E.  Thomas.     Capital  stock,  $21,000. 

The  Dodge  Manufacturing  Co.,  Misha- 
waka,  Ind.,  has  opened  a  school  to  teach 
the  minor  executives  of  the  firm  more  ef- 
ficient methods  of  modern  production  and 
to  enable  them  to  handle  labor  more  ef- 
fectively. 

The  Mono  Corporation  of  America,  48 
Coal  and  Iron  Exchange,  Buffalo,  N.  Y.. 
announce  that  they  have  purchased  the 
entire  stock  of  Mono  apparatus  and  ac- 
cessories from  the  F.  D.  Harger  Co.,  Buf- 
falo, N.  Y.  This  includes  all  rights  for 
the  manufacture  and  sale  of  their  various 
types  of  Mono  apparatus  for  the  automatic 
analysis  of  CO,,,  CO,  Oi-,  H„  SO.,  Nj,  CI,  etc. 

The  Plant  Engineering  &  Equipment  Co. 
Inc..  N«w  York  City,  manufacturers  of  the 
well  known  Corliss  Valve  Steam  Trap, 
Mason  Condensation  Meter  and  other  power 
and  h<^ating  specialties  announces  the  open- 
ing of  its  twenty-sixth  office  to  care  for  the 
increasing  demands  for  its  products.  M. 
W.  Ehrlich,  will  be  the  New  ,Tersey  Manager 
in  charge  with  hoadquarters  at  Newark, 
N.  J.  and  a  sub-office  at  Lyndhurst,  N.  J. 

The  Fraiier-EUms-Sheal  Co. — J.  W.  Fra- 
ier,  J.  W.  Ellms  and  R  K  Sheal  announce 
the  incorporation  of  the  Frazier-Ellms- 
Sheal  Co.  for  the  purpose  of  conducting  a 
general  engineering  business  in  the  design 
and  construction  of  waterworks,  pumping 
and  power  plants,  water  purification  and 
sewage-disposal  plants,  sewer  and  drainage 
syf-tems.  and  buildings.  The  offices  of  the 
company  are  in  the  Illuminating  Building, 
Cleveland.  Ohio. 
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BOSTON — Current  prices  per  gross  ton  f.o.b.  New 
York  loading  ports: 

Anthracite 

Company 
Coal 

Egg    $8  20(1  $8.65 

Stove 8  45("    9 .  05 

Chestnut 8   55ff^   9.05 

Pea 7.05fe    7.40 

Buckwheat 3.60(5    3.80 

Rice 2 .  30@  2 .  50 

Barley 1 .  25 

Bituminous 

Cambrias  and 
Clearfields         Somersets 
F.o.b.  mines,  net  tons    .  .$2.85@$3.35  $3.  I5(s$3.60 
F.o.b.  Philadelphia,  gross 

tons 5 .  05(§i   5 .  60     S  35®   5 .  90 

F.o.b.   New  York,  gross 

tons 5.40(5-   5  95     5.75®  6.25 

Alongside  Boston  (water 

coal) ,  gross  tons 7  00®   7  75     7  60®   8,00 

Pocahontas  and  New  River  are  practically  off  the 
market  for  coastwise  shipment,  but  are  quoted  at 
$6.25®$7.00. 

NEW  YORK — Current  quotations,  White  Ash,  per 
gross  tons,  f.o.b.  Tidewater,  at  the  lower  ports  are  as 
follows; 

Anthracite  Company 

Coal 

Broken $7 .  80®  $8 .  25 

Fgg       8 .  20®  8  65 

Stove 8.45®   9.05 

Chestnut 8.55®  9.05 

Pea   7.05®  7.40 

Buckwheat 5.15 

Rice 4.50 

Barley 4.85 

Boiler 4.85 

Bituminous 

Government  prices  at  mines:  Spot 

South  Fork  (best) $3  25®$3.50 

Cambria  (best) 3.00®  3.25 

Cambria  (ordinary) 2  60®   2.90 

Clearfield  (best) 3  00®   3 .  25 

Clearfield  (ordinary) 2 .  60®   2 .  90 

Reynoldsville 2 .  85®   2 .  90 

Quemahoning 3 .  25®   3.50 

Somerset  (medium) 3 .  00®   3 .  25 

Somerset  (poor) 2 .  50®   2 .  75 

Western  Maryland    2 .  50®  2  75 

Fairmont ' 2.25®   2.50 

T,atrobe 2.60®   2.90 

Greensburg 2.75®   3.00 

Westmoreland  fin 3 .  40®   3.50 

Westmoreland  run-of-mine 2.75®   3.00 

PHILADELPHI.^ — Bituminous  coal  prices  varj- 
according  to  district  from  which  they  are  mined.  For 
ordinary  slack  the  price  is  $2.45®$2.55;  lump, 
$3.35,  at  the  mines. 

BUFFALO— 

Anthracite 

On  Cars,  At  Curb, 

Gross  Ton  Net  Ton 

Grate $8.55  $10.80 

Egg         8.80  10.65 

Stove 9.00  10.85 

Chestnut 9.10  10.85 

Pea 7.75  9.30 

Buckwheat 5.70  7.75 

Bituminous 

Allegheny  Valley $4 .  80 

Pittsburgh 4 .  65 

No.  8  Lump 4 .  65 

Mine-run 4,80 

Slack ■ .      4.10 

Smokeless 4 .  60 

Pennsylvania  Smithing 5 .  70 

CLEVELAND — Prices  of  coal  per  net  ton  delivered 
in  Cleveland  are: 

Anthracite 

Egg  $I2.25@$I2  40 

Chestnut 12  50®   12.70 

Grate 12.25®    12  40 

Stove 12.40(^   12.60 

PocahontiS 

Nine-run $7 .  50 

Domestic  Bituminous 

West  Virginia  split $8.50 

No.  8  Pittsburgh $6.60®   6.90 

Massillon  lump 8.  25®  8  50 

Coshocton  lump 7.15 

Steam  Coal 

No.  6  slack $5 .  25®  $5  50 

No.  8  slack 5.10®  5.50 

Youghiogheny  slack 5 .  25®  5  50 

No.  8?  in...    5.70®  6.60 

No.  6  mine-run 5.25®   5.50 

No.  8  mine-run 5.75 

Only  coal  available  is  mine-run  Pocahontas. 
MIDDLE  WEST— Chicago  quotations,  f.  o.  b  cars 
at  mine: 

Springfield, 
Carterville, 

Williamson,  Grundy, 

Franklin,  La  Salle, 

Saline,  Fulton,  Bureau. 

Harrisburg  Peoria  Will 

Lump $2.55(o>$2  70  $2  95®$3.I0  $3.25@$3.40 

Washed..    2.75®   2.90   3.45®  3.60 

Mine-ri'.i   2  35(a»  2.50     2.75®  2.90     3.00®  3.15 
Scrcen'gs    2.05®  2.20     2.35®  2.50     2.75®  2.90 


New  Construction 


PROPOSED    WORK 

Vt.,  Brattleboro — The  Connecticut  River 
Power  Co.  of  New  Hampshire,  35  Harvard 
St.,  Worcester,  Mass.,  plans  to  extend  the 
hydro-station  at  Hinsdale,  N.  H.  and  install 
4  additional  units.  Charles  A.  Harris, 
Pres. 

Vt.,  Johnson  —  The  Municipal  Electric 
Light  Plant  plans  to  install  a  new  generator 
and  switch   board. 

Mass.,  Boston — The  Reynolds  Bldg.  Trust 
Co.  is  having  plans  prepared  for  the  con- 
struction of  an  8  story,  47  x  70  ft.  office 
building  on  Winter  St.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $500,000.  Parker,  Thomas 
&  Rice,   110   State  St.,  Archts. 

Mass.,  North  Adams — The  H.  W.  Clark 
Biscuit  Co.,  185  Ashland  St..  will  soon 
award  the  contract  for  the  construction  of 
a  4  story,  90  x  140  ft.  addition  to  its  present 
plant  on  Ashland  St.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $150,000.  W.  Higginson,  13 
Park  Row,  New  York  City,  Engr. 

Mass.,  Springfield — P.  H.  Faher,  c/o  The 
Oaks,  31  Thomson  St.,  will  receive  bids 
about  April  1  for  the  construction  of  a  4 
story  hotel  addition  on  State  and  Thomson 
Sts.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$200,000.  Associated  Architectural  Co.,  145 
State  St.,  Archt. 

Mass.,  William.stown — Cram  &  Ferguson. 
Archts.,  20  Beacon  St..  Boston,  will  soon 
award  the  contract  for  the  construction  of 
a  3  story,  120  x  120  ft.  library  building, 
etc.  on  the  campus,  for  the  William  College. 
A  steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $500,000.  W. 
E.   Hoyt,  Treas. 

R.  I.,  Pawtucket — The  Blackstone  Valley 
Gas  &  Electric  Co.  plans  to  install  oil- 
burners  for  the  generating  system.  A.  C. 
Brooks,   Mgr. 

B.  I.,  Warren — The  Mt.  Hope  Spinning 
Mill  will  soon  award  the  .contract  for  the 
construction  of  a  2  story,  ilO  x  200  ft.  mill 
addition  on  Cutler  St.  A  steam  heating 
system  will  be  installed  in  same.  Total  es- 
timated cost,  $100,000.  Jenks  &  Ballon, 
1035   Grovenor   Bldg.,   Providence,   Engrs. 

Conn.,  Middletown  —  The  Trustees  of 
Wesleyan  University,  374  High  St.,  are 
having  plans  prepared  for  the  construction 
of  a  2  story  chemical  laboratory  building. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $500,000. 
Henry  Bacon,  101  Park  Ave.,  New  York 
City,  Archt.  and  Engr. 

Conn.,  New  6r!tain« —  The  Nev/  Britain 
Children's  Home,  81  Garden  St.,  is  having 
plans  prepared  for  the  construction  of  a  3 
story,  96  x  266  ft.  school  and  home  on 
Rackliffe  Heights.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.  $350,000.  Walter  P.  Crabtree,  272 
Main  St.,  Archt.  and  Engr. 

Conn.,  New  Britain  —  The  World  War 
Veterans,  c/o  Clarence  C.  Palmer,  Archt. 
and  Engr.,  272  Main  St.  plan  to  construct 
a  4  story,  60  x  150  ft.  club  house  on  North 
and  Beaver  Sts.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,   $200,000. 

Conn.,  New  London — The  Soltz  Co.,  52 
.John  St.,  plans  to  construct  a  1  story  cold 
storage    building   on   Main   St. 

N.  Y.,  Albany — York  &  Sawyer,  Archts. 
and  Engrs.,  50  East  41st  St..  New  York 
City,  will  soon  award  the  contract  for 
altering  the  present  bank  building,  for  the 
Commercial  Trust  Co..  c/o  Archts.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated   cost,   $100,000. 

N.  Y.,  New  York — The  Flatbush  Gas  Co., 
1034-36  Flatbush  Ave.,  Brooklyn,  plans  to 
construct  72 — 13,200  volt  power  feeders.  H. 
E.   McGowan,  Secy. 

N.  Y.,  New  York — John  H.  Sheier,  Archt. 
and  Engr.,  25  West  42nd  St.,  will  soon 
award  the  contract  for  altering  loft,  show- 
room and  store  building  on  6th  Ave.  be- 
tween 20th  and  21st  Sts.,  for  the  United 
States  Realty  Improvement  Co.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $300,000. 

N.  Y.,  New  York — The  Sheridan  Realty 
Co..  c/o  Reilly  &  Hall,  Archts.  and  Engrs.. 
749  5th  Ave.,  is  having  plans  prepared  for 
the  construction  of  a  152  x  202  ft.  theatre 
on  Sheridan  Sq.  A  steam  heating  system 
will  bp  installed  in  same.  Total  estimated 
cost,  $500,000. 

N.  Y.,  New  York — The  Silk  Traders,  Ina. 
c/o  G.   and   E.  Blum.  Archt.,   505   5th   Ave., 
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is  navmg  plans  prepared  for  the  construc- 
tion of  a  12  story  loft  building  on  4th  Ave. 
A  steam  heating-  Ky.stem  will  be  installed 
in  same.     Total  estimated  cost,   $600,000. 

N.  Y.,  New  York — The  Society  of  Profes- 
sional Automobile  Engrs.,  B'way  and  67th 
Ht.,  is  having  plans  prepared  for  the  con- 
struction of  a  5  story,  55  x  100  ft.  club 
building  at  153  West  64th  St.  A  steam 
heating  system  will  be  installed  in  same. 
Walter  Haefel,  229  West  42d  St.,  Archt. 
and    Engr. 

N.  Y.,  New  York — The  United  States 
Electric  Light  &  Power  Co.,  130  East  15th 
St.,  plans  i.o  install  one  22.000  kw.  turbo 
generator  unit,  construct  a  300,000  kw.  gen- 
erating station  and  change  the  transmis- 
sion voltage  from  7,500  volt  to  15,000  volt. 
Frank   W.    Smith,   Mgr. 

N.  Y.,  QueenHboroupli  —  The  Queens- 
borough  Cas  &  Electric  Co..  1530  Far  Rock- 
away  Blvd.,  Far  Rocknway,  plans  to  con- 
struct an  acldition  to  generating  station  and 
install  2  additional  600  hp.  Babcock  Wilcox 
boilers.     Carleton  Macy    Mgr. 

N.  J.,  Montolair  —  The  Montclair  Golf 
Club,  c/o  H.  P.  Knowles,  Archt.  and  Engr., 
52  Vanderbilt  Ave.,  New  York  City,  is  hav- 
ing plans  prepared  for  the  construction  of 
a  3  story,  50  x  220  ft.  club  building.  A 
.steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,   $200,000. 

N.  J.,  .South  River — The  Bd.  of  Pub.  Wks., 
Borough  Hall,  will  receive  bids  until  April 
12  for  the  construction  of  a  53  x  78  ft.  ad- 
dition to  the  electric  generating  station  and 
the  installation  of  two  300  hp.  boilers,  175 
lbs.  gauge  pressure,  50  degrees  superheat, 
two  500  kw.  turbo  generators,  two  500  kw. 
condensers,  two  circulating  water  pumps, 
one  water  heater,  etc.  E.  B.  Hedden,  Supt. 
Goss,  Bryce  &  Johnson,  55  Liberty  St., 
New  York  City,  Engrs. 

Pa.,  Philadelphia — Clark  &  Dudnick, 
Archts.  and  Engrs.,  Drexel  Bldg.,  will  soon 
award  the  contract  for  the  construction  of 
a  3  story,  42  x  60  ft.  store  building  on  5th 
and  South  Sts.,  for  Harry  Krengel,  5th  and 
South  Sts.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$100,000. 

Pa.,  Sharpsburgr — The  Municipal  Electric 
Light  Plant  Office  plans  to  install  a  con- 
denser for  one  300  kw.  turbine.  W.  C. 
Wetzel,  Supt 

Pa.,  Souderton — The  Souderton  Light  & 
Power  Co.  plans  to  construct  a  new  3  ph. 
transmission  system.  J.  J.  Hutchinson. 
Mgr. 

Pa.,  Verden — The  Verden  &  Lake  Ariel 
Light,  Heat  &  Power  Co.  plans  to  extend 
transmission  lines  in  the  spring.  W.  M. 
Kiezer,    Pres. 

Pa.,  Waynesboro — The  Landes  Machine 
Co.  is  in  the  market  for  a  125-200  hp.  boiler. 

Pa.,  Wilkes-Rarre — The  Sheldoti  Axle 
Co.,  221  Convngham  Ave.,  plans  to  con- 
struct a  3  story,  100  x  200  ft.  heat  treating 
plant  on  Beaumont  St.  A  steam  heating 
system  and  electric  power  will  be  in- 
stalled in  same.  Total  estimated  cost. 
$200,000. 

Md.,  Cumberland — G.  F.  Salisbury,  Archt., 
Citizens  Natl.  Bank  Bldg.,  will  soon  award 
the  contract  for  the  construction  of  a  4 
story,  69  x  84  ft.  store  building  on  Balti- 
more St.,  for  the  McMullen  Bros.  Co.,  Inc., 
Baltimore  St.  A  steam  heating  system  will 
he  installed  in  same.  Total  estimated  cost, 
$125,000. 

Va.,  Blacksburg: — The  Virginia  Polytech- 
nic Institute  Heat  &  Power  Plant  plans  to 
install  a  complete  new  generating  system 
and  remodel  the  transmission  system.  W. 
B.  Ellis.  Dir. 

Va.,  Bridgewater  —  The  North  River 
Electric  Co.  plans  to  install  a  new  and 
larger  generator,  in  3  phases,  more  water 
power  and  auxiliary  steam  power  and 
construct  a  transmission  line  from  here 
to  Mt.  Crawford  and  several  mutual  lines 
to  surrounding  farms.     G.  R.  Berlin,  Mgr. 

Va.,  Chatham — The,  Chatham  Light  & 
Power  Co.  plans  to  install  a  3  mi.  line  on 
the  West  side  for  power  and  light  in  gen- 
erator system.     Jonas  V.  Young,  Mgr. 

Va.,  Fredericksburg: — The  Rappahannock 
Electric  Light  &  Power  Co.  plans  to  install 
500  kva.  steam  turbine  boilers  in  generator 
system  and  reconstruct  distributing  system. 
S.  C.  Foster,  Supt. 

Va.,  Shenandoah — The  Municipal  Water  & 
Light  Plant  plans  to  install  a  300  kva  gen- 
erator,    A.  V.  Kern,  Supt. 

Va„  Warrenton — The  Warrenton  Electric 
Light  &  Power  Co.  plans  to  install  one  90 
kw.,  2,200  volt,  60  cycle  generator  and  one 
150  hp.  Erie  boiler  and  construct  5  ml.  of 
additional  transmission  line.  M.  J.  O'Connel, 
Mgr. 


W.  Va.,  CharleHton — The  Bureau  of  Tarda 
&  Docks.  Navy  Dept.,  Wash.,  D.  C,  plans  lo 
build  an  outdoor  electric  substation  and 
install  equipment  in  same,  at  Naval  Ord- 
iiance  Plant,  here. 

W.  Va..  Charleston— C.  H.  Higgins,  Archt. 
and  Engr.,  19  West  4  4  th  St.,  New  York 
City,  will  soon  award  the  contract  for  the 
construction  of  a  7  story,  100  x  150  ft. 
office  building  on  Virginia  and  McFarland 
Sts.,  for  Abney  Barnes  &  Co..  812-818  Vir- 
ginia St.  A  steam  heating  system  will  be 
installed   in  same. 

W.  Va.,  Elkins — The  Elkins  Power  Co. 
plans  to  install  1  new  unit  in  the  generating 
system.     C.  C.  Bosworth,  Mgr. 

W.  Va.,  HuntinRTton  —  The  Consol  dated 
Light,  Heat  &  Power  Co.  plans  to  con- 
struct an  11,000  volt  transsmission  line  from 
here  to  Kenova  and  an  11,000  volt  line 
here.     H.  L.  Evans,  Supt. 

W.  Va.,  Loiran — The  Kentucky  &  West 
Virginia  Power  Co  plans  to  construct  a  250 
mi.  transmission  line  in  various  territories 
and  install  21,000  in.  turbo  alternators. 
A.  J.  Darrahm,   Mgr. 

W.  Va.,  Mt.  Hope — The  Mt.  Hope  Electric 
Power  &  Water  Co.  plans  to  construct  2 
lines  in  the  transmission  system.  George 
Waldo,  Supt. 

W.  Va.,  Phillippi — The  Municipal  Electric 
Light  Plant  plans  to  install  an  SOU  hp. 
steam  turbine  in  generating  system.  A.  D. 
Poling,  Mgr. 

N.  C.  Higrh  Point — The  High  Point  Hotel 
Co.,  c/o  W.  L.  Stoddart,  Archt.  and  Engr., 
9  East  40th  St.,  New  York  City,  is  having 
plans  prepared  for  the  construction  of  a 
9  -story  hotel.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$500,000. 

Ga.,  Atlanta — The  Georgia  Baptist  Hos- 
pital, 92  Luckie  St.,  is  having  plans  prepared 
for  the  construction  of  a  4  story,  57  x  150 
ft.  nurses  home  on  the  Boulevard.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  coat,  $150,000.  Durlge, 
Stevens  &  Conklin,  Natl.  City  Bldg.,  Archts. 

Tenn.,  Carthagre — The  Smith  Co.  Electric 
Co.  plans  to  construct  an  11  mi.  trans- 
mission line  from  here  to  Monoville,  Riddle- 
ton  and  Dixon  Springs.     R.  S.  Seese,  Mgr. 

Tenn.,  Dickson — The  Municipal  Electric 
Light  Plant  plans  to  install  a  complete  new 
unit  in  the  generating  system.  Eugene  S. 
Payne,  Supt. 

Tenn.,  Humboldt — The  Municipal  Water 
&  Power  Plant  plans  to  install  a  500  kw. 
turbine  and  construct  an  8  mi.  trans- 
mission line.     W.  M.  Case,  Mgr. 

Tenn.,  Kingrsport — The  Kingsport  Utilities 
Inc.  plans  to  construct  a  sub-station  and  a 
transmission  line  which  will  supply  all  city 
circuits.     L.  C.  Dashiell,  Treas. 

Tenn.,  Monterey — The  Monterey  Light  & 
Power  Co.  plans  to  install  a  60  hp.  engine 
and  a  kva  generator  and  construct  short 
extensions  to  distributing  systems.  L.  C. 
Parks,  Mgr. 

Tenn.,  Somerville — The  Municipal  AVater 
&  Light  Plant  plans  to  install  one  25  hp. 
oil  engine  connected  to  a  37 J  kw.  generator. 
J.  L.  Sanders,  Supt. 

O.,  Akron — The  Seiberling  Hotel  Co.,  c/o 
F.  A.  Seiberling,  is  having  preliminary  plans 
prepared  for  the  construction  of  a  20  story 
hotel  and  theatre  building.  Two  oi  three 
boilers  will  be  installed  in  same.  Total 
estimated  cost,  $5,000,000.  George  B.  Post 
&  Sons,  1109  Schofield  Bldg.,  Cleveland, 
Archts. 

O..  Bexley — The  Bd.  Educ.  is  having  plam 
prepared  for  the  construction  of  a  2  story, 
80  X  125  ft.  graded  school  on  Main  St. 
A  steam  heatmg  system  will  be  installed  In 
same.  Total  estimated  cost,  $200,000.  O. 
D.  Howard,  8  East  Broad  St.,  Columbus, 
Archt. 

O..  Cincinnati — The  United  States  En- 
gineer's Office,  War  Dept.,  Washington,  D. 
C,  rejected  all  bids  for  the  construction  of 
ttie  power  house  dam  35,  in  the  Ohio  River. 

O.,  Cleveland — The  Bd.  Educ,  East  6th 
St.  and  Rockwell  Ave  ,  is  having  plans  pre- 
pared for  the  constiuction  of  a  1  story 
school  on  Parkgate  Ave.  Two  steam  heat- 
ing boilers  will  be  installed  in  same.  Total 
estimated  cost,  $500,000.  F.  G.  Hogan,  Dir. 
W.  R.  McCormack,  Archt. 

O.,  Clevel.ind — The  Bd.  Educ,  East  6th 
St.  and  Rockv/ell  Ave.,  will  soon  award  the 
contract  for  the  installation  of  a  heating 
and  ventilating  system  in  school.  Total 
estimated  cost,  $30,000.  W.  R.  McCor- 
mack,  Engr. 

O..  Cleveland  —  The  Bd.  of  Co.  Comrs., 
Court  House,  plans  to  construct  a  1  story 
heating  plant  on  Lakeside  Ave.  and  West 
3d  St.  Estimated  cost,  |200,000.  E.  G. 
Krause.  Clk. 


O.,  Cleveland  —  The  Brooklyn  Catholic 
Club,  4419  Pearl  Rd ,  plans  to  construct  a 
2  story,  70  x  200  ft.  club  house  on  Pearl  Rd. 
and  Leopold  Ave.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $100,000.  H.  Post,  Secy.  M.  Rous- 
seau,  1775  Wickford   Rd.,  Archt. 

O.,  Cleveland — The  Cataract  Motor  Sales 
C-o.,  8818  B'way,  plans  to  build  a  3  story, 
SO  x  250  ft.  garage  and  auto  sal<s  build- 
ing at  8807  B'way.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $100,000.  Address  A.  J.  Schu- 
strich. 

O.,  Cleveland  —  The  Cleveland  Discount 
Co.,  Rockefeller  Bldg.,  has  purchased  a  site 
on  Superior  Ave.,  near  East  9'h  St.  and 
plans  to  build  a  20  story.  80  x  200  ft.  office 
building  on  same.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $4,000,000.  J.  Kirby,  Pres.  Walker  & 
Weeks,  1900  Euclid  Ave.,  Archts. 

O.,  Cleveland — The  Cleveland  Ry.  Co.. 
Leader-News  Bldg.,  plans  to  construct  1  and 
2  story  car  barns  on  Bessemer  Ave.  and 
East  79th  St.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost. 
$200,000.  J.  Stanley,  Pres.  D.  AV.  Morrow. 
4500  Euclid  Ave.,  Archt. 

O.,  Cleveland — The  Cleveland  Trust  Co., 
East  9th  St.  and  Euclid  Ave.,  plans  to  build 
a  4  story  commercial  building  at  2717 
Euclid  Ave.  A  steam  heating  system  will 
be  installed  in  eame.  Total  estimated 
cost,   $300,000.     A.  A.   McCaslin,  Vice  Pres. 

O.,  Cleveland — C.  G.  Hale,  Real  Estate. 
340  Leader-News  Bldg.,  plans  to  construct 
a  5  story  commercial  building  on  Superior 
Ave.  near  East  12th  .St.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $150,000. 

O.,  Cleveland — The  International  Ladies 
Garment  Workers  Union  plans  to  construct 
a  5  story  office  and  club  room  building  on 
Superior  Ave.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.  $100,000.  M.  Pearlstein,  3' 5  Superior 
Bldg.,  Chn. 

O.,  Cleveland — S.  W.  Manheim  &  Co.,  719 
Natl.  City  Bldg.,  plans  to  build  a  1  story 
commercial  and  theatre  building  on  East 
125th  St.  and  Superior  Ave.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $100,000. 

O.,  Cleveland — The  Templar  Realty  Co., 
c/o  Max  Marmorstein,  1605  Williamson 
Bldg.  plans  to  construct  an  8  story,  80  x 
200  ft.  commercial  building  on  East  81st 
St.  and  Euclid  Ave.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost.  $500,000.  S.  H.  Weis,  1032 
Schofield  Bldg.,  Archt. 

O.,  Kast  Palestine — The  Municipal  Elec- 
tric Wks.  plans  to  install  a  300  hp.  W.  T. 
boiler.     Jacob  Ashman,   Pres. 

O.,  Lakewood  —  The  Lakewood  Theatre 
Co.,  c/o  E.  Mandelbaum,  Sloan  Bldg., 
Cleveland,  is  having  plans  prepared  for  the 
construction  of  a  2  story  theatre  at  15015 
Detroit  Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost. 
$200,000.  Thomas  W.  Lamb,  1323  Euclid 
Ave.,  Cleveland,  Archt. 

O.,  Lima — Elmer  McClain,  Dir.  of  Pub. 
Serv.  will  receive  bids  until  April  1  for  fur- 
nishing boiler  feed  pump  to  be  installed  in 
the   Waterv  orks  main  pump   station. 

O..  Linden — (Columbus  P.  O.)  The  Bd. 
Educ.  received  lowest  bid  for  installing 
heating,  plumbing  and  ventilating  systems 
in  the  proposed  2  story  school  from  the 
Hoffman,  Wolfe  Co.,  North  High  St.  at 
$58,000. 

O..  Massillon — The  Bd.  Educ.  plans  to 
build  a  2  story,  76  x  80  ft.  school  on  State 
St.  A  hot  blast  heating  system  wi:;  be  in- 
stalled in  same.  Total  estimated  cost, 
$100,000.  Albrecht,  Wilhelm  &  Kelly, 
Union  Bldg.,  Cleveland,  Arohts. 

O..  Massillon — The  Bd.  Educ.  plans  to 
build  a  7d  X  90  ft.  school  on  Cherry  St. 
A  hot  blast  heating  system  will  be  installed 
in  same.  Total  estimated  cost.  $100,000. 
Albrecht,  Wilhelm  &  Kelly,  Union  Bldg., 
Cleveland,    Archts. 

O.,  Massillon — C.  P.  L.  McLain,  Grocer, 
is  having  plans  prepared  for  the  construc- 
tion of  a  2  story,  40  x  130  ft  commercial 
building.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$60,000.  Albrecht,  Wilhelm  &  Kelly,  Union 
Bldg.,   Cleveland,  Archts. 

O.,  New  Philadelphia — The  Weiss  ivic- 
Clung  Co.  plans  to  build  a  1  and  3  story 
rubber  factory.  A  steam  heatlnj  system 
will  be  installed  in  same.  Total  estim -.ted 
cost.  $300,000.  W.  F.  Ferguson  Co.,  1900 
Euclid  Ave.,   Cleveland.   Engr. 

O..  Orrville — The  Bd.  Educ  is  having 
plans  prepared  far  the  construction  of  a 
2  story,  75  x  125  ft  graded  school.  A  steam 
heating  system   will   be   installed   in   same. 
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Total  estimated  .  cost.  $200,000.  L.  L. 
Woods,  Clk.  O.  D.  Howard,  8  East  Broad 
St..    Columbus,    Archt. 

O.,  Piqua — Hall  &  Lethly.  Archts..  807 
Fairbanks  Bldg.,  Springfield,  will  receive 
bids  until  March  30  for  the  construction  of 
a  2  story,  100  x  120  ft.  school  buildmg  in 
the  western  section  of  the  city,  for  the  Bd. 
Educ  City  Bldg.  A  hot  water  and  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $100,000. 

O  Sabina — The  Municipal  Water  &  Light 
Plant  plans  to  install  Y.  transformers  to 
furnish  a  230  volt.  3  phase  service.  J.  C. 
Phelps,  Supt. 

O.,  Willoughby— The  Thor  Tire  &  Rub- 
ber Co.  802  Society  for  Savings  Bldg.,  13 
having  plans  prepared  for  the  construction 
of  a  1  and  2  story  factory  on  Main  St. 
along  the  New  York  Central  R.R.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost.  $100,000.  P.  U  Sary, 
Secy.  H.  H.  White,  802  Society  for  Saving.s 
Bldg.,  Archt.    and   Engr. 

Ind.,  Washington  —  The  city  has  been 
granted  permission  by  the  Indiana  Pub. 
Serv.  Comn.  to  issue  bonds  not  in  excess 
of  $70,000  for  the  improvement  of  the  elec- 
tric light  plant.  The  City  Council  plans 
to  install  a  500  kw.  generator  and  I  high 
pressure  boilers  equipped  with  coal  convey- 
ors and  automatic  stokers  in  same. 

Mich.,  Buchanan — I.  S.  Rice.  Secy,  of  the 
Bd  Educ,  will  soon  award  the  contract  for 
the  construction  of  a  2  story  school  build- 
ing. A  steam  heating  boiler,  etc.,  will  be 
installed  in  same.  Total  estimated  cost. 
$200,000.  R  A.  LeRoy,  122  P' att  Block. 
Kalamazoo,  Archt. 

Mich.,  Detroit — The  Bd.  Educ,  50  B'way 
Ave,  will  receive  bids  until  April  7  for  the 
construction  of  a  7  story,  250  x  350  ft.  tech- 
nical school  on  Second  Ave.  Motors  for 
power  will  be  installed  in  same.  Total  es- 
timated cost.  $2,500,000.  Malcolmson.  Hig- 
ginbotham  &  Palmer.  405  Moffat  Bldg.. 
Archts. 

Mich.,  Dttroit — Brown  &  Preston,  Archts.. 
406  Empire  Bldg.,  will  soon  award  the  con- 
tract for  the  construction  of  a  3  story. 
100  X  120  ft.  factory  on  East  Larned  and 
St  Aubin  Sts.,  for  the  Superior  Machine 
&  Eng.  Co.,  51  East  Fort  St.  A  steam  heat- 
ing boiler  and  motors  for  power,  etc.  will 
be  installed  in  same.  Total  estimated  cost. 
$100,000. 

Mich.,  Detroit — The  Detroit  Stoker  Co., 
1718  Gratiot  Ave.,  Detroit,  is  in  the  market 
for  one  25  cu.ft.  capacity  air  compressor 
and  an  air  receiver. 

Mich.,  Detroit — The  Hannan  Rea.  ExcR.. 
X  McGraw  Bldg.,  plans  to  build  a  5  story, 
53  x  141  ft.  commercial  building  on  Wood- 
ward Ave.  and  Sibley  St.  Steam  heating 
equipment  will  be  installed  in  same.  Total 
estimated   cost.    $200,000. 

Mich.,  Ford  City — (Wyandotte  P.  u.; 
William  Bearendt,  Secy,  of  the  Bd.  Educ. 
Dist  1,  will  soon  award  the  contract  for 
the  construction  ot  a  2  story,  129  x  148  ft. 
high  school  on  Main  St.  Steam  heating 
equipment  will  be  installed  in  same.  Total 
estimated  cost,  $200,000.  J.  G.  Kastler  & 
Co.,  523  Chamber  of  Commerce,  Detroit. 
Archt. 

Mich.,  Grand  Rapids — Pierre  Lmdhout. 
Archt.,  817  Lake  Drive,  will  soon  award 
the  contract  for  the  construction  of  a  3 
story,  50  X  100  ft.  factory,  for  W.  H.  Spears. 
Steam  heating  equipment  and  motors  for 
power  will  be  installed  in  same.  Total 
estimated  cost,   $80,000. 

Mich..  Hamtramck — ^Detroit  J-.  O.)  The 
Dodge  Bros.,  1678  Joseph  Campau  Ave.,  are 
having  plans  prepared  for  the  construction 
of  an  8  story,  77  x  266  ft.  factory  on  Conant 
Ave  Motors  for  power  will  be  installed  m 
same.  Smith  Hinchman  &  Grylls,  710 
Washington  Arcade,  Detroit,  Engrs. 

Mich..  Higliland  Park  (Detroit  P.  O.)  — 
The  Detroit  Osteopathic  Hospital,  c/o 
Philip  H.  Grav.  plans  to  construct  a  5 
story,  75  x  155  ft.  hospital  on  Highland 
and  3rd  Aves.  Complete  steam  heating  and 
ventilating  equipment  will  be  installed  in 
.same.     Total  estimated  cost,  $250,000. 

Mich.,  Huron — The  Citv  plans  to  build 
a  2  or  3  story  hospital  building  on  Kearney 
and  Stone  Sts  Steam  heating  equipment 
will  be  installed  in  same.  Total  estimated 
cost,  $125,000.  Richard  Porman.  City  Hal!. 
Chn. 

Blich.,  I,ansingr — The  Arcade  Theatre  Co.. 
South  Washington  Ave.,  is  having  plans 
prepared  for  the  cone^ruction  of  a  2  story, 
109  x  165  ft.  arcade  and  theatre  building. 
.\  steam  heating  and  ventilating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $450,000.  W.  S.  Butterfleld.  Mgr. 
John  Eberson,  64  East  Van  B.  St.,  Chicago, 
Archt. 

Mich..  Marysville — Smith,  Hinchman  & 
Grylls,  Archts.,  and  Engrs.,  710  Washing- 
ton   Arcade,    Detroit,    will    soon    award    the 


contract  for  the  construction  of  a  1  and  2 
story,  380  x  420  ft.  foundry  on  Michigan 
Ave.  and  Cuttle  Rd.,  for  the  General  Alum- 
inum &  Brass  Co.,  Boulevard  and  St 
Aubin  St.,  Detroit.  Steam  and  hot  blast 
heating  equipment  and  motors  for  power 
will  be  installed  in  same.  Total  estimated 
cost,    $500,000. 

3Iich.,  Muskegon — The  city  rejected  all 
bids  for  furnishing  and  installing  an  addi- 
tional pumping  unit  and  a  10,000,000  gal. 
reciprocating  pumping  unit.  Hoad  &  Decker, 
Ann  Arbor,  E}ngrs.  Work  will  be  readver- 
tised. 

Mich.,  Pontiac — The  Grand  Trunk  Ry. 
System.  Brush  St.,  Detroit,  plans  to  build 
a  1  story  roundhouse  to  have  a  50  engine 
capacity,  near  Johnson  St.  Electric  power 
will  be  installed  in  same.  F.  P.  Sissons, 
Brush  St.   Depot,  Detroit,   Division  Engr. 

111.,  Chicago — Alfred  S.  Alschuler,  Archt., 
28  Bast  Jackson  St.,  will  soon  -^ward  the 
contract  for  the  construction  of  a  7  story, 
120  X  175  ft.  printing  plant  on  21st  St. 
and  Calumet  Ave.,  for  the  Columbian  Color- 
type  Co.,  2141  Calumet  Ave.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,    $650,000. 

III.,  Chicago — Paul  Gerhardt,  Archt.,  64 
West  Randolph  St.,  will  soon  award  the 
contract  for  the  construction  of  a  6  story 
150  X  165  ft.  clothing  factory  on  Milwaukee 
Ave  and  Caton  St.,  for  the  Tennerstedt 
Mfg  Co.,  1936  West  North  Ave.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $500,000. 

Ill  Highland  Park — The  city  is  having 
plans'  prepared  for  the  installation  of  a 
filtration  plant,  extensions  to  distributing 
system  and  5,000,000  gal.  additional  pump- 
ing equipment.  Alvord  &  Burdick,  8  South 
Dearborn  St.,  Chicago,  Engrs. 

Wis.,  Algoma — The  City  Water  &  Light 
Plant  plans  to  purchase  the  energy  from 
the  Wisconsin  Pub.  Serv.  Co.,  Green  Bay 
and  construct  a  63  mi.,  66,000  volt,  3  ph , 
60  cycles  transmission  line.  E.  P.  M. 
McCarthy,    Supt. 

Wis.,  Amerv — The  Apple  River  Milling 
Co  plans  to  construct  a  39  mi.,  22,000  volt 
transmission    line.      W.    R.    Haney,    Supt. 

Wis  Amherst  —  The  Amherst  Electric 
Service  Co.  plans  to  install  a  100  kva. 
generator  and  a  50  or  75  hp.  oil  engine. 
B.    E.    Dwinnel,    Mgr. 

Wis.,  Belleville — The  Belleville  Electric 
Co  plans  to  install  a  connection  with  the 
Southern  Ware  Co.  and  construct  an  exten- 
sion to  rural  transmission  lines.  W.  E. 
Seward,  Supt. 

Wis.,  Colby — Tlie  CoFby  Light  &  Power 
CO  plans  to  construct  a  connection  to  high 
line  in  generating  system.  George  Tesmer. 
Mgr. 

AVis.,  Greenwood — The  Greenwood  Mu- 
nicipal Light  &  Power  Plant  plans  to  extend 
transmission  lines  to  high  line  and  Install 
150  hp.  in  new  factory.  G.  W.  Rork,  Supt. 
Wis.,  Hartford — The  Otuity  Dept.  plans 
to    install    boilers.      H.    J.    Peters.    Supt. 

Wis.,  Kohler — TTie  cnty  win  soon  award 
flfie  contract  for  the  construction  of  a  corn- 
plete  sewage  pump  station,  etc.  on  Main 
St.  and  is  in  the  market  for  equipment  for 
same.  Total  estimated  cost,  $25,000.  J. 
Donohue,  North  8th  St.,  Sheboygan,  Engr. 
Wis.,  Lowell — The  LiOweii  x^igni  &  Power 
Co.  plans  to  install  a  vertical  alternator. 
W.   F.   Pease,   Secy. 

Wis..  Manitowoc — The  Wisconsin  Alum- 
inum Products  Co.,  16th  and  Franklin  Sts.. 
plans  to  construct  a  4  story,  60  x  250  tt. 
factory  for  the  manufacture  of  aluminum 
products,  on  8th  St.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated  cost,    $250,000.      B.   Dalwig,   Mgr. 

Wis.,  Medford  —  The  Medford  Light  & 
Heating  Co.  plans  to  install  either  a  new 
unit  in  the  generating  system  or  a  connec- 
tion with  a  transmission  system.  W^.  Un- 
grodt.    Supt. 

Wis..  Owen — Clark  Co.  is  having  plans 
prepared  for  tlie  construction  of  a  3  story 
insane  asylum.  A  steam  heating,  refriger- 
ating and  fan  system  will  be  installed  in 
same.  Total  estimate  cost,  $350,000.  W. 
G.  Royer,  Chn.  of  the  Comn.  Claud  & 
Starck,    Badger  Bldg.,   Madison,    Archts. 

Wis..  Sheboygan — The  city  plans  to  con- 
.struct  a  3  storv.  100  x  150  ft.  high  school 
on  North  9th  and  Jefferson  Sts.  Steam 
heating  equipment  including  Kewanees  or 
equal  tubular  boilers,  using  any  fuel,  will 
be  installed  in  same.  Total  estimated  cost, 
$250,000. 

Wis..  Sheridan — The  Sheridan  Co.  Elec- 
Co.  plans  to  electrify  the  Carney  Coal 
Minea     Judsen   Bibb,   Mgr. 

Wis.,  Soldiers  Grove — The  Soldiers  Grove 
Electr'c  Co.  plans  to  change  the  generating 
system  from  d.c.  to  a.c.     Thomas  Sime,  Mgr. 


la.,  Des  Moines  —  The  Iowa  Telephone 
Co.,  Bell  System,  7th  and  High  Sts.,  is 
having  plans  prepared  for  the  construction 
of  a  3  story  telephone  building.  A  steam 
heating  and  fan  ventilation  system  will  be 
installed  in  same.  Total  estimated  cost, 
$300,000.  George  B.  Prinz,  Omaha  Natl. 
Bank  Bldg.,  Archt. 

la..  Morning  Sun — O.  P.  Boiler,  Sec'y  of 
the  Bd.  Educ,  is  having  plans  prepared  for 
the  construction  of  a  2  story  school  build- 
ing. Plumbing  and  heating  contracts  will 
be  sub-let.  Total  estimated  cost,  $200,000. 
W.  E.  Hulse  &  Co.,  210  Masonic  Temple, 
Des   Moines,    Archt. 

la.,  PackAvood — N.  E.  Oliver,  Sec'y  of  the 
Bd.  Educ.  is  having  plans  prepared  for  the 
construction  of  a  2  story,  58  x  99  ft.  school 
building.  The  contract  for  installing  heat- 
ing and  plumbing  systems  will  be  sub-let. 
Total  estimated  cost,  $125,000.  W.  H. 
Hulse  &  Co.,  210  Masonic  Temple,  Des 
Moines,   Archt. 

Minn.,  Minneapolis — Jacob  Resler,  27  4th 
St.,  North,  will  soon  award  the  contract  for 
the  construction  of  a  3  story,  97  x  110  ft. 
addition  to  his  business  building  on  1st 
Ave.,  N.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$160,000.  F.  Van  Antwerp,  416  Palace 
Bldg.,  Archt. 

Minn.,  St.  Paul — The  Riverview  Metho- 
dist Episcopal  Congregation,  c/o  Rev.  An- 
ton Peik,  529  Bidwell  St.,  will  soon  receive 
bids  for  the  construction  of  a  3  story,  90  x 
100  ft.  church  on  West  George  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $100,000.  A.  H.  Stem, 
601    Endicott  Bldg.,   Archt. 

Kan.,  Topeka — ^The  Atchison,  Topeka  & 
Santa  Fe  Ry.  Co.,  80  Bast  Jackson  Blvd., 
is  having  plans  prepared  for  the  construc- 
tion of  a  central  heating  plant.  Estimated 
cost,  $85,000.  John  Yonkers,  Park  Ridge, 
Chicago,   Archt. 

Neb.,  Beaver  City  —  The  Beaver  City 
Light  &  Waterworks  plans  to  install  a  150 
hp.  engine  and  a  1,000  kva.  generator.  Earl 
Roberts,   Mgr. 

Neb.,  Howell  —  The  Howell  Municipal 
Light  ^lant  plans  to  change  from  d.c.  to 
a.c.  system.     George  Lodes.  Secy. 

S.  D..  Flandreau — The  Dakota  Light  & 
Power  Co.  plans  to  construct  extensions  to 
transmission   lines.      A.    H.    Bushman,    Supt. 

S.  D.,  Highmore — The  Municipal  Electric 
Light  &  Power  Plant  plans  to  change  gener- 
ating systems  from  d.c.  to  a.c.  A.  H. 
Pehr,    Supt. 

S.  D.,  Madison — ^The  Municipal  Electric 
i^ight  Plant  plans  to  construct  a  new 
power  house  in  the  spring  and  new  power 
circuits  for  motor  load  alone.     E.  G.  Quarn- 

strom.    Supt 

!s.  D.,  Milbank — The  Milbank  Power  Co. 
plans  to  install  one  400  hp.  Rathbun  engine 
and   generator.      F.   A.   Barnard,   Mgr. 

S.  D.,  Rapid  City — The  School  of  Mines,. 
Bd.  of  Kegents,  South  Dakota  University, 
is  having  plans  prepared  for  the  construe-- 
tion  ot  a  3  story  engraving  building.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost.  $100,000.  F. 
H.  Elierbe,  Endicott  Bldg.,  St  Paul.  Minn., 
Archt. 

S.  D.,  White  Lake — The  White  Lake 
Light  &  Power  Co.  plans  to  construct  ex- 
tensions lines  and  additions  to  a  complete 
gas  and  kerosene  oil  filling  station.  V.  J. 
Peters,  Mgr. 

S.  D..  Worthing — The  Worthing  Electric 
Light  Plant  plans  to  install  one  20  hp. 
engine  and  one  12  kw.  generator.  W.  F. 
Berens.   Mgr. 

N.  D..  Leeds — The  City  Council  will  soon 
award  the  contract  for  the  construction  of 
a  50.000  gal.  tank,  one  23,500  gal.  r.c.  res- 
ervoir, one  triplex  pump  with  d.c.  motor, 
one  heater  house  with  heater,  etc.  Total 
estimated  cost  $35,000.  .1.  H.  Husely,  City 
Aud.      T.   R.  Atkinson,   Bismarck,   Engr. 

Mo,  Fulton — The  Municipal  Electric  Light 
&  Waterworks  plans  to  install  a  new  250 
kw.  unit  including  engine  and  generator. 
W.    J.    McCarroll.    Supt. 

Mo.,  Sarooxie  —  The  Southwest  Electric 
Light  &  Milling  Co.,  plans  to  install  a  112 J 
kva.  generator,  a  new  transformer,  etc. 
.\rthur   Adams.    Pres. 

Tex.,  Canadian  —  The  Canadian  Water. 
Light  &  Power  Co.  plans  to  install  an  85 
hp.  engine  in  the  generating  system  and 
construct  extensions  to  the  transmission 
lines.     Edward   Hoover,  Mgr. 

Okla.,  Altus — The  Municipal  Water  & 
Light  Dept.  plans  to  install  an  additional 
700  kva.  generator  with  high  pressure  boil- 
ers.    Charles  H.  Welch,  Supt 


March  23,  1920 


POWER 


489 


Okla.,  Poteau — The  Leflore  Gas  &  Elec- 
tric Co.  plans  to  install  generator  and  one 
100  hp.  boiler.     F.  E.  Baird,  Mgr. 

N.  M.,  Clayton — The  Village  of  Clayton 
plans  to  install  one  100  kva  generator.  J. 
H.  Bender,  Supt. 

Ariz.,  Phoenix  —  The  Bd.  Educ.  voted 
$500,000  bonds  to  construct  a  high  school 
including  a  manual  arts  and  liberal  arts 
building  and  gymnasium.  A  steam  heating 
plant  will  probably  be  installed   in   same. 

Ore.,  Plllamock — The  Coast  Power  Co. 
plans  to  install  a  1,000  kw.  turbine.  C.  J. 
Edward,  Mgr. 

Ore.,  Prineville  —  The  Bd.  of  Directors, 
Ochoco  Irrigation  Dist.,  plans  to  vote  an 
additional  $100,000  bonds  for  the  comple- 
tion of  Ochoco  dam  and  for  the  construc- 
tion of  distribution  system  structures,  in- 
cluding a  high  line  pumping  plant,  office 
building,  and  warehouse.  Total  estimated 
cost,   $1,350,000. 

Cal.,  Berkeley — The  Bd.  Educ.  will  soon 
receive  bids  for  the  construction  of  a  2 
story  school  building  on  Prince  and  King 
Sts.  A  steam  heating  and  ventilation  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $200,000.  W.  H.  Ratcliff,  Jr., 
First  Natl.   Bank   Bldg.,   Archt. 

Cal.,  Dinuba — The  Trustees  of  theDinuba 
Union  High  School  Dist.  are  having  plans 
prepared  for  the  construction  of  a  high 
school.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$120,000.  E.  J.  Kump,  Rowell  Bldg.,  Fres- 
no, Archt. 

CaL,  Sacramento — The  California  Pack- 
ing Corp  ,  6th  and  G  Sts.,  is  having  plans 
prepared  for  the  construction  of  a  2  story 
packing  house  and  a  1  story  boiler  house. 
Total  estimated  cost,  $80,000.  Philip  Bush, 
101   California  St.,   San  Francisco,  Engr. 

Cal.,  Sacramento — A.  Givan,  Forum  Bldg., 
plans  to  construct  a  pump  house,  etc.  and 
install  one  20  in.  and  one  10  in.  electric 
driven  centrifugal  pumps  for  the  diversion 
of  35  cubic  second  ft.  of  water  from  the 
Feather  River  for  agricultural  purposes. 
Estimated  cost,  $65,000. 

Cal.,  San  Diego — The  Public  Wks.  Office 
received  bids  March  3  for  furnishing  and 
installing  complete  power  plant  and  elec- 
tric generating  equipment,  including  piping, 
distribution  systems  for  electric  and  steam, 
2  oil  burning  boilers,  oil  pump,  feed  water 
heater,  2  engine  driven  alternators,  1  en- 
gine driven  and  1  electric  driven  exciters, 
transformers,  vacuum  pump,  separating 
tank,  etc,  at  the  Marine  Corps  Base  here, 
from  Thomas  Haverty  Co.,  801  Maple  St., 
Los  Angeles,  for  work  complete  $189,650, 
(2)  $31,250,  (3)  $66,800,  (4)  $91,600,  (5) 
$560,  (6)  $620,  (7)  $8,800,  (8)  deduct  $670. 
(9)  deduct  $23,700,  (10)  deduct  $5,000. 
Noted  March  3. 

Cal.,  San  Francisco — The  McDermott  Es- 
tate, c/o  B.  G.  McDougall,  Archt.,  381 
Bush  St.,  is  having  plans  prepared  for  the 
construction  of  a  2  story  office  building  on 
Battery  and  Halleck  Sts.  A  steam  heating 
system  will  probably  be  installed  in  same. 
Total  estimated  cost,  $125,000. 

Cal.,  San  Pedro — F.  O.  Adler,  c/o  Vic- 
toria Theatre,  is  having  plans  prepared  for 
the  construction  of  a  1  and  2  story,  105 
X  125  ft.  theatre  on  6th  St.  A  steam  heat- 
ing and  plenum  ventilating  system  will  be 
installed  in  same.  Total  estimated  cost, 
between  $75,000  and  $100,000.  Smith  & 
Pennell,  621  Investment  Bldg.,  Los  Angeles, 
Archts. 

Cal.,  Tuplock  —  The  Turlock  Irrigation 
Dist.  voted  $2,570,000  for  reservoir  sites 
and  the  Don  Pedro  Dam,  $1,028,000  for 
hydro-electric  plant  and  transmission  lines 
and  $510,000  for  main  irrigation  canal 
laterals  and  drainage  ditches ;  the  Modesto 
Irrigation  Dist.,  voted  $1,180,000  for  the 
Don  Pedro  dam,  $181,000  for  the  hydro- 
electric plant,  $150,000  for  enlarging  its 
main  canal,  $190,000  for  extending  drain- 
age system  and  $298,400  for  electric  power 
distributing  system.  Dam  will  probably 
be  280  ft.  high,  1.000  ft.  long,  177  ft.  thick 
at  bottom  and  16  ft.  thick  at  top  in  the 
Tuolumne  River,  Tuolumne  Co.,  40-60  mi. 
east  of  here,  Modesto  ;  hydro-electric  plant 
will  develop  16,000  hp.  and  12,000  Irwr. ; 
main  canal  will  be  40-60  mi.  long.  Work 
will  be  done  jointly  by  both  districts.  P. 
F.  Jones,  Modesto,  Chief  Engr.  for  the 
Modesto  Irrigation  Dist.  A.  J.  "Wiley, 
Idaho   Bldg.,    Boise,    Idaho,   Consult.   Engr. 

Cal«  Ukiah — The  California  Grape  Prod- 
ucts Co.  will  build  a  factory  to  manufacture 
grape  juice,  etc.  A  250  hp.  boiler  plant 
will  be  installed  in  same.  Total  estimated 
cost,   $100,000. 

Cal.,  Willows — ^The  Willows  Improvement 
Co.  engaged  A.  Moore,  Archt.  Kohl  Bldg., 

Sin    Francisco,    to    prepare    plans    for    the 
construction  of  a  4    story  hotel  and   store 


buildmg  on  Butte  and  Walnut  Sts.  A  steam 

heating   system   will    probably   be  installed 

in  same.  Total  estimated  cost,  $215,000. 
Address  L.  Briggs. 

„,^r  W-'  Carbonear— The  United  Municipal 
ii,lectnc  Co.,  Ltd.,  plans  to  construct  an 
extension  to  generating  system  and  trans- 
mission lines  to  7  small  towns.  C.  Cam- 
eron,   Socy. 

N.  S.,  Oxford — The  Oxford  Electric  Light 
&  Power  Co.  plans  to  construct  a  10  mi. 
transmission  line  from  here  to  Cofflngwood 
and  a  10  mi.  transmission  line  from  here  to 
Puguash.      S.  D.   Downing,   Mgr. 

N.  S.,  Yarmouth — The  Yarmouth  Light  & 
Power  Co.,  Ltd.  plans  to  install  a  75C  kva. 
hydro  unit  with  electrical  equipment.  D. 
R.    Stoneman,    Secy. 

Que.,  Vechambeault — The  Portneuf  Hy- 
draulic Co.  plans  to  install  2  units  of  1,000 
KW.   each.     Henri  Pare,   Mgr. 

Que.,  Montreal — The  Allan  Enterprises, 
Ltd.,  404  St.  Catharine  St.,  plans  to  con- 
struct a  2J  story,  90  x  175  ft.  theatre  on 
Cathcart  and  St.  Catharine  Sts.,  West.  An 
oil  burning  system  of  heating  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$500,000. 

Que.,  Montreal — The  Standard  Shirt  Mfg. 
Co.,  213  Delormier  Ave.,  is  in  the  market 
for  a  4  X  6  or  a  6  x  6  ft.  air  compressor 
with  a  75  to  100  lb.  pressure. 

Que.,  Westbupy — The  Corp.  of  Sherbrooke 
Gas  &  Electric  Dept.,  Sh  ^rbrooke,  plans  to 
construct  an  11,000  hp  power  hou.sc,  here, 
and  a  2  mi.,  50,000  volt  transmission  line. 
Charles  Desbraillet,  Mgr. 

Ont.,  Belleville — The  Public  School  Bd. 
plans  to  build  a  2  story  school  building. 
Horizontal  boilers  for  a  direct  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $100,000.  Beaumont  Jarvis, 
64   Gloucester  St.,   Toronto,   Archt. 

Ont.,  Hamilton — J.  and  J.  J.  Allen,  Rich- 
mond and  Victoria  Sts.,  Toronto,  plans  to 
build  a  1  and  2  story  motion  picture 
theatre    on    King    and    William    Sts.  A 

vacuum  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$500,000. 

Ont.,  Hawkesbujry  —  The  Hawkesbury 
Electric  Light  &  Power  Co.,  Ltd.,  plans  to 
install  one  unit,  2,500  hp.  water  wheel  and 
a  2,000   volt  generator     James  Ross,   Mgr. 

Ont.,  Kitchener — The  Kitchener  Water- 
loo Collegiate  Bd.,  Frederick  St..  is  having 
plans  prepared  for  the  construction  of  a  3 
story  collegiate  institute.  A  vacuum  steam 
heating  system  with  ventilation  system  will 
be  installed  in  same.  Total  estimated  cost, 
$500,000.  S.  B.  Coon  &  Son,  810  Excelsior 
Life  Bldg.,  Toronto,  Archts. 

Ont.,  Orillia — The  Orillia  Water,  Light  & 
Power  Comn.  plans  to  rebuild  two  22,000 
volt  transmission  lines.     R.  H.  Starr,  Engr. 

Ont.,  Sudbury  —  The  Imperial  Oil  Co., 
Ltd.,  Imperial  Oil  Bldg.,  Toronto,  plans  to 
build  a  2  or  3  story  warehouse  and  distri- 
buting station.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $200,000. 

Ont.,  Toronto — Mavor  Church,  City  Hall, 
will  receive  bids  until  April  20  for  the  con- 
struction of  a  40.000,000  imperial  gal.  low 
lift,  electrically  driven,  centrifugal,  sewage 
pump.  Estimated  cost,  $20,000.  R.  C. 
Harris,  City  Hall,  Engr. 

Ont.,  Walkepville — The  Walkerville  Hydro- 
Blectric  Comn.  plans  to  install  an  addi- 
tional 2.000  kva.  power  feeder  and  a  7,500 
kva.   lighting  feeder.     M.  McHenry,  Mgr. 

Ont.,  Woodstock — The  Woodstock  Light  & 

Water  System  plans  to  construct  a  13,000 
volt  sub-station  and  a  IJ  mi.,  13,000  volt 
transmission  line.     J.  G.  Archibald,  Mgr. 

Man  ,  Shoal  Lake — The  Shoal  Lake  Mu- 
nicipal Electric  Plant  plans  to  install  a 
duplicate  unit  in  the  generating  system.  A. 
R.   Ibbotson,  Engr. 

Alta.,  Maclead — The  Municipal  Electric 
Light  Plant  plans  to  rebuild  entire  trans- 
mission  system.     Vernon   Pearson    Supt 

Alta.,  Red  Deer — The  West  General  Elec- 
tric Co.,  Ltd.,  plans  to  install  new  boilers 
and  one  new  generating  unit.  W.  A.  Moore, 
Mgr. 

B.  C,  Ladysmith — The  Municipal  Elec- 
tric Plant  plai.s  to  install  a  50  kw.  gen- 
erator and  a  2,200  volt.  60  cycle.  3  phase 
Diesel  engine.     M.  A.  Morrison.  City  Clk. 

Sask,  Areola — The  Areola  Light  &  Power 
Co.  plans  to  install  a  30  hp.  2,200  volt 
motor  for  driving  local  brickyard  .."or  day 
power  service.     H.  Forbes,  Roberts,  Mgr. 

Sask.,  Moose  Jaw — The  Municipal  Light 
&  Power  Dept.  plans  to  install  water  tube 
boilers.     J.   D.  Peters,  Mgr. 


CONTRACTS   AWARDED 

Vt.,  Lunenburg: — The  Fitzdale  Paper  Co. 
will  build  a  1  story  power  hou.se.  Esti- 
mated cost,  $1,000,000.  Work  will  be  done 
by  day  labor. 

Mass.,  Boston — Loew's  Theatres  Inc.,  1493 
B'way.  New  York  City,  has  awarded  the 
contract  for  the  construction  of  a  3  story, 
180  X  200  ft.  theatre  on  Massachusetts  Ave  . 
to  the  Fleischman  Co.,  531  7th  Ave.,  New 
York  City.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost 
$150,000. 

Mass.,  Brookline — The  Co-Partner  Associ- 
ation, Old  South  Bldg.,  Boston,  has  awarded 
the  contract  for  the  construction  of  a  4 
and  8  story,  200  x  400  ft.  hotel  on  Beacon 
St,  to  Fred  T.  Ley,  Devonshire  St,  Boston. 
A  steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost.  $1,200,000 
John  J.  Smith,  Old  South  Bldg..  Boston, 
Archt. 

Mass.,  Chicopee — The  Dwight  Mfg.  Co., 
Front  St.,  has  awarded  the  contract  for  the 
construction  of  a  5  story,  72  x  314  ft  manu- 
facturing plant  addition  to  the  Casper 
Ranger  Constr.  Co.,  20  Bond  St.,  Holyoke. 
A  steam  heating  system  will  be  installed 
in  same.    Total  estimated  cost  $500,000. 

Mass.,  East  Boston — (Boston  P  O  )  A. 
D.  Stefano,  Everett  St.,  will  build  a  2  story 
ice  plant  on  Everett  St  Estimated  cost 
$30,000.     Work  will  be  done  by  day  labor. 

Mass.,  AV'orcester  —  The  Simplex  Player 
Action  Co.,  10  Blackstone  St.,  has  awarded 
the  contract  for  the  construction  of  a  5 
story.  80  x  150  ft.  manufacturing  plant  on 
Summer  and  Charles  Sts.,  to  Will  Daniels 
&  Sons.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost 
$150,000. 

Conn.,  Bridgeport — The  United  Illuminat- 
ing Co.,  84  Temple  St.,  New  Haven,  has 
awarded  the  contract  for  the  construction 
of  a  power  plant  on  East  Main  St.,  to  C. 
W.  Blakeslee  &  Sons,  58  Waverly  St,  New 
Haven.     Noted   March    9. 

Conn.,  Greenwich  —  The  Indian  Harbor 
lacht  Club,  Putnam  Ave.,  has  awarded  the 
contract  for  the  construction  of  a  club 
house,  to  C.  T.  Wills,  Inc.,  286  5th  Ave 
New  York  City.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $160,000. 

Conn.,  Stamford — The  Carlisle  Tire  Corp., 
251  4th  Ave.,  New  York  City,  Has  awarded 
the  contract  for  the  construction  of  a  1 
story  factory  on  Fairfield  Ave.,  to  the  Wells 
Constr.  Co.,  237  5th  Ave.,  New  York  Citv. 
A  steam  heating  system  will  be  installe'd 
in  same.     Total  estimated  cost  $250,000. 

Conn.,  Torrinrton — The  School  Comn.  has 
awarded  the  contract  for  the  construction  of 
a  2  story  school  addition  on  Pythian  Ave 
to  the  Torrington  Bldg.  Co.,  197  Water  St. 
A  steam  heating  system  will  be  installed  in 
same.     Total    estimated   cost,    $90,000. 

N.  T.,  Bath — The  Directors  of  the  Soldiers 
and  Sailors  Home  have  awarded  the  con- 
tract for  repairing  and  altering  the  heating 
construction  at  the  New  York  State  Soldiers 
and  Sailors  "Tome,  to  W.  B.  Armstrong  Co., 
3  Fulton  St.,  Albany,  at  $7,700. 

N.  Y.,  Brooklyn — Louis  Gold,  44  Court  St., 
will  build  a  6  story,  50  x  140  ft  factorv  on 
Pearl  and  Tillery  Sts.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost  $300,000.  Work  will  be  done 
by  day  labor. 

N.  Y.,  Brooklyn— The  Israel  Hospital  Inc.. 
1246  42nd  St,  New  York  Citv.  will  build 
a  3  story,  115  x  180  ft  hospital  at  4S01 
10th  Ave.  A  steam  hea'.ng  system  will 
be  installed  in  same.  Total  estimated 
cost  $410,000.  Work  will  be  done  bv  day 
labor. 

N.  Y„  Coney  Island  (Brooklyn  P.  O.) — 
G.  (Gordon,  c/o  McCarthy  &  Kellv,  Archts. 
and  Engrs.,  16  Court  St,  Brooklyn,  will 
build  a  1  story,  30  x  114  ft  theatre  on  31st 
St  and  Surf  Ave.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost  $125,000.  Work  will  be  done  by  day 
labor. 

N.  Y.,  Jamaica — The  Bd.  Educ.  500  Park 
Ave.,  New  York  City,  has  awarded  the  con- 
tract for  the  construction  of  a  school  build- 
ing to  be  known  as  Public  School  50,  on 
101st  St.  and  Liberty  Ave.,  to  J.  McArthur. 
22  Ormond  Plrce.  Brooklyn.  A  steam  heat- 
ing system  will  be  installed  in  san.e.  Total 
estimated  cost   $530,000. 

N.  Y.,  Long  Island  Cit.v — ^The  Interstate 
Land  Holding  Co..  c/o  J.  J.  Gloster.  Archt. 
and  Engr.,  44  Court  St,  has  awarded  the 
contract  for  the  construction  of  a  3  story, 
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100  X  100  ft.  factory  on  14th  St.  and 
Governor  PI.,  to  Louis  Gold,  44  Court  St. 
A  steam  heating  svstem  will  he  installed  in 
same.  Total  estimated  cost,  $150,000. 
~N.  Y.,  New  York — The  Bd.  Trustees, 
Bellevue  State  Hospital,  office  of  General 
Medical  Supt.,  41.5  East  26th  St.,  has 
awarded  the  contract  for  the  installation  of 
boiler,  pumps,  etc.,  in  the  new  boiler  plant 
at  Pordham  Hospital,  to  the  Chute,  Thorn- 
ton &  Bailey  Corp.,  2  East  13th  St.,  at 
$36,500. 

N.  Y.,  New  York — M.  F.  Holmes,  c/o  C. 
E.  Birge,  Archt.  and  Engr.,  has  awarded 
the  contract  for  the  construction  of  an  S 
story,  35  X  100  ft.  store  and  loft  building 
at  43  "West  57th  St.,  to  R.  H.  MacDonald, 
29  West  34th  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $115,000. 

N.  Y.,  New  York — Powers,  "Weight  & 
Rosengarten  Co.,  145  Front  St.,  has 
awarded  the  contract  for  the  construction 
of  a  50  X  60  ft.  office  building  at  27-31 
Depeyster  St.,  to  W.  S.  Patten,  52  Vander- 
bilt  Ave.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$100,000. 

N.  Y.,  New  York— The  Sloane  Estates 
Inc.  has  awarded  the  contract  for  the  con- 
struction of  a  2  story,  84  x  90  ft.  loft 
building  at  234-242  West  39th  St.,  to  Fred. 
T.  Ley,  19  West  44th  St.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $300,000. 

N.  J.,  Jersey  City — The  Whitlock  Cordage 
Co.,  Communipaw  Ave.,  has  awarded  the 
contract  for  the  construction  of  a  4  story 
building  on  Communipaw  Ave.,  to  the  John 
W.  Ferguson  Co.,  United  Bank  Bldg.,  Pat- 
erson.  Four  new  400  hp.  boilers  and  one 
500  kw.  and  one  1,000  kw.  turbines  will  be 
installed  in  same.  Total  estimated  cost, 
$500,000. 

Pa.,  Philadelphia — The  Model  Mills  Co.. 
Ontario  and  9th  Sts.,  has  awarded  the 
contract  for  the  construction  of  a  4  story, 
60  X  160  ft.  factory,  to  William  Steele  & 
Sons  Co.,  16th  and  Arch  Sts.  A  sceam 
heating  system  will  be  installed  in  same. 
Total   estimated   cost,    $150,000. 

Md.,  Westport  (Baltimore  P.  O.) — The 
Consolidated  Gas,  Electric  Light  &  Power 
Co.,  Lexington  Bldg.,  Baltimore,  will  build 
a  1  story,  75  x  150  ft.  electric  power  house. 
Estimated  cost,  $60,000.  "Work  will  be 
done  by  day  labor. 

Va.,  Roanoke — The  Viscose  Co.,  Marcus 
Hook,  has  awarded  the  contract  for  the 
construction  of  a  3  story  hotel,  to  C.  J. 
Phillips.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$300,000. 

N.  C,  Hickory — Tlie  city  has  awarded  the 
contract  for  installing  a  heating  system  in 
the  proposed  2  story  municipal  office  build- 
ing,   to   F.    B.    Ingold,   at   $5,480. 

La.,  New  Orleans — The  Hibernia  Bank 
Trust  Co.,  Carondelet  and  Gravier  Sts.,  has 
awarded  the  contract  for  the  construction 
of  a  16  story  bank  and  office  building  on 
Carondelet  St.,  to  George  A.  Fuller,  175  5th 
Ave.,  New  York  City.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated    cost,    $2,000,000. 


O.,  Barberton — The  Diamond  Match  Co. 
has  awarded  the  contract  for  the  construc- 
tion of  a  4  story,  125  x  175  ft.  factory,  to 
the  Turner  Constr.  Co.,  244  Madison  Ave., 
New  York  City.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,   $475,000. 

O.,  Cleveland — The  Brown  Body  Corp., 
3147  Superior  Ave.,  has  awarded  the  con- 
tract for  the  construction  of  a  1  story,  60 
X  170  x  260  ft.  and  a  3  story,  100  x  170  ft. 
factory  buildings  on  West  90th  St.  and 
Maywood  Ave.,  to  the  H.  K.  Ferguson  Co., 
6532  Euclid  Ave.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $500,000. 

O.,  Cleveland — The  Champion  Forge  & 
Machine  Co.,  East  71st  St.  and  Union  Ave., 
has  awarded  the  contract  for  the  construc- 
tion of  a  3  story,  60  x  120  ft.  factory,  to 
the  Charles  Peterson  Co.,  4500  Euclid  Ave. 
Estimated  cost,   $100,000. 

O.,  Cleveland — The  city  has  awarded  the 
contract  for  furnishing  a  combination  steam 
and  hot  air  rotary  drver,  to  the  Ohio  Ma- 
chme  &  Boiler  Co.,  1501  University  Rd., 
at   $12,350. 

O.,  Cleveland  —  The  Cleveland  Home 
Brewing  Co.,  2501  East  61st  St.,  has 
awarded  the  contract  for  the  construction 
of  a  1  story,  30  x  135  ft.  ice  plant  and  a 
30  X  50  ft.  boiler  room  addition,  to  the 
F.  W.  Ruple  Constr.  Co.,  4500  Euclid  Ave. 
Total  estimated  cost,   $60,000. 

O.,  Cleveland — The  Federal  Packing  Co., 
c/o  W.  Bressler,  West  65th  St.,  will  build  a 
2  story,  40  x  70  ft.  cold  storage  building  on 
East  4th  St.  and  Bolivar  Rd.  Total  esti- 
mated cost,  $50,000.  Work  will  be  done  by 
day  labor. 

O.,  Cleveland — Van  Aker  &  Strock  Co., 
6532  Euclid  Ave.,  has  awarded  the  contract 
for  the  construction  of  an  8  story,  S5  x  185 
ft.  commercial  building  at  4300  FuoUtj  Ave 
to  A.  U.  Kilbourne  Co.,  6532  Euclid  Ave! 
Steam  heating  boilers  will  be  installed  in 
same.     Total  estimated  cost,  $500,000. 

O.,  Columbus  —  The  Felber  Biscuit  Co., 
Grant  and  McCoy  Aves.,  has  awarded  the 
contract  for  the  construction  of  a  6  story, 
62i  X  100  ft.  factory  on  Grant  Ave.,  to  R. 
H.  Evans  &  Co.,  Columbus  Savings  &  Trust 
Bldg.  A  steam  heating  system  will  be  in- 
.stalled  in  same.  Total  estimated  cost, 
$150,000. 

O.,  Dayton — The  Allsteel  Ridewell  Tire 
&  Rubber  Co.,  Lindsey  Bldg.,  has  awarded 
the  contract  for  the  construction  of  a  3 
story  factory  in  the  northern  part  of  the 
city,  to  the  Osborn  Eng.  Co.,  2848  Prospect 
Ave.,  Cleveland.  Plans  incWde  a  power 
plant,   etc.      Total  estimated  cost,    $100,000. 

O.,  Euclid — The  Hopkins  School  Associa- 
tion has  awarded  the  contract  for  the  con- 
struction of  a  1  story,  SO  x  300  ft.  school 
on  Mayfleld  Rd.,  to  Crowell  &  Little,  Marian 
Bldg.,  Cleveland.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $200,000. 

Ind.,  Kokomo  —  The  Pittsburgh  Plate 
Glass  Co.,  Vaile  Ave.,  has  awarded  the  con- 
tract for  the  construction  of  a  12.000  kw. 
steam  power  station,  to  Stone  &  Webster, 
120   B'way,   New   York  City. 


Mich.,  Detroit — The  city  has  awardea  the 
contract  for  furnishing  a  low  lift  sub-struc- 
ture pumping  station,  to  the  Walsh  Constr. 
Co.,   Davenport,   la. 

Mich.,  Detroit — The  Dept.  of  Purchases  & 
Supplies,  Municipal  Courts  Bldg.,  has 
awarded  the  contract  for  furnishing  one  2 
motor  mono-rail  hoist  with  a  2-ton  capa- 
city, 25  ft.  per  min.  hoisting  speed  and 
height  of  lift,  30  ft.  and  a  trolley  motor 
with  a  traveling  speed  not  less  than  150  ft. 
per  mih.,  to  the  Detroit  Hoist  &  Machine 
Co.,  Clay  Ave.,  at  $1,060. 

Midi.,  Owosso — The  city,  c/o  J.  H.  Robins 
has  awarded  the  contract  for  the  construc- 
tion of  a  2  story  hospital  building  on  West 
King  St.,  to  C.  H.  Maliskey  &  Son,  at  $127,- 
264.  A  steam  heating  boiler,  etc.,  will  be 
installed  in  same. 

111.,  Pullman — (Chicago  P.  O.)  The  Pull- 
man Co.,  manufacturers  of  railroad  cars. 
79  East  Adams  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  1  story,  45  x 
160  ft.  and  a  60  x  170  ft.  factory  buildings 
on  104th  St.  and  Erickson  Ave.,  to  the  E. 
W.  Sproul  Co.,  2001  West  39th  St..  Chicago. 
A  steam  heating  system  will  be  installed 
in   same.      Total   estimated   cost,    $175,000. 

Wis.,  Colfax — The  Colfax  Electric  Co.  has 
awarded  the  contract  for  the  construction 
of  a  diversion  dam,  power  house,  headrace 
and  installation  of  equipment,  to  Siems, 
Helmers  &  Schaffner,  514  Guardian  Life 
Bldg.,  St.  Paul.  Minn.  Total  estimated  cost, 
$100,000. 

Mo.,  Kansas  City — The  Gate  City  Natl. 
Bank,  c/o  Wilson  B.  Plauck,  10th  St.  and 
Grand  Ave.,  has  awarded  the  contract  for 
the  construction  of  a  4  stor>%  50  x  115  ft. 
bank  and  offi.ce  building  at  1109  Grand 
Ave.,  to  the  Fogel  Constr.  Co.,  Reliance 
Bldg.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$250,000. 

Mo.,  St.  Louis — The  United  Drug  Co.,  63 
Leon  St.,  Boston,  Mass.,  has  awarded  the 
contract  for  the  construction  of  a  1  storv, 
45  x  80  ft.  boiler  house  at  3941  Kings- 
highway,  to  the  West-Lake  Constr.  Co.,  Rv 
Exch.  Bldg.  A  steam  heating  system  wi'li 
be  installed  in  same.  Total  estimated  cost 
$25,000. 

Cal.,  San  Francisco  —  The  Commercial 
Union  Assurance  Co.,  Ltd.,  and  the  Cali- 
fornia Fire  Insurance  Co.,  558  Sacramento 
St.,  has  awarded  the  contract  for  the  con- 
struction of  a  15  story  office  building  on 
Pine  and  Montgomery  Sts.,  to  the  Walker 
Constr.  Co.,  Monadnock  Bldg.  Boilers,  etc., 
will  be  installed  in  same.  Total  estimated 
cost,  $1,000,000. 

Cal.,  San  Francisco — The  Pioneer  Motor 
Co.,  307  Golden  Gate  Ave.,  has  awarded 
the  contract  for  the  construction  of  a  4 
story.  120  x  219  ft.  auto  sales  building 
on  Van  Ness  Ave.  and  McAllister  St.,  to 
the  Clinton  Constr.  Co.,  140  Townsend  St. 
Motors,  etc.,  will  be  installed  in  same. 
Total  estimated  cost,   $200,000. 

Que.,  Montreal — The  Montreal  Tramways 
Co.,  Tramway  Bldg.,  has  awarded  the  con- 
tract for  the  construction  of  a  70  x  90  ft. 
power  sub-station  on  Cote  St.,  to  the  Ray- 
mond Concrete  Pile  Co.,  10  Cathcart  St. 
Estimated  cost,   $45,000. 
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Two-Faced  Tom 

By  Rufus  T.  Strohm 

HY  IS  IT  that  so  many  men  who  Hve  respected  business 
lives  grow  grim  and  grouchy  now  and  then  and  act  so 
gruffly  with  their  wives? 

*'-  Take  Thomas  Tyler  as  a  case:  He  runs  the  engines  and 
the  pumps  at  Sanderson  Miller's  place;  he  plugs  the 
leaks  and  fixes  thumps.  His  ready  wit  and  jollity  have 
won  his  fellows'  hearts  to  him;  his  cup  of  gladness  seems 
to  be  forever  spilling  at  the  brim.  But  when  the  evening 
whistle  blows  to  end  the  labor  and  the  grind,  and 
Thomas  slowly  homeward  goes,  he  leaves  his  cheerfulness  behind. 

On  entering  his  cottage  door,  with  wrinkled  brow  and  sullen  jaw,  he's  just 
about  as  peeved  and  sore  as  Bruin  with  a  festered  paw.  He  dims  the  gas-light's 
cheery  ray  with  gloom  so  thick  it  can  be  felt,  till  he  begins  to  stow  away  the 
evening  meal  beneath  his  belt.  And  then,  perhaps,  he  deigns  to  speak  in  glum 
and  pessimistic  tones,  bewailing  that  his  wage  per  week  amounts  to  only  thirty 
bones. 

He  swears  he's  worth  three  times  as  much  to  any  company  in  town  and 
vows  it  surely  beats  the  Dutch  the  way  his  bosses  grind  him  down.  His  fellov/- 
workmen  have  no  brains ;  their  skulls  are  stuffed  with  cotton  wool ;  his  super  only 
holds  the  reins  because  of  politics  and  pull. 

And  thus  he  grumbles  and  he  rants  of  circumstances,  men  and  things,  till 
supper's  over,  and,  perchance,  the  silver-plated  door -bell  rings.  Then  Thomas 
ends  his  verbal  war;  his  voice  grows  suave,  his  smile  grows  bland;  he  leaps  to 
meet  the  visitor  with  greetings  warm  and  gladsome  hand.  But  when  i:he  caller 
says  goodnight  and  takes  departure  from  the  room,  then  Tom  forgets  to  be  pclite 
and  dons  again  his  cloak  of  gloom. 

His  patient  wife  essays  to  play,  to  read  to  him,  perhaps  to  ring,  in  hopes  that  she 
may  drive  av^ay  the  blues  that  color  everything ;  while  Thomas  sits,  morose  and 
gruff,  as  though  in  contemplation  deep;  but  this  is  quackery  and  bluff,  for  soon 
he  yawns  and  falls  asleep. 

His  friends  are  glad  to  see  his  face  and  shake  his  hand  where'er  he  goes; 
they  like  to  have  him  round  the  place.    But  not  his  wife! — she  knows,  she  knows! 


The  ahore  was  inspired  bit  a  letter  receiied  from  a  lady  in  Toronto,  evidently 
the  wife  of  a  "Two-faeed  Tom,"  ivho  had  read  the  foreword  on  "The  Chronic 
Grouch"  in  the  Jan.  13  issue.    She  is  probably  only  one  of  many — EDITOR. 
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Chile  Exploration  Company's  Tocopilla  Power  Plant 

Plant  of  50,000  Kw.  Capacity,  4,000  Miles  From  Fuel  Source,  Located  Where  It 
Never  Rains  and  Where  Earthquakes  Are  Prevalent 


CHILE,  located  on  the  west  coast  of  South  America, 
is  a  narrow  strip  of  country  extending  a  total 
length  of  approximately  2,700  miles  and  has  a 
width  varying  from  248  to  less  than  70  miles.  For  about 
1,000  miles  of  the  northern  portion  the  coast  is  nearly  a 
straight  line,  offering  practically  no  harbor  facilities. 
This  coast  line  is  bordered  by  a  diversified  tableland 
rising  sharply  out  of  the  sea  to  a  height  of  from  2,000 
to  9,000  ft.  Around  this  locality  it  seldom  rains  and  the 
rivers  are  of  little  conse- 
quence. In  a  section  of  this 
country  which  is  practi- 
cally a  desert,  about  1,400 
miles  south  of  the  equator, 
without  any  roads,  railways 
or  other  arteries  of  trans- 
portation, 4,000  miles  away 
from  a  fuel  supply,  where 
there  is  no  fresh  water 
other    than    that    distilled 

from  sea  water,  and  where  

earthquakes  are  prevalent, 

the  problem  of  building  a  power  plant  of  50,000  kw. 
capacity,  to  operate  a  copper  mine  and  refinery  ninety 
miles  inland  from  the  coast,  has  been  successfully  solved 
by  the  Chile  Exploration  Co.  and  the  contractors  for 
the  original  plant. 

The  design  work  was  started  in  1913,  and  the  first 
machine  was  put  in  operation  in  1915.  After  considering 
the  various  factors  to  be  contended  with,  it  was  decided 
to  use  steam  as  the  primary  source  of  power  and  locate 
the  power  plant  on  the  coast  at  the  small  town  of  Toco- 
pilla, about  100  miles  north  of  the  Tropic  of  Capricorn. 
Hydro-electric  power  was  considered,  but  was  aban- 
doned for  the  time  on  account  of  the  problems  involved 
in  development  and  the  uncertainty  of  the  waterflow. 
Building  an  oil-engine  plant  at  the  mine  was  also  con- 
sidered, but  this  was  abandoned  because  of  the  great 
number  of  machines  that  would  be  required  in  a  plant 
to  supply  50,000  kw.,  the  high  altitude  at  which  the 
engines  would  be  operating  (barometet  at  the  mine  only 
7(J'  per  cent  of  that  at  sea  level)-  and.  tTie  difficulty  of 

♦Consulting  engineer  for  the  CFiila  ■BxplOrutton  Co,,  120  Bioaa- 
way,   New   York   City 


At  the  regular  monthly  meeting  of  the  Neiv  York 
Section  of  the  American  Institute  of  Mining  En- 
gineers, New  York,  Jan.  7,  1920,  Percy  H. 
Thomas^  addressed  the  meeting  on  "Steam  and 
Hydro-Electric  Power  Problems"  in  Chile.  This 
article  is  based  on  that  address,  and  describes  the 
potver  equipment  of  the  Chile  Exploration  Co.'s 
plant  at  Tocopilla,  Chile. — Editor. 


transporting  the  oil.  When  the  decision  of  a  steam 
plant  was  made,  the  choice  of  oil  or  coal  for  fuel  was 
carefully  gone  into,  and  it  was  decided  to  use  oil.  One 
of  the  chief  factors  that  influenced  this  decision  was  the 
ease  with  which  the  oil  could  be  unloaded  from  the  boats. 
The  boats  are  anchored  off  shore  and  a  pipe  line  laid  out 
to  them  on  floats,  and  the  oil  pumped  to  the  storage  tank 
of  the  plant.  On  account  of  there  being  no  harbor  to 
offer  protection  from  the  ocean  waves,  it  would  be  very 

difficult  to  unload  coal  from 
boats  at  a  dock.  Further- 
more, if  coal  were  used  it 
would  have  to  be  brought 
from  the  United  States, 
England  or  Australia,  since 
Chilean  coal  is  mined  only 
in  small  quantities. 

Oil  for  fuel  is  stored  in 
three  55,000  gal.  tanks  built 
of  steel.    Concrete  was  con- 
sidered   for    the    construc- 
tion of  the  tanks,  but  was 
found  to  be  too  expensive  and  not  as  satisfactory  as 
steel,  which  is  less  liable  to  nipture  from  earthquake 
disturbances. 

At  Tocopilla,  where  the  power  plant  is  located,  the 
country  is  practically  all  solid  rock,  rising  sharply  out 
of  the  sea,  and  it  was  in  this  rock  that  a  foundation  for 
the  plant  was  blasted.  The  power-plant  building  has  an 
extra-heavy  steel  framework,  rigidly  braced  to  with- 
stand the  effects  of  earthquakes,  with  reinforced-con- 
crete  slabs  bolted  to  the  steel. 

The  boiler  plant  contains  sixteen  600-hp.  and  two 
1,350-hp.  marine-type  B.  &  W.  boilers  arranged  along 
three  aisles.  Four  of  the  600-hp.  boilers  are  on  each 
side  of  two  of  the  aisles  and  the  two  1,350-hp.  boilers 
on  one  side  of  the  third  aisle.  Each  boiler  is  equipped 
with  superheaters  operating  at  a  pressure  of  177  lb.  and 
superheating  the  steam  to  a  total  temperature  of  600 
deg.  F.  Steel-tube  economizers  are  built  in  as  part  of 
the  boiler,  which  heats  the  feed  water  from  130  to  180 
deg.  F.  to  the  temperature  at  which  it  enters  the  boilers. 
These  economizers  have  given  satisfactory  operation, 
no  serious  trouble  having  been  experienced  from  cor- 
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rosion.  This  is  due  largely  to  the  purity  oi  the  feed 
water  and  to  its  temperature  when  passing  through  the 
tubes.  The  temperature  is  of  a  value  that  prevents  the 
tubes  from  sweating  and  causing  external  corrosion. 
Provisions  are  being  made  to  increase  the  temperature 
of  the  feed  water  entering  the  economizers,  as  it  is  felt 
that  the  temperature,  with  the  present  arrangement,  at 
times  gets  down  near  the  point  where  sweating  of  the 
tubes  mighi;  be  caused. 

The  oil-storage  tanks  are  located  higher  than  the  fuel 
pumps,  so  that  the  oil  flows  to  the 
pumps     by     gravity,     where    it     is 
pumped  to   the   burners   at   a  pres- 
sure of  165  lb.  per  sq.in.,  and  is  me- 
chanically    atomized,     therefore    no 
steam    is    required    in    burning    it, 
which    makes    this   type   of    burner 
very    economical    for    this    locality, 
where  every  pound  of  steam  blown 
to  the  atmosphere  means  a  pound  of 
fresh  water  that  must  be  distilled 
from  sea  water  by  the  burning  of 
expensive  fuel.    When  the  oil  burn- 
ers  were  first   installed,    some   diffi- 
culty was  experienced  with  the  flame 
destroying  the  furnace  walls,  but  by 
a  proper  arrangement  of  the  burners 
in  the  furnace  this  trouble  has  been 
entirely  overcome.   There  is  no  fresh  water  at  Tocopilla 
other  than  that  distilled  from  sea  water,  consequently 
all  feed  water  for  the  boilers  must  be  distilled.    Evapo- 
rators are  used  similar  in  type  to  those  used  on  ships. 
Salt  water  is  pumped  into  a  large  closed  tank,  which 
contains  coils  of  pipe  connected  to  the  boilers.     Steam 


always  danger  of  burning  a  tube  where  a  patch  of  scale 
has  formed.  With  distilled  water,  on  the  contrary,  there 
is  no  formation  of  scale,  consequently  the  boilers  can 
be  forced  without  danger  of  burning  the  tubes. 

The  gases  from  the  furnace  make  three  passes  through 
the  boiler  and  three  in  the  economizer.  The  boiler  and 
economizer,  being  in  series,  the  gases  therefore  make 
a  total  of  six  passes  from  the  furnace  to  the  stack. 
Natural,  forced  and  induced  draft  are  used.  The  height 
of  the  stacks  had  to  be  limited  to  about  eighty  feet  to 


FIG.     2. 


BREAKWATER    PREVENTS    SEAWEED    FROM    GETTING 
INTO   INTAKE  TUNNEL 


PIG.  1.     INTERIOR  VIEW  OF  TURBINE  ROOM 

at  177  lb.  and  600  deg.  F.  total  temperature  is  supplied 
to  the  coils,  which  in  turn  evaporate  the  sea  water  in 
the  tank,  the  evaporation  passing  off  to  the  feed-water 
heater,  where  it  is  condensed  by  coming  in  contact  with 
the  condensate  from  the  condensers  on  the  main  tur- 
bines. This  type  of  evaporater  is  very  economical, 
since,  if  it  is  properly  insulated,  practically  no  heat  is 
lost,  all  the  heat  required  to  evaporate  the  water  being 
passed  back  into  the  boilers  in  the  feed  water.  An  im- 
portant factor  in  the  use  of  an  evaporator  to  obtain  the 
feed  water  is  that  no  scale  is  formed  in  the  boilers, 
therefore  the  necessity  of  cleaning  them  is  practically 
ehmmated.    Where  impure  feed  water  is  used,  there  is 


make  them  earthquake-proof  as  far  as  possible,  and  they 
are  built  of  steel.  Their  general  arrangement  is  clearly 
indicated  in  the  headpiece.  Each  boiler  has  its  own 
stack,  and  induced  draft  is  obtained  by  blowing  cold  air 
up  the  stack,  thus  creating  an  ejector  effect  that  draws 
up  the  hot  gases.  Although  this  scheme  obviates  the 
troubles  encountered  when  the  hot 
gases  are  taken  through  the  fan,  it 
has  not  been  entirely  satisfactory, 
and  a  change  to  a  standard  induced 
fan  equipment  is  under  advisement 
at  this  time.  With  the  present  draft 
5,000-volt  turbo-alternators  operat- 
ated  at  from  150  to  175  per  cent  of 
their  normal  rating.  Part  of  the 
auxiliaries  in  the  boiler  room  are 
steam-driven  and  part  are  electric- 
ally driven;  the  steam-driven  units 
exhaust  into  the  early  stages  of  the 
turbines. 

The     power    plant    contains    five 
10,000-kva.,      50-cycle,     three-phase, 
5,000-volt    turbo-alternators    operat- 
ing at   1,500   r.p.m.,   four   of  which 
are  shown  in  Fig.  1.   Excitation  for 
the  alternators  is  obtained  from  220- 
volt   direct-connected    exciters.     The 
turbines  have  twelve  stages,  take  steam  from  the  boiler 
at  177  lb.  pressure  and  600  deg.  F.  total  temperature 
and  exhaust   into  three-pass  condensers  having  20,000 
{^q.ft.  of  cooling  surface.     With  cooling  water  at  from 
57  to  67  deg.  F.  a  vacuum  of  from  28.5  to  29  in.  is  main- 
tained.    The  circulating  pump,  air  pump  and  hotwell 
pump  for  each  unit  are  all  driven  by  the  same  turbine 
at  1,500  r.p.m.,  the  turbine  exhausting  into  the  low-pres- 
sure stages  of  the  main  turbine. 

One  of  the  most  serious  problems  to  contend  Avith  in 
the  operation  of  the  plant  was  the  large  quantities  of 
seaweed  washed  into  the  circulating-water  intake  tun- 
nels.    There  being  no  harbor  or  breakwater,  it  is  not 
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hard  to  imagine  the  large  quantities  of  this  material  that 
would  be  broken  loose  by  the  waves  washed  in  on  shore 
and  drawn  into  the  intake  tunnel  by  the  flow  of  the 
water.  In  the  early  period  of  the  plant's  operation,  be- 
fore suitable  means  had  been  devised  for  preventing  this 
material  from  getting  into  the  intake  tunnel,  600  wheel- 
barrow loads  of  seaweed  were  taken  out  of  the  intake 
racks  in  one  night.    This  situation  has  been  successfully 


FIG.   3.     MUMMIFIED  MUL.E  GUIDE  POST 

met  by  building  a  short  breakwater,  Fig.  2,  out  from 
shore  to  deflect  the  seaweed  away  from  the  intake  tunnel 
and  by  the  use  of  double  racks  and  revolving  screens 
in  the  intake. 

The  switching  and  bus  arrangement  for  the  genera- 
tors is  installed  according  to  standard  practice ;  namely ; 
a  standard-type  double  bus  with  remotely  controlled  oil 
switches   to   connect   the   generators   to   either  busbar. 
Power  for  operating  the  oil  switches 
is   supplied    from    a   storage   battery. 
From  the  generator  busses  the  5,000- 
volt  current   passes   through   another 
set  of  oil  switches  to  10,000-kva.,  oil- 
insulated,     water-cooled,     three-phase 
star-to-star    connected    transformers, 
where  it  is  stepped  up  to  110,000  volts 
and   transmitted   ninety  miles   across 
the  desert  to-  the  copper  mines  and,  re- 
finery of  the  Chile  Copper  Co.  at  Chi- 
quicamata.     There   are   five   of   these 
transformers,  one  for  each  generator, 
which  may  all  be  grouped  in  parallel, 
or  any  one  of  the  transformers  can 
be  connected  to  any  one  of  the  gener- 
ators.    Each  transformer  is  equipped 
with  an  oil  conservator — a  small  auxil- 
iary tank,  having  about  8  per  cent  of 
the  capacity  of  the  transformer  tank, 
mounted    above    the    main    tank    and 
connected    to    it    through    a    single-pipe    connection. 
Under  normal  operating  conditions  the  conservator  is 
maintained  about  half  full  of  oil;  thus  at  all  times  the 
main  tank  is  kept  full  of  oil,  and  air  is  prevented  from 
coming    in    contact    with    the    warm    oil    and    causing 
sludging. 

Instead  of  the  water-cooling  coils  being  located  in  the 
top  of  the  transformer  tank,  they  are  placed  in  a  sepa 
rate  tank  of  cooling  water  and  connected  with  the  top 
and  bottom  of  the  transformer  tank  through  a  pump. 
The  oil  is  pumped  from  the  top  of  the  tank  through  the 
cOil  in  the  cooling  tank  containing  sea  water,  and  back 
into  the  bottom  of  the  transformer  tank.  This  elimi- 
nates the  problem  of  keeping  the  cooling  coils  clean  when 


of  this  water  getting  into  the  oil.  To  prevent  electro- 
lytic action  between  the  iron  cooling  coils  and  the  sea 
water,  a  large  piece  of  zinc  is  immersed  in  the  water 
and  connected  to  the  cooling  pipes  above  the  water  line, 
thus  forming  a  battery  with  the  zinc  in  the  water  elec- 
tro-positive to  the  iron  cooling  pipe.  This  scheme  has 
proved  very  successful  in  preserving  the  cooling  coils, 
and  only  requires  renewing  of  the  zinc  electrodes  at  such 
intervals  as  they  may  become  decomposed. 

For  the  first  ten  miles  the  transmission  line  is  in 
duplicate,  but  for  the  remaining  eighty  miles  a  single  line 
is  used.  Since  this  line  was  placed  in  operation,  in  1915, 
the  service  has  been  interrupted  but  once  due  to 
line  trouble.  For  approximately  eight  or  ten  miles  from 
the  coast  a  salt  mist  from  the  sea  is  carried  inland  and 
falls  on  the  insulators,  where  it  evaporates  and  leaves 
a  salt  deposit,  which  eventually  would  cause  flashovers. 
This  condition  was  taken  care  of  by  building  the  line  in 
duplicate,  and  while  one  line  is  in  service  the  insulators 
on  the  other  are  washed.  The  insulators  are  washed 
about  every  two  weeks,  which  has  eliminated  all  trouble 
on  this  section  of  the  system.  On  the  remaining  eighty 
miles  the  conditions  are  very  favorable  for  continuous 
operation,  the  insulators  are  of  good  quality,  the  climate 
is  very  dry,  and  since  there  are  no  large  birds,  or  thun- 
der storms,  or  individuals  walking  around  with  rifles, 
there  is  p»actically  nothing  to  disturb  the  operation  oi" 
the  line.  Men  are  kept  going  over  the  line  all  the  time, 
testing  insulators,  and  in  this  way  defective  insulators 
are  detected  and  removed  before  they  cause  trouble.  The 
difference  in  the  climate  inland  from  that  near  the  ocean 


sea  water  is  pumped  through  them,  and  also  the  danger 


FIG.    4.      INTERIOR   VIEW   OF   SUBSTATION 

is  shown  by  the  fact  that  insulators  that  are  of  good 
quality  when  used  inland  will  deteriorate  rapidly  if  taken 
down  to  the  coast.  When  these  insulators  are  taken 
inlan'a  again,  they  will  regain  their  original  high  in- 
sulating qualities,  showing  that  the  deterioration  is  due 
to  moisture.  The  climate  is  so  dry  inland  that  dead 
animals  do  not  decay  but  dry  up,  as  indicated  in  Fig.  3, 
which  shows  a  mummified  mule  set  up  in  the  desert  for 
a  guide  post. 

At  the  mine  substation  the  100,000-volt  current  is 
stepped  down  through  three-phase  transformers  to  5,000 
volts  for  distribution  about  the  mine,  smelter  and  re- 
finery. In  the  substation,  the  interior  of  which  is  shown 
in  Fig.  4,  there  are  seven  motor-generator  sets,  each  con- 
sisting of  a  5,000-volt,  4,000-hp.  motor  directly  connected 
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to  two  1,325-kw.,  220-volt  direct-current  generators. 
Each  generator  delivers  a  normal  full-load  current  of 
5,300  amperes,  or  a  total  of  10,600  amperes  per  set.  Four 
of  the  motors  driving  these  sets  are  of  the  induction  type 
and  three  of  the  synchronous  type.  There  are  also  two 
1,000-kw.  5,000-volt  synchronous-motor  220-volt  direct- 
current  generator  sets  and  four  3,500-kw.  booster-type 
rotary  converters.  The  latter  are  capable  of  delivering 
a  normal  full-load  current  of  12,000  amperes.  When  the 
converters  were  installed,  it  was  not  known  just  what 
the  voltage  requirements  would  be  in  the  tankhouse,  so 
in  order  to  meet  any  conditions  that  might  arise  they 
were  designed  for  a  direct-current  voltage  range  of  120 
to  290  volts.  The  lower  ranges  of  voltage  are  obtained 
by  two-thirds  voltage  taps  on  the  transformer  seconda- 
ries. Direct-current  voltages  from  120  to  208  are  ob- 
tained when  the  slip  rings  of  the  converter  are  con- 
nected to  the  two-thirds  taps  on  the  transformers,  and 
202  to  290  volts  is  obtained  on  the  commutator  with  full 
secondary  volts  on  the  slip  rings.  Each  group  of  two 
converters  are  supplied  with  alternating  current  through 
the  same  three-phase  transformers,  which  steps  the  100,- 
000-volt  current  down  to  180  volts  on  the  secondary  with 
a  tap  brought  out  to  give  two-thirds  of  180,  or  120  volts. 
The  transformers  have  two  secondaries,  one  for  each 
rotary,  and  switches  are  arranged  so  that  both  con- 
verters may  be  operated  from  the  transformers  at  the 
same  time  or  either  one  may  be  operated  separately. 

An  interesting  feature  of  the  power  equipment  at  the 
mine  are  the  electrically  operated  shovels.  These  were 
among  the  first  electrically  operated  shovels  in  use,  and 
many  of  the  features  of  design  are  original.  These 
shovels,  of  which  there  are  four  100-ton  and  one  200- 
ton,  do  all  that  could  be  expected  of  steam  shovels  and 
do  it  as  satisfactorily.    There  are  three  motors  on  each 


shovel — a  hoist  motor,  a  swing  motor  and  a  thrust 
motor.  The  motors  are  of  the  wound-rotor  alternating- 
current  type  and  are  supplied  with  three-phase  power 
from  transformers  located  on  the  shovels,  which  step  the 
0,000-volt  current  down  to  500  volts.  The  control  is 
arranged  so  that  the  operator  manipulates  it  as  he  would 
that  of  a  steam  shovel.  To  prevent  the  operator  from 
abusing  the  electric  equipment  and  the  shovel  from  over- 
loads, current-limiting  relays  are  connected  in  circuit, 
which,  when  the  current  to  the  shovel  motors  exceeds  a 
predetermined  value,  operate  and  cut  a  resistance  in  cir- 
cuit that  limits  the  power  to  a  safe  value. 

Most  of  the  equipment  for  the  first  40,000-kw.  instal- 
lation in  this  project  was  manufactured  in  Europe.  The 
last  addition  made  to  tlie  plant,  which  includes  two 
1,350-hp.  boilers,  a  10,000-kva.  turbo-alternator,  one 
10,000-,  one  7,000-  and  two  3,500-kva.  transformers  and 
the  four  3,500-kw.  rotary  converters  are  American-made 
equipment  as  are  a-lso  all  the  electrically  operated 
shovels. 

Another  problem  of  considerable  moment  at  the  mine 
was  that  of  a  water  supply,  both  for  industrial  purposed 
and  for  drinking.  Since  about  2,500,000  gal.  per  day 
is  required  for  industrial  purposes,  besides  drinking 
water  for  10,000  inhabitants,  in  a  land  where  it  seldom 
rains,  the  supply  must  be  not  only  abundant,  but  also 
reliable.  The  industrial-water  supply  was  obtained  by 
running  a  12-in.  pipe  line  back  into  the  mountains  forty 
miles,  and  the  drinking  water  is  brought  through  a  pipe 
line  sixty  miles  long. 

Plans  are  under  way  to  make  a  number  of  refinements 
in  this  installation  to  meet  the  conditions  found  down  in 
that  locality.  When  these  are  made  and  test  data  are 
available.  Power  expects  to  be  able  to  present  to  its  read- 
ers a  story  on  the  operation  of  this  installation. 


Air-Compressor  Lubrication 


By  W.  F.  OSBORNE 


This  article  discusses  the  peculiar  problems  that 
arise  in  the  lubrication  of  the  cylinder  of  an 
air  compressor.  The  common  practice  of  require- 
ing  a  high  flash^test  oil  for  such  work  is  shown 
to  be  wrong.  The  physical  characteristics  of  air- 
compressor  oil  as  worked  out  by  members  of  the 
Compressed  Air  Society  are  given  in  tables. 


THE  air  cylinder  of  a  compressor  is  the  part  given 
the  greatest  attention  with  respect  to  lubrication. 
The  steam  cylinder  and  bearings  are  lubricated 
just  like  those  of  any  steam  engine,  and  the  recom- 
mendations •  made  in  previous  articles  on  the  steam 
engine  apply  here  also.  Vertical  single-stage  air  com- 
pressors that  are  completely  inclosed  and  depend  upon 
a  bath  of  oil  in  the  crank  case  for  the  lubrication  of 
all  bearings  and  cylinders,  of  course,  require  an  oil 
that  is  suitable  also  for  the  cylinder  lubrication. 

An  air  cylinder  is  very  simple  to  lubricate  as  far 
us  the  reduction  of  friction  between  the  piston,  piston 
rings  and  cylinder  walls  is  concerned.  The  oil  is  fed 
to  the  cylinder  through  vacuum  cups  or  by  mechanical 
lubricators  and  is  usually  introduced  directly  into  the 
top  side  of  the  cylinder '  or  into  the  air-intake  pipe 


just  above  the  admission  valves.  It  is  spread  over 
the  cylinder  walls  by  the  sweep  of  the  piston,  prevent- 
ing wear  and  loss  of  power.  The  oil  film  also  improves 
the  seal  between  the  piston  r.nd  cylinder,  thereby  in- 
creasing the  efficiency  of  the  compressor.  It  is  easy 
to  select  lubricants  that  will  do  all  of  these  things 
efficiently  and  economically  for  a  short  time,  but  when 
the  compressor  has  run  for  a  few  days,  a  number 
of  things  begin  to  happen  if  the  oil  does  not  have 
certain  qualities  necessary  to  prevent  them. 

Air  drawn  into  a  cylinder  and  compressed,  rises  in 
temperature.  Table  I  shows  the  temperatures  of  the 
discharged  air  at  various  pressures.  Actual  tempera- 
tures are  somewhat  lower  than  these  owing  to  the 
cooling  effect  of  the  water  jackets  or  cooling  ribs  around 
the  cylinders.  In  any  event,  however,  the  temperature 
is  high  enough  to  cause  some  evaporation  of  the  oil 
film.  Many  engineers  have  believed  for  a  long  time 
that  if  the  flash  point  of  the  lubricating  oil  were  not 
higher  than  the  temperature  of  the  air,  a  fire  or  ex- 
plosion would  take  place,  and  on  this  account  it  has 
been  customary  in  some  localities  to  insist  upon  the 
oil  having  the  highest  flash  point  obtainable. 

Now  let  us  see  what  this  means.  In  the  first  place 
a  mixture  of  oil  vapor  and  air  will  not  ignite  of 
itself  under  about  1,000  to  1,100  deg.  F.  A  flame,  in- 
candescent point  of  carbon,   electric  spark  or  red-hot 
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metal  is  necessary  to  cause  the  flash.  Unless  these 
exist  in  the  cylinder,  on  the  discharge  valves  or  in  the 
discharge  pipe,  there  can  be  no  flash.  Further,  the 
increased  pressure  in  the  cylinder  raises  the  flash  point 
of  the  oil,  or  in  other  words,  it  reduces  the  amount 
of  vaporization.  Consequently,  there  can  be  no  danger 
of  tire  or  explosion  even  vi^hen  comparatively  low^- 
flash  oils  are  used,  unless  something  else  is  present 
to  fire  the  vapor. 

Oil  Remaining  in  Cylinder  Is  Decomposed 

When  an  oil  film  has  once  been  formed,  on  the 
cylinder  vi^alls,  the  only  way  for  the  oil  to  get  out  of 
the  cylinder  is  for  it  to  evaporate  and  be  carried  out 
with  the  air.  As  an  ordinary  two-stage  compressor, 
compressing  air  up  to  100  lb.  pressure,  has  a  normal 
discharge  temperature  of  less  than  245  deg.  F.,  this 
oil  film  is  undoubtedly  going  to  last  a  long  time  before 
it  is  completely  evaporated.  This  is  borne  out  by 
everyday  practice,  which  shows  that  very  small  quanti- 
ties of  oil  are  required  to  give  proper  lubrication. 
Naturally,  when  the  oil  is  exposed  to  this  heat  for  a 
considerable  length  of  time,  it  begins  to  break  down 
or  decompose,  forming  carbon.  This  is  particularly 
true  when  oil  is  fed  faster  than  it  can  be  evaporated, 
causing  accumulations  at  the  end  of  the  cylinder  and 
on  the  discharge  valves. 

If  this  partly  decomposed  oil  collects  on  the  discharge 
valves  which  are  subjected  to  the  highest  temperatures, 
further  decomposition  or  carbonization  takes  place  and 
deposits  of  carbon  form.  Frequently,  these  deposits 
get  large  enough  to  cause  the  valves  to  stick.  When 
this  happens,  the  hot  discharged  air  leaks  back  into  the 
cylinder,  where  it  is  again  compressed,  still  further 
raising  the  temperature.  The  higher  temperature 
causes  greater  carbonization  and  more  trouble  with 
the  valves.  This  may  finally  reach  a  stage  where  the 
carbon  deposits  are  so  large  and  the  air  so  hot  that 
small  particles  of  the  carbon  actually  become  incan- 
descent. Then  there  is  a  possibiHty  that  a  fire  or 
explosion  of  ignited  oil  vapor  will  occur.  Even  if  a 
fire  does  not  develop,  the  carbon  deposits  on  the  dis- 
charge valves  greatly  decrease  the  output  and  the  effi- 
ciency   of   the   compressor. 

As  we  have  just  explained,  the  decomposition  of  the 
oil  and  the  resulting  carbon  deposits  are  caused  by  the 
oil  remaining  in  contact  with  the  hot  air  too  long. 
If  it  had  been  completely  evaporated  soon  enough  to 
prevent  decomposition  and  carried  out  of  the  cylinder 
with  the  air,  there  would  have  been  no  deposits  and 
no  trouble. 

Less  Danger  from  Low  Flash-Test  Oil 

Now  let  us  see  whether  we  shall  still  insist  upon  a 
high  flash-test  oil.  The  flash  test  shows  that  it  re- 
quires a  certain  temperature  to  evaporate  the  oil.  This 
means  that  a  low  flash-test  oil  will  evaporate  more 
quickly  at  a  lower  temperature  and  that  the  high 
flash-test  oil  will  remain  in  the  cylinder  longer.  This 
gives  it  a  greater  chance  to  decompose.  If  we  use  a 
low  flash-test  oil  that  will  evaporate  quickly  without 
decomposition,  it  will  be  carried'  out  with  the  air 
before  it  has  a  chance  to  decompose  and  form  carbon 
deposits.  With  the  carbon  deposits  eliminated,  there 
can  be  nothing  to  ignite  the  oil  vapor  and  no  fires 
or  explosions  can  take  place.  At  the  same  time  most 
of  the  troubles  due  to  leaky  discharge  valve?  have  been 
removed. 


Theoretically,  the  low  flash-test  oils  might  perhaps  re- 
quire a  slightly  greater  amount  to  maintain  the  film 
on  the  cylinder  walls,  owing  to  their  greater  evapora- 
tion, but  in  actual  practice  it  is  not  possible  to  regulate 
the  feed  fine  enough  to  show  any  difference  in  com- 
sumption. 

Investigation  of  explosions  occurring  in  the  dis- 
charge lines  seems  to  point  to  the  fact  that  they  are 
caused  by  oil  pools  forming  in  depressions  in  the 
pipes  and  becoming  heated  by  the  discharge  air.  The 
long  exposure  to  heat  causes  the  oil  to  decompose, 
forming  carbon  deposits.  These  deposits  may  build 
up  to  such  an  extent  that  they  obstruct  the  air  passage, 
and  the  friction  of  the  air  through  the  greatly  re- 
duced space  causes  them  to  become  red  hot.  The  pipe 
in  turn  is  heated,  its  strength  reduced  and  the  pressure 
of  the  air  within  the  pipe  causes  it  to  give  way.  Ex- 
cessive amounts  of  oil  fed  to  the  air  cylinder  are 
responsible  for  most  of  this  trouble,  and  it  should 
always  be  reduced  to  a  safe  minimum.  All  receivers 
and  discharge  lines  should  be  provided  with  suitable 
drains  to  draw  off  any  oil  collections. 

Tests  to  Determine  Causes  of  Carbon  Deposits 

In  order  to  check  up  definitely  the  causes  of  carbon 
deposits  in  air  cylinders,  a  prominent  builder  of  air 
compressors  arranged  for  a  series  of  tests  to  find  out 
the  effect  oils  of  different  characteristics  have  when 
compared  under  identical  operating  conditions.  The 
compressor  selected  for  this  test  was  a  vertical  single- 
stage  machine  delivering  air  at  110  lb.  per  sq.in. 
pressure  with  a  temperature  of  about  425-450  deg. 
F.  These  temperatures  are  considerably  higher  than 
those  ordinarily  met  with  and  for  which  previously 
it  had  been  considered  necessary  to  use  a  high  flash- 
test  oil  of  heavy  body.  Cylinder  and  bearings  were 
lubricated  by  the  splash  method  from  the  crank  case. 
In  each  instance  the  test  was  continued  for  one  hun- 
dred hours  and  the  valves  examined  at  the  end  of 
this  time. 

The  first  oil  tested  was  a  heavy-bodied  straight-run 
oil  having  a  flash  test  about  70  deg,  F,  lower  than 
the  temperature  of  the  discharged  air.  On  examina- 
tion at  the  end  of  the  run  the  valves  were  found  to 
be  exceptionally  clean,  there  being  no  carbon  deposits. 

The  second  oil  tried  out  was  heavy-bodied  but  slightly 
thinner  than  the  first,  by  blending  a  light-viscosity 
oil  with  a  heavy  filtered,  dark-green  cylinder  oil  to 
raise  its  viscosity  and  to  obtain  a  high  flash  test.  This 
oil  was  similar  in  characteristics  to  the  usual  high 
flash-test  oil  recommended  for  air  cylinders.  At  the 
end  of  the  run  the  discharge  valves  were  so  badly 
carbonized  that  if  the  test  had  been  continued  much 
longer  they  would  have  begun  to  leak. 

The  third  test  was  made  with  medium-bodied 
straight-run  oil  having  a  lower  flash  than  either  of 
the  two  samples  previously  tested  and  at  the  end  of 
the  run  showed  only  a  very  slight  carbon  formation. 

In  all  three  tests  the  cylinder  walls  showed  perfect 
lubrication.  An  analysis  of  these  three  runs  shows 
that  in  the  first  test  the  oil  evidently  evaporated  cleanly 
without  decomposition  and  was  carried  out  of  the 
cylinder  with  the  air.  When  the  high-flash  blended 
oil  was  used,  the  light-bodied  portion  of  it  apparently 
evaporated  all  right,  but  left  the  heavy  portion  on 
the  discharge  valves,  where  it  could  not  completely 
evaporate  fast  enough  because  of  its  high  flash,  so 
it  gradually  carbonized. 
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The  third  oil  probably  evaporated  cleanly,  but  be- 
cause it  was  too  thin  in  body,  excessive  amounts  v^orked 
past  the  piston  rings  faster  than  it  could  be  carried 
out  of  the  cylinder,  w^ith  the  result  that  some  of  it 
stayed  in  the  cylinder  long  enough  to  become  partly 
decomposed.  This  is  good  evidence  that  the  amount  of 
oil  fed  to  the  cylinder  should  always  be  reduced  to  a 
minimum. 

From  these  tests  the  conclusion  might  be  reached 
that  the  lowest  flash-test  oils  are  the  best  for  air- 
cylinder  lubrication.  It  should  be  remembered,  how- 
ever, that  it  is  quite  possible  for  a  heavy-bodied  high- 
flash  oil  to  be  blended  with  an  extremely  low  flash  oil, 
thus  giving  u  low  flash  test  to  the  finished  product, 
but  when  the  light  part  of  the  oil  has  evaporated,  the 


TABLE  I.     CYLINDER  TEMPERATURES  AT  THE  END  OF  THE 
PISTON  STROKE 

Final  Teniper^Ure,  Deg.  F. 
Final  Pressure,  Lb.  per  Sii.In.  Clage  Single-Stage  Two-Stage 

10 145 

20 207 

30 255 

40 302 

50 339  188 

60 375  203 

70 405  214 

80 432  224 

90 •.  ...  459  234 

100 485'  243 

no 507  250 

120 529  257 

130 550  265 

140 570  272 

150 589  279 

200 672  309 

250 749  331 


heavy  portion  will  remain  and  form  carbon.  Con- 
sequently, the  statement  that,  in  general,  the  low  flash- 
point oils  are  more  suitable  for  air  cylinders  applies 
only  to  properly  refined  straight-run  oils. 

Of  the  different  viscosity  oils  which  can  be  made 
from  the  same  crude  the  thinnest  will  have  the  lowest 
flash  point.  Following  out  the  previous  statements,  we 
might  now  reach  the  conclusion  that  the  thinnest  oils 
are  best  for  air-compressor  cylinder  lubrication.  This 
is  quite  correct,  provided  they  are  heavy  enough 
in  body  to  keep  the  piston  and  piston  rings  from 
wearing  out  through  friction.  They  must  also  pro- 
vide a  suflficient  piston  seal  to  prevent  excessive  leak- 
age of  air  and,  in  the  case  of  splash-lubricated  cylin- 
ders,  to  prevent  excessive  amounts  working  into  the 

TABLE  n.     PHYSICAL  TESTS  OF  PARAFFIN-BASE  OILS 

Minimum  Average  Maximum 

Gravity,  Baum6 28-32  dpg.  25-30  deg.  25-27  deg. 

Flash  point,  open  cup 375-400  deg.  F.  400-425  deg.  F.       425-500  deg.  F. 

Fire 425-450  d'-g.  F.   450-475  deg.  F.       475-575  deg.  F. 

Viscosity    (Saybolt)    at    100  ' 

deg.  F 120-180sec.         230-315  sec.  up  to   1500  sec, 

Color Yellowish  Reddish  Dark    red    to 

green 
Co  igealing point  (pour  test)..   20- 23  deg.  F.       30 deg.  F.  35-45  deg.  F. 

cylinder.  This  was  the  trouble  in  the  third  test;  the 
oil  was  so  thin  that  it  leaked  past  the  piston  rings 
faster  than  it  could  be  carried  away  with  the  air. 

Another  reason  for  using  light-bodied  oils  is  the 
fact  that  there  is  less  possibility  of  their  holding  dust 
and  foreign  matter  carried  into  the  cylinders  by  the 
air.  Heavy  oils,  being  more  adhesive,  naturally  hold 
this  dirt  more  closely  and  eventually  form  deposits 
composed  of  a  little  oil,  some  carbon  and  a  lot  of 
foreign  matter. 

An  oil  suitable  for  air  compressors  should  always 
be  highly  filtered  because  such  an  oil  will  have  a 
minimum  tendency  to  form  carbon  deposits,  as  shovm 
by  the  carbon-residue  test.     The  light-bodied   oils  by 


this  test  also  show  less  carbon  residue  than  the  heavier- 
bodied  ones,  when  made  from  the  same  crudes.  The 
carbon-residue  test  is  therefore  of  much  assistance  in 
comparing  oils  for  air-cylinder  lubrication. 

Needless  to  say,  oih:  compounded  with  vegetable  or 
animal  oils  are  quite  unsuitable  for  air  cylinders  be- 
cause of  their  great  tendency  to  decompose  under  heat 
with  the  formation  of  carbon  deposits. 

The  pour  "-est  of  the  oil  need  receive  attention  only 
when  the  lubricators  are  exposed  to  temperatures  be- 
low 35  deg.  F.     For  such  installations  the  oil  should 

TABLE  III.     PHYSICAL  TESTS  OF  ASPHALTIC  BASE  OILS 

Minimum  Average  Maximum 

Oavity,  Bauni6 20-22  deg.  19.8-21  deg.  19.5-20  5  deg 

Flash  point,  open  cup 305-325  deg.  F.  315-335  deg.  F.  330-375  deg.  F. 

Fire 360-380  deg.  F.  370-400  deg.  F.  385-400  deg.  F. 

\'is(osity    (Saybolt)    at    100 

,  fleg.  F 175-225  sec.  275-325  see.  475-750  sec. 

f'olor Pale  yellow  Pale  yellow  Pale  yellow- 
Congealing  point  (pour  test)..   Odeg.  F.  Odeg.  F.  Odeg.  F 

have  a  pour  test  low  enough  to  insure  a  satisfactory 
feed  through  the  lubricators  or  free  flowing  of  the  oil 
when  used  in  a  splash  system. 

A  final  specification  for  good  air-compressor  oils 
might  be  written  somewhat  as  follows: 

Use  only  a  straight-run,  highly  filtered,  pure  mineral 
oil,  of  the  lowest  natural  flash  test  consistent  with  the 
viscosity  necessary  to  lubricate  the  cylinders  and  pro- 
vide a  proper  piston  seal. 

The  correct  viscosities,  as  worked  out  by  the  mem- 
bers of  The  Compressed  Air  Society,  all  of  whom  are 
builders  of  air  compressors,  are  given  in.  Tables  II 
and  III,  showing  the  proper  specifications  for  both 
paraflfin  and  asphaltic  oils  of  various  viscosities. 


Hydro-Electric  Plant  Hints 

By  L.  W.  Wyss 

The  hydro-electric  plant  operator  keeps  in  touch  with 
water  conditions  by  keeping  a  lecord  of  the  head-  and 
tail-water  elevations  as  well  as- the  amount  of  water  used 
and  wasted. 

The  head*  «vater  is  obtained  from  a  pressure  gage,  float 
gage  or  water  column ;  the  tail  water  is  obtained  with  a 
float  gage  or  measuring  stick. 

The  water  used  can  be  obUiined  from  kilowatt-hour 
output  discharge  curves  and  the  water  wasted  is 
obtained  from  curves  which  show  the  rate  of  flow  for 
diflferent  gate  openings  and  head-water  elevations.  The 
most  common  unit  for  measuring  water  is  the  cubic  foot 
per  second. 

Not  many  years  ago  80  per  cent  efficiency  was  con- 
sidered excellent,  but  now  there  are  numcx'ous  turbines 
with  ofl^ciencies  of  89  to  92  per  cent,  and  the  maximum 
obtained  so  far  is  93.7  per  cent. 

At  some  plants,  during  low-water  periods,  trouble  is 
experienced  with  turbines  losing  their  vacuum  in  the 
draft  tubes.  This  may  cut  down  their  efficiency  and  out- 
put over  half  in  the  case  of  low-head  plants,  beside  caus- 
ing poor  speed  regulation.  When  turbines  lose  their 
vacuum  the  governors,  of  course,  open  the  gates,  at- 
tempting to  keep  the  speed  normal.  Ih  order  to  carry  the 
same  load  without  vacuum  in  the  draft  tubes  more  water 
is  used.  This  water  may  raise  the  tail  water  end  the 
vacuum  may  soon  be  regained  in  some  cases.  However, 
it  may  be  advisable  to  obtain  more  load,  start  idle 
machines  or  waste  water  at  the  spillway  to  raise  the  tail 
water,  thus  regaining  the  vacuum. 
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Automatic  Control  for  Motors  Driving 
Pumps  and  Compressors 

By  B.  W.  JONES 

Engineer,    Industrial    Controller    Department,    General   Electric  Company 


The  characteristics  of  the  motors  used  to  drive 
pumps,  compressors  and  fans  are  discussed,  then 
types  of  controllers  used  to  start  and  stop  these 
motors  automatically  are  considered. 


DIRECT-CURRENT  and  alternating-current  mo- 
tors are  both  employed  for  driving  pumps  and 
compressors.  Of  the  direct-current  motors  the 
constant-speed  and  the  adjustable-speed  shunt  types  are 
most  generally  used;  and  of  the  alternating-current 
motors  the  squirrel-cage 
and  slip-ring  induction 
types  and  the  syn- 
chronous type  are  most 
commonly  employed. 
Using  these  five  types  of 
motors,  the  table  shows 
that  there  result  eighteen 
variations  with  some  du- 
plicates in  the  automatic 
control.  Therefore  it  be- 
comes essential  for  the 
purchaser  to  decide 
which  of  these  conditions 
he  will  have,  and  then 
pass  this  information  on 
to  t  h  e  manufacturer  of 
the  controller.  It  is  the 
object  of  this  article  to 
show  wherein  each  of 
these  eighteen  conditions 
differ  and  also  to  give 
some  details  of  the  oper- 
ation of  the  several  types 
of  automatic  control. 

Reciprocating  pumps 
when  loaded  require  con- 
stant torque,  independent 

of  the  speed,  which  means  that  if  the  motor  is  started 
up  against  full  accumulator  pressure,  more  than  full-load 
torque  will  be  required  to  accelerate  the  motor.  It  is, 
therefore,  desirable  to  have  some  form  of  unloader  that 
will  remove  the  pump  load  during  the  accelerating  period. 

Centrifugal  pumps.,  when  loaded  against  a  constant 
head,  require  a  driving  torque  that  varies  approximately 
as  the  square  of  the  speed.  This  application  does  not 
require  an  unloader  during  the  starting  period  so  much 
as  the  reciprocating  pumps,  but  it  is  very  desirable 
as  will  be  indicated  in  the  table. 

The  characteristics  of  the  squirrel-cage  and  wound- 
rotor  induction  motor?  have  been  well  brought  out  in 
Mr.  Eraser  Jeffrey's  article  in  the  Aug.  26,  1919,  issue 
of  Power.  The  synchronous  motor  has  a  starting 
characteristic  very  similar  to  that  of  the  squirrel-cage 
induction  motor,  but  the  necessary  control  is  somewhat 
more  elaborate  and  requires  a  little  more  jare  during 
the  starting  period. 


FIG.    1. 


The  direct-current  constant-speed  shunt  motor  has  a 
torque  directly  proportional  to  the  armature  current. 
The  adjustable-speed  shunt  motor  has  a  torque  directly 
proportional  to  the  armature  current  for  any  one  set- 
ting of  the  field  current,  but  when  the  field  current  is 
set  for  a  low-speed  condition,  there  will  be  more  torque 
for  a  given  armature  current  than  there  will  be  with 
the  same  armature  current  and  a  field  current  set  for 
a  higher-speed  condition.  This  characteristic  requires 
less  current  than  a  corresponding  horsepower  motor  of 
the  constant-speed  type  during  the  accelerating  period, 
provided     full  -  field     current     is     maintained     during 

the     accelerating 
period  in  both  cases. 

A  constant-speed  mo- 
tor is  generally  used 
where  the  motor  is  run 
at  full  speed  for  a  cer- 
tain period  and  then 
stopped  by  some  means, 
such  as  an  automatic 
starter.  This  applies  to 
both  reciprocating  and  to 
centrifugal  pumps. 

An  adjustable-s  peed 
shunt  motor  is  generally 
used  where  the  motor  is 
kept  running  and  the 
rate  of  pumping  is  varied 
by  changing  the  speed  of 
the  motor  with  field  con- 
trol by  some  similar 
means  to  that  shov^Ti  in 
Fig.  2.  If  the  motor 
speed  has  a  range  of  ap- 
proximately two  to  one 
by  field  control,  it  is  not 
so  essential  to  have  an 
unloader  on  either  a 
centrifugal-  or  recipro- 
cating-pump  load,  because  if  the  motor  is  started  with 
fuU  field,  the  armature  has  twice  the  torque  per  ampere 
which  is  the  equivalent  of  starting  a  constant-speed 
motor  on  half-load. 

The  same  statements  that  were  made  regarding  con- 
stant speed  shunt  motors  also  apply  to  slip-ring  induc- 
tion motors  with  the  exception  that  the  number  of 
starting  points  and  resultant  current  peaks  are  slightly 
different  as  indicated  in  the  table.  A  slip-ring  induction 
motor  should  be  used  where  a  reciprocating  pump  is 
to  be  started  against  full  load;  that  is,  where  no  un- 
loader is  used.  A  squirrel-cage  induction  motor  can  be 
used  to  good  advantage  for  starting  centrifugal  pumps 
and  fans  with  or  without  an  unloader  or  for  reciprocat- 
ing pumps  that  have  unloaders.  Because  of  the  ad- 
vantages of  power-factor  correction  and  efficiency  which 
can  be  gained  by  the  use  of  synchronous  motors,  these 
machines  are  often  used  for  driving  reciprocating  and 
centrifugal  pumps  and  fans  equipped  with  unloaders. 


CONTROLLER    USED    FOR    STARTING    CONSTANT- 
SPEED   DIRECT-CURRENT   MOTORS 
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Both  manual  and  automatic  control  are  used  for  start- 
ing and  stopping  the  various  kinds  of  motors  previously 
mentioned.  This  article  will  deal  only  with  the  auto- 
matic types  which  are  most  generally  used  for  this  kind 
of  service.  The  table  gives  in  concise  form  the  number 
of  resistor  divisions  that  are  generally  used  for  starting 
and  the  resultant  accelerating-current  peaks  on  the 
several  types  of  motors  when  driving  the  various  kinds 
of  pump  and  fan  loads.  This  table  can  be  used  in 
conjunction  with  the  tables  given  in  the  article, 
"Methods  for  Determining  Resistance  Used  for  Starting 
Various  Types  of  Motors"  in  the  Nov.  19,  1918,  issue  of 
Potver,  which  deals  with  the  method  of  determining  the 
ohmic  value  per  division  of  the  resistor. 

Figs.  1  and  5  show  the  photograph  and  connections 
respectively  of  a  starter  for  a  direct-current  constant- 


Contactor  L  is  a  line  switch  and  is  opened  and  closed 
by  means  of  its  shunt  coil.  When  the  control  switch 
is  closed  contactor  L  will  close,  and  when  the  control 
switch  is  opened  contactor  L  will  open.  When  contactor 
L  first  closes,  current  will  flow  from  L,  through  /2,-/?j, 
resistance,  the  coil  of  contactor  A,  through  R2-R\ 
resistance,  the  interpole  winding  and  armature  of  the 
motor  and  out  to  the  L..  line.  The  coil  on  contactor  A 
is  a  series  coil  which  will  close  this  contactor  provided 
the  current  is  within  certain  specified  limits.  If  the 
motor  is  standing  still,  the  initial  current  from  the  lines 
will  be  above  this  limit  and  contactor  A  will  lock  out, 
until  the  motor  has  partly  accelerated  and  the  current 
decreased  to  the  specified  value.  Wnen  this  contactor 
closes,  it  will  short-circuit  R2-R1  resistance  and  there- 
fore the  current  will  flow  through  the  tips  of  the  con- 


FIG.  2. 


ADJUSTABLE-SPEED  DIRECT-CURRENT 
MOTOR  CONTROLLER 


FIG.    3.      SLIP -RING 
MOTOR    STARTER 


FIG.  4. 


SQUIRREL-CAGE  MOTOR  START- 
ING  COMPENSATOR 


speed  motor.  This  starter  has  one  line  contactor  L 
for  connecting  the  motor  to  and  disconnecting  it  from 
the  line,  and  two  accelerating  contactors  A  and  A'  for 
short-circuiting  the  two  divisions  of  the  resistor.  A 
starter  with  this  number  of  points  can  be  applied  to  an 
equipment  with  or  without  an  unloader.  If  it  is  applied 
without  an  unloader,  the  largest  motor  it  should  be  used 
with,  as  shown  in  the  table,  is  10  hp.  for  a  reciprocating 
or  25  hp.  for  a  centrifugal  pump ;  but  if  an  unloader  is 
used  it  can  be  applied  to  a  45-hp.  motor.  Detailed 
descriptions  of  the  operation  of  this  and  subsequent 
panels  were  given  in  issues  of  Power  during  1916  and 
1917,  but  a  further  description  of  the  operation  of  this 
panel  will  be  included  here. 


tactor  and  through  the  lower  coil  on  cciitactor  A'  in- 
stead of  through  R^-R^.  When  RrR,  section  of  the 
resistor  is  shorted,  the  current  in  the  line  increases 
and  it  is  this  increased  value  that  flows  through  the 
lower  coil  of  contactor  A',  but  this  contactor,  like  A, 
will  not  close  when  the  current  is  too  high,  but  will  lock 
out  until  the  current  again  decreases  to  the  right  value. 
When  contactor  A'  closes,  it  will  short-circuit  all  the 
starting  resistor  and  both  the  series  coils  of  the  two 
contactors,  but  a  shunt  holding  coil,  H,  will  have  its 
circuit  closed  through  the  normally  open  interlock  T 
on  contactor  A',  and  this  will  be  sufficient  to  hold  con- 
tactor A'  closed.  The  action  of  these  three  contactora 
will  bring  the  motor  from  rest  to  full  speed  and  at  all 
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times  keep  the  line  current  within  prescribed  limits  as 
given  in  the  table. 

Figs.  2  and  6  show  the  panel  and  connections  of  an 
adjustable-speed  motor  starter  which  is  controlled  by 
means  of  a  pressure  regulator  R.  The  dial  switch  D 
closes  the  line  contactor  when  in  the  starting  position 
and  then  gradually  short-circuits  the  starting  resistor. 
During  this  period  full  field  is  maintained  on  the  motor, 
but  after  starting  has  been  completed,  the  dial  can  in- 
sert resistance  in  the  motor  field  and  thereby  increase 
its  speed.  The  position  of  this  dial  is  governed  by 
means  of  the  pressure-regulator  piston,  and  it  in  turn 
is  governed  by  means  of  a  diaphragm  which  responds 
to  pressure  variation.  This  pressure  (liquid  or  gas 
pressure)  is  generally  a  function  of  the  motor  speed. 
If  the  pressure  on  the  diaphragm  tends  to  decrease,  the 
regulator  will  increase  the  motor  speed  by  inserting 
resistance  in  the  field  circuit.  If  the  pressure  tends 
to  increase,  the  regulator  will  decrease  the  motor  speed 
by  short-circuiting  some  of  the  field  resistance.  In  this 
way  the  regulator  will  maintain  a  constant  pressure. 


Fig.  4  shows  an  open  view  of  an  automatic  com- 
pensator which  is  used  for  starting  squirrel-cage  in- 
duction motors.  Figs.  8,  9  and  10  jhow  the  connections 
respectively  of  this  panel  when  used  on  a  three-phase 
three-wire,  a  two-phase  three-wire,  and  a  two-phase 
four-wire  circuit.  As  the  photograph  and  connections 
show,  the  panel  consists  of:  One  five-pole  contactor  S 
for  starting  the  motor;  1  three-pole  contactor  R  for 
running  the  motor;  1  current-limit  relay  E  for  govern- 
ing the  two  contactors  S  and  R;  1  control-circuit  fuse 
F;  2  inverse-time-limit  overload  relays  C  and  C;  and 
1  three-coil  compensator  B.  The  operation  of  the  panel 
is  as  follows: 

When  the  "start"  push-button  is  held  down,  current 
will  flow  from  L^  through  the  fuse  F,  the  two  overload 
relay  tips,  the  "stop"  push-button,  the  coil  of  contactof 
S,  the  upper  tip  of  the  current-limit  relay  E  to  L^,  as 
indicated  by  the  arrowheads.  This  will  close  contactof 
S,  which  in  turn  will  short-circuit  the  contacts  of  the 
"start"  push-button,  by  means  of  an  electrical  inter- 
lock D,  which  is  mounted  on  the  shaft  of  the  contactor 
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FIG.  7.     WIRING  DIAGRAM  FOR  CONTROL 
PANEL  FIG.  3 


Under  certain  conditions  this  action  is  reversed;  that 
is,  with  increased  pressure  on  the  diaphragm  the  motor 
speed  will  be  increased  and  vice  versa.  This  combin- 
ation obtains  when  the  motor  is  running  a  stoker  and 
the  diaphragm  is  working  from  the  forced-draft  pres- 
sure. If  the  forced-draft  is  increased,  the  stoker  should 
increase  in  speed. 

Figs.  3  and  7  show  the  photograph  and  connections 
of  an  alternating-current  slip-ring  induction-motor 
starter.  This  starter  has  one  contactor  L,  for  connect- 
ing the  motor  to  and  disconnecting  it  from  the  line, 
and  two  contactors  R  and  R'  for  short-circuiting  the 
two  divisions  of  resistance  per  phase  in  the  rotor  cir- 
cuit. The  two  relays  A  and  A  at  the  top  of  the  panel 
govern  the  closing  of  the  two  resistor  contactors  R  and 
R',  and  can  be  adjusted  to  suit  the  conditions  under 
which  the  equipment  starts.  Referring  to  the  table  it 
is  seen  that  this  starter  can  be  used  to  start  a  45-hp. 
motor  when  driving  a  reciprocating  pump  or  a  centri- 
fugal pump  when  they  have  no  unloader;  or  a  75-hp. 
when  an  unloader  is  used. 


S.  This  circuit  makes  it  necessary  for  the  operator 
to  hold  his  finger  on  the  "start"  push-button  only  long 
enough  to  close  contactor  S.  The  remainder  of  the 
cycle  of  acceleration  is  entirely  automatic.  When  con- 
tactor S  closes  it  connects  the  three  lines  L„  L^  and  L^ 
to  the  top  of  the  compensator  coils  at  the  points  marked 
B  and  also  connects  the  three  taps,  each  marked  "2," 
to  the  motor.  This  puts  a  low  voltage  on  the  motor  and 
starts  it.  The  small  table  between  Figs.  8  and  9  shows 
that  :f  the  motor  is  connected  to  the  taps  marked  "2," 
then  58  per  cent  of  line  voltage  will  be  applied  to  the 
motor  when  contactor  S  is  closed.  If  the  motor  is  con- 
nected to  No.  3  taps,  then  70  per  cent  of  line  voltage 
will  be  put  on  the  motor  when  contactor  S  closes.  The 
other  taps  give  values  as  shown. 

The  left-hand  coil  of  the  current-limit  relay  E,  Fig.  8, 
has  a  small  number  of  turns  and  is  connected  in  series 
with  the  line,  while  the  right-hand  coil  has  a  large 
number  of  turns  and  is  connected  across  the  com- 
pensator taps  at  points  marked  11-12  on  switch  S. 
Now  the  plunger  in  the  right-hand  coil  is  heavier  than 
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the  plunger  in  the  left-hand  coil  so  that  the  left  plunger 
is  held  up  against  the  pivoted  contacts  marked  4  and  6 
by  means  of  the  walking  beam  at  the  bottom.  The 
right-hand  plunger  is  connected  to  the  walking  beam, 
but  the  left-hand  plunger  simply  rests  on  the  beam. 
This  means  that  when  contactor  S  closes,  the  two  coils 
of  the  relay  are  energized  at  the  same  time,  the  right- 
hand  coil  picking  up  and  pulling  the  walking  beam 
away  from  the  left-hand  core,  but  the  current  in  the 
left-hand   coil   holds   the   core   up   against   the   pivoted 


position  all  the  time  the  motor  is  running.  When  con- 
tactor S  opened  it  disconnected  the  compensator  from 
the  motor,  and  when  contactor  R  closed  it  put  full  volt- 
age on  the  motor.  Before  this  transfer  occurred,  the 
motor  had  attained  approximately  90  per  cent  speed. 
To  stop  the  motor,  push  the  stop  button  and  this  opens 
contactor  R  and  resets  the  current-limit  relay  E. 

Fig.  9  shows  the  connection  for  a  two-phase  three- 
wire  automatic  compensator.  The  only  difference  be- 
tween this  and  Fig.  8  is  th^t  a  two-foil   instead  of  a 
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contacts  4  and  6,  until  the  motor  sufficiently  accelerates 
and  lowers  the  current  through  this  coil  to  a  value 
where  it  cannot  hold  the  plunger  against  gravity.  When 
this  happens  the  pivoted  contact  is  pulled  down,  which 
breaks  the  control  across  4-6  and  makes  contact  across 
4-5.  This  opens  contactor  S  and  closes  the  coil  on 
contactor  R  through  the  electrical  interlock  7-1  at  D  on 
contactor  S>.  The  small  coil  G  on  relay  E  is  connected 
in  multiple  with  the  coil  on  contactor  R.  When  the 
relay  short-circuits  the  4-5  contacts  on  E,  coil  G  is 
energized  and  maintains  this  pivoted  contact  in  this 


three-coil  compensator  is  used.  Fig.  10  is  the  same  as 
Fig.  9  excepting  that  four  instead  of  three  wires  are 
used  in  the  line  circuit. 

The  automatic  compensator  provides,  one  starting 
and  one  running  point.  If  the  speed-torque  character- 
istics of  a  squirrel-cage  induction  motor  are  considered 
in  conjunction  with  an  automatic  compensator,  it  will 
be  noted  that  one  starting  point  is  all  that  is  needed, 
because  the  torque  increases  instead  of  decreases  up  to 
a  comparatively  high  percentage  of  normally  rated 
speed.     Quite  frequently  a  multi-point  automatic  com- 


502 


POWER 


Vol.  51,  No.  11 


pensator  is  asked  for,  but  practically  in  every  instance 
a  one-point  compensator  will  give  just  as  good  results. 
If  a  one-point  automatic  compensator  will  not  accom- 
plish the  results,  then  the  load  should  not  be  started 
by  a  squirrel-cage  induction  motor  on  partial  voltage. 
In  place  of  the  automatic  compensator  some  engineers 
use  a  resistance  starter,  as  shown  in  Fig.  11.  This 
throws  the  motor  on  the  line  through  some  resistance 
in  each  phase,  and  after  the  motor  accelerates  to  a 
specified  speed  the  resistance  is  short-circuited.     This 
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WIRING    DIAGRAM    OF    CONTROL   PANEL,    FOR 
STARTING  A   SYNCHRONOUS   MOTOR 


arrangement  makes  a  somewhat  cheaper  starter,  but 
requires  more  current  from  the  line  during  starting. 

The  synchronous  motor  is  not  used  as  generally  as 
the  induction  motor,  but  it  has  an  important  field.  Fig. 
12  shows  the  connections  used  for  starting  a  low-voltage 
synchronous  motor.  It  consists  of  an  automatic  com- 
pensator similar  to  the  one  described  in  the  foregoing 
with  the  addition  of  means  for  handling  the  field  cir- 
cuit.     Instead    of    the    automatic    compensator    being 


governed  by  means  of  a  current-limit  relay,  it  works 
as  follows: 

When  the  master  switch  is  closed,  the  four-pole 
contactor  <S  closes  and  puts  partial  voltage  on  the  moto.. 
When  the  motor  has  attained  about  90  per  cent  speed, 
the  centrifugal  device  D,  which  is  attached  to  the  motor 
shaft,  closes  the  contacts  2-5  and  starts  the  time-limit 
relays  C  closing.  After  about  five  seconds  the  relay 
C  closes  its  contacts  2-6,  which  causes  contactor  R  to 
close  and  puts  field  current  on  the  motor.  This  should 
pull  the  motor  into  synchronism  if  it  had  not  already 
reached  this  speed.  The  closing  of  the  first  time-limit 
relay  energized  a  second  time-limit  relay  C,  which  after 
about  five  seconds  simultaneously  breaks  its  contacts 
2-3  and  closes  2-4  and  causes  contactor  S  to  open  and 
contactor  W  to  close.  This  action  disconnects  the  com- 
pensator from  the  line  and  motor  and  then  connects  the 
motor  to  the  line. 

In  this  short  article  an  endeavor  has  been  made  to 
point  out  the  load  characteristics  of  pumps  and  fans, 
the  different  motors  that  are  generally  used  on  pumps 
and  fans,  how  control  should  be  applied  and  a  few 
illustrations  of  control  panels.  To  the  person  who  is  not 
familiar  with  control  problems,  some  of  the  recom- 
mendations may  appear  inconsistent,  but  they  have  been 
verified  by  actual  tests. 


The  shortage  of  labor  in  every  industry  cnrougn- 
out  the  country  has  reached  a  serious  stage  and,  accord- 
ing to  statistics,  is  rapidly  growing  worse.  This  and 
strikes  for  shorter  hours  have  caused  a  material  lower- 
ing of  production,  to  which  can  be  traced  in  part  the 
high  cost  of  living.  Because  of  strikes  1,105,500  days 
have  been  lost  in  the  textile  industry  alone,  in  coal  min- 
ing 220,000  days  were  lost,  clothing  factories  show  a 
loss  of  352,000  days,  in  the  shoe  manufacturing  industry 
77,000  days  were  lost  and  on  the  railroads  the  losses 
totaled  38,000  days.  Freight  cars  are  lying  on  sidings 
and  in  yards,  for  lack  of  men  to  make  necessary  repairs. 
Sufl!icient  labor  cannot  be  found  to  clean  the  streets. 
Telephone  companies  throughout  the  country  could  put 
25,000  more  women  to  work.  Factories,  mills,  mines  and 
in  fact  industries  of  every  description  are  searching 
for  help.  A  new  supply  of  unskilled  labor  is  needed  to 
overcome  this  condition  and  would  probably  prove  effec- 
tive in  reducing  prevailing  high  prices. 


NUMBER  OF  RESISTOR  DIVISIONS  SUGGESTED  FOR  STARTING  MOTORS,  DRITING  PUMPS  AND  COMPRESSORS  AND  THE  APPROXIMATE 

RESULTING  MAXIMUM  CURRENT  PEAKS 
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Measuring  Flow  of  Fluids 

By  JACOB  M.  SPITZGLASS 

Vice  President,  Republic  Flow  Meters  Company,  Chicago 


Relation  hetiveen  velocity  and  pressure.  Obtain- 
ing differential  pressure  by  pitot  tube,  venturi 
tube,  nozzle  tube  or  an  orifice  plate.  A  general 
formula  applicable  to  all  the  devices  mentioned 
and  tables  making  it  simple  to  obtain  quantity 
flow  from  the  differential  pressure  readings  of  a 
gage  or  Tnanometer. 


WHENEVER  a  moving  body  is  stopped  from  its 
motion  or  brought  to  rest,  the  kinetic  energy 
contained  in  that  body,  due  to  its  velocity,  is 
converted  into  another  form  of  energy,  v^hich,  in  the 
case  of  fluids,  results  in  pressure.  This  pressure, 
created  by  the  force  of  stopping  the  motion  of  fluid, 
is  called  the  "velocity  pressure,"  which,  when  added 
to  the  initial  or  "static  pressure,"  due  to  the  physical 
condition  of  the  fluid,  forms  the  final,  or  "dynamic  pres- 
sure." 

The  "dynamic  pressure"  is  obtained  when  a  tube  is 
inserted  at  any  fixed  point  of  a  stream  with  its  open 


into  an  equivalent  amount  of  kinetic  energy  resulting 
from  the  increased  velocity  of  the  fluid. 

In  all  such  cases  there  exists  a  definite  relation  be- 
tween the  differential  pressure  thus  obtained  and  the 
velocity  of  the  fluid  that  is  to  be  measured.  The  flow 
of  any  fluid  can  be  measured  conveniently  and  accurately 
by  converting  its  velocity,  which  cannot  be  measured 
directly,  into  pressure,  which  can  be  easily  measured 
by  a  column  of  liquid  or  a  gage. 

For  practical  purposes  the  differential  or  velocity 
pressure  in  a  given  line  may  be  obtained,  either  directly 
by  balancing  the  difference  between  the  dynamic  and 
static  sides  of  a  pitot  tube  inserted  in  the  line,  as 
shown  in  Figs.  1,  2  and  3;  or  indirectly,  by  balancing 
the  difference  between  the  high-  and  low-pressure  sides 
of  a  venturi  tube.  Fig.  4,  nozzle  tube,  Fig.  5,  or  an 
orifice  plate,  Fig.  6. 

In  the  case  of  a  pitot  tube  it  should  be  noticed  that 
the  differential  column  balancing  the  difference  in  pres- 
sure represents  the  flow,  or  motion,  existing  at  the 
given  section  of  the  line.  With  a  venturi  tube,  noz- 
zle tube  or  orifice  plate,  the  column  obtained  represents 
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FIG.    1.   ILLUSTRATING    SIMPLE 
PITOT  TUBE 


DIFFERENTIAL    PITOT    TUBE 
ANOTHER  FORM  OF 


FIG.    3. 


SPECIAL    FORM    OF    DIFFER- 
ENTIAL PITOT  TUBE 


end  pointing  against  the  flow  and  the  other  end  is 
balanced  by  some  stationary  force,  such  as  a  column 
of  water  or  mercury. 

By  inserting  a  similar  tube  near  the  first  one,  but 
with  its  open  end  pointing  at  right  angles  co  the  flow, 
the  pressure  created  in  it  will  be  equal  to  the  static 
pressure  only,  if  the  velocity  of  the  fluid  does  not  pro- 
duce any  effect  upon  the  opening  of  the  tube. 

Connecting  the  static  tube  to  the  upper  end  of  the 
dynamic  column  virtually  subtracts  the  static  pressure 
from  the  dynamic  and  thus  gives  directly  the  differ- 
ential or  velocity  pressure  equivalent  to  the  flow. 

In  other  cases  a  differential  pressure  is  created  by 
the  introduction  of  a  contracted  area  in  the  stream  of 
the  fluid  for  the  purpose  of  converting  a  certain  amount 
of  potential  energy  existing  in  the  form  of  pressure 


the  change  of  notion  produced  by  the  artificial  ob- 
struction of  the  passage  at  the  given  section  of  pipe. 

The  pitot  tube  is  employed  generally  in  cases  where 
the  minimum  flow  in  the  pipe  is  sufficient  to  make  a 
perceptible  difference  in  pressure  for  operating  the 
measuring  device,  and  the  maximum  flow  is  not  over  the 
range  of  the  given  device.  The  venturi  tube  or  orifice 
is  better  adapted  for  cases  where  the  flow  existing  in  the 
line  is  eitner  too  low  or  too  high  for  the  range  of  pres- 
sure difference  in  the  measuring  device.  When  a  ven- 
turi tube  or  orifice  is  used,  the  change  of  motion  or  the 
difference  in  kinetic  energy  between  original  and  final 
flow,  can  be  made  to  suit  by  varying  the  size  of  the 
restricted  passage  in  the  line. 

Two  distinct  forms  of  pitot  tube  are  generally  used — 
one  designated  as  a  combined  impact  tube  of  the  form 
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shown  in  Fig.  1,  and  the  other  as  the  differential  tube 
shown  in  Figs.  2  and  3.  In  the  combined  impact  tube 
one  opening  is  pointed  against  the  flow  to  receive  the 
dynamic  pressure.  The  other  opening  is  at  right  an- 
gles to  the  flow,  for  the  purpose  of  receiving  the  static 
pressure  only.  As  a  matter  of  fact,  the  opening  pointed 
against  the  flow  receives  the  true  dynamic  pressure,  be- 
cause the  flow  is  entirely  stopped  at  the  point  of  im- 
pact, transmitting  the  full  velocity  pressure  to  the  con- 
nections of  the  U-tube.     On  the  other  hand,  the  open- 


With  any  one  of  these  various  devices  a  differential 
pressure  is  obtained,  and  starting  from  this  reading 
the  quantity  of  flow  in  pounds,  gallons  or  cubic  feet  per 
unit  of  time  may  be  calculated.  It  is  convenient  to 
base  all  the  calculations  of  flow  upon  the  differential 
column  measured  in  inches  of  water.  The  U-tube  of 
the  measuring  device  may  be  filled  with  mercury  and 
the  actual  differential  pressure  carried  by  the  height 
of  the  mercury  column ;  but  the  effective  height  and  all 
the  measurements  of  flow  are  based  on  the  equivalent 
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FIG.  4.     VENTURI  TUBE3 


FIG.  5.     NOZZLE  TUBE 


FIG.  6.     ORIFICE  PLATE 


ing  at  right  angles  to  the  flow  does  iiot  always  receive 
the  true  static  pressure,  due  to  the  effect  of  aspiration 
or  siphoning  produced  by  the  flow  in  the  line. 

In  the  differential  tube  the  two  openings  are  pointed 
in  opposite  directions;  one  is  made  to  receive  the 
dynamic  pressure,  and  the  other  is  acted  upon  by  the 
suction  of  the  flow,  so  that  the  differential  column  in 
the  U-tube  represents  impact  plus  suction.     The  dif- 


TABLE  I. 

FLOW  OF  WATER 

(Assumi  g  D' 

=   i  ci  c 

ar  inoVi, 

C=  1) 
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^ou^ 
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Deg.  F. 
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1  in.  Hg. 

60 

2,838 

10,070 

340  5 

1,208 

70 

2,837 

10,065 

340  7 

1,209 

80 

2,835 

10,060 

341    0 

1,210 

90 

2,833 

10,055 

341.3 

1,211 

100 

2,830 

10,045 

341    6 

1.213 

110 

2,827 

10,035 

342  0 

1,214 

120 

2,824 

10,025 

342.4 

1,215 

130 

2,820 

10,015 

342  8 

1,216 

140 

2.816 

10,000 

343.3 

1,218 

150 

2.812 

9,985 

343. 

1,220 

160 

2.807 

9,965 

344.3 

1,222 

170 

2,802 

9,945 

344  4 

1.^24 

180 

2,797 

9    25 

345.5 

1,226 

190 

2,792 

9  905 

346.  1 

1,229 

200 

2,786 

9,885 

346.8 

1,231 

210 

2,781 

9,865 

347.  S 

1.234 

220 

2,776 

9,  50 

348  2 

1,236 

230 

2,770 

9,830 

348.9 

1.238 

240 

2,764 

9,810 

349.7 

1,241 

250 

2,758 

9,790 

350.5 

1,244 

260 

2,751 

9,765 

351.3 

1,247 

270 

2,743 

9,740 

352.1 

1,250 

280 

2,735 

9.710 

353.0 

1,253 

290 

2,727 

9.680 

354.0 

1,257 

300 

2,719 

9,550 

355.2 

1.261 

NOTE — I  in.  of  mercury  i  ndor  water  equals  12.6  in.    f  water  head. 

ferential  tube  is  generally  preferred  for  practical  pur- 
poses. In  the  first  place  the  effect  of  suction  in  the 
direction  of  the  flow  is  more  positive  than  the  effect  of 
siphoning  at  right  angles  to  the  flow.  In  the  second 
place  the  suction  produced  by  the  flow  magnifies  the 
differential  column  corresponding  to  a  given  velocity 
of  the  fluid,  which  in  turn  facilitates  the  operation 
of  the  measuring  device  and  permits  of  a  larger  scale 
that  can  be  read  with  accuracv. 


column  in  inches  of  water.  When  mercury  is  used  with 
an  ordinary  U-tube  manometer,  an  inch  of  mercury  is 
equivalent  to  13.6  in.  of  water  when  the  measurement 
is  made  on  air  or  gas.  When  measuring  steam  or 
water,  the  equivalent  is  12.6  in.  of  water  for  one  inch 


hw^Totdl  height  of  Water  Column 
hm  =  Total  height  of  Mercury  Column 
h|-  =  Effective  height  of  Mercury 

Column 
hj  =  Depression  in  large  Chamber 
hw=l3.6xhm 


FIG.  7.     BALANCING  MERCURY  AND  WATER  COLUMNS 

of  mercury.  When  single-tube  manometers  or  similar 
devices  are  used  for  balancing  the  flow,  the  effective 
height  may  be  conveniently  determined  by  the  method 
shown  diagrammatically  in  Fig.  7.  In  such  cases  the 
ratio  of  the  water  column  to  the  mercury  column  will 
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depend  upon  the  relation  of  the  areas  in  the  two  cham- 
bers of  the  gage. 

It  is  also  convenient  to  adopt  the  circular  unit  of  area 
as  the  determination  of  constants  for  a  given  measur- 
ing device  is  facilitated.  The  flow  per  circular  unit  is 
multiplied  by  the  diameter  squared,  to  obtain  the  quan- 
tity, in  the  same  manner  as  circular  mills  are  used  in 
electrical  measurements. 

From  the  usual  formula  expressing  the  general  rela- 
tions between  pressure  and  velocity  of  fluids,  one  gen- 
eral formula  may  be  derived  that  will  be  applicable  to 
all  the  devices  shovni   and  for  the  various   mediums 


necessary  only  to  take  the  value  of  K  given  in  the  ta  h 
and  multiply  by  the  true  values  of  the  three  quantities 
mentioned.  The  diameter  of  the  pipe  D  is  available, 
the  head  h  is  given  by  the  measuring  device,  so  th  '; 
the  coefficient  C  is  the  only  factor  needing  further 
attention. 

For  the  combined  impact  tube.  Fig.  1,  with  the 
dynamic  opening  placed  in  the  center  of  the  flow,  C  has 
an  average  value  of  0.90;  for  the  differential  tube  of 
the  form  shown  in  Figs.  2  and  3  the  value  of  C  varies 
from  0.73  to  0.80.  For  the  venturi  tube  of  Fig.  4  the 
value  of  C  depends  on  the  ratio  of  the  throat  section  cf 
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FIG.   8.     VENTUKI  COEFFICIENT  C  AS  RELATED  TO  PIPE   SECTION  D^ 


measured.      In    its    simplest   form,    giving    results    in 
pounds  per  hour,  this  formula  is  as  follows : 

G  =  (359.3  C  D'  VS)  X  Vh 
where 

G   =  Weight  of  flow  in  pounds  per  hour; 

C   ==  Coefficient  of  discharge,  or  the  ratio  of  the 
actual  to  the  theoretical  amount  of  flow; 

D'  =  Diameter  of  pipe  squared  in  inches; 

S   =  Density  of  fluid   in   the  pipe   in  pounds   per 
cubic  foot; 

h  =  Differential  column  in  inches  of  water. 
Each  of  the  factors  indicated  by  the  letters  in  the 
formula  are  easily  obtainable  except  the  coefficient  C, 
which  varies  for  each  type  of  device  illustrated.  To 
make  calculation  more  simple,  however,  a  number  of 
tables  based  on  this  formula  have  been  worked  out,  cov- 
ering the  flow  of  water,  steam,  gas  and  air  for  a  wide 
variation  of  pressure  or  temperature.  In  these  tables 
it  was  necessary  to  assume  that  the  value  of  D\  \/h  and 
C  each  equal  1,  so  that  the  quantity  designated  by  K 
is  equal  to  359.3  VS.    In  a  specific  problem,  then,  it  is 


to  the  pipe  section  D\  The  curves  of  Fig.  8  cover  a 
wide  range,  showing  the  val.  e  of  C  corresponding  to  a 
given  ratio  of  throat  to  pipe  sections. 

In  the  nozzle  tube  shovm  in  Fig,  5  the  coefl^cient 
varies  with  the  roundness  of  the  inlet  and  the  size  of 
the  tube,  so  that  it  is  necessary  to  test  each  tube  in 
the  same  way  the  ordinary  nozzles  are  being  calibrated 
for  measuring  the  flow  of  water. 

In  Fig.  6  is  shown  the  general  form  of  orifice  con- 
nections. The  orifice  differs  from  the  nozzle  tube  in 
that  the  approach  of  the  flow  is  fully  contracted  by  the 
sharp  edge  of  the  plate.  This  results  in  an  even  amount 
of  fricti.->n  loss,  and  therefore  the  effectiveness  of  the 
orifice  as  a  means  of  obtaining  differential  pressure  is 
the  same  for  all  orifices  of  this  kind. 

The  flow  through  the  orifice  takes  the  same  form  as 
through  a  venturi,  except  that  the  smallest  section  cor- 
responding to  the  throat  of  the  venturi  is  form  3d  after 
the  fluid  passes  through  the  orifice.  The  orifice  coef- 
ficient, thorefore,  involves  an  additional  factor  over  the 
venturi  tube  in  that  the  contracted  area  is  smaller  than 
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TABLE  IL    F 

LOW  OF  t 

(.\ssuming 

D=  =   1  ci 

Absolute 

Gage 

Oorres. 

Pressure 

Pressure 

Temp. 

Lb. 

Lb. 

Deg.  F 

14.7 

0 

212.0 

15  7 

1 

215  3 

16.7 

2 

218.4 

17.7 

3 

221   5 

1.8.7 

4 

224  3 

19.7 

5 

227.0 

20  7 

6 

229.7 

21.7 

7 

232.3 

22.7 

8 

234.8 

23.7 

9 

237.1 

24.7 

10 

239.4 

25.7 

11 

241.6 

26  7 

12 

243.7 

27  7 

13 

245.8 

28  7 

14 

247.8 

29  7 

15 

249  8 

30.7 

16 

251   7 

31.7 

17 

253  5 

32.7 

18 

255.3 

33.7 

19 

257.0 

34.7 

20 

258  8 

39.7 

25 

266.8 

44.7 

30 

274  0 

49.7 

35 

280.6 

54.7 

40 

286  6 

59.7 

45 

292.3 

64.7 

50 

297.7 

69.7 

55 

302  6 

74.7 

60 

307.3 

79.7 

65 

311   9 

84.7 

70 

316.0 

89.7 

75 

320  0 

94.7 

80 

324.0 

99.7 

85 

327.8 

104.7 

90 

331.2 

109.7 

95 

334.6 

114.7 

100 

337.8 

119.7 

105 

341.2 

124.7 

110 

344.4 

129.7 

115 

347.4 

134.7 

120 

350.2 

139,7 

125 

352.9 

144.7 

130 

355  7 

149.7 

135 

358  5 

154.7 

140 

361   0 

159.7 

145 

363  5 

164.7 

150 

365  9 

169.7 

155 

368  4 

174  7 

160 

370.8 

179.7 

165 

373  0 

184.7 

170 

375.2 

189.7 

175 

377.3 

194.7 

180 

379.5 

199.7 

185 

381.7 

204.7 

190 

383.8 

209.7 

195 

385.9 

214.7 

200 

387.9 

219.7 

205 

389.8 

224.7 

210 

391    7 

229.7 

215 

393  7 

234.7 

220 

395   5 

239.7 

225 

397  4 

244.7 

230 

399.2 

249.7 

235 

400.9 

254.7 

240 

402.7 

259.7 

245 

404.5 

264.7 

250 

406.2 

269.7 

255 

407  8 

274.7 

260 

409  4 

27.9.7 

265 

411    0 

284.7 

270 

412.6 

28^.7 

275 

414  3 

294.7 

280 

415.8 

299.7 

285 

417   4 

304.7- 

290 

418  9 

309.7 

295 

420.4 

314.7 

300 

422.0 

NOTE- 

1  in.  of  mercury  unc 

er  water  ec 

. Values  0 

f  K 

Pounds  per 

Hour 

1  in.  H,0 

1  in.  Hg. 

69.38 

246.2 

71.57 

254   1 

73  73 

261   8 

75  81 

269.2 

77  72 

276.0 

79  62 

282  7 

81.45 

289.2 

83  25 

295.5 

85  01 

301.8 

86.77 

308  0 

88.46 

314  0 

90   11 

319.8 

91.73 

315.6 

93.27 

331.3 

94.85 

336  9 

96.40 

342.3 

07.87 

347.6 

99  38 

352.8 

100.85 

358.2 

102.33 

363.3 

103.69 

368  2 

110.28 

392.0 

116.70 

414.3 

122.70 

435  7 

128.34 

455.8 

133  70 

474.5 

138.9 

492.5 

143.8 

510.5 

148.6 

527.5 

153    1 

543.5 

157.6 

559.5 

162  0 

575.5 

166.1 

590.5 

170.2 

604.5 

174  2 

618.5 

178.1 

632  5 

182.0 

646.0 

185.7 

659.0 

189.3 

672.0 

192.9 

685  0 

196  4 

697.5 

199.8 

709.5 

203.2 

721.5 

206.5 

733.0 

209.8 

744.5 

213.0 

756.0 

216.2 

767.5 

219  3 

778  5 

222.4 

789.5 

225.4 

800. 0 

228.4 

810.0 

231.4 

822.0 

234.3 

832.0 

237.2 

842.0 

240.0 

952.0 

242.6 

861.5 

245  6 

871.5 

248 

881.0 

251.0 

891.0 

253.6 

900  5 

256.3 

910  0 

259.1 

920  0 

261.6 

929.0 

264.3 

938.0 

266.7 

947.0 

269  4 

965.0 

271    7 

956.0 

274  3 

974.0 

276  7 

983.0 

279.3 

992.0 

281.6 

1,000.0 

284    1 

1,008.0 

286.3 

1,016.0 

288.8 

1,024.0 

291.3 

1,032.0 

293  4 

1,040  0 

295.9 

1,048  0 

TABLE   IV.     FLOW   OF  GAS  AND   AIR 

(Assuming  D'  =  1  circular  inch,  C  =  I) 

Values  of  K  for  air  at  standard  temperature  of  60  deg.  F.  For  gas  of  specific 
gravity  other  than  unity,  divide  proper  fai^tor  from  table  by  the  square  root  of 
the  srecific  gravity  of  the  gas  referred  to  air. 


TABLE  III.     CORRECTION  FACTORS  FOR  SUPERHEATED  STEAM 

Degrees  of                                                    Degrees  of 
Superheat                                       Factor    Superheat 

0       1 .  000 

10       0  991 

20        0.982 

30        0.974 

40        0  ')66 

50        0.958 

60        0.951 

70        0.944 

80        0  938 

90        0  931 

100        0.925 

110        0.919 

'•20       0  913 


Factor 

130  0.907 

140  0.901 

150  0.895 

160  0.89 

170  0  885 

180 0.88 

190  0.875 

200  0.87 

250  0  847 

300  0  826 

400  ../ 0  789 

500  0  757 


Abso. 

Press., 

Lb. 

14.7 
15.7 
16.7 
17.7 
18.7 
19.7 

20.7 
21.7 
22.7 
23.7 
24.7 

25.7 
26.7 
27.7 
28.7 
29.7 

30.7 
31.7 
32.7 
33.7 
34.7 

39.7 
44.7 
49.7 
54.7 
59.7 

64.7 
69.7 
74.7 
79.7 
84.7 

89.7 
94.7 
99.7 
104  7 
109.7 

114.7 
119.7 
124.7 
129.7 
134.7 

139.7 
144.7 
149.7 
154.7 
159.7 

164.7 
169.7 
174.7 
179.7 
184.7 

189.7 
194.7 


199. 
204. 
209 

214 
219 
224, 
229. 
234. 


239.7 
224.7 
249.7 
254.7 
259.7 


764. 
269. 
274. 
279. 
284. 


289.7 
294  7 
299.7 
304  7 
309  7 
314.7 


Gage 

Press., 

Lb. 

0 
) 
2 
3 

4 
5 

6 
7 

8 
9 
10 

II 
12 
13 
14 
15 

16 
17 
18 
19 
20 

25 
30 
35 
40 
45 

50 
55 
60 
65 
70 

75 
80 
85 
90 
95 

100 
105 
110 
115 
120 

125 
130 
135 
140 
145 

150 
155 
160 
165 
170 

175 
180 
165 
190 
195 

200 
205 
210 
215 
220 

225 
230 
235 
240 
245 

250 
55 
260 
265 
270 

275 
280 
285 
290 
295 
300 


— Values 

Std.     Cu.F't. 
1  in.  H5O 

of    K 
per     Hour 
1  in.  Hg. 

1,301 
1,344 
1,385 
1,426 
1,46S 
1,505 

4,800 
4,960 
5,110 
5,260 
5,410 
5,555 

1,542 
1,579 
1,615 
1,650 
1,685 

5,695 
5,830 
5,960 
6,090 
6,215 

1,718 
1,750 
1,781 
1,812 
1,843 

6,540 
6,460 
6,575 
6,690 
6,805 

1,874 
1,904 
1,934 
1,964 
1,994 

6,915 
7.025 
7.135 
7,245 
7,355 

2,137 
2,264 
2,388 
2,511 
2,619 

7,880 
8,360 
8,820 
9,270 
9,660 

2,726 
2,826 
2.924 
3,022 
3,120 

10,050 
10,430 
10,790 
11,150 
11,510 

3,2n 

3,297 
3,383 
3,466 
3,550 

11,840 
12,160 
12,480 
12,800 
13,090 

3,628 
3,706 
3,784 
3.861 
3,936 

13,380 
13,670 
13,960 
14,250 
14,530 

4,011 
4,081 
4,150 
4,218 
4,284 

14,800 
15,060 
15,310 
15,560 
15,810 

4,350 
4,416 
4.480 
4.543 
4,606 

16,050 
16,290 
16,530 
16,770 
17,000 

4,668 
4,730 
4,791 
4,852 
4,910 

17,230 
17,460 
17,680 
17,900 
18,120 

4,968 
5,026 
5,084 
5,142 
5,198 

18,330 
18,540 
18,750 
18,960 
19,170 

5,253 
5,307 
5,361 
5,414 
5,467 

19,380 
19,590 
19,800 
20,000 
20,190 

5,520 
5,572 
5,623 
5,673 
5,722 

20,380 
20,560 
20,740 
20,920 
21,100 

5,771 
5,820 
5,869 
5,918 

21,280 
21,460 
21,640 
21,820 

6,012 


22,180 


the  area  of  the  orifice  section.  This  factor  is  deter- 
mined experimentally  for  each  ratio  of  orifice  diameter 
to  pipe  diameter,  and  the  given  size  of  the  pipe. 

The  following  examples  will  demonstrate  the  use  of 
the  tables  and  the  solution  of  problems  in  measuring 
the  flow  of  fluids  in  pipes: 

Example   1 — .Pitot   tube   measuring   flow  of   water: 
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internal  diameter  of  tube,  D  =  6  in. ;  coefficient  of  tube, 
C  --=  0.80;  differential  column,  h  =  1  in.  of  mercury; 
temperature  of  water,  200  deg.  F. 

From  Table  I,  opposite  200  deg.  F.,  K  =  9,885  lb.  per 
hour,  or  1,231  gal.  per  hour. 

9,885  X  (6)*  X  0.80  X  Vl  =  284,688  lb.  per  hr. 

1,231  X  (6)'  X  0.80  X  VI  =    35,453  gal.  per  hr. 

The  solution  obtained  for  one  inch  of  mercury  dif- 
ferential can  be  applied  to  any  other  height  simply  by 
multiplying  the  quantity  by  the  square  root  of  the 
given  height  of  the  mercury  column,  thereby  avoiding 
the  repetition  of  multiplying  the  other  factors  which 
are  constant  for  the  same  conditions  of  flow. 

Example  2 — Venturi  tube  measuring  flow  of  water: 
internal  diameter  of  pipe,  D  =  3  in. ;  diameter  of  throat, 


Factor 
0.868 
0  865 
0  862 
0  859 
0.856 


water;  static  pressure,   100  lb.  gage;  air  temperature, 
120  deg.  F. 
Obtain  venturi  coefficient  as  follows: 


TABLE  V.     TEMI 

'ERATURE  CORRECT 

AND  AIR 

Temp., 
Deg.  F. 

Temp., 
Factor    Deg.  F. 

0     

10     

20     

30     

40     

1 . 063       230 

1.052       235 

1.041        240 

1.030       245 

1.020       250 

50  1 .  009 

60  1   000 

65  0.996 

70  0 .  99 1 

75  0  986 

80  0.981 

85  0.977 

90  0.972 

95  0.968 

100  0.964 

105  0.959' 

110  0.956 

115  0.951 

120  0.947 

125  0.943 

130  0.939 

135  0.935 

140  0.931 

145  0.927 

150  0  923 

155  0.920 

160  0  916 

165  0.912 

170  0  909 

175  0.905 

180  0  902 

185  0  898 

190  0  895 

195  0  891 

200  0  883 

205  0  885 

210  0.881 

215  0  878 

220  0.875 

225  0.872 


255  0.853 

260  0.850 

265  0.847 

270  0.844 

275  0.841 

280  0.838 

285  0.836 

290  0.833 

295  0.830 

30  0.827 

350  0.802 

400  0.778 

450  0.756 

500  0.736 

550  0.718 

600  0.700 

6S0  0.684 

700  0.670 

750  0.656 

800  0.643 

850  0.630 

900  0.619 

950  0.607 

1.000  0  597 

1,050  0.587 

1,100  0  577 

1,150  0  566 

1,200  0.56 

1,250  0.552 

1,300  0.544 

1,350  0.536 

1,400  0.529 

1,450  0.522 

1,500  0.511 


d  ^  1  in. ;  differential  column,  h  =  10  in.  of  mercury; 
temperature  of  water,  60  deg.  F. 

First  obtain  venturi  coefficient  as  follows: 


0.111 


From  Fig.  8,  opposite  the  ratio,  0.11,  read  the  coeffi- 
cient, C  =  0.109.  From  Table  I,  opposite  60  deg.  F., 
K  =  10,070  lb.  per  hour,  or  1,208  gal.  per  hour. 
10,070  X  (3)'  X  0.109  X  VIO  =  31,217  lb.  per  hr. 
1,208  X  (3)'  X  0.109  X  VTO  =  3,745  gal.  per  hr. 
Example  3 — Pitot  tube  measuring  flow  of  steam; 
internal  diameter  of  pipe,  D  =  10  in.;  coefficient  of 
tube,  C  =  0.90 ;  differential  column,  h  =  1  in.  of  mer- 
cury; steam  pressure,  150  lb.  gage. 

From  Table  II,  opposite  150  lb.  pressure,  K  =  767.5 
lb.  per  hour. 

767.5  X  10'  X  0.90  X  VT  =  69,075  lb.  per  hr. 
Example  4 — Venturi   tube   measuring   flow   of   air: 
internal  diameter  of  pipe,  D  =  16  in.;   diameter  of 
throat,  d  =  8  in.;   differential  column,  /i  =  4  in.  of 


^  -(A)"  =0.25 


From  Fig.  8,  opposite  ratio  0.25,  read  coefficient,  C  = 
0.253.  From  Table  IV,  opposite  100  lb.  per  hour,  K  = 
3,628  standard  cubic  feet  per  hour.  From  Table  V,  the 
correction  factor  at  120  deg.  F.  is  0.947. 

3,628  X  0.947  X  (16)'  X  0.253  X  Vl  =  445,047 
standard  cu.ft.  per  hr. 

Standard  Pipe-Hanger  Data 

Very  little  has  been  published  regarding  pipe  hang- 
ers.     The   accompanying    figure   and   table    give   some 
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STANDARD  PIPE  HANGER 


interesting  data  regarding  hangers  from  2  in.  up  to 
24  in.  in  which  is  incorporated  the  various  dimensions 
and  the  safe  load  each  will  carry. 

DIMENSIONS  OF  PIPE-HANGER  PARTS 


Pipe  Band    — Clamp-^    Rod, 


-Bolts 


Pipe 

3d 

Size,  In. 

H« 

^   ' 

2 

1 

1} 

1\ 

1 

3 

L 

35 

} 

H 

4 

I 

4\ 

t 

5 

I 

2 

6 

\ 

2 

7 

2 

8 

5 

2 

9 

\ 

2 

10 

\ 

2 

12 

\ 

2! 

14 

) 

2} 

15 

2', 

16 

\ 

3 

18 

; 

3 

20 

J 

3 

22 

J 

3 

24 

I 

3 

^ 

i 

£ 

■3 

3c 

rt  C 

1 1 

t 

5x2 
5x2 
5x2 

5 

IJ 

5x2 
5x2 

ii 

M 

l 

5x2 

5x2 

I 

! 

|x2J 

;x2i 

2' 

J 

U2I 

2i 

^ 

Jx2J 

2x3 

!) 

2| 

5x3J 

\ 

1 

1  x35 

» 

2* 

1  x35 

1 

l>x32 

1 

i;x4 

|i 

lix4 

3 

|! 

ljx45 

I 

li 

lix45 

5x21 
5x2i 
\x2J 
5x21 
!x2. 
1x2  5 

'x2i 

Jx3 

;x3J 

jx3i 

jx3l 

1  x35 

ljx3: 

IU3J 

11x4 

11x4 

1 1x4} 

l}x45 

ljx45 


.''afc 
Load, 
Lb. 
1 , .  60 
1.160 
1,160 
1.160 
1.870 
1.870 
1.870 
1.870 
2.830 
2,830 
3.940 
3,940 
5.180 
6.510 
6.5'0 
6.510 
8.410 
8.410 
8.410 
6,410 


Lergth 
5  Band. 
In. 

6 

7 

8 

9 

10' 
11" 
13 
14 
lo 
18 
20 
22 
25 
27 
30 
33 
35 
37 
39 
42 
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Ground  Detectors  for  Direct-Current  and 
Alternating-Current  Circuits 


By  frank  GILLOOLY 


SOME  of  the  schemes  for  utilizing  lamps  to  indi- 
cate grounds  on  low-voltage  circuits  are  illus- 
trated in  Figs.  1,  2  and  3.  In  Fig.  1,  both  lamps 
are  250-volt  units,  and  when  both  sides  of  the  system 
are  ungrounded  the  lamps  burn  at  half  brilliance. 
Should  a  ground  occur  on  the  positive  side,  lamp  1 
will  go  out  and  lamp  2  come  to  full  brilliance;  with  a 
negative  ground,  lamp  2  will  go  out  and  lamp  1  become 
bright.  Should  either  lamp  burn  out  or  work  loose  in 
its  socket,  both  lamps  will  go  out. 

In  Fig.  2  lamps  1  and  2  are  at  half  brilliance  and 
lamp  3  dead  while  the  system  is  ungrounded.     With 


850'l^OLT  LAMPS 

-<•> — r (?> 


Fig  I 


F,g2 


Fig  3 


FIGS.    1   TO    3.      LAMP   GROUND    DETECTOR   CONNECTIONS 
ON   LOW-VOLTAGE   CIRCUITS 

a  ground  on  either  side  of  the  system  the  Tamp  con- 
nected to  that  conductor  will  go  out  while  the  lamp  of 
the  opposite  conductor,  together  with  lamp  3,  will  be- 
come bright.  In  this  scheme  all  lamps  could  be  125- 
volt  ones;  then  lamps  1  and  2  would  burn  at  full 
candlepower.  Lamp  3,  which  usually  has  a  red  bulb, 
is  conspicuously  situated  on  the  switchboard.  With 
this  layout  should  lamp  1  or  2  burn  out  the  circuit 
will  be  opened  and  all  lamps  will  go  out,  provided 
there  is  no  ground  on  the  system. 

A  scheme  of  lamp  connections  that  will  select  a 
ground  on  any  conductor  of  a  three-wire  system  is 
given  in  Fig.  3.  This  method  employs  three  125-volt 
lamps  connected  in  series  between  the  neutral  and 
negative  conductors  of  the  system,  with  the  ground 
connection  made  between  the  lamp  connected  to  neu- 
tral and  the  two  connected  to  negative.  A  chart  that 
shows  the  indications  for  each  kind  of  ground  is 
usually  located  near  the  lamps  for  the  operator's 
guidance.  Normally,  all  the  lamps  burn  at  one-third 
brilliance,  since  three  of  them  are  connected  in  series 
on  a  125-volt  circuit.  On  a  positive  ground  all  three 
lamps  will  come  to  full  brilliance.  On  a  neutral 
ground,  lamp  1  will  go  out  and  lamps  2  and  3  come  to 
one-half  brilliance.  On  a  negative  ground,  lamp  1  will 
be  bright  and  lamps  2  and  3  will  be  dead. 

In  general,  the  lamps  should  be  so  definitely  marked 
that  there  can  be  no  doubt  as  to  their  indications. 
Where  lamps  are  merely  marked  "Positive"  and 
"Negative,"  operators  become  confused  as  to  whether 


the  positive  lamp  indicates  a  positive  ground  when 
it  is  bright  or  when  it  is  dead.  If  the  lamps  are 
marked  "Positive  Bus"  and  "Negative  Bus,"  the  at- 
tendant knows  that  the  ground  is  on  the  bus  whose 
lamp  Is  dead;  or,  if  they  are  marked  "Positive 
Ground"  and  "Negative  Ground" — with  the  lamp 
marked  positive  connected  to  the  negative  bus  and 
vice  versa — he  knows,  when  the  lamp  marked  positive 
is  bright,  that  the  system  has  a  positive  ground. 

The  commonest  use  made  of  ground  lamps  in  the 
alternating-current  generating  station  is  on  the  direct- 
current  excitation  and  control  systems,  where  they  be- 
come highly  essential.  The  direct-current  field  is  the 
heart  of  the  synchronous  generator.  A  breakdown  of 
the  alternator's  field  winding  means  that  until  the 
unit  can  be  spared  for  the  period  required  to  rewind 
the  field,  it  must  be  separately  excited;  since  a  ground 
of  opposite  polarity  elsewhere  on  the  system  would 
shunt  out  part  of  the  field  winding  and  reduce  the 
capacity  of  the  unit,  if  it  did  not  burn  out  the  wind- 
ing. Ordinarily,  the  operating  energy  for  the  oil  cir- 
cuit-breakers, rheostats  and  governor  motors,  is  taken 
from  the  excitation  system;  and  with  another  ground 
on  the  system,  the  failure  of  the  insulation  of  the 
operating  aevice  of  any  of  this  apparatus  might  cause 
it  to  function  and  open  or  close.  In  the  case  of  motor- 
operated  oil  switches,  such  a  double  ground  may  cause 
the  switch  to  trip  out  or  even  to  successively  open  and 
close  until  its  entire  control  circuit  is  killed. 

Lamps  are  also  used  with  transformers  to  indicate 
the  existence    of    grounds    on    high-voltage    circuits. 


no -VOLT  LAMP 


llO-VOLT  LAMP 

FIG.  4.      GROUND  LAMPS  CONNECTED  TO  TRANSFORMERS 
ON   TWO-PHASE   SYSTEM 

Fig.  4  shows  the  connections  for  a  2,400-volt  two- 
phase  system.  The  two  transformers  are  connected 
in  series  across  phases  and  grounded  on  the  connec- 
tion between  them,  each  transformer  having  on  its 
primary  winding  one-half  the  cross-phase  voltage,  or 

t/2  X  2400    ^    -^ jQQ    ^qJ^^      -p^g    transformers    are 

2 
regular  6,600  to  110-volt  units,  having  a  60  to  1  ratio, 
so  that  normally  each  lamp  burns  on  28  volts  and  is 
barely  lighted.  With  a  ground  on  the  A  conductor  of 
the  system,  that  lamp  will  go  out  and  the  C  lamp 
burn  on  56  volts.    A  ground  on  C  wire  will  put  out  the 
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C  lamp  and  throw  the  A  lamp  on  56  volts.  With  a 
ground  on  B  wire  both  transformers  will  have  2,400 
volts  on  their  primaries  and  40  volts  on  their  lamps. 

Electrostatic  ground  detectors  are  really  electro- 
static voltmeters  which  indicate  the  existence  of  a 
ground  on  the  system.  Both  the  electrostatic  detec- 
tors and  the  transformer-fed  ground  lamps  will  give 
an  indication  on  any  unbalanced  voltage  condition, 


FIG.    5.      CONNECTIONS    FOR    ELECTROSTATIC    GROUND 
DETECTORS  TO  THREE-PHASE  CIRCTTIT 


the  electrostatic  meters  being  more  sensitive  in  this 
respect  than  the  lamps.  This  condition  is  particularly 
true  of  distribution  feeders  having  induction  regula- 
tors where  the  ground  indicators  are  connected  be- 
yond the  regulators,  such  as  in  the  arrangement 
shown  in  Fig.  5.  If  the  regulators  become  so  adjusted 
that  there  is  considerable  difference  in  voltage  between 


phases  on  the  circuit  feeding  the  transfer  bus,  the 
detectors  will  indicate  a  ground.  The  unbalanced 
voltage  at  the  terminals  of  a  Scott-connected  trans- 
former will  cause  a  ground  indication.  In  one  sub- 
station having  4,000-kva.  13,000-volt  three-phase  to 
2,400-volt  two-phase  transformer  banks,  when  thrown 
on  the  secondary  bus  carrying  the  ground  lamps  these 
transformers  always  caused  a  ground  indication  on  the 
lamps  until  :ome  load  was  connected  to  the  bus. 

Before  any  ground  indication  is  accepted  as  final, 
the  voltages  of  the  phases  of  the  circuit  should  be 
checked  to  make  sure  that  they  are  alike.  There  have 
been  occasions  when  troublemen  wasted  time  in 
searching  for  grounds  that  never  existed,  but  were 
indicated  on  the  detectors  due  to  an  unbalanced  volt- 
age. In  layouts  such  as  that  in  Fig.  5  it  is  better  to 
locate  the  detectors  on  one  of  the  main  buses  rather 
than  on  the  transfer  bus,  for  this  reason. 

One  great  disadvantage  of  the  ground  transformer 
net  shared  by  the  electrostatic  detector  is  the  tend- 
ency of  the  transformer  to  burn  out  under  a  ground. 
As  soon  as  the  ground  has  been  located,  the  ground 
transformer  must  be  taken  out  of  the  circuit.  Few 
accidental  grounds  make  a  solid  connection;  usually, 
they  are  of  an  oscillating  or  arcing  character;  and  the 
constant  hammering  on  the  transformer  of  the  charging 
current  overheats  the  iron  and  windings. 

To  definitely  locate  a  ground,  each  piece  of  appa- 
ratus in  turn  will  have  to  be  disconnected  from  the 
bus  until  the  ground  indication  clears  when  the 
faulty  apparatus  is  isolated.  A  gi-ound  on  the  sec- 
ondary circuit  of  a  transformer  will  not  show  up  on 
its  primary  circuit.  Where  a  station  has  duplicate 
busses,  apparatus  to  be  tested  for  ground  may  be 
transferred  to  a  separate  bus,  fed  by  another  alter- 
nator or  transformer,  and  isolated  from  all  other  appa- 
ratus. When  the  ground  instruments  show  clear  after 
the  faulty  apparatus  has  been  disconnected  from  the 
bus,  the  defective  equipment  alone  may  be  carried 
on  the  bus  having  the  ground  meters,  as  a  further 
check  that  that  apparatus  is  at  fault. 


On  the  Road  with  the  Refrigerating  Tronbleman 


By  J.  C.  MORAN 


He  is  sent  to  estimate  how  much  capacity  in 
new  machines  was  needed  to  enable  the  over- 
loaded, neglected  plant  to  carry  its  load.  The 
owner  threatens  to  fire  the  whole  crew  when  told 
by  the  tronbleman  that  with  needed  repairs  the 
present  machines  will  easily  carry  the  load. 
Another  stormy  scene  occurs  when  he  gets  the 
estimiate  for  this  ivork.  But  next  season  he  is 
happy  for  he  handles  more  produce  with  60 
tons  of  coal  noiv  than  ivith  80  tons  before;  and 
he  has  a  new  engineer  whom  he  pays  far  more 
than  he  did  in  the  old  troublesome  days. 

THE  refrigerating  plant  of  a  packing  house  in 
the  South  was  getting  too  small  for  the  load. 
It  was  almost  impossible  to  keep  the  temperatures 
low  enough  even  at  average  load,  and  when  a  heavy 
load  came  it  was  necessary  to  buy  ice  for  the  high- 
temperature  coolers.    Things  had  been  going  from  bad 


to  worse  for  several  years.  The  owner  was  of  the 
kind  that  would  never  spend  a  cent  in  the  power  plant 
until  something  stopped.  As  a  consequence  two  good 
chief  engineers  had  given  up  in  despair,  and  one  of 
the  men  who  had  grown  up  in  the  plant  held  the  posi- 
tion. He  was  another  of  those  fellows,  like  the  owner, 
who  believed  in  cutting  expenses  by  putting  off  repairs 
and  in  addition  driving  the  men  as  hard  as  possible. 
So  the  plant,  crew  and  the  chief,  were  wrecks. 

It  was  up  to  me  to  go  over  the  plant  and  give  the 
owTier  an  estimate  of  what  capacity  of  new  machines 
would  be  needed  to  carry  the  load.  After  going  over 
the  figures  several  times,  I  called  in  another  man  who 
knew  his  business  to  check  my  figures.  He  agreed 
that  the  present  plant  should  be  plenty  large  enough 
with  capacity  to  spare.  When  we  made  the  report  to 
the  owner,  he  raved  and  wanted  to  fire  the  whole  crew 
and  hire  a  new  one.  He  was  advised  that  all  he  needed 
was  a  new  chief,  a  thorough  overhauling  of  the  entire 
refrigerating  plant  and  then  to  do  as  the  chief  told 
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him  in  the  matter  of  buying  supplies  and  expenses 
lor  repairs.  He  threatened  to  throw  me  out  of  the 
office,  but  finally  cooled  off  and  asked  me  to  recommend 
a  chief  and  then  make  an  estimate  on  the  needed  repairs. 
He  had  another  outburst  when  I  gave  him  the  estimate 
for  the  work,  but  he  0.  K.'d,  and  in  a  few  days  I  also 
found  him  a  new  chief  at  a  salary  nearly  twice  what 
he  had  been  paying. 

In  making  the  estimate,  I  had  figured  doing  nearly 
everything  that  could  be  done  to  the  plant,  feeling  sure 
that  some  of  this  work  would  not  be  necessary.     When 


FIG.  z 

SECTION    OF    AMMONIA    COMPRESSOR    CYLINDER, 
SHOWING  SEAT  "A"  WHICH  CRACKED 


we  came  to  go  through  the  plant,  I  found  that  every- 
thing that  I  had  figured  on  would  be  necessary,  if  not 
more. 

There  were  four  machines  in  the  place — two  100-ton 
of  the  vertical  single-acting  type  and  two  75-ton  of 
the  horizontal  double-acting  type.  We  started  on  the 
latter  first. 

Three  of  the  four  piston  rings  on  the  first  machine 
were  broken,  and  the  last  one  did  not  hold  itself  against 
the  cylinder  wall.  The  second  machine  had  two  rings 
broken,  and  the  tension  of  the  two  remaining  rings 
was  useless.    After  we  had  the  rods  disconnected  frona 


the  crosshead,  we  could  push  the  pistons  forward 
against  the  crank  head  with  practically  no  effort  by 
placing  the  foot  against  it  and  giving  it  a  boost.  The 
gas  had  been  leaking  back  around  the  pistons  as  fast 
as  it  had  been  pumped  out,  or  in  other  words  possibly 
half  of  the  gas  that  should  have  been  delivered  leaked 
back  around  the  pistons,  and  the  only  way  they  could 
keep  the  machine  cold  was  to  carry  a  lot  of  liquid 
over  with  the  suction  gas.  Otherwise  it  would  run 
so  hot  that  it  smoked. 

We  had  the  cylinders  bored,  provided  new  pistons 
and  new  rings  that  made  a  snug  and  tight  fit  in  the 
cylinder.  The  piston  rods  were  about  -j^  in.  smaller 
at  the  center  than  at  the  ends  with  heavy  score  marks 
on  them.  With  the  old  rods  it  had  been  impossible 
to  keep  the  stuffing-box  from  leaking,  and  as  all  the 
rest  were  in  the  same  condition  they  must  have  wasted 
several  hundred  pounds  of  ammonia  a  month. 

In  adjusting  the  crosshead  shoes,  they  had  followed 
the  general  practice  in  steam-engine  work  of  adjusting 
the  bottom  shoe  for  taking  up  the  wear,  the  wear  on 
the  steam-engine  shoe  generally  being  on  the  bottom 
unless  the  engine  is  running  under.  On  a,  compressor 
the  action  is  just  the  reverse  and  the  wear  is  on  the 
top.  As  a  consequence,  with  the  piston  wearing  on  the 
bottom  in  the  cylinder  and  dropping  this  end  of  the 
rod  and  then  adjusting  the  bottom  shoe  for  wear  on  the 
other  end,  the  rod  was  nearly  a  quarter  of  an  inch 
higher  at  the  crosshead  end  of  the  rod  than  at  the 
piston  end.  It  was  traveling  through  the  stuffing-box 
at  an  angle  all  the  time. 

The  valves  were  in  as  bad  condition.  One  of  the  i 
discharge  valves  was  so  badly  worn  that  it  had  worked 
down  through  the  seat  far  enough  to  touch  the  piston 
at  every  stroke,  while  the  piston  prevented  it  tightly 
seating.  We  put  in  four  new  valves  and  cages  out  of 
the  total  of  eight  and  reground  the  valves  and  seats  of 
the  rest.  We  also  put  in  lighter  springs  on  all  of  the 
discharge  valves,  as  someone  had  ordered  new  springs 
that  were  about  three  times  as  strong  as  required.  The 
proper  spring  was  determined  by  taking  indicator  dia- 
grams with  different  spring  tensions  and  then  adopt- 
ing the  spring  that  would  operate  the  valve  quietly, 
show  the  smallest  possible  rise  above  the  discharge  pres- 
sure at  the  time  it  opened  and  at  the  same  time  close 
promptly,  as  indicated  by  the  re-expansion  line  on  the 
suction  stroke. 

After  covering  a  number  of  other  details,  such  as 
lining  up  the  cranks  and  mainshaft,  rebabbitting  the 
top  crosshead  shoes,  crosshead  and  crankpin  brasses, 
babbitting  the  oil  lanterns  in  the  stuffing-boxes  and 
clearing  out  the  ammonia  oil  lines  to  the  stuffing-boxes, 
we  were  ready  to  put  them  in  service. 

The  work  was  done  during  the  early  part  of  the 
winter  or  we  would  never  have  been  able  to  take  two 
machines  out  of  service  at  once.  There  was  also  a 
slack  period,  but  just  about  the  time  we  had  finished 
the  two  machines,  an  exceptionally  heavy  run  came 
along  and  the  owner  came  to  the  engine  room  three  or 
four  times  a  day  to  see  if  he  could  bluff  or  coax  us 
to  hurry  the  work  along. 

We  had  the  machines  ready  about  a  day  before  the 
rush  came  and  had  them  running  smoothly.  We  cut 
them  both  in  on  the  system  in  the  middle  of  the  after- 
noon when  the  coolers  were  being  filled  with  a  rush, 
and  that  night  we  had  about  three  times  the  load  to 
carry  that  we  had  had  for  some  time  past.     The  "Old 
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Man"  was  on  the  job  about  six  o'clock  the  next  morn- 
ing and  every  cooler  was  ahead  of  schedule  and  a 
number  of  them  were  down  to  33  deg.,  which  had  never 
been  known  before. 

Before  cutting  in  the  newly  overhauled  machines,  we 
put  in  1,200  lb.  of  ammonia,  which  had  something  to 
do  with  bringing  the  coolers  down  because  the  system 
was  literally  starved  for  ammonia. 

The  old  man  by  this  time  came  to  the  conclusion 
that  the  new  chief  and  myself  probably  knew  more 
about  the  business  than  he  had  given  us  credit  for, 
and  we  got  anything  we  wanted.  We  next  tackled  the 
vertical  machines  which  had  been  in  operation  only 
three  years,  but  were  in  a  bad  condition.  The  pistons 
and  rings  were  good,  though  we  peened  out  the  rings 
slightly  so  as  to  bring  more  pressure  against  the  cylin 
der  wall.  The  cylinders  were  not  worn  sufficiently  to 
need  reboring,  and  this  was  largely  due  to  the  slight 
wear  on  the  vertical  cylinder,  there  being  no  wear 
from  the  weight  of  the  piston,  only  from  the  pressure 
of  the  piston  rings. 

Vertical  Machines  in  Need  of  Repairs 

The  rods  were  bad,  being  both  scored  and  worn  more 
in  the  center  than  at  the  ends.  Both  rods  were 
sent  to  the  shop  to  be  turned  up,  while  we  fitted  a  junk 
ring  in  the  bottom  of  the  stuffing-box  to  make  a  snug 
fit  on  the  rod  after  turning  to  prevent  the  packing 
working  out  between  the  space  between  the  smaller 
rod  and  the  neck  of  the  stuffing-box.  The  oil  lantern 
also  had  to  be  rebabbitted  to  fit  the  reduced  size  of 
the  rod. 

The  crosshead  adjustment  on  these  machines  was  not 
so  bad  as  on  the  other  two,  but  one  of  them  was  out 
nearly  one-eighth  inch.  Trouble  had  been  experienced 
with  the  stuffing-boxes.  When  we  removed  the  false 
head  of  the  first  machine,  we  found  a  sorry  state  of 
affairs.  From  somewhere  a  small  piece  of  babbitt  had 
got  clamped  between  the  false-head  seat  and  the  head, 
preventing  it  seating  properly,  and  as  a  consequence  the 
gas  had  been  continually  leaking  back  through  on  the 
suction  stroke  on  this  one  cylinder  of  this  machine. 
The  head  and  cylinder  on  the  other  side  were  in  good 
order.  All  that  was  necessary  on  this  machine  was  to 
grind  in  the  suction  and  discharge  valves  and  the 
false  heads. 

The  other  machine  was  worse  than  the  first.  A  piece 
had  been  broken  out  of  the  false-head  seat  on  one  of 
the  cylinders  and  left  a  passage  almost  large  enough 
to  hold  a  lead  pencil  directly  across  the  seat.  We 
remedied  this  by  drilling  a  hole  slightly  wider  than  the 
widest  part  of  the  break  and  about  an  inch  deep,  and 
then  tapping  the  bottom  part  of  this  hole,  which  was 
made  slightly  smaller  than  the  first  one-third  of  an  inch 
at  the  top.  We  then  screwed  into  this  hole  a  plug 
(see  Fig.  1)  that  was  a  snug  fit  in  the  top  section  and 
filed  it  down  to  a  smooth  finish  with  the  rest  of  the  seat. 

And  this  was  not  all.  Two  of  the  screws  that  held 
the  suction-valve  cage  in  the  piston,  as  indicated  by  S, 
Fig.  2,  had  backed  out  about  half  an  inch.  Instead  of 
opening  up  the  machine  and  looking  into  it  to  see  what 
was  the  matter,  the  crew  had  merely  backed  the  piston 
rod  farther  into  the  crosshead  until  the  noise  made  by 
the  pounding  of  the  screws  against  the  false  head  has 
stopped.  In  this  way  they  had  operated  this  cylinder 
with  about  half  an  inch  clearance  and  of  course  at 
greatly  reduced  capacity. 


Referring  to  Fig.  2,  B  indicates  the  springs  which 
hold  the  false  head  against  the  seat,  A  and  H  show  the 
valve  seat  of  the  discharge  valve.  It  was  from  this 
seat  A  that  the  piece  was  broken  out  as  already  men- 
tioned. The  screws  were  so  badly  battered  that  they 
were  useless,  and  we  had  to  tap  the  holes  over  again 
and  insert  larger  screws.  A  piece  was  also  cracked 
out  of  the  discharge  valve  seat  H,  Fig.  2,  and  we  had 
to  remove  the  seat  and  get  a  new  one  after  which  we 
ground  in  the  valves  on  all  cylinders  of  both  machines. 

After  this  was  done,  we  adjusted  the  clearance  on 
all  the  pistons  so  that  they  were  from  f/,  in.  to  .^.j  in. 
from  the  head. 

After  we  had  the  machines  togetner  again,  we  ran 
them  for  a  couple  of  days  intermittently,  during  which 
one  of  the  machines  had  a  serious  pound  that  we  were 
unable  to  locate.  We  looked  everywhere,  keyed  up  all 
the  bearings,  pins  and  crosshead  shoes  without  results. 
The  pound  was  there  as  soon  as  the  machine  was  inin 
at  normal  speed,  while  at  lower  speeds  it  would  some- 
times pound  and  at  other  times  would  not.  Some  of 
the  boys  thought  it  was  the  piston  hitting,  and  v/e 
changed  the  clearance  adjustment,  but  without  results. 
The  pound  seemed  to  come  just  after  the  crank  had 
passed  the  top  center  and  was  a  kind  of  a  dull  thump. 
After  thinking  the  matter  over,  I  decided  to  try  one 
more  "wrinkle."  We  removed  the  cylinder  head  and 
placed  washers,  i  in.  thick  on  the  false  head  springs  B, 
Fig.  2,  which  would  put  more  pressure  on  the  false 
head,  the  washers  being  put  on  the  top  of  the  spring. 
When  we  started  again  the  pound  was  gone. 

Old  Ammonia  Withdrawn 

During  the  time  we  went  over  the  compressor  end 
of  the  machines,  we  also  rebored  two  of  the  steam  cylin- 
ders of  the  compressors,  inserted  a  few  new  piston 
rings,  refaced  the  steam  valves  and  seats,  lined  up  the 
bearings,  etc.,  reset  the  valves  and  covered  everj'  detail 
in  the  best  possible  way.  After  this  had  been  cov- 
ered, we  blew  out  the  expansion  coils  with  steam  and 
air,  these  coils  being  heavily  loaded  with  oil.  The 
condensers  got  the  same  treatment,  and  at  the  same  time 
we  purged  a  lot  of  air  and  foul  gas  from  the  system, 
which  had  boosted  the  condenser  pressure  about  30  lb. 
above  normal.  In  cleaning  the  coils  and  condensers,  we 
took  first  one  condenser  and  cleaned  it  and  then  cleaned 
a  certain  part  of  the  expansion  coils,  probably  one 
brine  tank  or  a  set  of  direct-expansion  coils  in  some 
of  the  storage  rooms.  We  then  started  one  machine 
on  the  clean  system  and  continued  in  this  .nanner, 
charging  new  ammonia  into  each  part  of  the  system 
cleaned  as  we  went  along.  In  this  manner  we  finally 
collected  all  the  old  impure  ammonia  in  one  condenser, 
from  which  it  was  drawn  and  sent  to  the  manufacturer 
for  purification. 

About  three  months  later,  during  the  latter  part 
of  the  rpring,  1  dropped  into  the  plant  for  a  visit. 
The  owner  was  tho  most  pleasant  man  one  could  wish 
to  meet.  He  drew  out  some  records  of  the  previous 
season  and  also  some  of  the  most  recent.  In  these  were 
shown  the  output  of  the  packing  plant  during  both 
periods  and  also  the  coal  consumption.  With  consider- 
ably greater  output  at  this  time  the  coal  consumption 
was  only  about  65  tons  per  day  as  against  an  average 
of  80  for  the  preceding  year.  Best  of  all,  everyone 
was  satisfied.  Whenever  the  new  chief  asks  for  any- 
thing within  reason,  he  gets  it. 


512 


POWER 


Vol.  51,  No.  13 


An  Expert  in  Economical  Power  Production- 
Foster  McKenzie,  of  Cleveland,  Ohio 


FROM  the  time  of 
James  Watt,  there 
has  been  a  very  close 
connection  between  the 
steam  power  industry  and 
men  of  Scottish  birth  and 
ancestry.  This  hardy  race 
which  has  turned  out  so 
many  first  class  engineers 
and  technical  men,  has  a 
worthy  son  in  Mr.  Foster 

McKenzie,    until    recently 

in  charge  of  the  Cleveland 

Municipal  Light  Plant.  Mr.  McKenzie  was  born  in  Scot- 
land, April  17,  1881,  and  was  educated  at  the  Hamilton 
Academy  in  that  country.  Our  first  records  of  his  ac- 
tivities in  America  show  him  as  master  mechanic  and 
chief  engineer  at  the  Newark  (N.  J.)  plant  of  the  Sher- 
win-Williams Co.,  the  largest  paint  and  varnish  manu- 
facturers in  the  world.  In  his  nine  years  at  this  plant 
he  made  some  very  good  records  in  the  cost  of  power 
production. 

Mr.  McKenzie's  real  opportunity  came  with  his 
employment  by  the  Municipal  Light  Department  of 
Cleveland.  The  Cleveland  plant,  which  represents  a 
$3,000,000  investment,  was  designed  by  F.  W.  Ballard, 
and  built  with  a  view  to  obtaining  the  very  best 
possible  efficiency  in  power  production.  With  this  end 
in  view  the  plant  was  equipped  with  carefully  selected 
apparatus  and  types  of  measuring  instruments  that 
might  help  in  obtaining 
economical  operation. 
Boilers  and  stokers  were 
equipped  with  automatic 
regulating  devices,  steam 
flow  meters,  draught 
gages,  etc.  All  boiler  feed 
water  was  to  be  measured, 
and  its  temperature,  be- 
fore entering  the  econo- 
mizer and  the  boilers, 
shown  by  recording  thei- 
mometers.  Coal  was  to  be 
bought  on  the  heat  unit 
basis  and  tests  made  daily. 
In  fact  the  designs  called 
for  recording  the  opera- 
tions of  the  plant  to  the 
most  minute  detail. 

The  designers  realized 
that  the  men  who  operated 
the  plant  would  be  a  more 
important  factor  than  the 
apparatus  or  instruments 
installed.  Putting  then, 
the  same  thought  and  care 
into  the  selection  of  the 
chief  of  operation  as  into 
the  selection  of  apparatus, 
they  chose  Mr.  McKenzie. 
He  was  called  to  the  plant 
about  a  year  before  it  war 
completed  and  spent  that 


"The  chief  engineer  of  a  poiver  plant  is  primarily 
engaged  to  operate  the  station  so  as  to  produce 
poiver  at  the  loivest  possible  cost,  consistent  with 
good  service  and  with  keeping  the  equipment  in  first 
class  repair.  One  of  his  most  essential  requirement:^ 
is  the  ability  to  follow  out  the  intent  of  the  designer 
of  the  mechanical  element  and  to  fit  the  human  ele- 
ment to  work  in  synchronism  ivith  it.  In  other 
^vords  he  must  he  a  diplomat  with  some  engineering 
ability."— Foster  McKenzie. 


FOSTER   ]McKENZIE 


time  in  supervising  the  in- 
stallation of  the  equip- 
ment. That  he  has  justi- 
fied the  confidence  of  those 
who  selected  him,  is  shown 
by  the  fact  that  the  con- 
sumption of  coal  has  been 
brought  down  to  a  little 
less  than  two  pounds  per 
kilowatt-hour. 

Mr.  McKenzie  has  given 
us  some  interesting  fig- 
u  r  e  s  and  information 
about  this  plant.  With  coal  at  $2.10  per  ton,  bought  on 
a  13,000  B.t.u.  basis  (with  a  bonus  for  higher,  and  a 
penalty  for  lower  heat  values)  the  cost  in  1916  was 
0.3  cent  per  kilowatt-hour  at  the  busbars.  This  cost 
covers  fuel,  maintenance,  labor  (including  switchboard 
operators),  and  sundries,  but  does  not  include  any  taxes 
or  depreciation  charges.  At  about  this  time  the  average 
COj  in  the  flue  gas  was  16  per  cent,  and  an  average 
thermal  eflficiency  of  13.5  per  cent  was  obtained. 

At  this  plant  the  scheme  of  using  condensate  from 
the  main  surface  condenser  as  cooling  water  in  the 
condenser  for  the  "house  alternator"  was  originated. 
It  had  been  found  that,  at  the  vacuum  carried,  the 
temperature  of  the  feed  water  was  so  low  as  to  cause 
the  economizer  tubes  to  sweat.  Using  the  feed  as 
cooling  water  in  the  smaller  condenser  raised  the 
temperature  to  a  point  where  no  further  trouble  was 

experienced.  This  idea 
was  later  successfully 
adopted  at  the  new  Con- 
ners  Creek  station  of  the 
Detroit  Edison  Co. 

Like  many  of  our  prom- 
inent professional  men, 
Mr.  McKenzie  gave  liber- 
ally of  his  time  to  Govern- 
ment service  during  the 
war.  He  served  as  a  mem- 
ber of  the  Committee  of 
Fuel  Conservation  for 
the  Cleveland  district 
throughout  the  period  of 
hostilities.  He  was  also  a 
member  of  the  United 
States  Public  Service 
Reserve. 

He  is  now  a  member  of 
the  firm  of  the  McKenzie 
Engineering  Co.,  also 
chief  engineer  and  a  di- 
rector of  the  Ohio  Pipe 
Bending  Co.,  and  chief 
engineer  and  member  of 
the  Plastic  Metallic  Pack- 
ing Co.  In  connection 
with  the  McKenzie  Engi- 
neering Co.  his  work  has 
been  largely  devoted  to 
problems  of  burning  fuel 
oil  under  steam  boilers. 


March  30,  1920 


POWER 


513 


Harrisburg  Dual-Clearance  Engine 

It  is  common  knowledge  that  two  diametrical  opin- 
ions are  held  as  to  the  relative  merit  of  auxiliary 
exhaust  valves  on  uniflow  engines,  the  difference  of 
opinion   effecting   engines   operating   non-condensing 


FIG.     1.       PISTON    COMMENCING     STROKE.       VALVE    JUST 
OPENING  AND  ADMITTING   STEAM.    EXHAUST   PASSING 
TO    ATMOSPHERE    THROUGH    CENTRAL    PORTS    AND 
EMPTYING  AUXILIARY  CLEARANCE  CHAMBERS  E  G  E 

and  the  value  of  the  valves  as  a  safeguard  against 
accident  due  to  excessive  compression. 

Auxiliary    exhaust   valves    when    used    with    uniflow 
engines  are  for  the  purpose  of  delaying  the  commence- 


FIG.  2.     STEAM  VALVE  OPEN,  ADMITTING  STEAM  BEHIND 

PISTON.       VALVE    OPEN    AT    OPPOSITE    END.       CENTRAL 

EXHAUST  PORTS  CLOSED.     COMPRESSION  BEGINNING 

IN  CYLINDER  AND  AUXILIARY   CLEARANCE 

CHAMBERS   E    G  B 

ment  of  compression  by  relieving  the  cylinder  of  more 
of  the  expanded  steam  than  can  escape  through  the 


FIG.  3.     PISTON  IN  POSITION  OF  CUTOFF,  VALVE  HAVING 

REVERSED  ITS  MOVEMENT  AND  CLOSED  PORT  SHUTTING 

OFF   SUPPLY   OF    STEAM   TO   HEAD   END   OF   CYLINDER. 

EXPANSION     COMMENCES.       VALVE     STILL    OPEN    AT 

OPPOSITE   END   AND   COMPRESSION    CONTINUES    IN 

CYLINDER  AND  AUXILIARY  CLEARANCE 

CHAMBERS  E  G  E 

central  exhaust  port,  and  so  reduces  the  amount  of 
final  clearance  that  must  be  provided. 


The  latest  development  in  engines  of  the  uniflow 
type  has  been  brought  out  by  the  Harrisburg  Foundry 
&  Machine  Works,  Harrisburg,  Penn.,  in  what  they 
term  the  dual-clearance  single-cylinder  uniflow  engine. 
This  engine  is  designed  with  two  clearances  and  the 


FIG.    4.      OUTER   EDGE    OF  VALVE   OPENS   AT   HEAD   END 
ALLOWING  STEAM  FROM  AUXILIARY  CLEARANCE  CHAM- 
BERS   E    G    E    TO    PASS    INTO    CYLINDER,    MIXING    WITH 
THE   EXPANDING   STEAM    AND   EXPANDING   WITH    IT 
UNTIL    CENTRAL    EXHAUST    PORTS    ARE    OPEN    TO 
ATMOSPHERE.      OPPOSITE    END     OF    VALVE    HAS 
CLOSED    PORT,    AND    COMPRESSION   OCCURS    IN 
CYLINDER  AND  CYLINDER  CLEARANCE  ONLY 

accompanying   illustrations    show   how  the   steam   is 
expanded  from  a  small  clearance  and,  by  means  of 


iilG.     5.       CENTRAL     EXHAUST     PORTS     UNCOVERED     BY 

PISTON.    STEAM  IS  EXHAUSTING,  REDUCING  PRESSURE 

IN  CYLINDER  AND  AUXILIARY  CLEARANCE 

CHAMBERS  E  G  E  TO  EXHAUST  PRESSURE 

the  single-balanced  piston  valve,  is  allowed  to  compres.s 
first  into  a  large  chamber  and  finally,  as  the  piston 
nears  the  end  of  the  stroke,  into  a  smaller  clearance. 


FIG.  6.     STROKE  COMPLETED.     PISTON  END  OF  CYLINDER 

READY  FOR  RETURN  STROKE.     VALVE  OPEN  TO  ADMIT 

STEAM.     VALVE  AT  OPPOSITE  END  STILL  OPEN  AND 

EXHAUST   CONTINUES 

The  steam  that  has  been  compressed  into  the  large 
chamber  enters,  due  to  the  automatic  action  of  a 
valve,  into  the  cylinder  at  the  opposite  end  and,  mix- 
ing with  the  expanding  steam  on  the  return  stroke. 
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expands  with  it  and  passes  out  through  the  central 
ports  to  the  exhaust  line.  An  examination  of  the 
accompanying  illustrations  and  the  captions  fully  ex- 

1 


FIG.      7.        DIAGRAM     FROM     DUAL-CLEARANCE     ENGINE. 

FIGURES  INDICATE  POSITION  OF  PISTON  AND  VALVE 

FOR  THE  EVENTS   OF  THE   CYCLE 

plains  the  action  of  the  valve  and  its  control  of  the 
steam  to  and  from  the  auxiliary  clearance  chambers. 


Peculiar  Flywheel  Accident 

By  E.  E.  Clock* 

The  following  is  an  account  of  a  flywheel  accident 
which  occurred  at  the  plant  of  the  Goodyear  Rubber 
Shoe  Co.,  of  the  United  States  Rubber  interests,  at  Nau- 
gatuck,  Conn.,  on  Jan.  19  last* 

The  wheel  was  on  a  tandem  compound  condensing 
Hewes  &  Phillips  engine  of  800  hp.  built  in  1905,  and 
had  been  used  previously  during  the  life  of  a  former 
engine  of  the  same  make  and  had  been  dismantled  and 
reassembled  about  15  years  ago  upon  the  installation  of 
the  present  engine.  The  joints  were  made  up  with  0 
links  which  had  been  cut  at  the  time  the  wheel  had  been 
dismantled  and  had  been  rewelded,  some  of  the  welds 
giving  way  and  showing  poor  work.  The  weakness  of 
these  links  no  doubt  was  the  largest  factor  in  the  sad 
results,  as  the  wheel  evidently  went  to  pieces  at  a  speed 
much  lower  than  the  computed  bursting  speed,  for 
investigation  showed  that  the  wheel  went  to  pieces  some 
seconds  after  the  throttle  had  been  closed  tightly. 

There  is  no  doubt,  however,  that  the  links  had  begun 
to  give  way  previous  to  the  closing  of  the  throttle  and 
that  the  reaction  caused  by  the  drag  of  the  pistons 
through  the  closing  of  the  throttle  produced  some  flex- 
ure of  the  arms  that  had  a  disastrous  effect  on  the 
weakened  links. 

The  sequence  of  events  during  and  just  previous  to 
the  accident  was  as  follows :  The  engine  was  connected 
to  its  load  by  an  electrically  operated  clutch  with 
switches  located  along  the  line  of  heavy  shafting  which 
drove  the  rolls.  There  were  two  engines  just  alike  side 
by  side,  both  connected  to  a  common  condenser  located 
in  the  basement.  At  five  minutes  to  one  on  the  fatal  day 
the  chief  engineer  went  to  the  basement  as  usual  to 
start  the  condenser,  the  two  other  men  standing  ready 
to  start  their  respective  engines  when  the  vacuum  gages 
should  show  that  all  was  ready.  Both  started  up  in 
regular  form,  but  No.  2  engine  ran  overspeed  because 
someone  had  tripped  the  electric  clutch,  leaving  the 
engine  with  no  friction  load.  This  caused  the  governor 
to  go  to  the  extreme  top,  and  being  equipped  with  the 
Hewes  &  Phillips  trip  device,  which  dropped  the  gover- 

•  Safety  engineer. 


nor  cutoff  mechanism  to  the  bottom  or  no  steam  position, 
the  engineer  without  closing  his  throttle,  got  up  on  the 
engine  and  lifted  up  this  cutoff  mechanism  one  or  more 
times,  probably  expecting  every  second  that  the  whistle 
would  blow  and  the  load  come  on.  In  the  meantime 
noting  the  increase  in  speed  one  of  the  other  men  closed 
the  throttle  and  the  man  on  the  engine  jumped  down  and 
gave  the  throttle  an  extra  pull.  All  then  ran  out 
into  the  yard  through  a  door  in  line  with  the  wheel;  a 
second  later  the  crash  came,  and  when  the  dust  cleared 
up  the  man  who  had  been  on  the  engine  was  found  in 
the  yard  so  badly  injured  that  he  lived  but  a  few  hours. 

The  n'm  of  the  wheel  was  15  in.  square  and  weighed 
40,000  lb.  made  up  in  eight  sections.  Two  sections  still 
held  together  by  the  links  passed  up  through  four  floors 
of  heavy  mill  construction  including  heavy  yellow-pine 
timbers  and  then  fell  back  through  the  fourth  floor  in 
another  spot,  landing  on  the  third  floor  and  in  its  flight 
badly  injuring  one  man  and  damaging  considerable 
material  and  machinery.  Another  section  of  the  wheel 
passed  through  the  brick  wall  in  front  of  the  building 
and  landed  on  the  street,  miraculously  missing  the  many 
people  constantly  passing  there. 

The  lesson  to  be  learned  from  this  accident  is  to  know 
that  your  men  will  do  the  right  thing  in  cases  of  unusual 
emergency,  and  to  anticipate  those  emergencies  and  be 
prepared  for  them  in  advance.  Men  who  can  be  trusted 
to  do  the  right  thing  in  a  routine  way  should  from  time 
to  time  be  drilled  in  the  matter  of  all  possible  emer- 
gencies. The  next  best  cover  for  such  failures  in  the 
matter  of  engines  probably  is  the  installation  and  the 
daily  testing  of  a  good  reliable  mechanical  speed  limit 
and  one  that  can  not  be  put  out  of  action  in  the  interest 
of  keeping  the  engine  from  shutting  down  at  any  cost. 

Hydro-Electric  Power  in  France 

Hydro-electric  power  development  has  been  given 
much  attention  in  France  and  is  being  rapidly  made 
available  for  use.  If  fully  developed,  this  power  will 
total  9,300,000  hp.  according  to  the  "Index  to  French 
Production."  In  the  report  of  the  American  Industrial 
Commission  to  France  (1916)  the  total  on  low-water 
flow  was  estimated  at  4,600,000  hp. 

Until  1914  the  total  developed  hydro-electric  power 
was  approximately  800,000  hp.,  and  when  the  plants 
recently  completed  are  in  full  operation  and  those 
under  construction  have  been  finished,  the  total  will 
be  double  the  1914  figures.  Shortage  of  coal  during 
the  war  stimulated  water-power  development,  and  a 
number  of  the  railroads  and  industries  throughout  the 
country,  which  have  suffered  through  lack  of  fuel,  are 
considering  the  development  of  hydro-electric  power  as 
the  only  solution  of  the  problem. 

Tho  River  Rhone  is  a  fine  example  of  the  possibilities 
of  water-power  development  in  France.  No  less  than 
750,000  hp.  can  be  made  available  by  this  river  it  is 
estimated.  This  is  equal  to  a  saving  of  5,000,000  tons 
of  coal  per  annum.  Operations  for  the  ultilization  of 
this  power  have  already  started,  and  as  a  number  of 
large  manufacturing  cities  are  within  transmission  dis- 
tance of  the  river,  it  is  believed  that  a  ready  market  for 
the  power  will  be  found.  The  cost  of  this  work  will 
be  in  the  neighborhood  of  $125,000,000,  according  to 
figures  taken  from  the  data  gathered  by  the  Direction 
Generale  des  Services  Frangais  aux  Etats  Unis,  New 
York  City. 
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Plant  Successfully  Operated 
Under  Dijfficulties 

THE  leading-  article  in  this  issue  describes  the  power 
equipment  of  the  Chile  Exploration  Co.  at  Tocopilla. 
Although  in  general  the  equipment  does  not  differ 
radically  from  that  found  in  a  modern  American  plant, 
the  conditions  under  which  it  had  to  be  constructed 
and  operated  make  it  intensely  interesting.  Whatever 
may  be  the  problems  involved  in  the  design  and  con- 
struction of  power  plants  in  the  United  States  and 
Canada,  earthquakes  do  not  enter  into  them.  In  the 
plant  under  consideration  overcoming  or  at  least 
minimizing  the  effects  of  earthquakes,  was  one  of  the 
important  problems  to  be  solved.  Where  there  is  no 
fresh  water  other  than  that  distilled  from  the  sea,  con- 
servation of  feed  water  is  paramount,  for  every  pound 
of  steam  wasted  means  one  pound  of  feed  water  that 
must  be  replaced  by  the  burning  of  expensive  fuel. 
When  a  plant  is  built  along  the  seaboard,  it  is  generally 
afforded  the  protection  of  a  good  harbor.  At  Tocopilla 
a  rocky  coast  line,  rising  sharply  out  of  the  sea  and 
exposed  to  the  waves,  had  to  be  contended  with,  and 
complicated  the  circulating-water  and  fuel-handling 
problems.  When  the  nearest  reliable  fuel  supply  is 
approximately  four  thousand  miles  away,  this  in  itself 
is  something  to  be  considered  seriously  before  a  plant 
of  fifty  thousand  kilowatts  capacity  is  attempted,  let 
alone  transmitting  the  power  across  ninety  miles  of 
desert.  The  design  and  construction  of  a  plant  to  oper- 
ate under  such  conditions  make  it  of  more  than  passing 
interest. 

The  favorable  results  obtained  in  this  plant  with 
distilled  feed  water  make  this  method  of  obtaining  a 
supply  of  boiler  feed,  where  the  natural  source  oi  supply 
contains  a  large  percentage  of  impurities,  worthy  of 
more  attention  than  it  has  received  in  this  country. 
Especially  in  this  true  since  the  loss  of  heat  is  very 
small  if  the  evaporators  are  properly  insulated.  Two 
factors  have  stood  out  to  a  high  degree  in  the  opera- 
tion of  this  plant :  namely,  absence  of  scale  in  the  boilers 
and  corrosion  of  the  steel-tube  economizers.  Where 
boilers  are  being  forced  as  they  are  in  our  modern  power 
plants,  the  absence  of  scale  is  vital  in  preventing  the 
burning  of  tubes. 

In  the  operation  of  the  electrical  end  two  features 
in  particular  warrant  comment — one  the  method  of 
cooling  the  transformers,  and  the  other  the  washing 
of  the  insulators  on  about  eight  miles  of  the  trans- 
mission line  nearest  the  coast.  Not  infrequently  serious 
trouble  has  been  experienced  with  the  cooling  coils 
of  water-cooled  transformers  becoming  clogged  with 
scale.  At  Tocopilla  the  only  source  of  cooling  water 
available  is  the  sea,  consequently  it  is  not  difficult  to 
imagine  the  trouble  that  would  be  experienced  if  the 
water  was  circulated  through  the  cooling  coils.  By 
placing  the  cooling  coils  in  a  tank  of  water  and  pump- 
ing the  oil  thrcnigh  them,  it  has  been  possible  to 
eliminate   troubles   from   this    source.     Although   this 


practice  has  been  adopted  to  a  limited  extent  here, 
there  are  ap'iarently  many  conditions  where  it  could  be 
used  to  good  advantage.  The  duplicating  of  the  first 
eight  or  ten  miles  of  the  transmission  line  so  that  the 
salt  deposits  can  be  washed  off  the  insulators  of  one 
line  while  the  other  is  in  service  evidently  gives  a 
constructive  suggestion  toward  solving  some  of  the 
transmission  troubles  experienced  in  this  country  at 
railway  crossings  and  places  where  the  insulators  collect 
deposits  that  cause  them  to  fiash  over. 

Apart  from  the  solution  of  the  power  problems  there 
stands  the  engineering  achievement  that  has  made  pos- 
sible the  tapping  of  great  mineral  resources  in  a  section 
of  a  country  where  a  burning  sun  and  drifting  sands 
hold  sway.  In  this  we  find  another  brilliant  example 
of  what  the  application  of  power  can  do  for  the  better- 
ment of  mankind. 

Safety  in  Storing 
Bituminous  Coal 

"  A  •'^^'^■^^■^  objection  to  the  storage  of  bituminous 

iV  coal  is  its  tendency  to  spontaneous  combustion. 
It  cannot  be  denied  that  this  danger  is  a  real  one 
with  improperly  stored  coal.  It  has  been  proved,  how- 
ever, that  bituminous  coal  can  be  stored  safely  and  that 
it  will  suffer  little  or  no  depreciation  if  reasonable  care 
be  used." 

The  preceding  paragrapn  is  quoted  from  a  recent 
Poioer  editorial  on  methods  of  stabilizing  the  bitum.i- 
nous-coa.  industry.  The  question  as  to  what  is  "im- 
properly stored  coal"  is  answered  in  a  paper  on  "How 
Bituminous  Coal  Can  Be  Stored  Safely,"  by  Prof.  H.  H. 
Stoek,  an  abstract  of  which  appears  in  this  issue. 
Space  limitations  prevent  the  printing  of  this  paper 
in  full,  but  the  abstract  is  well  worth  study. 

The  causes  of  spontaneous  combustion  seem  very 
simple.  If  air  can  get  at  the  coal,  oxidation  will  start. 
Oxidation  causes  heat  and  if  ihe  ventilation  is  not  suf- 
ficient to  carry  off  this  heat,  the  temperature  of  the 
coal  will  rise  and  the  oxidation  will  become  more  and 
more  rapid.  The  remedy  or  preventive  seems  equally 
simple.  Either  give  the  coal  plenty  of  air  or  cut  off 
the  supply  entirely.  The  difficulty  lies  in  the  fact  that 
the  ordinary  coal  pile  is  well  designed  to  admit  just 
enough  air  to  cause  trouble.  However,  as  Professor 
Stoek  pointed  out,  properly  piled  coal  overcomes  this 
tendency  to  a  verj'  great  extent. 

A  study  of  some  coal-storage  arrangements  shows 
that  a  campaign  of  education  is  badly  needed.  After 
presenting  his  paper.  Professor  Stoek  showed  a  number 
of  lantern  slides  from  photographs  of  coal-storage  piles 
that  had  fired.  In  many  cases  the  side  or  back  of  the 
boiler  setting  formed  one  side  of  the  coal  bin.  Coal 
was  shown  piled  on  top  of  steam  pipes  and  around 
chimneys.  With  this  sort  of  storage  it  is  not  to  be 
wondered  that  fires  result.  Where  coal  is  stored  in 
larger  quantities,  the  pictures  showed  that  almost  every 
rule  suggested  in  the  paper  had  been  violated. 
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In  short,  bituminous  coal  is  often  stored  with  no 
more  care  than  would  be  given  to  storing  sand,  and 
the  result  is  usually  disastrous.  If  intelligence  and 
care  are  used,  the  chances  of  trouble  are  practically 
eliminated.  To  Professor  Stoek's  advice,  "Before  you 
store  coal,  be  sure  you  know  how  to  do  it,"  we  would 
add,  "You  can  learn  how  to  store  coal,  and  it  will  pay 
you  to  learn  and  to  apply  your  knowledge." 

Scientific  Study 
of  Boiler  Design 

THE  paper  by  F.  W.  Dean  and  Henry  Kreisinger,  on 
page  348  et  seq.  of  Power  for  March  second,  shows 
the  possibilities  of  a  thorough  scientific  study  of  boiler 
and  furnace  design.  The  building  of  a  thousand  wooden 
ships  by  the  Emergency  Fleet  Corporation,  each  requir- 
ing two  boilers  of  twenty-five  hundred  square  feet  of 
heating  surface  each,  made  it  worth  while  to  test  the 
design  adopted  in  the  most  thorough  manner  for  pos- 
sible improvements  in  efficiency  as  well  as  for  dependa- 
bility. 

Never,  probably,  has  a  boiler  been  the  subject  of  so 
searching  a  surveillance  of  its  performance  or  of  so 
many  experimental  modifications.  Apparatus  was  pro- 
vided not  only  to  determine,  with  an  unusual  degree  of 
accuracy,  the  boiler  and  furnace  efficiency,  but  with  a 
rare  degree  of  refinement  the  temperature  and  composi- 
tion of  the  gases  were  determined  at  numerous  points 
in  the  furnace,  passes  and  uptake,  the  water  circulation 
was  observed  in  direction  and  activity,  the  temperatures 
of  the  casing,  inside  and  out,  were  measured,  and  by 
changing  the  baffles,  modifying  the  manner  of  admit- 
ting air  over  the  fire,  etc.,  the  eflRciency  of  the  boiler 
was  increased  from  about  sixty  to  about  seventy-two  and 
a  half  per  cent. 

Would  not  an  equally  systematic  and  intelligent  in- 
vestigation result  in  a  corresponding  improvement  in 
some  of  our  commercial  installations? 

Instruments  in  the 
Steam  Plant 

Ir  IS  nice  to  have  a  lot  of  books.  It  gives  one  a 
scholarly,  cultured  air  and  smacks  of  wisdom  and 
erudition.  But  smack  and  air  are  all  they  will  amount 
to  for  one  who  simply  sits  and  looks  at  his  well-filled 
shelves  and  smokes  his  pipe. 

If  one  could  get  into  one's  head  all  that  there  is  in  a 
book  by  paying  for  it,  we  would  all  be  Solomons.  To 
absorb  it  requires  time,  interest,  study,  thought  and 
application — not  to  barn  a  book  by  heart,  but  to  get  a 
commanding  sense  of  what  is  in  it  and  be  able  to  use  it 
to  advantage. 

It  is  nice  to  have  a  lot  of  instruments  around  a  plant. 
It  looks  scientific  and  impressive  and  smacks  of  tech- 
nical training  and  efficiency;  but  they  will  never  pay  a 
dividend  on  their  cost  if  they  are  not  kept  in  condition 
as  instruments  of  precision,  if  they  are  not  continually 
or  frequently  used,  and  if  their  indications  and  records 
are  not  studied  understandingly  and  the  deductions 
therefrom  intelligently  applied.  There  is  no  use  of  pro- 
viaing  an  engineer  with  an  indicator  if  he  does  not 
know  how  to  get  a  correct  diagram  with  it  and,  what 
is  of  more  importance  still,  if  he  does  not  know  the 
full  significance  of  the  diagram  and,  with  it  as  a  guide, 
keep  his  engines,  pumps  and  compressors  in  adjustment 
and  maintain  a  fair  record  of  his  output.  Coal-weighing 


and  water-measuring  apparatus  is  of  no  value  to  i 
man  who  does  not  understand  how  to  use  their  indica- 
tions to  determ.ine  how  well  his  plant  is  doing  and  why 
it  is  not  doing  better.  Boiler  efficiency  cannot  be  im- 
proved by  putting  in  a  CO,,  recorder  if  one  does  not 
keep  it  in  operation  and  know  something  more  of  what 
it  tells  than  that  a  high  percentage  of  CO^  is,  in  gen- 
eral, most  desirable. 

The  only  instrument  of  which  most  steam  plants  can 
boast  is  a  pressure  gage,  ordinarily  within  ten  per 
cent  of  right.  The  engineer  does  not  know  how  much 
water  his  boiler  evaporates  per  pound  of  coal,  how  much 
steam  his  engine  takes  per  horsepower  or  how  much 
power  it  develops.  He  does  not  know  the  temperature 
of  the  feed  water,  the  intensity  of  the  draft  or  how  hot 
the  gases  are  leaving  the  boiler.  He  has  no  means  of 
telling  how  completely  the  fuel  is  burned  or  how  much 
more  air  than  is  necessary  to  burn  it  is  heated  to  the 
uptake  temperature  and  discharged  to  the  stack.  He 
ought  to  be  provided  with  the  instruments  and 
apparatus  necessary  to  determine  these  and  other 
things,  but  it  is  useless  to  do  this  unless  he  takes  an 
intelligent  interest  in  their  use  and  translates  the 
stories  that  they  tell  into  a  record  of  the  greatest 
efficiency  attainable  under  the  conditions. 

Publicity  for 
Engineering  Societies 

NEVER  before  has  engineering  figured  so  promi- 
nently in  the  solution  of  vast  problems  to  the  na- 
tion as  has  been  brought  about  by  the  conditions  of 
reconstruction.  As  a  consequence  the  public  is  re- 
ceptive as  tc  activities  of  the  engineering  profession, 
yet  they  are  kept,  to  a  certain  extent,  in  the  dark  as  to 
engineering  accomplishments  that  are  going  on  every 
day,  and  plans  for  the  future.  The  daily  press  makes 
little  attempt  to  collect  information  from  the  engineer- 
ing societies,  while  on  the  other  hand  the  societies 
have  no  facilities  for  proper  dissemination  of  such 
news. 

A  publicity  bureau  as  a  medium  for  communication 
between  the  societies  and  the  technical  and  daily  press 
is  suggested.  Such  publicity  work  could  func- 
tion through  an  established  technical  publicity  bureau, 
or  the  societies  could  jointly  establish  one  of  their 
own  in  charge  of  a  man  with  a  broad  and  comprehensive 
knowledge  of  the  requirements  of  such  work.  The  first 
plan  would  seem  to  possess  certain  advantages  at  the 
start  by  making  use  of  existing  connections  and  might 
perhaps  prove  less  expensive,  although  in  the  long  run 
the  second  plan  might  prove  the  better.  In  any  event 
the  need  of  such  publicity  is  urgent  and  it  is  hoped 
that  early  action  may  be  taken  by  the  societies  on  this 
matter. 


The  effectiveness  of  competent  inspection  in  the  pre- 
vention of  boiler  accidents  is  shovm  in  the  Annual 
Report  of  the  Chief  Inspector  of  Locomotive  Boilers,  in 
which  it  appears  that  the  number  of  accidents  caused  by 
the  failure  of  the  locomotive  boiler  and  its  appur- 
tenances shows  a  decrease  of  60.2  per  cent  for  the  year 
ending  June  30,  1919,  as  compared  with  that  ending 
June  30,  1912,  the  first  year  in  which  the  law  was  in 
operation.  The  number  of  persons  killed  was  decreased 
50.5  per  cent  and  the  numJber  injured  58.9  per  cent. 
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Height  of  Return-Tubular  Boiler  Setting 
Above  Grates 

In  the  Feb.  10  issue  of  Power  my  young  engineers 
have  observed  your  answer  relating  to  the  height  of 
settings  for  a  72-in.  return-tubular  boiler.  I  believe 
that  if  this  was  brought  to  your  more  careful  attention 
you  would  like  to  make  a  statement  that  the  boilers 
should,  be  set  four  to  five  feet  above  the  grates,  which 
we  find  modern  practice  rather  than  30  to  36  inches. 

We  have  put  in  several  installations  with  boilers  set 
at  these  heights,  and  I  must  say  that  the  results  are 
very  gratifying.  JOHN  A.  STEVENS. 

Lowell,  Mass. 

[The  higher  a  return-tubular  boiler  is  set  above  the 
grates  the  less  chilling  effect  in  hindering  the  perfec- 
tion of  combustion ;  but  less  advantage  is  obtained  from 
the  receipt  of  heat  by  direct  radiation  from  the  fire 
and  there  is  more  heat  lost  by  infiltration  of  air  and 
radiation  from  the  greater  extent  of  the  side  walls.  The 
question  under  discussion  is:  Under  average  conditions 
of  draft,  fuel  and  firing,  what  height  of  boiler  setting 
of  a  given  size  obtains  combustion  that  results  in  the 
highest  average  efficiency?  It  would  be  interesting  to 
know  under  what  operating  conditions  it  was  found  that 
a  height  of  36,  48  or  60  in.  for  a  72-in.  boiler  gave  the 
best  boiler  efficiency  under  actual  test. — Editor.] 

Characteristics  of  Chain-Grate  Stokers 

In  the  .Tan.  27  issue  of  Power,  H.  F.  Gauss,  on 
page  144,  describes  some  of  the  characteristics  of  a 
chain-grate  stoker.  He  attributes  the  frequent  failure 
of  the  coal  to  ignite  to  the  large  size  of  the  coal  per- 
mitting a  considerable  volume  of  air  to  pass  through, 
thus  retarding  or  preventing  ignition.  An  instance  is 
cited  in  which  steam  was  admitted  under  the  ignition 
arch  and  the  successful  result  was  assigned  to  the  steam 
pressure  preventing  the  ingress  of  excess  air. 

It  would  appear  that  steam  at  the  necessary  pressure 
and  in  the  quantity  required  to  produce  the  result  as 
described,  would  be  sufl^icient  to  prevent  ignition  alto- 
gether; this,  because  the  steam  must  be  superheated  to 
the   ignition   temperature  of  the  coal  before   ignition 
could  occur. 
I         An  installation  as  described  by  Mr.  Gauss,  in  which 
I     steam  was  blown  under  the  ignition  arch,  was  brought 
;     to  my  notice  about  a  year  ago.    It  occurred  to  me  that 
i     the  design  of  the  ignition  arch  was  faulty  in  that  the 
,     surface  was  horizontal,   forming  a  pocket   into  which 
!     the  reflected  heat  rays  from  the  incandescent  fuel  could 


not  enter.  The  effect  of  the  steam  injection  was  to 
induce  a  current  of  hot  gases  from  the  furnace  which 
ignited  the  coal. 

Experiments  on  arches  that  I  have  made  have 
resulted  in  effects  varying  from  failure  of  ignition  in 
the  case  of  flat  arches  to  the  destruction  of  the  coal 
gate,  in  the  case  of  arches  with  too  much  rise. 

Kansas  City,  Mo.  C.  0.  Sanderstrom. 

Boiler  Blowoff  Pipes 

Recently  the  elbow  on  the  blowoff  pipe  of  a  40-hp. 
boiler  failed  under  100  lb.  pressure.  Although  the 
boiler  is  rated  at  40  hp.,  it  was  working  at  around  70 
hp.  Luckily,  I  had  previously  closed  the  steel  fire- 
door  separating  the  boiler  room  from  the  factory. 

As  the  combustion  chamber  had  not  been  cleaned  out 
for  some  time,  there  was  considerable  soot  all  over  the 
place,  because  when  the  explosion  was  heard  someone 
opened  the  door  leading  to  the  boiler  room,  but  he  did 
not  linger  long.  The  soot  also  plugged  the  tubes  so  tight 
that  it  required  five  men  to  punch  them  out. 

This  pipe  between  the  boiler  and  the  side  wall  was 
unprotected,  and  that  is  what  caused  the  trouble,  as 
the  hot  gasses  had  burned  the  pipes  and  the  elbow, 
although  it  had  been  in  place  but  about  a  year.  The 
boiler  is  blovm  down  every  morning,  and  upon  examina- 
tion no  trace  of  scale  could  be  found.  When  a  new  pipe 
was  put  in,  it  was  protected  by  a  biick  bafiie.  The 
owners  had  been  told  by  thft  inspectors  to  put  some 
kind  of  protection  around  that  pipe,  but  had  neglected 
to  do  so.  R.  G.  Summers. 

Sj^racuse,  N.  Y. 

Straightening  Shafts  By  Heat 

The  method  of  straightening  a  shaft  by  the  appli- 
cation of  heat  to  the  high  side,  as  described  by  E. 
E.  Clock  on  page  377  of  Potver  for  Sept.  2,  is  entirely 
practicable.  We  straightened  shafts  nineteen  years 
ago  at  Erie,  by  pouring  hot  babbitt  against  the  side 
that  needed  to  be  shortened. 

We  have  also  used  this  method  to  straighten  milling- 
machine  platens  which  became  bent  up  in  the  middle 
of  their  length,  the  same  as  planer  platens,  because  of 
the  peening  effect  of  handling  work  on  their  top  sur- 
face. 

The  process  is  the  reverse  of  peening  and,  like  it;  is 
but  temporary  in  its  effect.  It  should  be  used  only  to 
counteract  some  similar  strain.  J.  A.  Strong. 

Erie,  Penn. 
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Removing  a  Tight  Pin  from  a  Casting 

An  easy  v/ay  of  remcving  a  tight  fitting  pin  from  a 
•casting  is  by  the  use  of  an  ordinary  stillson  or  pipe 
wrench  and  a  cold  chisel  or  wedge.  The  chisel  is 
placed  flat  against  the  casting,  and  the  wrench  is  applied 
to  the  pin  in  such  a  way  that  when  the  pin  is  turned, 


ONE  WAY  OF  REMOVING  A  PIN  FROM  A  CASTING 

the  chisel  will  act  as  a  wedge  or  lever  and  tend  to  draw 
the  pin  out.     The  method  as  shown  in  the  sketch  prac- 
tically explains  itself.  W.  W.  Parker. 
Firestone,  Col. 

Btirning  Fuel  Oil 

Before  coming  to  my  present  power  plant,  I  had 
charge  of  a  large  coal-burning  plant  equipped  with 
stokers  that  were  supposed  to  be  the  last  word  in 
mechanical  firing.  It  was  no  uncommon  thing  to  ask 
and  receive  150  per  cent  rating  of  the  boilers,  and  this 
\vithout  any  extra  strain  apparently  on  the  firing  ma- 
chinery, but  there  was  always  the  possibility  that  a 
fire  would  clinker  and  cause  trouble  and  there  was  also 
the  possibility  that  a  stoker  might  fail.  In  fact,  they 
did  fail  at  times.  And  then  again  there  was  always  a 
chance  that  the  crusher  elevator  scraper  or  some  other 
part  of  the  coal-handling  machinery  might  get  out  of 
order.  Therefore  a  stock  of  working  parts  for  this 
machinery  was  carried. 

For  a  coal-burning  plant  it  was  modern  in  all  ways 
and  the  amount  of  help  required  per  thousand  horse- 
power was  small,  ov.t  there  is  no  comparison  between 
the  coal-burning  and  oil-burning  plant.  Imagine  sev- 
eral boilers  under  forced  and  induced  draft,  each  boiler 
furnace  containing  around  three  tons  of  coal  at  a  bright 
cherry,  not  white,  heat.  The  noon  whistle  blows  and 
then  the  several  safety  valves  blow. 

Of  course  the  Vv^ater  tender  lowers  the  water  at 
11:30  and  has  all  the  available  space  posible  for  storing 
new  water  at  11 :55,  but  with  the  fires  necessary  to  keep 
the  wheels  turning  and  the  kettles  boiling  it  is  almost 
impossible  to  hold  the  safety  valves  shut.  Thus  good 
coal  in  large  amounts,  figuratively  speaking,  goes 
through  the  safety  valves.  It  is  almost  impossible  to 
prevent  this  waste. 

In  the  oil-burning  plant  no  thought  of  steam  going 
through  the  safety  valves  is  present.  At  11:58  the  oil 
is  shut  off,  at  12  m.  the  oil  is  put  on  two,  three  or  four 


boilers — just  enough  to  hold  steam  for  the  noon  hour— 
and  no  excitement  prevails  whatever. 

With  oil,  no  thoughts  are  given  to  ash  or  clinker;  no 
thoughts  are  given  to  fires  in  the  coal  pocket.  No 
thoughts  are  given  to  disgruntled  firemen.  All  thoughts 
are  centered  on  the  temperature  of  the  oil  in  the  main 
storage  and  auxiliary  tanks.  Temperature  is  the  watch- 
word in  the  oil-burning  plant.  A  difference  of  five 
degrees  in  the  temperature  of  the  oil  will  cause  smoke. 

This  is  the  first  lesson  the  boiler-room  engineer 
learns.  He  next  learns  that  even  a  trifling  raise  of 
pressure  in  the  oil  line  causes  smoke  unless  a  like 
increase  is  given  to  the  steam  line  feeding  the  burners. 
Burners  A^ill  score,  owing  to  the  action  of  the  oil  and 
steam  passing  through  them,  and  a  scored  or  grooved 
burner  will  cause  smoke.  Apparently,  the  flames  from 
two  burners  touching  causes  smoke.  How  do  we  oper- 
ate without  smoke?  We  don't  operate  without  smoke 
at  times,  and  sometimes  the  heavens  are  blackened 
most  outrageously  by  smoke  from  our  stacks,  but  not 
for  long. 

By  a  careful  watch  of  conditions,  a  micrometer  ad- 
justment of  valves  and  the  ever-present  thought  of 
temperatures  and  oil  pressures,  the  plant  is  able  to  do 
150  per  cent  rating  under  adverse  conditions. 

New  York  City,  C.  W.  Peters. 

Why  the  Piston  Would  Not  Come  Out 

Although  solid-head  internal  combustion-engine  cyl- 
inders are  not  built  to  any  extent  at  present,  many 
of  them  are  in  use,  and  this  brings  to  mind  the  projec- 
tion illustrated  by  the  sketch,  the  purpose  of  which 


SHOWING    THE    PROJECTION   THAT   WAS    SAWED   OFF 

should  be  obvious.  In  one  instance  the  owner  sawed 
this  projection  off,  evidently  under  the  impression  that 
it  was  useless.  When  the  piston  was  replaced  in  the 
cylinder,  it  was  pushed  in  too  far  and  the  upper  ring, 
extending  past  the  cylinder  top  counterbore,  expanded 
and  locked  the  piston  securely  into  the  upper  end  of 
the  cylinder.  H.  H.  Parker. 

Oakland,  Cal. 
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Repairing  a  Boiler-Plate  Lamination 

Recently,  a  lamination  was  discovered  on  the  bottom 
of  a  return-tubular  boiler,  directly  over  the  furnace. 
A  patch  was  suggested,  but  as  it  was  not  considered 
advisable  to  have  one  applied  in  such  a  location,  it  was 
suggested  that  the  lamination  be  cut  out  and  the  cavity 
filled  with  metal  by  means  of  the  electric-welding  proc- 
ess. The  lamination  appeared  to  be  only  about  1  x  li 
in.  and  about  ,'*    in.  deep,  but  by  the  time  we  had  it 


gpn^^lil^^^ 


LAMINATION  REMOVED  AND  METAL  WELDED  IN  PLACE 

cleaned  out,  it  proved  to  be  3  in.  in  diameter  and  l  in. 
deep,  leaving  -^^  in.  good  plate,  as  at  A.  The  cavity  was 
filled  with  metal  B  above  the  surrounding  plate  and 
ground  dovwi  flush  so  that  there  is  now  no  evidence  of 
a  fault  as  at  C.  If  the  boiler  does  not  convert  itself 
into  a  projectile,  we  may  assume  that  the  operation  is 
a  success,  but  if  it  turns  up  missing  some  time,  we 
will  know  what  did  it. 

Since  this  job  was  completed  I  understand  that  the 
boiler-insurance  companies  have  sanctioned  such  prac- 
tice, but  have  prohibited  another  that  I  have  seen  done; 
namely,  re-ending  boiler  tubes.  Our  Department  of 
Public  Works,  Boilers'  Branch,  permits  re-ending  by 
the  autogenous  process,  but  when  my  suggestion  regard- 
ing filling  the  cavity  of  the  lamination  was  put  up  to 
them,  they  passed  it  on  to  the  insurance  company,  and 
the  inspector  who  sanctioned  it,  I  have  since  learned, 
did  not  know  that  such  a  method  was  practiced.  I  think 
that  the  practice  should  be  all  right        R.  McLaren. 

Toronto,  Ont.,  Canada. 

Wet  Floor  Caused  Ground  on 
Motor  Circuit 

In  a  large  industrial  plant  several  employees  received 
rather  unpleasant  electrical  shocks  when  attempting  to 
turn  on  the  water  at  a  sink.  It  was  known  that  several 
motors  were  grounded  to  the  water  mains,  of  which 
the  supply  pipe  to  the  sink  was  a  branch,  but  this 
offered  no  solution  of  the  puzzle.  The  sink  was  not 
grounded,  as  it  was  suspended  by  brackets  to  a  wooden 
wall,  and  the  waste  pipe  only  extended  through  the  wall, 
the  discharge  falling  into  the  river  below.  However, 
even  if  the  sink  had  been  grounded,  the  water  mains 
themselves  would  have  furnished  a  much  better  path  to 
earth,  in  case  of  a  grounded  motor,  than  would  have 
been  possible  through  the  body  of  a  man  at  the  sink. 

The  floor  around  the  sink  was  always  more  or  less 


water-soaked,  and  an  investigation  here  finally  disclosed 
the  source  of  the  trouble.  At  a  distance  of  a  few  feet, 
and  well  within  the  wet  area,  the  conductors  of  a  440- 
volt  motor  circuit  were  carried  down  the  wall  on  cleats 
and  passed  through  the  floor  into  the  room  Vjelow.  These 
wires  had  each  been  originally  protected  at  the  floor 
line  by  porcelain-tube  bushings,  but  in  repairing  a  sec- 
tion of  the  floor  the  carpenters  had  allowed  the  tubes 
to  slide  down,  and  then  cut  notches  in  the  floor  boards 
to  admit  the  wires  only.  One  of  these  notches  had  been 
made  such  a  CiOse  fit  that  when  the  floor  became  water- 
soaked,  the  wood  swelled  very  tight  around  the  wire. 
Of  course  its  insulation  in  turn  became  soaked  and  use- 
less. The  moistened  area  of  the  floor  extended  but  a 
few  feet,  and  a  path  to  ground  was  completed  only  when 
someone  stood  on  the  wet  floor  and  touched  the  water 
pipe.  Harold  B.  Phillips. 

Appleton,  Wis. 

Making  a  Pair  of  Pliers  and  Screwdriver 
More  Useful 

Quite  often,  when  using  a  pair  of  pliers  in  gripping 
a  small  dowel  pin  to  pull  it  out,  it  is  impossible  to  get 
strong  enough  grip  with  the  strength  of  one's  hand. 
In  such  cases  the  kink  shown  lo  the  left  in  the  figure  will 
be  found  handy — that  of  using  a  turn  or  so  of  heavy 
string  or  some  small  wire  and  twisting  it  tight  with  a 


PLIERS  AND  SCREWDRIVER  KINKS 

r.ail.  Thi?  trick  can  be  used  to  convert  the  pliers  into 
a  temporaiy  hand  vise. 

On  the  right  of  the  illustration  is  shown  a  simple 
way  to  convert  an  ordinary  round-shank  screwdriver 
into  a  powerful  type  of  lever  driver.  The  section  A  is 
simply  flattened  and  then  drilled  and  tapped  to  take  a 
threaded  handle,  which  is  a  small  bolt  with  its  head  cut 
off.  The  handle  is  removed  when  it  is  desired  to  use 
the  screwdriver  without  it.  Charles  H.  Willey. 

Concord.  N.  H. 
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Oamp  for  High-Pressure  Hose 

We  use  a  method  of  repairing  a  leaky  hose  that  is 
employed  in  the  mines,  as  follows: 

The  hose  is  cut  at  the  leak  and  for  a  2-in.  hose  a 
i-in.  nipple  6  in.  long  is  inserted  halfway  in  the  hose. 
A  'I-in.  nipple  7  in.  long  is  used  for  a  1-in.  hose,  such  as 
is  illustrated  herewith.    The  hose  is  clamped  to  the  nip- 


Hose-..^  / 


¥k-~  ^^'^^ 


Nipple 

HOSE  COUPLING  CLAMP 

pie  by  the  type  of  clamp  shown.  Sometimes  a  marlin 
spike  is  used  in  the  hose  to  enlarge  it  a  little. 

Under  high  pressure  and  where  the  hose  is  subject  to 
hard  usage,  several  strands  of  wire  can  be  run  on  each 
side  from  one  coupling  to  the  other  and  twisted  as 
desired.  Colin  F.  McGibbson. 

Butte,  Mont. 

Location  of  Secondary  Relays  Affect 
Voltage  Regulation 

A  company  operating  a  number  of  induction  feeder 
regulators  mounted  the  contact-making  or  primary  re- 
lay upon  the  switchboard  and  the  secondary  or  reversing 
relay  upon  the  regulator.  However,  this  secondary 
relay  was  not  mounted  as  recommended  by  the  manufac- 
turer, but,  instead,  was  supported  by  iron  strips  to  the 
top  of  the  regulator  case.  This  arrangement  was  in- 
expensive and  appeared  quite  satisfactory.  However,  in 
one  of  the  installations  where  a  new  type  of  regulator 
was  installed,  difficulty  developed  in  that  the  regulator 
was  not  functioning  properly.  Sometimes  the  voltage 
would  rise  as  the  load  came  on,  then  would  remain  high 
although  the  load  decreased,  and  vice  versa.  This  did 
not  always  happen,  and  sometimes  the  regulator  would 
operate  for  days  and  even  weeks  without  giving  any 
trouble. 

At  first  routine  troubles  were  looked  for;  the  con- 
tacts of  the  contact-making  voltmeter  were  cleaned  and 
adjusted  for  correct  voltage  range;  the  contacts  of  the 
reversing  switch  were  overhauled  and  adjusted;  the 
regulator  brakes  were  tested,  the  drums  oiled  and  the 
tension  of  the  brake  shoes  reduced.  These  adjustments 
had  no  apparent  effect,  and  intermittent  short-circuits 
were  suspected,  but  no  trouble  of  this  nature  was  found. 

What  was  found  was  that  at  certain  times  of  high 
voltage  and  therefore  increased  flux  density  in  the  regu- 
lator iron,  and  when  a  certain  frequency  of  the  system 
occurred,  possibly  due  to  current  changes,  the  regu- 
lator was  caused  to  give  rise  to  severe  vibration.  This 
was  in  turn  passed  on  to  the  secondary  relay,  which 


also  vibrated  under  the  influence  of  normal  operating 
current  passing  through  it.  In  this  manner  the  natural 
periodicity  of  vibration  of  the  relay  had  superimposed 
upon  it  the  vibration  of  another  periodicity.  The  effect 
of  this  vibration  was  that  while  the  contacts  of  the 
secondary  relay  appeared  to  be  making  good  mechanical 
contact,  the  circuit  to  the  regulator  motor  was  not  per- 
manently closed.  Instead,  the  circuit  was  rapidly  opened 
and  closed  without  apparent  movement  of  the  relay  con- 
tacts so  far  as  the  naked  eye  could  see.  Moreover,  the 
two  poles  of  the  relay  might  or  might  not  close  simul- 
taneously. Since  a  three-phase  induction  motor  cannot 
start  up  single-phase,  the  result  was  that  either  the 
motor  could  not  get  started  in  time  before  the  circuit 
was  interrupted  or  else  it  could  not  start  at  all.  In 
either  case  the  result  was  the  same — poor  voltage  regu- 
lation. 

The  remedy  was  simple.  The  secondary  relays  were 
left  in  their  original  position.  But  instead  of  being 
bolted  down  tight  to  the  iron  strip  supports,  so  that 
vibration  of  the  induction  regulator  cases  was  trans- 
mitted to  the  relays,  spring  washers  were  placed  under- 
neath the  case  of  each  relay,  at  the  four  corners.  The 
bolts  were  then  inserted  and  the  fastening  nuts  screwed 
dov/n  so  as  to  prevent  the  bolts  from  falling  out.  The 
relays  were  allowed  free  movement  up  and  down,  always 
resting  on  the  spring  washers  and  yet  unable  to  fall  off 
the  supporting  strips.  This  solved  the  problem  and 
incidentally  eliminated  much  burning  of  contact-making 
contacts.  B.  W.  Smith. 

Cicero,  111. 

Method  of  Boring  a  Large  Bearing  on  a 
Small  Lathe 

The  illustration  shows  how  a  bearing  was  bored  out 
on  a  small  lathe  that  was  not  strong  enough  to  hold 
the  weight  of  the  bearing  and  had  to  be  blocked  up  to 
prevent  breaking  the  bed.    The  tool  post  was  removed, 


BEARING  READY  FOR  BORING  OUT  ON  SMALL  LATHE 

and  the  carriage  was  made  to  fit  the  bearing  by  the  use 
of  channel  irons.  The  boring  bar  was  a  piece  of  scrap 
shafting  with  a  set  collar  to  hold  the  tool.  The  bed  of 
the  lathe  was  supported  by  means  of  iron  stands  wedged 
tightly  between  the  lower  side  of  the  bed  and  the 
floor.  This  way  of  boring  large  bearings  proved  very 
satisfactory  and  has  been  used  on  a  number  of  different 
bearings.  W.  R.  Caton. 

Buffalo,  N.  Y. 
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Triple  Riveting  of  Lap  Joints! — Why  are  lap  joints  of 
high-pressure  steam  drums  frequently  made  with  three  or 
more  rows  of  rivets  ?  F.  C. 

A  triple-riveted  lap  joint  may  be  designed  of  higher  ef- 
ficiency than  a  double-riveted  lap  joint,  and  the  greater 
width  over  the  rows  of  rivets  renders  it  easier  to  bring  the 
plates  into  line,  with  the  result  that  there  is  less  bending 
than  in  the  single-  or  double-riveted  lap  joint. 


Turbine  a  One-Speed  Machine — Can  a  steam  turbine  be 
constructed  that  will  develop  a  normal  rated  power  at  dif- 
ferent speeds?  A.  L.  M. 

The  turbine  is  a  one-speed  machine.  For  good  economy 
the  speed  of  the  rotating  buckets  must  bear  a  definite 
relation  to  the  velocity  of  the  steam  as  determined  by  the 
design.  Otherwise  there  will  be  wasteful  impact  of  the 
steam  against  the  vanes  and  the  speed  of  the  turbine  can- 
not be  changed  from  that  of  best  economy  without  serious 
loss  of  efficiency. 


Transfer  of  Heat  Requires  Diflference  of  Temperatures — 

If  at  sea  level  fifteen  pounds  of  steam  at  atmospheric 
pressure  is  to  let  into  an  open  barrel  containing  150  pounds 
of  water  at  the  boiling  point,  what  temperature  would  the 
water  attain?  C.  E.  G. 

The  temperature  of  dry  saturated  steam  at  atmospheric 
pressure  is  212  deg.  F.,  and  the  boiling  point  of  water  under 
atmospheric  pressure  is  at  the  same  temperature.  There 
could  be  no  transfer  of  heat  because  the  temperature  would 
be  the  same  and  the  temperature  of  the  water  would  remain 
unchanged. 


Belt   Thickness    Influences    Speed   Ratio   of   Pulleys   — 

Should  not  a  36-in.  pulley  drive  a   12-in.  pulley  at  three 
times  the  speed  of  the  former?  R.  F. 

If  the  pulleys  operate  as  friction  pulleys  running  in  con- 
tact without  slip,  the  12-in.  pulley  will  be  driven  at  three 
times  the  speed  of  the  36-in.  pulley.  But  if  separated 
and  the  driving  is  done  by  a  belt  without  slippage,  the  small 
pulley  will  be  driven  at  something  less  than  three  times  the 
speed  of  the  large  one  on  account  of  the  thickness  of  the 
belt.  In  making  calculations  of  speeds  without  slippage,  an 
amount  equal  to  the  thickness  of  the  belt  should  be  added 
to  the  diameter  of  each  pulle^. 


Obtaining  Compression  of  Exhaust  on  Corliss  Engine — 

How  can  compression  of  exhaust  be  increased  on  a  Corliss 
engine?  E.  D.  C. 

With  a  double  eccentric  Corliss  engine,  advance  the 
exhaust  eccentric.  As  opening  and  closing  of  each  exhaust 
valve  occurs  when  the  piston  is  at  the  same  part  of  its 
stroke,  earlier  closure  for  obtaining  more  compression  will 
also  cause  earlier  release  after  cutoff.  With  a  single 
eccentric  for  operating  all  valves,  advancing  the  eccentric 
hastens  all  valve  events  and  causes  the  steam  valves  to 
open  earlier.  If  the  resulting  lead  is  too  much,  the  time  of 
opening  the  steam  valves  must  be  delayed  by  adding  lap  to 
those  valves.  This  is  done  by  adjusting  the  length  of  the 
steam  valve  rods  so  the  opening  edges  of  the  steam  valves 
will  lap  over  their  ports  when  the  wrist  plate  is  in  its 
central  position,  giving  ^i  to  -h  in.  opening  for  lead  when 
the  piston  is  at  the  beginning  of  its  stroke. 


Induction-Motor  Winding  Bracing — Why  are  insulated 
rings  placed  over  the  ends  of  induction  motor  coils  where 
they  extend  beyond  the  stator  core  and  why  in  some  cases 
are  they  placed  on  both  ends  and  in  others  on  one  end  only? 

K.  A.  R. 

Frequently,  where  the  coil  throw  is  long  or  if  the  coils  are 
not  mechanically  rigid,  the  ends  are  liable  to  be  distorted 
when  a  heavy  cuiTent  flows  through  them.  To  prevent  this, 
insulated  rings  are  placed  around  the  outside  of  the  winding 
and  the  coil  ends  laced  to  these  rings  with  heavy  cord. 
This  practice  has  been  found  to  increase  the  life  of  the 
coils,  since  it  tends  to  prevent  any  vibration  of  the  coil  ends 
that  would  otherwise  occur.  Where  the  throw  of  the  coils 
is  short,  the  rings  are  only  put  on  the  end  of  the  winding 
opposite  to  the  one  where  the  cross-'ionnections  are  made, 
the  cross-connection  giving  the  necessary  support  to  the 
coil  ends  on  the  end  of  the  stator  winding  where  the 
connections  are  made. 


Variation  of  Boiler  Rating  for  Difference  of  Pressure — 

What  would  be  the  difference  in  rating  the  capacity  of  a 
boiler  operated  at  150  or  125  lb.  pressure?  V.  A. 

Boiler  evaporative  capacity  is  based  on  the  rate  of 
absorption  of  heat  transferred  to  the  water  in  the  boiler,  a 
boiler  horsepower  consisting  of  a  rate  that  is  equivalent  to 
the  transfer  of  heat  required  to  evaporate  34.5  lb.  of  water 
from  and  at  212  deg.  F.,  or  33,479  B.t.u.  per  houi-.  The 
lower  the  temperature  of  the  water  of  a  boiler  the  greater 
its  difference  of  temperature  from  the  temperature  of  the 
fire  and  heated  gases  and  the  more  rapid  the  rate  of  heat 
transfer.  Operation  at  different  pressures  also  might  be 
attended  by  difference  in  rate  of  transfer  due  to  difference 
in  the  character  of  circulation  of  a  boiler;  but  the  differences 
in  the  rates  of  transfer  of  heat  when  generating  steam  at 
150  or  125  lb.  gage  pressure  would  be  negligible,  and  for  all 
practical  purposes  the  rating  would  be  the  same. 


Twenty-five-Cycle  Transformers  on  60  Cycles — Will  25- 
cycle  transformers  6,600-volt  primary  220-volt  secondary 
work  on  60  cycles  6,600-volt  primary  220-volt  secondary? 

E.  R.  G. 

Twenty-five  cycle  transformers  can  be  opei-ated  on  60 
cycles,  but  60-C2'cle  equipment  cannot  be  operated  on  25 
cycles.  For  the  same  output  the  25-cycle  equipment  will  be 
considerably  larger  than  the  60-cycle,  consequently  where 
25-cycle  transformers  are  operated  on  a  60-cycle  circuit,  the 
unit  would  be  considerably  larger  than  a  60-cycle  trans- 
former of  the  same  capacity.  When  the  25-cycle  trans- 
formers are  used  on  60  cycles,  the  exciting  current  and  the 
flux  density  in  the  coil  will  be  only  about  four-tenths  what 
it  is  for  the  25-cycle  circuit.  When  60-cycle  equipment  is 
operated  on  a  25-cycle  circuit,  the  exciting  current  and 
flux  density  will  theoretically  be  2.4  times  that  of  the  60- 
cycle  circuit.  However,  due  to  the  saturation  of  the  iron 
core,  the  exciting  current  may  be  many  times  this  value, 
and  will  cause  the  transformer  to  overheat  even  when 
operating  without  any  load. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.] 
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How  Bituminous  Coal  Can  Be  Stored  Safely 


By  H.  H.  STOEK 

Professor  of  Mining  Engineering,  University  of  Illinois 


THE  following  statement  has  been  prepared  from 
material  published  by  the  Engineering  Experiment 
Station,  University  of  Illinois,  in  Circular  6  and  Bul- 
letin 116.  These  publications  give  the  details  of  an  investiga- 
tion by  the  station  that  has  been  in  pi'ogress  for  about  three 
years.  During  this  time  the  practice  of  storing  coal  has  been 
studied  under  a  great  variety  of  conditions  and  for  stocks 
varying  from  a  few  tons  up  to  hundreds  of  thousands  of 
tons.  The  data  were  obtained  through  questionnaires,  con- 
ferences, personal  inspection  of  storage  piles  and  a  detailed 
study  of  over  one  hundred  fires  in  coal  piles  said  to  be 
due  to  spontaneous  combustion.  The  conclusions  here  given 
apply  only  to  bituminous  coal  and  have  no  reference  to 
anthracite  or  lignite. 

Small  Quantities  Give  Little  Trouble  in  Storage 

For  such  amounts  of  coal  as  are  required  by  the  ordinary 
householder,  it  can  be  stated  positively  that,  (1)  there  is 
little  or  no  likelihood  of  spontaneous  combustion,  as  heat- 
ing can  be  detected  readily  and  the  coal  moved,  and  (2) 
there  is  no  loss  in  heating  value  that  would  be  appreciable 
in  the  conditions  under  which  such  coal  is  burned.  Where 
several  hundred  tons  of  coal  are  stored,  as  in  large  build- 
ings and  schoolhouses,  extra  precautions  should  be  taken 
in  the  storing  and  then  in  watching  for  evidences  of  heating. 

For  the  storage  of  coal  in  quantities,  say  above  500 
tons,  the  experience  and  practice  of  those  who  have 
stored  coal  successfully  under  similar  conditions  should 
be  given  careful  consideration.  Before  it  is  time  to  begin 
the  actual  storage,  a  suitable  place  should  be  prepared  and 
a  definite  policy  outlined.  Storage  instructions  should  be 
prepared  in  detail  and  carried  out  to  the   letter. 

It  is  probable  that  all  varieties  of  bituminous  coal  have 
been  stored  without  spontaneous  combustion  resulting,  and 
it  is  equally  true  that  all  varities  of  coal  have  fired  when 
stored,  excepting  possibly  anthracite.  This  does  not  mean 
that  all  coals  store  equally  well,  as  there  is  a  wide  dif- 
ference in  this  respect  between  various  varieties.  There 
are  not  sufficient  data  available  at  this  time  to  classify 
coals  as  to  their  liability  to  spontaneous  combustion,  and 
it  is  doubtful  if  this  can  be  done,  because  liability  to  firing- 
seems  to  depend  more  upon  the  size  of  the  coal,  its  freedom 
from  dust,  the  way  in  which  it  is  piled  and  to  a  less 
extent  on  the  amount  of  pyrite  present. 

Coal  of  Uniform  Size  Is  Easiest  To  Store 

Clean,  screened  coal  of  a  uniform  size  should  be  chosen 
if  it  is  available.  The  larger  and  more  uniform  the  lumps 
the  better.  Sized  coal  should  not  be  stored  upon  a  founda- 
tion of  fine  coal.  The  coal  should  be  handled  in  such 
a  way  as  to  prevent  breakage  as  much  as  possible.  It 
should  not  be  dropped  upon  a  pile  from  a  height,  but  the 
bucket  or  other  receptacle  lowered  to  the  pile  before  being 
dumped.  In  every  case  of  a  fire  in  so-called  lump  coal, 
that  I  have  investigated,  it  was  found  that  the  coal  had 
been  dropped  through  a  considerable  height,  so  that  coal 
on  the  pile  contained  a  large  amount  of  dust. 

In  storing  mine  run  coal,  it  should  be  piled  in  uniform 
layers,  in  small  low  piles,  and  segregation  of  the  sizes 
prevented.  The  piles  should  be  as  low  as  the  space  will 
permit,  carefully  watched  and  provision  made  to  quickly 
move  the  coal  if  heating  occurs.  The  spontaneous  com- 
bustion of  coal  is  due  largely  to  the  oxidation  of  the  fine 
material  and  the  confining  of  the  resulting  heat;  conse- 
quently, its  liability  is  greatly  reduced  and  in  many  cases 
eliminated  if  dust  and  fine  coal  can  be  kept  out  of  the 
piles,  if  the  coal  is  of  such  size  and  so  piled  that  there  is 
sufficient  air  current  to  carry  off  the  heat,  or  else  if  the 
coal  is  so  closely  packed  that  the  air  cannot  come  in  contact 
with  the  fine  coal  to  cause  oxidation. 


*Abstract  of  a  paper  presented  at  the  February  meeting  of  the 
American  Society  of  Mining  and  Metallurgical  Engineers. 


If  fine  coal  or  slack  is  to  be  stored,  it  should  be  carefully 
watched  to  detect  evidences  of  heating.  If  practicable  the 
slack  pile  should  be  rolled  so  as  to  compact  it  as  much  as 
possible,  thus  excluding  the  air,  so  as  to  give  as  nearly  as 
possible  storage-under-water  conditions. 

Although  experimentation  has  shown  that  the  sulphur 
contained  in  coal  in  the  form  of  pyrite  is  not  the  chief  cause 
of  spontaneous  combustion,  the  oxidation  of  the  sulphur 
in  the  coa'  not  only  produces  heat  but  also  assists  in  break- 
ing up  the  lumps  and  thus  increases  the  amount  of  fine 
coal  in  the  pile. 

It  seems  to  make  little  difference  in  the  liability  to  spon- 
taneous combustion  whether  the  coal  is  stored  under  cover 
or  in  the  open,  but  under  cover  there  is  less  segregation 
and  weathering.  If  possible  a  place  should  be  chosen  that 
is  dry  and  well  drained,  or  if  not  drained  naturally,  drains 
should  be  provided  around  the  piles,  not  underneath  it. 
A  drain  beneath  the  pile  may  produce  an  air  current  up 
through  the  pile  and  thus  assist  spontaneous  combustion. 
The  coal  should  not  be  dumped  on  ground  covered  with 
ashes  or  refuse  of  any  kind,  because  in  addition  to  furnish- 
ing flues  for  the  admission  of  air,  such  refuse  often  con- 
tains material  such  as  waste,  rags,  papers,  and  so  forth 
that  will  start  spontaneous  combustion.  Furthermore,  this 
refuse  may  be  gathered  up  with  the  coal  when  it  is  re- 
claimed and  the  value  of  the  fuel  be  depreciated. 

Coal  should  not  be  stored  around  hot  pipes,  against  a 
boiler,  or  hot  walls,  around  a  chimney  or  in  any  place  where 
it  is  subjected  to  outside  heat.  Coal  should  not  be  stored 
above  flues  that  will  permit  a  current  of  air  to  enter  the 
pile.  Hot  air,  such  as  that  from  a  sewer,  is  particularly 
to  be  avoided.  Care  should  be  taken  to  arrange  the  storage 
pile  so  that  any  part  of  it  can  be  moved  promptly  if 
necessary. 

Danger  from  Stratification 

Stratification,  or  segregation  of  the  fine  and  lump  coal  into 
layers,  should  be  avoided,  since  an  open  stratum  of  coarse 
lumps  provides  a  passage  for  air  to  reach  the  fine  coal, 
and  the  layer  of  fine  coal  does  not  permit  the  heated  air 
to  pass  out  rapidly  enough  to  keep  down  the  temperature. 
Coal  should  not  be  dumped  at  one  point  on  the  top  of  a 
conical  pile,  since  the  fine  coal  stays  in  the  center  at  the 
top,  and  the  lump  coal  rolls  to  the  bottom.  Many  coal 
fires  start  near  the  top  of  the  pile  where  the  fine  coal 
has  prevented  the  escape  of  the  heated  gases.  In  placing 
coal  in  a  cellar  or  bin  the  same  precautions  should  be 
observed,  for  many  fires  are  known  to  have  started  in 
the  fine  coal  just  below  the  window  through  which  the  coal 
was  shoveled  in. 

The  depth  and  area  of  storage  piles  will  be  determined 
largely  by  the  storing  space  available  and  the  mechanical 
appliances  for  storing  and  reclaiming  coal.  Other  condi- 
tions being  equal,  the  deeper  the  pile  and  the  greater  the 
area  the  greater  the  difficulty  in  inspecting  and  moving 
it  quickly,  if  necessary;  hence  a  number  of  small  piles  are 
better  than  one  large  pile. 

The  exact  effect  of  moisture  in  connection  with  spon- 
taneous combustion  is  not  definitely  known.  The  repeated 
wetting  and  drying  of  coal,  however,  seems  to  increase  this 
tendency,  probably  owing  to  the  breaking  up  of  the  coal 
which  results.  It  is  not  wise  to  put  wet  coal  into  a  pile, 
or  to  store  dry  coal  on  top  of  wet  coal  or  on  a  damp  base. 
After  a  rain  or  snow  storm  the  coal  piles  should  be  care- 
fully  inspected   and   watched. 

Water  is  an  effective  agent  for  quenching  fire  in  coal 
piles  only  if  it  can  be  applied  in  sufficient  quantities  to 
extinquish  the  fire  and  cool  the  mass.  Most  coals  coke  on 
heating,  and  a  protective  coating  is  thus  formed  about 
the  hot  spot  which  prevents  the  water  from  reaching  it. 
To  be  sure  that  the  water  reaches  the  burning  coal  it  is 
usually  necessary  to  dig  into  the  pile  and  turn  it  over. 
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Coal  in  storage  should  be  inspected  regularly,  and  if  the 
temperature  reaches  140  deg.  F.,  the  pile  should  be  care- 
fully watched.  A  rapid  rise  from  this  point  to  150  or  160 
deg.  indicates  that  the  coal  should  be  moved  as  promptly 
as  possible.  If  the  temperature  rises  slowly,  the  pile  should 
be  carefully  watched,  but  it  is  not  necessary  to  start 
moving  it  at  as  low  a  temperature  as  when  it  rises  rapidly, 
for  the  temperature  may  recede  and  the  danger  be  past. 
Coal  that  has  once  heated  should,  if  possible,  be  used 
at  once  and  not  returned  to  the  pile,  for  experience  shows 
that  such  coal  is  peculiarly  liable  to  heat  again. 

Timbers  extending  to  the  outside  of  the  pile  may  permit 
the  entrance  of  air  to  the  interior.  It  is  important,  there- 
fore, to  avoid  piling  coal  around  the  end  of  trestles  or  in 
such  places  where  timbers,  coarse  cinders,  etc.,  offer  a 
passage  for  the  air. 

The  effect  of  ventilating  coal  piles  is  a  disputed  point, 
but  the  weight  of  evidence  in  the  United  States  seems  to 
be  against  the  practice.  This  may  possibly  be  due  to  the 
fact  that  ventilation  has  been  inadequately  provided.  Im- 
perfect ventilation,  such  as  generally  attempted  in  this 
country,  is  certainly  disadvantageous.  Reports  from 
Canada  favor  ventilation  by  pipes  placed  closed  together 
in  the  coal  pile,  although  this  an-angement  may  interfere 
with  reclaiming  devices. 

A  plan  for  coal  storage  must  consider  all  the  conditions, 
and  not  only  a  portion  of  them.  For  instance,  clean  lump 
coal  of  a  certain  kind  may  be  stored  with  perfect  safety 
in  high  piles,  while  the  same  coal,  run-of-mine  or  un- 
screened, may  not  store  at  all  or  at  least  only  in  small 
piles.  Lack  of  attention  to  details  in  storage  or  failure 
to  systematically  inspect  storage  piles  and  to  be  ready  for 
any  emergency  that  may  occur,  may  result  in  losses  from 
fires.  Before  you  store  coal,  make  sure  that  you  know 
how  to  do  it  properly. 

The  Engineer  to  Participate  in 
Public  Affairs 

At  the  midwinter  convention  of  the  American  Institute 
of  Electrical  Engineers  President  Calvert  Townley,  in  an 
address,  directed  the  attention  of  the  engineer  to  a  greater 
participation  in  public  affairs.  The  speaker  referred  to  the 
endorsement  of  the  report  of  the  Institute's  Development 
Committee  by  the  members  as  a  step  of  far-reaching  im- 
portance, particularly  the  part  dealing  with  the  desirability 
of  greater  participation  by  the  engineer  in  public  affairs 
and  that  which  recommends  that  the  Institute  co-operate 
with  other  engineering  bodies  to  bring  this  about.  It  was 
stated  that  the  machinery  for  co-operation  between  the 
various  engineering  societies  was  well  under  way,  and  that 
two  other  engineering  societies  had  already  agreed  to  par- 
ticipate in  the  movement.  After  pointing  to  how  extremely 
gratifying  it  was,  to  those  who  did  sponsor  the  Engineering 
Council,  that  the  membership  at  large  had  now  very  defi- 
nitely expressed  the  view  that  the  movement  should  be 
continued  and  should  be  expanded  far  beyond  anything 
previously  undertaken,  Mr.  Townley  said: 

"It  would  be  premature,  not  to  say  hazardous,  to  say  now 
that  if  and  when  delegates  from  a  large  number  of  societies 
come  together  they  will  organize,  and  that  sponsors  will 
support  a  federation  such  as  has  been  proposed  by  the 
joint  conference  committee,  but  at  least  the  national  society 
will  have  done  their  duty,  and  if  the  plan  should  carry  it 
will  place  in  the  hands  of  a  democratic  body  of  engineers, 
chosen  from  engineering  organizations  of  every  kind  all 
over  the  United  States,  a  large  measure  of  authority  and 
responsibility  to  speak  for  the  engineering  profession  and 
to  take  united  action  on  matters  of  common  concern.  It 
is  because  of  the  far-reaching  character  of  this  prospective 
step  that  I  was  chosen  to  speak  to  you  about  tonight.  I 
regard  it  as  one  of  the  most  important  of  the  organization 
matters  which  are  today  before  the  engineers  of  the 
country." 

In  outlining  some  of  the  things  that  a  national  engineer- 
ing organization  could  properly  do  Mr.  Townley  recalled 
some  of  the  work  performed  by  the  Engineering  Council 
and  said  that  its  first  activities  were  to  help  the  Govern- 
ment during  the  war  to  find  engineers  suitable  for  the  many 


different  tasks  for  which  they  were  sorely  needed.  Another 
•  activity  was  to  co-operate  with  the  Government,  through  the 
medium  of  a  large  committee,  in  passing  upon  the  merits 
of  the  enormous  number  of  new  and  untried  devices  and 
processes  and  inventions  submitted  during  the  war.  Since 
the  armistice  the  Council  has  co-ordinated  the  employment 
bureaus  maintained  over  a  period  of  years  by  some  of  the 
Founder  Societies;  conducted  and  is  still  conducting  an 
exhaustive  examination  into  the  classification  and  compen- 
sation of  engineers  in  Government  service;  at  work  collect- 
ing and  compiling  all  available  data  in  an  endeavor  to 
prepare  a  uniform  license  law  for  engineers  to  be  recom- 
mended to  all  states  where  :iuch  legislation  is  being  con- 
sidered; co-operated  with  the  United  States  Chamber  of 
Commerce  by  presenting  certain  fundamental  data  on  the 
question  of  water  power  which  aided  materially  in  passing 
the  water-power  legislation  in  both  the  House  and  Senate; 
testified  before  Federal  authority  on  many  different  sub- 
jects, always  endeavoring  to  confine  itself  to  fundamental 
engineering  facts  and  to  keep  away  from  political  and  other 
questions.  In  explaining  what  the  new  organization  would 
be  the  speaker  said: 

"One  of  the  fundamental  features  of  the  plan  prepared 
by  your  Development  Committee  and  which  also  appeared 
1.1  that  adopted  by  the  joint  conferees,  is  that  the  new 
national  organization  shall  be  composed  of  delegates  from 
existing  engineering  bodies.  It  will  not  be  a  new  society 
composed  of  individual  members.  Such  a  plan  was  given 
exhaustive  consideration  by  the  conferees  and  in  the  end 
decisively  rejected.  The  primary  objection  to  the  plan 
adopted  is  that  the  work  of  the  new  organization  is  to  be 
quite  different  from  that  in  which  most  of  the  old  organ- 
izations have  been  engaged.  Instead  of  dealing  in  the  main 
directly  with  technical  or  interorganization  matters,  it  will 
deal  more  largely  with  public  affairs,  and  as  the  existing 
societies  are  not  organized  for  this  purpose  and  in  fact 
have  not  done  it,  but  have  in  some  instances  shown  oppo- 
sition to  the  idea,  they  should  not  be  relied  upon  to  back 
it  now,  but  on  the  contrary  an  entirely  new  body  should 
be  created,  one  that  is  not  hampered  or  shackled  in  any 
way.  The  answer  to  this  argument  is  that  while  the  exist- 
ing societies  were  not  organized  for  the  kind  of  work  now 
contemplated,  several  local  affiliations  of  them  have  been 
functioning  around  many  of  the  sorts  of  work  proposed  for 
a  number  of  years  and  doing  it  well  and  that  the  Engi- 
neering Council  has  already  proved  its  efficiency  and  only 
needed  a  larger  appropriation  and  a  more  representative 
membership  to  be  afforded  by  the  new  plan  to  occupy  a 
much  wider  field." 

Should  Confine  Activities  to  Engineering  Matters 

In  closing  his  address  President  Townley  said:  "The  only 
other  comment  which  I  feel  should  be  made  is  a  word  of 
caution  and  is  born  of  my  experience  while  serving  the 
Institute  on  Engineering  Council.  The  body  has  been  beset 
on  all  sides  to  advocate  or  to  oppose  legislation,  and  while 
it  has  not  hesitated  to  do  so  when  the  questions  involved 
were  of  a  nature  where  the  advice  of  engineers  would  be 
of  particular  va'ue,  it  has  steadfastly  declined  to  become 
involved  otherwise.  Bearing  this  fact  in  mind  my  word 
of  caution  is  against  any  policy  which  will  cheapen  the 
engines. 

Our  collective  advice  is  valuable  on  subjects  with  which 
we  are  qualified  by  experience  and  training  to  do,  and 
so  long  as  we  confine  ourselves  to  such  subjects  and 
present  a  united  front  our  influence  can  and  will  be  con- 
siderable. But  the  minute  we  digress  and  begin  to  deal 
with  matters  outside  the  purview  of  engineering  and  sub- 
jects closely  allied  thereto  we  sacrifice  our  preferred  posi- 
tion and  have  no  more  claim  to  be  heard  than  any  other 
body  of  educated  citizens  of  similar  number.  We  also 
would  then  almost  make  the  very  serious  mistake  of  mis- 
representing our  membership,  because,  while  engineers  can 
be  safely  counted  upon  to  agree  upon  fundamental  facts, 
they  are  of  all  shades  of  political  belief  and  have  as  many 
different  views  as  any  one  else  regarding  other  questions. 
My  word  of  caution  therefore  is  really  a  plea  to  you  to 
give  this  side  of  the  subject  your  due  thought  and  to  make 
your  views  known  at  all  proper  times  and  places." 
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Hoover's  Food  Drafts — A  New  System  for 

Sending  Food  to  Individuals 

in  Europe 

In  order  to  help  relieve  the  critical  food  situation  in  east- 
ern and  central  Europe,  the  American  Relief  Administration 
has  adopted  a  plan  whereby  any  individual  in  America  may 
supply  a  friend  or  relative  in  Europe  with  a  food  package 
or  anyone  desirous  of  helping  to  give  to  the  unfortunate 
may  do  so  on  payment  at  any  one  of  several  thousand  banks 
in  America.  In  a  letter  to  the  bankers  of  America,  Herbert 
Hoover,  Chairman  of  the  Relief  Administration,  outlines 
the  plan  as  follows: 

Throughout  the  whole  of  central  and  eastern  Europe  the 
food  supply  of  the  people  falls  into  two  classes :  First,  the 
ration  issued  by  the  government;  second,  illicit  circulation 
of  food  available  to  those  who  have  a  sufficient  amount  of 
money.  The  government  ration  is  necessarily  meager  and 
nowhere  sufficient  to  properly  maintain  life,  and  must  be 
supplemented.  Under  these  circumstances  the  scramble 
for  such  supplementary  margin  has  placed  the  price  of 
the  illicit  food  supplies  entirely  beyond  the  reach  of  the 
great  bulk  of  the  population.  To  illustrate:  A  single  ham 
outside  the  ration  system  sells  for  as  high  as  one  hundred 
and  fifty  dollars. 

There  are  three  to  four  million  families  in  the  United 
States  with  family  affiliations  in  eastern  and  central  Europe. 
Many  of  them  are  desirous  of  giving  direct  personal  assist- 
ance to  these  relatives  and  friends.  Some  are  endeavoring 
to  perform  this  service  by  preparing  or  purchasing  packages 
of  food  for  overseas  shipment.  In  some  cases  the  packing 
and  extra  freight  involved  add  100  per  cent  to  the  cost. 
We  are  proposing  to  solve  this  difficulty  by  establishing 
warehouses  to  carry  stocks  of  staple  foodstuffs  in  European 
cities  where  distress  is  particularly  acute.  We  propose  to 
sell,  in  America,  orders  upon  these  warehouses  in  the  form 
of  "Food  Drafts,"  which  can  be  transmitted  to  friends  or 
relatives  in  Europe.  We  propose  to  charge  the  buyer  of 
the  "Food  Draft"  the  factory  cost  of  the  food  plus  a  rea- 
sonable margin  to  covqf  cost  of  transportation  and  insur- 
ance. Profits,  if  any  accure,  will  be  turned  over  to  the 
European  Children's  Fund. 

The  object  of  this  plan  is  to  add  to  the  total  stock  &i 
available  food  supplies  in  central  and  eastern  European 
countries.  Under  an  arrangement  set  up  with  the  govern- 
ments of  these  countries,  this  food  will  be  allowed  to  revolve 
outside  the  rationing  system,  with  the  hope  that  enough 
food  will  be  injected  to  reduce  the  pressure  on  the  narrow 
marginal  supplies.  The  officials  of  these  new  governments 
are  endeavoring  to  impress  upon  the  American  people  that 
it  is  useless  to  remit  money  to  a  family  in  central  or  eastern 
Europe  with  the  hope  of  improving  its  food  situation.  The 
sum  total  of  food  now  available  in  central  Europe  is  in- 
sufficient to  keep  the  population  alive,  and  under  these  cir- 
cumstances money  thus  becomes  that  much  paper  so  far 
as  nutrition  is  concerned.  A  hungry  man  wants  food,  not 
money,  and  under  the  arrangement  outlined,  we  can  meet 
his  need. 

It  is  hoped  that  the  facts  concerning  this  "Food  Draft" 
system  will  be  given  as  much  publicity  as  possible,  especially 
among  the  foreign-born  who  have  relatives  and  friends  in 
the  suffering  countries.  It  is  also  hoped  that  many  Amer- 
icans will  help  the  general  situation  by  buying  drafts  made 
out  to  "General  Relief"  and  sending  them  to  the  Relief 
Administration,  whose  representatives  will  distribute  the 
food  where  it  is  most  needed. 

Diesel  Engine-Users  Association 

There  was  a  large  attendance  at  the  February  meeting 
of  the  Diesel  Engine  Users  Association,  London,  and  a  con- 
siderable amount  of  interest  was  evidenced  in  the  discussion 
that  followed  the  reading  of  Geoffrey  Porter's  paper  on 
"Wear  of  Diesel  Engines."  In  dealing  with  the  important 
question  of  "liner  wear"  Le  referred  to  this  as  being  chiefly 
influenced  by  the  percentage  of  ash  content  in  the  fuel  oil 
and  its  variable  nature  according  to  the  class  of  fuel  used, 
the  quality  and  quantity  of  lubricant,  the  method  of  lubri- 
cation, the  fit  of  pistons  and  piston  rings  in  the  liner,  the 
side  thrust  due  to  the  connecting-rod  and  the  quality  of 
the  material  used.  The  author  also  pointed  to  the  dele- 
terious  effect  of  excessive   cylinder  lubrication,  which   re- 


sulted in  the  formation  of  carbon  deposits  on  the  piston. 
Particulars  were  given  as  to  the  proper  clearances  in  the 
case  of  cooled  and  uncooled  pistons  of  various  sizes,  and 
the  important  subject  of  "growth"  of  cast  iron  was  again 
referred  to. 

G.  W.  F.  Horner,  in  discussing  the  paper,  referred  to 
the  subject  of  "growth"  in  cylinder  liners  and  instanced 
the  particulars  of  actual  cases  in  which  he  had  taken  accu- 
rate measurements. 

W.  A.  Tookey  thought  there  was  very  little  doubt  that 
the  wear  of  piston  liners  and  piston  rings  was  correlative. 
In  the  case  of  horizontal  engines  it  had  been  found  that 
the  maximum  wear  occurred  at  the  joint  of  the  back  pis- 
ton ring. 

A.  N.  Rye  had  r.ot  noticed  that  the  use  of  tar-oil  fuel 
had  been  detrimental  to  cylinder  liners,  but  it  had  a  marked 
effect  on  valves  and  other  portions  of  the  engine  gear.  He 
referred  to  the  effect  of  granite  dust  in  the  air  in  the  case  of 
some  engines  situated  near  a  granite  quarry.  The  abrasive 
effect  of  the  granite  dust  introduced  into  the  power  house 
when  the  wind  was  in  certain  quarters  had  caused  a  con- 
siderable amount  of  trouble  in  the  cylinders  until  air  filters 
had  been  introduced.  Mr.  Rye  expressed  approval  of  the 
barreling  of  cylinder  liners  as  a  means  of  reducing  piston- 
seizure  trouble. 

Particulars  concerning  the  association  can  be  obtained  on 
application  to  the  honorary  secretary,  Percy  Still,  M.I.E.E., 
19,  Cadogan  Gardens,  London,  S.W.3. 


N.  E.  L.  A.  Convention 

The  National  Electric  Light  Association  has  completed 
a  tentative  program  for  the  forty-third  convention,  to  be 
held  at  Pasadena,  Cal.,  May  18-22.  General  sessions  will 
be  held  during  the  mornings  and  special  sessions  in  the 
afternoons.  Governor  William  D.  Stephens  of  California 
will  deliver  the  address  of  welcome  at  the  opening  session. 
Response  will  be  made  on  behalf  of  the  association  by 
President  Ballard.  Following  this,  M.  H.  Aylesworth, 
executive  manager,  will  outline  the  reorganization  work 
of  the  association  to  date. 

A  report  of  the  Committee  on  Water  Power  Development 
will  be  read  by  Franklin  T.  Griffith,  of  the  Portland  Light 
and  Power  Co.,  who  will  be  followed  by  A.  E.  Silver,  of 
the  Electric  Bond  and  Share  Co.,  chairman  of  the  Inductive 
Interference  Committee,  Wi.o  will  read  a  report  on  "In- 
ductive Interference."  "Electrification  of  Steam  Railroads" 
will  be  the  subject  dealt  with  in  the  report  of  a  committee 
on  that  subject,  presented  by  Frank  M.  Kerr,  of  the  Moun- 
tain Power  Co.,  of  Butte,  Mont.  Other  reports  and  speakers 
will  be:  "Electrical  Resoiirces  of  the  Nation,"  by  M.  S. 
Sloane,  of  the  Brooklyn  Edison  Co.;  George  B.  Foster,  of 
the  Commonwealth  Edison  Co.,  of  Chicago,  chairman  of 
the  Electric  Vehicle  Section  of  the  association,  will  deliver 
an  address  on  "Development,  Manufacture  and  Marketing 
of  the  Electrical  Vehicle";  Zena  W.  Carter,  secretary  of 
the  Material  Handling  Machine  Manufacturers'  Associa- 
tion of  New  York,  will  read  a  paper  entitled  "Electric 
Machinery  for  All  Handling";  and  the  Association  Com- 
mittee on  Public  Information,  of  which  John  F.  Gilchrist, 
of  the  Commonwealth  Edison  Co.,  of  Chicago,  is  president, 
will  give  figures  and  facts  showing  the  value  of  proper 
publicity  of  association  activities. 

During  the  afternoon  session  on  Friday,  May  21,  a  report 
of  the  Committee  on  Federal  and  Municipal  Transportation 
will  be  read  by  James  H.  McGraw,  chairman,  of  the 
McGraw-Hill  Company,  Inc.  Mr.  McGraw  will  be  followed 
by  F.  M.  Feiker,  chairman  of  the  Committee  on  Transpor- 
tation Engineering,  also  of  the  McGraw-Hill  company. 
Mr.  Feiker  will  read  the  report  of  the  committee.  On  May 
19  during  the  first  afternoon  session,  N.  A.  Carle,  from  the 
Public  Service  Electric  Co.,  Newark,  N.  J.,  chairman  of 
the  Committee  on  Prime  Movers,  will  read  the  report  of 
the  committee,  and  in  the  second  afternoon  session,  Thurs- 
day, May  20,  the  report  of  the  Committee  on  Electrical 
Apparatus  will  be  read  by  R.  F.  Schuchardt,  chairman, 
Commonwealth   Edison   Co.,  Chicago. 
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Beauties  and  Power  Developments 
of  Niagara  Falls 

Friday,  March  19,  was  ladies'  night  for  the  Chicago 
Section  of  the  American  Society  of  Mechanical  Engineers. 
One  of  the  meetings  during  the  season  is  always  reserved 
for  this  distinction,  and  in  the  present  instance  it  was  a 
joint  meeting  and  dinner  with  the  Western  Society  of  En- 
gineers. The  attendance  was  good  and  the  treatment  of 
the  topic  of  the  evening,  "The  Development  of  Niagara 
Falls  Water   Power,"  was   a   revelation   to   those   present. 

William  M.  White,  manager  of  the  hydraulic  department 
of  the  Allis-Chalmers  Manufacturing  Co.,  had  a  wonderful 
collection  of  motion  and  stationary  pictures  bringing  out 
the  beauties  of  the  world's  greatest  scenic  attraction,  the 
rapids  above  the  Falls,  the  Gorge,  the  Whirlpool  and  the 
river  as  it  broadens  out  into  Lake  Ontario.  In  a  brief  in- 
troduction giving  the  physical  data  relating  to  the  Falls, 
Mr.  White  gave  as  the  amount  of  water  passing  over  both 
falls  as  220,000  cu.ft.  per  sec,  the  difference  in  level  be- 
tween Lake  Erie  and  Lake  Ontario,  or  the  total  head 
available,  as  327  ft.,  and  the  power  it  was  possible  to  de- 
velop, 7,000,000  hp.  The  amount  of  water  to  be  diverted 
by  each  country  was  36,000  cu.ft.  per  sec.  For  the  United 
States  16,000  cu.ft.  pfer  sec.  was  allowed  to  the  Drainage 
Canal  and  the  balance  to  power  development.  In  the  nu- 
merous plants  on  the  American  side  350,000  hp.  had  been 
developed  and  450,000  hp.  on  the  Canadian  side.  Views 
were  presented  giving  an  idea  of  the  various  plants  on 
both  sides  of  the  river  and  their  relative  location  to  one 
another  and  the  Falls.  On  the  Canadian  side  particular 
attention  was  given  to  the  recent  development  by  the 
Hydro-Electric  Power  Commission  of  Ontario  at  Queens- 
town  Heights,  and  among  the  American  plants  station  No. 
3  of  the  Niagara  Falls  Powex  Co.  was  the  chief  attraction. 

Beginning  with  the  intake  from  the  waters  above  the 
upper  rapids,  motion  pictures  showed  the  precautions  taken 
to  guard  against  ice,  followed  the  channel  to  the  plant, 
showed  the  thirteen  older  units  rated  at  10,000  hp,  each,  and 
then  particular  attention  was  given  to  the  three  new  ver- 


tical units,  each  of  37,500  hp.  capacity  and  the  largest 
hydraulic  prime-movers  in  the  world.  At  normal  load  each 
turbine  will  use  1,700  cu.ft.  of  water  per  second.  The 
runner  weighs  40,000  lb.  and  the  entire  rotor  265,000  lb. 
Pictures  showing  the  foundations  for  these  enormous  ma- 
chines, their  erection  and  the  placing  into  service  of  the 
first  unit  were  of  exceptional  interest. 

It  was  estimated  that  the  installation  of  this  one  unit 
would  eliminate  the  services  of  819  men  in  mining,  clean- 
ing and  transporting  coal  and  placing  an  equivalent  amount 
of  energy  on  the  switchboard  in  a  steam  plant.  Going  a 
little  farther,  if  all  of  Niagara's  power  should  be  developed, 
the  coal  conserved  annually  could  be  made  up  into  a  train 
that  would  extend  around  the  world.  In  addition  thou- 
sands of  men  would  be  released  for  other  industries  where 
they  are  badly  needed.  These  two  factors  were  made  the 
basis  of  a  strong  plea  for  the  more  comprehensive  develop- 
ment of  our  water  power. 

As  an  interesting  conclusion  Mr.  White  had  pictures 
showing  the  war  developments  at  Niagara,  the  great  chem- 
ical plants,  the  making  of  carborundum  and  alundum  and 
other  uses  of  Niagara  power. 

Preliminary  to  this  most  interesting  presentation  a 
nominating  committee  was  appointed,  consisting  of  P.  M. 
Chamberlain,  H.  E.  Troutman,  J.  L.  Heeht,  John  Winter- 
corn  and  Harry  Mimelblau.  The  committee  is  to  present  a 
ballot  at  the  April  meeting,  so  that  the  officers  of  the 
section  for  the  ensuing  year  may  be  elected  in  accordance 
with  the  by-laws  at  the  last  meeting  of  the  season,  which 
will  be  held  in  May. 


It  is  conservatively  estimated  that  the  December  storm 
of  last  year  cost  the  Pacific  Power  and  Light  Co.  between 
$30,000  and  $35,000  in  increased  operating  expense  due  to 
purchased  power,  coal,  and  inability  to  deliver  service. 
There  was  also  trouble  in  January,  caused  by  snow  and 
frost  adhering  to  the  Yakima  Valley  lines,  and  the  alumi- 
num conductors  broke  in  many  places.  This  caused  inter- 
ruptions to  service  and  made  it  necessary  to  pull  very 
heavily  on  the  Washington  Water  Power  Co. 
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McGRAW  CENTRAL  STATION  DIREC- 
TORY AND  DATA  BOOK.  Published 
by  McG*i-aw-Hill  Co.,  Inc.,  New  York 
City,  1919.  Flexible  Binding;  4x8 
in.;  835  pages.  Price.  $15. 
This  new  edition  contains  completely  re- 
vised data  on  6,106  operating  companies' 
power  systems  and  their  1,700  additional 
generating  plants  and  substations,  in  the 
United  States,  Canada,  West  Indies  and 
Mexico.  There  are  416  new  companies  in- 
cluded in  this  edition,  and  3,388  companies 
selling  electrical  appliances  and  1,666  com- 
panies doing  wiring  on  other  electrical  con- 
tracting work  are  definitely  Indicated.  Five 
thousand  towns  with  a  population  under 
1,000  are  tabulated,  with  the  name  of  the 
town  from  which  they  are  being  served 
with  power.  A  statistical  summary  and 
a  list  of  state  public-service  commissions 
having  jurisdiction  over  electric  utilities 
are  also  included.  The  data  regarding  the 
companies  systems  cover  such  features  as 
location  of  plant,  number  of  generating 
units,  total  capacity,  frequency,  voltage, 
phase,  direct  or  alternating  current,  length 
of  transmission  lines  and  voltage,  capital 
invested,  company  officers,  etc.  This  edi- 
tion of  the  directory  is  more  complete  than 
any  previous  one  and  contains  valuable 
data  for  all  those  interested  in  the  com- 
mercial side  of  the  electrical  industry. 

CONTROLLERS      FOR     ELECTRIC     MO- 
TORS.    By  Henry  Duval  James,  B.  S.. 
M.   E.     Published  by  D.  Van  Nostrand 
Co.,   New   York   City,    1919.      Cloth;    5J 
X    8    in.  ;    350    pages;    259    illustrations. 
Price    $3.00. 
This  book  is  a  treatise  on  the  modern  in- 
Idustrial    controller,    together    with    typical 
Applications  to  the   industries,   and  consists 
•of  a  series   of  articles   originally  published 
In    the    Electric    Journal    during    1917    and 
1918,  to  which   have  been   added   some  new 
text    and    illustrations.      The    author    was 


exceptionally  well  qualified  for  the  prepa- 
ration of  this  book.  Having  been  for  a 
number  of  years  the  engineer  in  charge  of 
the  controller  deoartment  for  one  of  this 
country's  largest  electrical  manufacturing 
companies,  he  has  had  the  opportunity  to 
get  the  broad  viewpoint  necessary  for  the 
presentation  of  so  large  and  important  a 
subject.  Fortunately,  he  has  shown  a  keen 
understanding  of  the  requirements  of  the 
practical  man  and  has  treated  his  subject 
in  a  practical  and  easily  understood  way. 
If  there  is  one  feature  in  the  book  more 
conspicuous  than  any  other,  it  is  the  almost 
absolute  absence  of  mathematics.  Only  on 
three  pages  is  the  mathematical  side  of 
the  subject  mentioned.  The  work  is  di- 
vided into  26  chapters:  Introduction;  His- 
torical ;  Design  Details  ;  How  To  Read  Con- 
troller Diagrams  ;  Methods  of  Acceleration  ; 
Starting  Characteristics  of  Motors  with 
Different  Methods  of  Control ;  Methods  of 
Speed  Control  and  Dynamic  Braking ;  Di- 
rect-Current Magnetic  Contactor  Contro.'- 
lers  ;  Alternating-Current  Controllers  ;  Re- 
sistors ;  Protective  Devices  ;  Series-Parallel 
Control  and  the  Electro-Pneumatic  Con- 
tactor ;  Voltage  Control  for  Direct-Current 
Motors  Mine  Hoists ;  Hydraulic  Pumii« ; 
Machine-tool  Controllers  (two  chapters)  ; 
Control  for  Machinery  Requiring  Low 
Initial  Speed,  Such  as  Printing  Presses  and 
Rubber  Calenders ;  Steel-Mill  Floor  Con- 
trollers for  Auxiliary  Drive  ;  Cranes  ;  Car 
Dumpers ;  Ore  and  Coal  Bridges ;  Coke ; 
Elevators ;  Electrical  Equipment  for  Oil 
Wells  ;  Locomotives  for  Mines  aud  General 
Industrial    Purposes. 

In  part  of  the  introductory  chapter  the 
author  discusses  the  advantages  and  dis- 
advantages of  the  various  types  of  con- 
trollers, which,  combined  with  the  design 
details  treated  of  in  Chapter  III,  will  be  of 
assistance  to  those  interested  in  the  ap- 
plication of  controllers  in  forming  an 
opinion  how  variations  in  design  will  affect 
the  performance  of  a  controller.  The  ex- 
planations given  in  Chapter  IV  on  how  to 
read  a  controller,  combined  with  the  dis- 
cussion on  methods  of  accelerating  motors 
in  Chapter  V,  form  a  groundwork  for 
those  not  experienced  in  the  art  to  obtain 


an  understanding  of  the  fundamentals  of 
controllers  that  will  make  the  following 
chapters  on  the  control  of  both  direct-current 
and  alternating-current  motors  and  control- 
ler applications  easily  understood.  No  attempt 
has  been  made  to  cover  every  method  of 
control  and  all  applications  ;  however,  those 
selected  give  a  wide  range  of  operating 
conditions,  as  indicated  by  the  titles  of  the 
different  chapters.  A  large  number  of  dia- 
grams have  been  given,  but  these  have  in 
most  cases  been  very  much  simplified  for 
the  purpose  of  clearness. 

Probably  the  most  serious  criticism  that 
can  be  made  of  the  book  is  that  it  deals 
with  the  p  iduct  of  only  one  manufacturer. 
However,  ilie  general  principles  of  opera- 
tion of  every  controller  manufacturer's 
product  are  practically  the  same,  the  es- 
sential difference  being  in  the  method  of 
application.  The  book  contains  a  wealth 
of  Information  for  those  interested  in  the 
principles  and  application  of  controllers  for 
electric  motors  and  should  fill  an  important 
need  in  engineering  literature. 

DESIGN       AND       CONSTRUCTION       OF 
HEAT     ENGINES.        Bv     William     E. 
Ninde,    M.    E.,    Associate    Professor    of 
Mechanical  Engineering,  Svracuse  Uni- 
versity.      Published     by     McGraw-Hill 
Book  Co.,   New  York  Citv.     Cloth.   6   x 
9  in.,  695  pages;  illustrated.     Price,  $6. 
The  author  states  that  his  object  in  pre- 
senting this   book    is   to   provide    the  mate- 
rial most   essential   to   a  well-equipped,    in- 
dependent   designer    of    heat    engines    in    a 
torm    most    convenient    for    classroom    and 
practical    work.      The    text    is   divided    into 
six  parts,  of  which  the  first  five  are  really 
introductory   to    the   main    division    of   Ma- 
chine   Design. 

Part  1.  The  Heat  Engine:  Describes 
briefly  the  principles  of  operation  of  the 
three  main  types  of  prime  mover,  the  steam 
engine,  the  steam  turbine  and  thfl  internal 
combustion  and  outlines  the  most  common 
methods   of   classification    of  each. 

Par*  2,  Thermodynamics:  Pi esents  the 
essential  thermodynamic  formulas  on  which 
the  design  of  heat  engines  are  based.  The 
chapter  on  cylinder  efficiency  discusses  thfc 
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various  factors  affecting  the  important 
problem  of  cylinder  condensation  in  steam 
engines. 

Part  3,  Friction  and  Lubrication:  Dis- 
cusses the  theory  of  lubrication,  making' 
special  reference  to  the  design  of  bearings. 

Part  4,  Power  and  Thrust:  In  this  sec- 
tion the  author  shows  the  use  of  the  in- 
dicator diagram,  both  actual  and  theoreti- 
cal, in  computing  the  power  and  the  forces 
due  to  the  steam  or  gas  pressure.  The 
chapter  on  steam  turbines  is  an  outline  of 
the  design  of  nozzles,  guides  and  blades 
from  the  standpoint  of  the  flow  of  steam 
through   the    machine. 

Part  5,  Mechanics :  Treats  of  the  vari- 
ous parts  of  the  engine  as  mechanisms  and 
discusses  the  action  of  the  various  forces 
due  to  inertia  and  gravity,  and  their  com- 
bination with  the  forces  due  to  the  steam 
pressures.  The  theories  of  flywheels  and 
of  governors  are  presented  and  a  consid- 
erable space   is  devoted  to  valve   gears. 

Part  6,  Machine  Design:  This  is,  natural- 
ly, the  largest  division.  After  a  general 
discussion  of  various  forms  of  stresses  and 
of  the  properties  of  materials  the  various 
parts  of  a  reciprocating  engine  are  taken 
up  in  detail.  A  chapter  is  devoted  to  the 
design  of  cylinders,  another  to  pistons,  a 
third  to  piston  rods,  and  so  on.  Attention 
is  also  given  to  turbine  wheels,  shafts  and 
casings. 

.  Throughout  the  book  an  effort  is  made  to 
present  rational  formulas  and  methods  as 
far  as  possible  and  to  supplement  them, 
with  empirical  equations  and  practical  data 
from  established  practice.  Numerous  draw- 
ings of  actual  engine  details  are  given  to 
illustrate  the  examples.  A  noticeable 
feature  is  the  grouping  at  the  beginning  of 
each  chapter  of  the  notation  used  in  the 
formulas  in  that  chapter,  and  in  most  cases 
the  meaning  of  the  various  symbols  is  re- 
peated in  the  text  when  first  used.  This 
feature  goes  far  to  facilitate  the  use  of 
the  book.  A  general  knowledge  of  thermo- 
dynamics and  of  mechanics  is  assumed, 
although  in  some  cases  the  author  has 
taken  considerable  trouble  to  explain  ele- 
mentary details  which  would  be  familiar 
to  one  capable  of  understanding  most  of 
the  text. 

aiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiinniiiiiiiiim 


Obituary 


illllllllllllllliliiiiiilliliililililllllliiiiniiiiiiuuuilllitllllllllllflliifllliiiliiiiillllllliliiiiv 

Melvin  B.  Newcomb,  aged  31  years,  chief 
engineer  of  the  rubber  machinery  depart- 
ment of  The  Wellman-Seaver-Morgan  Co , 
died  on  Mar.  13,  after  a  short  illness  at  his 
home,  Akron,  Ohio.  Mr.  Newcomb  was  born 
in  1889  in  Bridge  ton,  N.  J.  He  received 
his  mechanical  engineering  education  at  the 
Ur.iversity  of  Wisconsin.  He  has  been  en- 
gaged in  engineering  work  with  ihe  I.  P. 
Morris  Co.,  Philadelphia,  the  Allis  Chalmers 
Manufacturing  Co.,  Milwaukee,  Wis.,  the 
Wisconsin  Engine  Co.,  Corliss,  Wis.,  and  the 
Firestone  Tire  &  Rubber  Co.,  Akron.  In 
January,  1918,  he  joined  the  hydraulic  tur- 
bine engineering  department  of  The  Well- 
man-Seaver  -  Morgan  Co.  A  few  months 
later  he  was  appointed  chief  engineer  of 
the  rubber  machinery  department  of  The 
Wellman-Seaver-Morgan  Company. 

Mr.  Newcomb  was  a  member  of  the 
American  Society  of  Mechanical  Engineers, 
The  Cleveland  Engineering  Society,  and  the 
Akron   Engineering   Society. 

He  is  survived  by  a  wife  and  two  young 
daughters. 


Uiiuniiiiiiiiitiiiiitiiiiiiiiiiiiii 


Personals 
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John  A.  Stevens,  power  plant  engineer, 
Lowell,  Mass.,  has  opened  a  branch  offico 
at  502  Frederick  Building,  Cleveland,  Ohio. 

Kalph  T,  Bratt  and  Carl  T.  Petersen  have 
formed  a  partnership  as  consulting  engi- 
neers in  power  plants,  heating,  ventilating 
and  refrigeration  at  Hackensack,  N.  J. 

Edwarel  M.   Burd  and   William   C.   Giffe^s 

have  opened  an  engineering  office  in 
Grand  Rapids,  Mich.  Both  are  University 
of  Michigan  graduates  and  were  formerly 
connected  with  the  Consumers'  Power  Co., 
in    Michigan. 

M.  A.  Buehler,  formerly  sales  manager  at 
the  Omaha  oflfice  of  the  Western  Electric 
Co.,  has  been  made  sales  manager  at  the 
Minneapolis  office.  Eliot  Lum,  of  the  sales 
department  of  the  Omaha  house,  will  suc- 
ceed Mr.  Buehler. 

W.  E.  Herring,  well-known  on  the  Paoifio 
Coast  as  the  industrial  agent  of  the  Puget 
Sound  Traction,  Light  &  Power  Co.,,  Se- 
attle,   Wash.,    has   been    transferred    to   the 


engineering  department  in  the  Boston  office 
of  Stone  &  Webster.  Mr.  Herring  formerly 
was  chief  engineer  of  the  United  States 
Forestry   Service. 

J.  C.  McKenzie,  who,  for  over  a  year,  has 
been  with  the  Performance  Branch,  Emer- 
gency Fleet  Corporation,  in  charge  of  trial 
trip  data,  New  York  office,  has  accepted  a 
position  as  marine  engineer  with  the  Power 
Specialty  Company,  New  York.  He  will 
be  in  charge  of  the  Service  Department  for 
Foster  Marine  Superheaters  and  Foster 
Marine  Boilers. 

Clarence  Goldsmith,  who  has  been  on  the 
enginering  staff  of  the  National  Board  of 
Fire  Underwriters,  76  William  Street,  New 
York  City,  for  the  past  twelve  years  and 
late  a  major  in  the  Construction  Division  of 
the  United  States  Army,  has  been  placed  in 
charge  of  the  branch  enginering  office  re- 
cently established  by  the  National  Board 
at  234   South  La  Salle   Street,  Chicago,  111. 


the  metropolitan  district  and  export.  This 
company  represents  in  addition:  Dayton- 
Dowd  Co.,  Quincy,  111.  ;  Scranton  Pump  Co., 
Scranton,  Pa.  ;  The  Sims  Co.,  Erie,  Pa.  ; 
Erie    Engine   Works,    Erie,   Pa. 

The  George  Cutter  Co.,  of  South  Bend, 
Ind.,  announces  the  acquisition  by  the 
Westinghouse  Electric  and  Manufacturing 
Co.  of  a  financial  interest  in  former  com- 
pany. The  management  and  the  commer- 
cial policies  will  remain  unchanged,  but 
advantage  will  be  taken  of  the  Westing- 
house  engineering  and  other  facilities  to 
expand  the  Cutter  company's  activities  and 
develop  its  lines  to  enable  it  to  more  ef- 
fectively serve  its  customers  and  the  in- 
dustry. The  Westinghouse  company  will 
operate  as  sole  distributors  for  the  Cutter 
company's  products. 


fiiiiiiiiiiiiiitiiiiiiiiiiiiiitiiniiiiiittiiiiiiiiniiiiitiiiiiiiiiiifiiiintiiiiiiiiitiiiiiiiiiiiiiiiiiii: 
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Trade  Catalogs 


Engineering  AflFairs 
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The  American  Order  of  Steam  Engineers 

Will    hold    its    annual    convention    at    Balti- 
more, June  7  to  11,  inclusive. 

The  Association  of  Iron  and  Steel  Eleo- 
trical  Engineers  will  hold  a  meeting  on 
April  17,  1920.  A  paper  entitled,  "Grounded 
Neutral"  will  be  read  by  Robert  B.  Treat, 
Electrical  Engineer,  General  Electric  Co., 
Schenectady,   N.   Y. 


lllllllllllllllllllllllllllli£ 

I  Miscellaneous  News  i 

AlflllllilllliniiiiiiiiniiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiniiiiiiiiilllliiilllliiiiiiiiiiiiiiiililie 

The  Union  Francaise  d'Electricite,  France, 
is  erecting  near  Paris  the  largest  power 
station  in  Europe.  Sixty  thousand  hp.  tur- 
bines will  be  installed  and  the  complete 
capacity  of  the  plant,  when  finished.  Will 
be  400,000  hp. 

Erection   of   the    Two   Liargest   Boilers   in 

Tennessee  is  under  way  at  the  city  light 
plant  at  Nashville.  Each  boiler  weighs  55 
tons  and  the  two  stokers  weigh  28  tons 
each.  The  cost  of  the  boilers  (not  includ- 
ing foundation)   to  the  city  is  $51,854. 

The    City    Commission  of   Trenton,   N.   J., 

has  decided  on  the  installation  of  mechani- 
cal devices  on  the  city  pumping  station 
along  the  Delaware  River  to  overcome  the 
smoke  nuisance.  A  Bureau  of  Smoke  was 
established  to  rid  the  city  of  smoke  from 
the  Trenton  factories. 

The   American   Chamber  of   Commerce   in 

London  reports  the  erection  of  a  gigantic 
copper  refinery,  costing  approximately 
$50,000,000,  at  Newton  Abbott,  Devonshire, 
England.  The  required  electrical  energy 
will  be  generated  from  deposits  of  800,000,- 

000  tons  of  lignite,  a  new  smokeless  fuel, 
which  is  located  near  the  site  of  the  plant. 

The  Trenton-Mercer  County  Traction 
Corp.,  Crescent   Belting  &  Packing  Co.,  De 

1  aval  Steam  Turbine  Co.,  and  many  other 
Trenton,  N.  J.,  plants  were  forced  to  close 
their  boiler  rooms  which  became  fiooded 
when  the  Assanpink  Creek  overflowed  its 
banks.  The  city  commission  at  a.  recent 
conference  decided  to  construct  a  long  re- 
taining wall  along  the  creek  for  the  protec- 
tion  of  the  power  plants. 


^IllllllllllllllllllllUlltlllltlllllll 


Business  Items 


Tiie  Westingtiouse  Electric  and  Manufac- 
turing Co.  has  awarded  contracts  for  the 
construction  of  a  new  plant  a*'  South  Phila- 
delphia, Pa.  The  new  plant  will  be  used 
for   the  building  of   turbines. 

The  Midwest  Engine  Co.,  Indiana,  re- 
cently completed  a  testing  laboratory  hav- 
ing facilities  for  testing  centrifugal  pumps 
up  to  48-in.  capacity.  Twenty-five  gallons 
of  water  per  minute  is  the  capacity  of  the 
plant. 

The  Black  &  Decker  Mfg.  Co.,  Tov^'son 
Heights,  Baltimore,  Md.,  announce  the  es- 
tablishment of  a  permanent  office  and 
show  room  at  1436  South  Michigan  Avenue, 
Chicago,  111.,  this  office  will  be  in  charge 
of  R.  G.  Ames,  whose  territory  has  been 
extended    to   cover   the   entire   Mid-West. 

W.  B.  Connor,  Inc.,  have  taken  on  the 
agency  of  the  International  Engineering 
Works,,    Inc.,    of    Framingham,    Mass.,    for 


The  Armstrong  Machine  Works,  Michi- 
gan, has  just  issued  a  32-page  booklet 
describing  the  operation,  application  and 
construction  of   steam  taps. 

The  Page  Boiler  Co.,  of  Chicago,  has 
just  completed  a  3 8 -page  catalog  dealing 
with  economical  steam  production  and  the 
building  up  of  boiler  efficiency.  A  copy  will 
be  sent  upon  request. 

The  Erie  Pump  and  Equipment  Co.,  Erie, 
Pa.,  has  just  issued  a  thirty-two  page  book- 
let describing  various  styles  and  features 
of  their  Class  M  Voliete  Centrifugal  pumps. 
The  booklet  will  be  sent  upon  request 

The     De     L.aval     Steam     Turbine     Co.,    of 

Trenton,  N.  J.,  has  recently  published  an 
eight-page  booklet  describing  tests  made  by 
the  cities  of  Minneapolis  and  St.  Paul,  upon 
De  Laval  centrifugal  pumps.  A  copy  will 
be  sent  upon  request. 

The     E.     M.     Dart     Manufacturing     Co., 

of  Providence,  R.  I.,  has  ready  for  distri- 
bution a  new  31 -page  catalog.  This  book- 
let describes  the  couplings,  unions,  flanges, 
etc.,  manufactured  by  the  E.  M.  Dart  Co. 
A  copy  will  be  sent  on  request. 

The  Erie  Pump  and  Engine  Works,  Inc., 

Medina,  N.  Y.,  has  ready  for  distribution 
a  seven  page  pamphlet  describing  low  head 
centrifugal  pumps  ana  a  thirty-two  page 
booklet  dealing  with  centrifugal  dredging 
pumps.     Copies  will  be  sent  upon  request. 

Dry  Steam  is  the  title  of  a  21-page 
booklet  recently  issued  by  the  Tracy  Engi- 
neering Co.,  of  San  Francisco,  Cal.  It  de- 
scribes various  methods  of  overcoming  the 
difficulties  incident  to  wet  steam.  A  copy 
of  the  pamphlet  will  be  sent  upon  request. 

The  Star  Brass  Works,  Manufacturing 
Engineers,  Chicago,  now  have  ready  for 
distribution  a  new  24 -page  booklet  dealing 
with  spray  cooling  equipment  for  the  cool- 
ing cf  water  from  steam  and  ammonia 
condensers.  A  copy  of  the  booklet  will  be 
sent  on  request. 

The     Smooth-On     Manufacturing     Co.,     of 

Jersey  City,  N.  J.,  has  ready  for  distribu- 
tion a  new  31 -page  booklet  entitled  "Smooth- 
On  Home  Repairs."  The  catalog  describes 
methods  for  the  repair  of  boilers,  radiators 
and  furnaces.  A  copy  will  be  sent  on 
receipt  of  request. 

The  Green  Fuel  Economizer   Co.,  Beacon, 

N.  Y.,  recently  issued  a  4  4 -page,  illustrated 
" "' iiimiiiiiiiii....s  bulletin.  No.  152,  on  "Hi-Efficiency,  Hi- 
Speed  Radial  Flow  Fans — Forced  Draft 
Service."  The  development  and  design, 
pressures  and  capacities  developed  of  these 
fans  are  all  fully  described.  Added  are 
]  2  pages  of  dimension  sheets  and  19  pages 
of   capacity   tables. 


llllllllllllllllllllllltlllllllH 


The  liocomotive  Sui>erheater  Co.,  of  New 

York  and  Chicago,  has  completed  a  new  8- 
page  booklet  entitled  "Superheaters  for 
Stationary  Power  Plants."  A  clear,  concise 
argument  is  given,  covering  the  advantages 
of  superheated  steam,  which  should  prove 
of  value  to  all  power  plant  owners  and 
operators.  These  bulletins  will  be  sent  to 
anyone  interested  on  request. 

Sanford  Rile.v  Stoker  Co.,  Worcester, 
Mass.,  has  recently  issued  a  47-page  second 
edition  of  its  general  catalog  on  "Riley 
Underfeed  Stokers."  This  is  artistically 
printed  and  illustrated  on  fine  bristol  paper 
and  fully  describes  every  phase  of  the 
stoker.  Several  pages  of  valuable  engineer- 
ing data  are  also  contributed  by  the  com- 
pany's service  department  This  is  for  gen^ 
eral  distribution  to  anyone  intei-ested 
boiler  room  equipment. 
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BOSTON — Current  pricoi  per  gross  ton  fob.  New 
York  loading  ports: 

Anthracite 

Company 
fJoal 

Ekk    J8  20(0' $8. 65 

Stove 8  45Crf   9.05 

Chestnut 8  55(«    9  05 

Pea ^  05Ca'   7.40 

Buckwheat 3  60Ca    3 .  80 

Rice 2  30®   2.50 

Barley I   25 

Bituminous 

Cambria;?  and 
C;learHpl(l.^         Sonicisets 
F.o.b.  mines,  nettons       $2.85(fi$3   35   $3    I5(o$3.60 
F.o.b.  Philadelphia,  gross 

tons .    5.05(a    5   60     5   35(<J    5.90 

F.o.b.   New  York,  gross 

tons   . 5  40(0    5.95     5  75fa    6.25 

Alongside  Boston  (water 

con!),  gross  tons 7  00(o    7  75     7  60(o'    8.00 

Por:ahontas  and  New  River  are  practically  off  the 
market  for  coastwi.sp  shipment,  but  are  quoted  at 
$6.25(a,$7.00. 

NEW  YORK— Current  quotations.  White  ,\sh,  per 
gi'oss  tons,  f.o.b.  Tidewater,  at  the  loiv«r  ports  are  as 
follows: 

Anthracite  Company 

Coal 

Broken $7  80C«  $8 .  25 

Egg   8  20(«    8.65 

Stove 8  45(a   9.05 

Chestnut 8  55Cn    9. 05 

Pea 7  05(a    7.40 

Buckwheat 5   15 

Rice 4.50 

Barley  4.85' 

Boiler 4.85 

Bituminous 

Government  prices  at  mines:  Spot 

South  Fork  (be^t) $3.25(a$3.50 

Can.bria  (best) 3.00C<)    3.25 

Cambria  (ordinary) 2.60(a)   2.90 

Clearfield  (best) .      3.00®  3. 25 

Clearfield  (ordinary) 2  60(5)   2 .  90 

ReynoldsviUe 2.85®   2.90 

Quemahoning 3.25®    3.50 

Somcr.'^et  (medium)  ....    3 .  00®    3. 25 

Somer.'^pt  (poor) 2  50®    2.75 

Westpni  Maryland    2 .  50®   2. 75 

Fairmont 2  25®   2.50 

Latrobe 2.60®  2. 9C 

Greensburg 2.75®   3.00 

Westmoreland  3  in 3  40®    3.50 

Westmoreland  run-of-miiie  2  75®  3.00 

PHILADELPHIA — Bituminous  coal  prices  vary 
according  to  district  from  which  they  are  mined.  For 
ordinary  slack  the  price  is  $2.45(S  $2.55;  lump, 
$3.35,  at  the  mines. 

BUFFALO— 

Anthracite 

On  C'ars,      At  Curbt 
Gross  Ton      Net  Ton 

Grate $8  55  $10.80 

Egg   8  80  10.65 

Stove 9  00  10.85 

Chestnut 9   10  10  85 

Pea 7  75  9  30 

Bvickwheai 5  70  7.75 

Bituminous 

Allegheny  Valley $4 .  80 

Pittsburgh 4  65 

No.  8  Lump 4  65 

Mine-run 4   80 

Slack 4    10 

Smokeless 4  60 

Pennsylvania  Smithing 5 .  70 

CLEVELAND— Prices  of  coal  A<'r  \\^■\  ton  delivered 
in  Cleveland  are: 

Anthracite 

Egg $12  25®$I2.40 

Chestnut 12  50®    1 2 .  70 

Grate 12  25®    12.40 

Stove 12(40®    12.60 

Pocahontas 

Nine-run $7 .  50 

Domestic  Bituminous; 

West  Virginia  split $8 .  50 

No.  8  Pittsburgh $6  60(a    6.90 

Massillon  lump 8  25®    8.  50 

Coshocton  lump 7    15 

Steam  Coal 

No.  6  slack $5  25®.$5 .  50 

No.  8  slack 5   10®  5.50 

Youghiogheny  slack 5  25®  5 .  50 

No.  8  ;  in 5  70^    6.60 

No.  6  mine-run 5  25®    5  50 

No.  8  mine-run 5.75 

Only  coal  available  is  mine-run  Pocahontas. 

MIDDLE  WEST— Chicago  quotations,  f .  o.  b.  cars 
at  mine: 

Springfield, 
Carterville, 

Williamson,  Grundy, 

Franklin,  La  Salle, 

Saline,  Fulton.  Bureau. 

Harrisburg  Peoria  Will 

Lump $2. 55®  $2 .70  $2  95®  $3   10  $3  25®  $3.  40 

Washed..   2.75®   2.90  3  45®   3.60 

Mine-run   2  35®   2.50     2  75®   2  90     3.00®    3.15 
Screen'gs    2.05®   2  20     2  35®    2.50     2.75®   2.90 


New  Construction 


PROPOSED   WORK 

Mass.,  Northampton — George  F.  Newton, 
Archt,  6  Beacon  St.,  Bcston,  will  soon 
award  the  contract  for  the  construction  of 
a  2  story,  175  x  200  ft.  hospital  building, 
for  the  Lathrop  Home,  2:i6  South  St.  A 
steam  heating  system  will  Ix-  installed  in 
same.      Total    estimated    cost,    $250,000. 

MaHN.,  Salem — The  Salem  Electric  Light- 
ing (^o..  201  Devonshire  St.,  is  in  the  mar- 
ket for  turbine  and  boilers. 

Mass.,  Worte.ster — Cutting,  Carlton  & 
Cutting,  Archts.,  44  Front  St.,  will  soon 
receive  bids  for  the  construction  of  a  1 
and  2  story  g.arage  and  service  building 
on  Park  Ave.,  for  Henry  .1.  Murch,  731 
Main  St.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$150,000. 

R.  I.J  Providence — The  NaVragansett 
Electric  Lighting  Co.,  800  Turks  Head 
Bldg.,  will  soon  award  the  contract  for  the 
construction  of  a  75  x  95  ft.  power  house 
addition  on  South  St.  Estimated  cost. 
$700,000. 

Conn.,  Xorwieli — H.  S.  Goldfaden.  388 
West  Main  St.,  will  soon  iward  the  contract 
for  the  constructoin  of  a  ?•  story  theatre 
on  B'way.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$150,000.  George  E.  Pitcher,  65  B'way. 
Engr. 

N.  Y.,  Alden — The  Supervisors  of  the  Co. 
Home  and  Hospital  will  soon  receive  bids 
for  the  construction  of  12  separate  build- 
ings, including  a  separate  building  for 
power  and  heating  plant.  Total  estimated 
cost,  if  1,700, 000.  G.  C.  Diehl,  EUicott  Sq.. 
Buffalo,  Engr. 

N.  Y.,  Brooklyn — Abraham  &  ^Strauss, 
422  Fulton  St.,  are  having  plans  prepared 
tor  altering  the  5  story  department  store 
building  at  422  Fulton  St.  A  steam  heat- 
ing system  will  be  installed  in  same. 
Total  estimated  cost,  $130,000.  Starrett  & 
Van  Vleck,  8  West  40th  St.,  New  York 
City,    Archts.    and    Engrs. 

N.  Y.,  Brooklyn — The  Brooklyn  Retail 
Butchers'  Corp.,  3285  Fulton  St.,  is  having 
plans  prepared  for  the  construction  of  a 
3  story,  130  x  135  ft.  ice  plant  and  storage 
house  on  Atlantic  Ave.  and  Port  Greene 
PI.  Total  estimated  cost.  $400,000.  J.  H. 
H.  Vcss,  154  Nassau  St.,  New  York  City, 
Archt.   and  Engr. 

N.  Y.,  Brooklyn — R.  Sanders,  188  Pros- 
pect Park  West,  is  in  the  market  for  com- 
plete saw-mill  equipment,  including  steam 
engine  and  boiler. 

N.  Y.,  Brooklyn — The  School  of  Our 
Lady  of  Lourdes,  Rev.  J.  McMahon,  Pastor, 
will  soon  award  the  contract  for  the  con- 
struction of  a  4  story  school  addition  on 
.Vberdeen  St.  A  steam  heating  system  will 
he  installed  in  same.  Total  estimated  cost. 
!f!300,000.  Helmle  &  Corbett,  189  Montague 
St.,   Archts.   and   Engr.'^. 

N.  Y.,  Lackawanna — St.  Patrick's  Parish. 
>'.Tther  Baker,  Pastor,  plans  to  construct 
2  buildings  including  church  and  school. 
A  steam  heating  and  ventilating  system 
will  be  Installed  in  same.  Total  estimated 
cost,    .U00,000   to    $130,000. 

N.  Y.,  Lonsr  Island  City — W.  Higginson. 
Archt.  and  Engr..  18  East  41st  St..  Neu' 
York  City,  will  soon  award  the  contract  for 
the  construction  of  an  8  story.  85  x  345  ft. 
factory  on  Mount  St..  for  H.  Lockhart  Jr.. 
501  5th  Ave.,  New  York  City.  A  steam 
heating   system   will    be   installed    in    same. 

N.  Y.,  Marcy — The  State  Hospital  Comn., 
Capitol,  Albany,  received  bids  for  installing 
a  steam  heating  system  in  the  mortuary, 
laboratory  and  tuberculosis  hospital  at  the 
Utica  State  Hospital,  here,  from  Thomas 
Breen  Co.,  414  Lafayette  St.,  $17,413  ;  H.  .T. 
Brandeles,  433  L.afayctte  St..  $1?245;  Mo- 
hawk Vallev  Heatinf.;  Co..  302  Broad  St., 
$20,745  ;   all  of  Utica.    Noted   March    3. 

N.  Y.,  Mas.sena — The  Massena  Farmers 
Co-operative  Corp.  is  in  the  market  for  a 
refrigeration  system,  steam  boiler  equip- 
ment and  transmission  and  complete  cream- 
ery  machinery.      Address  James  Phillips. 

N.  Y.,  New  York — The  Bd.  Educ.  500 
Park  Ave.,  is  having  plans  prepared  for  the 
constriiction  of  a  4  story  school  building 
on  176th  St.  and  Audubon  Ave.  A  steam 
heating  system  will  be  Installed  in  same. 
Total  estimated  cost,  $200,000.  C.  B.  J. 
Snyder,   Municipal   Bldg.,   Archt.    and  Engr. 


.N,  v..  New  York — E.  Dwight,  56  Maiden 
I..ane,  is  having  plans  prepared  for  altering 
the  8  story  loft  building  and  warehouse  on 
William  and  ,Iohn  Sts.  A  steam  heating 
system  will  be  installed  in  same.  Total 
HStimated  cost,  $150,000.  Butler  &  Rod- 
man,  56  West   45th  St.,   Archts.   and   Engrs. 

N.  Y.,  New  York — M.  R.  Huntington,  10 
Ea.st  "iSth  St.,  is  having  plans  prei<ared  for 
the  construction  of  a  2  story,  85  x  100  ft. 
theatre  on  Washington  PI.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
e.stimated  co.st,  $250,000.  William  .1. 
Cherry,  Grand  Central  Station,  Archt.  and 
rOngr. 

V.  Y.,  New  York — The  New  Tork  Tele- 
phone ('o.,  15  Dey  St.,  is  having  plans  pre- 
pared for  the  construction  of  an  80  x  192 
ft.  automatic  telephone  exch.  building  on 
73rd  St.  between  (Columbus  and  Amsterdam; 
Ave.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost. 
$1,540,000.  McKenzie.  Voorhies  &  Grnelin. 
1123    B'way,    Archts.    and    Engrs. 

N.  Y.,  New  York — Thompson  &  Binger, 
Archts.  and  Engrs..  280  Madison  Ave.,  is 
having  plans  prepared  for  the  construction 
of  an  18  story,  75  x  80  ft.  office  building 
on  Franklin  and  Gold  Sts.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $400,000.  Owner's  name 
withheld. 

N.  Y.  Ossiningr — The  Bd.  Educ.  will 
receive  bids  about  April  10  for  the  con- 
struction of  a  2  story  school  building.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $60,000.  Wil- 
.son  Potter,  22  East  17th  St.,  New  York 
City,    Archt.    and   E.igr. 

N.    Y.,    Riple.v — The    Telling-belle  Vernon 

Co.    plans    to    take    over    the    plant  of    the 

Ripley    Milk    Products    Co.    and    is  in    the 
market  for  a  150  hp.  boiler. 

N.  Y.,  Seneca  Talis — Harry  Nothnagle 
is  in  the  market  for  cold  storage  equipment. 

N.  Y.,  Watertown — The  Beebes  Island 
Corp.  is  having  plans  prepared  bv  J.  G. 
White  Co.,  215  Thompson  St.,  New  York 
City,  for  the  construction  of  a  power  house 
on  Beebes  Island.  Estimated  cost,  $500,- 
000.  C.  H.  Starbuck,  New  York  Air  Brake 
Co.,    165    B'way,   New   York   City,   Pres. 

N.  J.,  Lakeliurst — The  Bureau  of  Yards 
&  Docks,  Navy  Dept..  Wash.,  D.  C,  is  hav- 
ing plans  prepared  for  the  construction  of  a 
36  X  73  ft.  power  house  with  a  three  300 
kw.  generating  capacity  and  the  installa- 
tion of  a  50  X  111  ft.,  3,000  h-i.  boiler. 
Total  estimated  cost.  $500,000.  Noted 
Feb.    3. 

N.  .1.,  Newark — The  Wright  Aeronautical 
Corp.  of  America,  40  Wall  St  ,  New  Y'ork 
City,  will  soon  award  the  contract  for  the 
construction  of  a  2  story.  45  x  200  ft.  fac- 
tory on  Meiker  Ave.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $350,000.  J.  W.  Ingle.  527 
5th  Ave.,  New  York  City.  Archt.   and  Engrr. 

N.  J.,  Westfleld — E.  Lvnch.  Archt.  and 
Engr.,  341  5th  Ave..  New  York  City,  will 
soon  award  the  contract  for  the  construc- 
tion of  a  1  story.  R.t  x  115  ft.  church  for 
the  Holy  Trinity  Church.  .\  steam  heating 
system  will  be  installed  in  same.  Total 
estimated    cost,    $100. OoO. 

Pa.,  Conaellsville — The  Paragon  Motor 
(^o.,  404  Century  Bldg..  Cleveland.  O.,  is 
having  plans  prepared  for  the  construction 
of  a  1  story,  60  x  400  ft.  and  a  1  story.  40 
X  540  ft.  factory  building.  Plans  include 
the  construction  of  a  steam  power  plant. 
Total  estimated  cost,  $5OO.000.  F.  F.  Hock- 
enthal,  404  Century  Bldg.,  Cleveland.  O., 
Engr. 

Pa.,  Easton — The  Y.  TM.  C.  A.,  347  Madi- 
son Ave.,  New  Tork  City,  is  having  plans 
prepared  for  the  construction  of  a  4  story 
Y.  M.  C.  A.  building  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost  about  $250,000.  Martin  & 
Kirkpatrick.  130  South  15th  St.,  Philadel- 
phia,  Archts.   and   Engrs. 

Pa..  Philadelphia — The  Queens  Brooks 
Co.,  American  and  Diamond  Stb.,  is  havinar 
plans  prepared  for  the  construction  of  a  "• 
story.  50  x  200  ft.  factory  on  5th  St.  and 
Hunting  Park.  .A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.  $100,000.  W.  E.  S.  Dyer,  Land  Title 
Bldg.,   Archt.  and  Engr. 

Pa.,  Pittston — The  Pennsylvania  Coal  Co. 
plans  to  build  a  50  x  90  x  200  ft.  co.t.1 
breaker,  cost,  $750,000  and  a  30  x  40  x  40 
ft.    electric    power   plant,    cost,    $200,000. 

Va,,  Hampton  Roads — The  Bureau  of 
Yards  &  Docks,  Navy  Dept.,  W:.sh..  D.  C. 
is  having  plans  prepared  for  the  construc- 
tion of  an  underground  steam  heating  sys- 
tem  at   the   Naval   Operating   Base.   here. 
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Va.,  Hampton  Roads — The  Bureau  of 
Yards  &  Docks,  Navy  Dept.  Wash.,  D.  C, 
is  having  plans  prepared  for  the  construc- 
tion of  an  underground  electric  distribut- 
ing system  at  the  Naval  Operating  Base, 
here. 

"Va.,  Richmond — The  Westmorehead  Club, 
Grace  St.,  is  having  plans  prepared  for  the 
construction  of  a  3  story,  80  x  140  ft.  club 
house.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
1350,(100.  G.  Bryan,  Pres.  Alfred  C.  Bos- 
som,  680  5th  Ave.,  New  York  City,  Archt. 
and   Engr. 

W.  Va.,  Charleston — Lockwood  Greene  & 
Co.,  Archts.  and  Engrs..  101  Park  Ave., 
New  York  City,  will  receive  bids  until  April 
5  for  the  construction  of  a  3  story,  52  x 
200  ft.  silk  throwing  mill  for  the  Sauquoit 
Silk  Mfg.  Co.  A  steam  heating  system  will 
be  installed  in  same. 

N.  C,  Graham — The  city  plans  to  con- 
struct a  sewer,  install  2  pumping  stations 
and  is  in  the  market  for  2  motor  driven, 
centrifugal  pumps.  Total  estimated  cost, 
$100,000.  Norcross  &  Keis,  Atlanta,  Ga., 
Engrs. 

S.  C,  Charleston — J.  A.  Wetmore,  Super- 
vising Archt.,  Treasury  Dept.,  Wash.,  D. 
C.,  will  receive  bids  until  April  15  for  the 
installation  of  a  lighting  plant  and  water 
supply  system  at  the  U.  S.  Quarantine 
Station,   here. 

S.  C.  Gaffney — The  Musgrove  Mills  plans 
to  build  a  3  story,  107  x  290  ft.  cotton 
cloth  mill  equipped  with  individual  elec- 
tric drive,  complete  fire  protective  appara- 
tus,   etc.      J.    E.    Sirrine,    Engr. 

S.  C,  Greenville — Furman  University 
plans  to  build  a  40  x  60  ft.  central  heating 
plant  to  supply  all  their  buildings.  Two 
100  hp.  boilers,  ultimate  capacity  500  hp. 
will  be  installed  in  same.  J.  E.  Sirrine, 
Engr. 

O.,  Cleveland — The  Beckman  Co.,  3167 
Fulton  Rd.,  plans  to  build  a  2  story,  200  x 
200  ft.  weaving  factory  on  Pulton  Rd.  and 
West  33rfl  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.  $400,000.  L,ockwood  Greene  &  Co., 
Bangor  Bldg..   Archts.    and   Engrs. 

O.,  Cleveland — The  Bd.  Educ.  East  6th 
St.  and  Rockwell  Ave.,  is  having  plans 
prepared  for  the  construction  of  a  3  story, 
junior  high  school  on  Hopkins  Ave.  near 
Bast  123rd  St.  Two  boilers  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$1,250,000.      W.    R.    McCormack,    Archt. 

O.,  Cleveland — The  Bd.  Educ.  East  &th 
St.  and  Rockwell  Ave.,  is  having  plans  pre- 
pared for  the  construction  of  a  3  story, 
200  X  400  ft.  junior  high  school  on  East 
117th  St.  and  The  Speedway.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $600,000.  F.  G. 
Hogan,    Dir.    W.    R.    McCormack,    Archt. 

O.,  Cleveland — The  city  received  bids  for 
installing  two  125  hp.  boilers  and  stokers, 
from  the  Wickes  Boiler  Co.,  Saginaw, 
Mich.,  $12,157  ;  Union  Iron  WT<s.,  Rockfir 
Bldg.,  Cleveland,  $13,120.     Noted  March  16. 

O.,  Cleveland — The  city  plans  to  build  a 
2  story  police  station  on  East  37th  and 
Woodland  Ave.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $100,000.  A.  B.  Sprosty,  City  Hall, 
Dir.  of  Pub.  Safety.  F.  H.  Betz,  604  City 
Hall,    Archt. 

O.,  Cleveland — The  city  plans  to  construct 
a  waterworks  pumping  station  including 
tunnel  and  crib  in  the  Lake  Erie  filter  plant 
and  pumping  equipment.  Total  estimated 
cost,  $10,000,000.  A.  V.  Ruggles,  City  Hall, 
Kngr. 

O.,  Cleveland — The  Cleveland  Ry.  Co., 
Tieader-News  Bldg.,  plans  to  construct  a  1 
story  sub-station  on  East  130th  St.  and 
Woodland  Ave.  Estimated  cost,  $75,000. 
J.  Stanley,  Pres.  D.  W.  Morrow,  4500 
E<uclid   Ave.,   Archt. 

O.,  Cleveland — Otis  R.  Cook,  East  46th 
St.  and  Prospect  Ave.,  will  soon  award 
the  contract  for  the  construction  oiC  a  5 
story,  100  X  104  ft.  commercial  building. 
A  steam  boating  system  will  be  installed  in 
same.  Total  estimated  cost,  $500,000. 
Lehman   &   Schmitt.   JDlectric  Bldg.,    Archts. 

O.,  Clevehind — The  Natl.  Acme  Co..  7500 
Stanton  Ave.,  is  having  plans  prepared  for 
the  construction  of  a  1  story  factory  addi- 
tion on  East  131st  St.  and  Coit  Rd.  A 
steam  h<^ating  system  will  be  installed  in 
Hame.  Total  estimated  cost,  $500,000.  A. 
W.  Henn,  Pres.  G.  S.  Rider  &  Co..  Century 
Bldg..    Archt.    and    Enprr. 


O.,  Cleveland — W.  Taylor  Son  &  Co.,  630 
Euclid  Ave.,  plans  to  build  a  10  or  12 
story,  135  x  265  ft.  warehouse  on  East  17th 
St.  and  Superior  Ave.  Three  boilers  will 
be  installed  in  same.  Total  estimated  cost, 
$1,500,000.      C.   H.   Strong,   Mgr. 

O.,  Cleveland — C.  Shane,  2147  Ontario 
St.,  is  having  preliminary  plans  prepared 
for  the  construction  of  a  12  story  store 
and  office  building  on  East  4th  St.  and 
Euclid  Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$750,000.  W.  S.  Longee,  Marshall  Bldg.. 
Archt. 

O.,  Jackson — The  Wellston  Iron  Fur- 
nace Co.  is  in  the  market  for  a  100  hp., 
d.c,    250    volt    motor. 

O.,  Miamisburg: — The  City  Water  &  Light 
Plant  plans  to  purchase  a  new  gas  gener- 
ator set  for  the  electric  light  plant,  consist- 
ing of  dynamo  and  an  artificial  gas  ma- 
chine. Total  e.stimated  cost,  $30,000.  A. 
W  Kepler,  Supt. 

Mich.,  Cheboygan — The  city  will  soon 
award  the  contract  for  the  construction  of 
a  2  story,  60  x  120  ft.  municipal  building. 
A  steam  heating  system  will  'be  installed 
in  same.  Total  estimated  cost,  $150,000. 
L.    E.    Berry,   Clk. 

Mich.,  Detroit — The  Bd.  Educ,  50  B'way 
Ave.,  received  bids  for  installing  a  heating, 
ventilating  and  plumbing  system  in  the  pro- 
posed 3  story,  100  x  250  ft.  school  on 
St  Antoine  St.  and  Palmer  Ave.,  from 
A.  W.  Schultz  &  Co.,  380  Rohns  St.,  $143,- 
908  ;  W.  J.  Rewoldt,  506  Owen  Bldg.,  $154,- 
920;  James  W.  Partlan,  51  Park  PI., 
$155,000. 

Mioh.,  Detroit — The  Detroit  Water  Bd. 
had  plans  prepared  for  the  construction 
of  a  1  story,  57  x  221  ft.  superstructure 
for  a  low  lift  or  booster  pumping  station 
at  the  Waterworks  Park.  Electric  motors 
for  power  will  be  installed  in  same.  Total 
estimated  cost,  $100,000.  T.  A.  Leisen,  232 
.Jefferson  Ave.,  Engr. 

Mich.,  Detroit — Aaron  H.  Gould  &  Son, 
611  Empire  Bldg.,  are  in  the  market  for  ice 
making  and  refrigerating  machinery. 

Mich.,  Detroit^ — The  Holy  Redeemer 
Church,  c/o  Rev.  Fr.  Cantwell,  Dix  Ave., 
plans  to  build  a  2  story  church  on  Dix 
and  Junction  Aves.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,   $300,000. 

Mich.,  Eaton  Rapids  —  The  Artificial 
Stone  Co.  is  in  the  market  for  a  pumping 
outfit,  etc. 

Mich,  Flint — The  Bd.  Educ.  is  having 
plans  revised  for  the  construction  of  a  2 
story,  208  x  287  ft.  high  school.  A  steam 
heating  and  forced  ventilation  system  will 
be  installed  in  same.  Total  estimated  cost, 
$1,250,000.  Malcolmson,  Higginbotham  & 
Palmer,    405   Moffat    Bldg.,    Detroit,   Archts. 

Mich.,  Flint  —  Van  Leyen,  Schilling, 
Keough  &  Reynolds,  Archts.  and  Engrs., 
Union  Trust  Bldg.,  Detroit,  plans  to  build 
a  2  story,  40  x  130  ft.  theatre  on  Detroit 
St.  A  steam  heating  boiler  and  a  forced 
ventilation  system  will  be  installed  in  same. 
Total  e-stimated  co.st,  $100,000.  Owner's 
name   withheld. 

Mich.,  Grand  Rapids — The  Bd.  Educ.  will 
soon  award  the  contract  for  the  construc- 
tion of  two  2  story  school  buildings,  one  on 
Dickinson  St.  and  the  other  on  Lafayette 
St.  Steam  heating  equi])ment  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$450,000.  H.  N.  Morrell,  Secy.  H.  H.  Tur- 
ner,  923   Michigan   Trust   Bldg.,    Archt. 

Mich..  Hamtramck  (Detroit  P.  O.) — 
Warren  "W.  Tyler.  Secy,  of  the  School  Dist. 
8.  will  receive  bids  until  AtJril  3  for  the 
construction  of  a  2  story  school  building 
on  Playfair  and  Goodson  Aves.  A  steam 
heating  and  ventilating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$10(»,000.  G.  J.  Haas,  1514  Kresge  Bldg., 
Detroit.   Archt. 

Mich.,  Ironwood — The  city  is  having 
plans  prepared  for  furnishing  electrical 
pumping  equipment,  etc.  Total  estimated 
cost,  $300,000.  Alvord  &  Burdick,  8  South 
Dearborn   St.,   Chicago,   Engrs. 

Mich.,  Jackson — The  Michigan  Light  & 
Consumers  Power  Co.,  226  West  Main  St., 
plans  to  build  a  14.000  volt,  15  kw.  sub- 
station and  a  single  line  steel  tower  trans- 
mission line  from  here  to  Battle  Creek. 
Total  estimated  cost,   $410,000. 

>Dch..  Monroe — The  Monroe  Paper  Prod- 
ucts Co.,  West  Elm  St.,  plans  to  build  a  2 
story  factory.  Steam  heating  equipment 
and  electric  power  will  he  installed  in  same. 
Total  e.stimated  co.st.  $100,000,  J.  Gilmore. 
Archt. 


Mich.,  Saginaw — The  Bd.  Educ,  c/o  E. 
C.  Oscar,  engaged  Cowles  &  Mutscheller, 
Archts.,  1-10  Chase  Block,  to  prepare  plans 
for  the  construction  of  a  2  story  junior 
high  school.  A  steam  heating  system  will  he 
installed  in  same.  Total  estimated  cost. 
$1,000,000. 

Mich.,  Saginaw — The  Modart  Corset  Co.. 
309  Lapeer  Ave.,  plans  to  build  a  4  story. 
109  X  134  ft.  mercantile  building  on  La- 
peer Ave.  Steam  heating  equipment  will 
be  installed  in  same.  Total  estmiated  cost. 
$300,000.  Cooper  &  Beckbissinger,  114 
South    Jefferson    Ave.,   Archts. 

111.,  Chicago — The  Jewish  Day  Nursery, 
1441  Wickes  Park  Ave.,  is  having  plans 
prepared  for  the  construction  of  a  2  storj', 
60  X  120  ft.  children's  home  on  California 
Ave.  and  Hirsch  Blvd.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $100,000.  Ludgin  &  Leviton, 
53    West   Jackson   St.,    Archts. 

in.,  Cicero — Childs  &  Smith,  Archts.,  64 
East  Van  Buren  St.,  will  soon  award  the 
contract  for  the  construction  of  a  1  story. 
75  X  125  ft.  bank  on  22nd  St.  and  Austin 
Ave.,  for  the  Kasper  State  Bank,  1900  Blue 
Island  Ave.,  Chicago.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated  cost,    $175,000. 

Wis.,  Kohler — The  village  plans  an  elec- 
tion to  vote  on  $12,000  bonds  to  construct 
and  equip  an  electric  light  system.  Address 
A.  Biotz,  Village  Pres.  Jerry  Donohue, 
North  8th  8t.,  Sheboygan,  Engr. 

Wis.,  La  Crosse — J.  C.  Lewellyn,  Archt.. 
38  South  Dearborn  St.,  will  soon  award  the 
contract  for  the  construction  of  a  3  story, 
90  X  153  ft.  school  building,  for  the  Bd. 
Educ.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$200,000. 

Wis.,  Sheboygan — The  Cigar  Bo.x  Libr. 
&  Mfg.  Co.,  c/o  J.  Will.  1007  Michigan 
Ave.,  is  having  plans  prepared  for  the 
construction  of  a  1  story,  75  x  120  ft. 
machine,  saw,  filing  and  power  house  on 
15th  St.  Electric  power  will  be  installed 
in  same.  Total  estimated  cost,  $50,000. 
Juul  &  Smith,  Imig.  Bldg.,  Archts.  and 
Engrs. 

la.,  Dana — Guy  Meredith,  Secy,  of  the 
School  Bd.,  is  having  plans  prepared  for 
the  construction  of  a  2  story  consolidated 
school  building.  Separate  bids  for  instal- 
ling steam  heating  and  plumbing  systems 
will  be  received.  Total  estimated  cost, 
$100,000.  W.  E.  Hulse  &  Co.,  210  Masoni.- 
Temple,   Des  Moines,    Archt. 

la.,  Guss — W.  M.  McCoy,  Pres.  of  the 
School  Bd.,  Rural  Route,  Nodaway  Twp.,  is 
having  plans  prepared  for  the  construction 
of  a  2  story,  56  x  86  ft.  consolidated  school 
building.  Separate  bids  for  installing  heat- 
ing and  plumbing  systems  will  be  received 
Total  estimated  cost,  $100,000.  W.  E.  Hulse 
&  Co.,  210  Masonic  Temple,  Des  Moines, 
Archt. 

la.,  Marshalltown — The  Bd.  Educ.  is 
having  plans  prepared  for  the  construction 
of  a  2  story,  34  x  148  ft.  grade  school 
building.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost. 
$100,000.  C.  E.  Shutt,  Co.  Supt.  Tyrie  & 
Chapman,  320  Auditorium  Bldg.,  Minne- 
apolis,  Minn.,   Archts. 

la.,  Rippey — A.  E.  Jensen,  Secy.  Bd. 
Educ,  will  receive  bids  until  April  3  for 
the  construction  of  a  2  story,  63  x  105  ft 
school  building.  Separate  bids  for  instal- 
ling heating  system  will  be  received.  Total 
estimated  cost,  $100,000.  Proudfoot,  Bird 
&  Rawson,  810  Hubbell  Bldg.,  Des  Moinf  \ 
Archts. 

la..  West  Branch — T.  A.  Moore,  Secy,  of 
the  Bd.  Educ,  is  having  plans  prepared  for 
the  construction  of  a  3  story,  54  x  114  fi. 
school  building.  Separate  bids  for  in.sia!- 
ling  a  steam  heating  and  forced  ventila- 
tion system  will  be  received.  Total  est! 
mated  cost,  $125,000.  Proudfoot»  Bird  & 
Rawson,  810  Hubbell  Bldg.,  Des  Moines. 
Archts. 

Minn.,  Deer  River — H.  E.  Wolfe,  Supt. 
will  receive  bids  until  April  15  for  the  con- 
struction of  a  2  story,  80  x  110  ft.  com- 
munity school  for  the  School  Bd.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $100,000.  S.  F. 
Broomhall,  Alworth  Bldg.,  Duluth,  Archt. 
and    Engr. 

Minn.,  Minneapolis — The  Bd  Educ.  will 
soon  Jiward  the  contract  for  the  construction 
of  a  2  .storv.  72  x  210  ft  school  building  on 
51st  St.  and  29th  Ave.,  South.  A  steam 
heating  svstem  will  be  installed  in  same. 
Total  estimated  cost,  $150,000.  G.  F.  Woni- 
rath.   Jfgr.      E.    H.   Enger.   Engr. 
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Minn.,  MinneapolJn — The  Bd.  Educ.  will 
soon  award  the  contract  for  the  construc- 
tion of  a  2  story,  73  x  200  ft.  school  build- 
ing on  Harriot  Ave.  and  38th  St.  A  steam 
heating  .sy.stem  will  be  in.stalled  in  same. 
Total  o.stimated  co.st.  $150,000.  E.  H.  En- 
ger,   ICngr. 

Minn.,  MinneapoliH — The  Bd.  Educ.  will 
soon  award  the  contract  for  the  construc- 
tion of  a  2  story,  73  x  200  ft.  school  build- 
ing on  22nd  Ave.  S.  and  Ea.st  40th  St.  A 
Steam  heating  system  will  be  installed  ii 
same.  Total  e.stimated  co.st.  $250,000.  E 
H.    Enger,    Engr. 

Minn.,    Minneapolis — The    McMichael    In 
vestment     Co.,     600     Plymouth     Bldg.,     will 
soon   award   the   contract   for  the   construe 
tion  of  a  2  story,   50  x   157   ft.   ottice   build- 
ing at  33  7th  St.,  South.     A  steam  heating 
system    will    be    installed    in    same.      Tota' 
cstimatod    cost,    $500,000.      Kee.s   &   Coburr 
245    Plymouth    Bldg.,    Archts. 

Minn.,  Rapidan — The  Rapidan  Creamery 
Co.,  Mankato,  will  soon  receive  bids  for  th 
construction  of  a  2  story,  50  x  60  ft.  cream 
ery.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost 
$75,000.  Carl  Mohr,  Secy.  Albert  Schip 
ped,   809  Coughlin-Hickey  Bldg.,   Archt. 

Kan.,  Lawrence — The  state  is  having 
plans    prepared    for    the    construction    of    a 

1  story,  76  x  118  ft.  power  plant  and  in.stal- 
lation  of  equipment.  One  or  two  water 
tube  boilers  and  an  additional  engine  unit 
will  be  installed  in  same.  Total  estimated 
cost,  $70,000.  J.  A.  Kimball,  Bd.  of  Ad- 
ministration, Bus.  Mgr.  Eay  S.  Gamble 
1415    Fillmore    St..    Topeka,    Archt. 

Kan.,  Ottawa — The  Baptist  University  is 
having  plans  prepared  for  the  construction 
of  a  1  story,  50  x  100  ft.  power  and  heat- 
ing plant.  Estimated  cost,  $75,000.  S.  E. 
Price,  Pres.  Washburn  &  Stoockey,  Archts. 
and  Engrs.   ' 

*'  S.  D.,  Groton — A.  McKiver  will  receive 
bids  until  April  1  for  the  construction  of  a 

2  story,  100  x  150  ft.  junior  and  senior 
high  school  for  the  School  Bd.  A  steam 
heating  and  mechanical  ventilating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $200,(100.  E.  F.  Broomhall,  Alworth 
Bldg.,  Duluth,   Minn.,  Archt.   and  B:igr. 

*  Mont.,  Wolf  Point — The  city  plans  an 
election  April  10  to  vote  on  $50.ooo  bonds 
to  construct  new  wells,  pumping  plant,  a 
200,000  gal.  steel  storage  tank,  etc.  Samuel 
Do  we  11,  Engr. 

Mo.,  Sugar  Creek — The  Bd.  Educ.  will 
receive  bids  until  April  2  for  the  construc- 
tion of  a  2  story,  63  x  86  ft.  school  build- 
ing and  a  1  story,  24  x  50  ft.  boiler  house. 
Total  estimated  cost,  $70,000.  A  $40,000 
bond  issue  was  passed  Feb.  7  for  the  proj- 
ect. Ashton  C.  Jones,  Secy.  A.  B.  Ander- 
son, 818  New  York  Life  Bldg.,  Kansas 
City,  Mo.,   Archt. 

Tex.,  Denison — The  City  plans  an  election 
April  6  to  vote  on  $244,000  bonds  to  im- 
prove electric  lighting  systems  and  to  pur- 
chase electrical  pumping  equipment  for  the 
city   reservoir. 

Tex.,  North  Fort  Worth — The  Bureau  of 
Yards  &  Docks,  Navy  Dept.,  Wash.,  D.  C, 
plans  to  construct  and  install  deep  well 
pumps  and  piping  at  the  Naval  Helium 
Production    plant,    here. 

N.  M.,  Kstancia — The  town  plans  an  elec- 
tion April  6,  to  vote  on  $50,000  bonds  to 
install  a  water  system,  including  tank, 
tower,  pump,  engine  and  mains.  B.  H. 
Calkins,     Engr. 

Wash.,  Olympia — The  state  is  having 
plans  prf-pared  for  the  construction  of  a 
power  house.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$100,000.  Wilder  &  White,  50  Church  St., 
New   York   City,   Archts.    and    Engrs. 

Wash.,  Seattle — F.  A.  Naramore,  Archt., 
Central  Bldg.,  will  soon  award  the  con- 
tract for  the  construction  of  a  1  stor^', 
200  X  240  ft.  school  building  at  Highland 
Park,  for  the  Seattle  School  Bd.  A  direct 
Steam  heating  system  with  fan  driven  air 
circulation  will  be  installed  in  same.  Total 
estimated    cost,    $275,000. 

Wash.,  Wenatrhee — The  land  owners 
under  the  Okanogan  Valley  Irrigation  Proj- 
ect plan  to  install  a  pumping  system  in- 
cluding one   or   more   pumps   of   25,000   gal. 

i  per    min.    capacity    and    capable    of    lifting 

;  water  470  ft.     Total  estimated  cost,  $10,000. 

I  r>.  C.  Heney.  Spalding  Bldg.,  Portland,  Ore., 

I  Consult.    Engr. 

I  Ore.,  Bend — The  Bend  Water,  Light  & 
FoM'er  Co.  plans  to  install  an  auxiliary 
I.  pumping  and  sterilization  plant  including 
I  one  l..^)Oo  gal.  per  min.  pump  and  construct 
)  a    HO.noo    gal.    reservoir.       Total    estimated 

cost,     yi  2.000. 


0>e.,  Forest  <iro\e — The  Masonic  Lodge 
will  receive  bids  in  A))ril  for  the  con- 
struction of  a  Masonic  home  including  2 
units  of  a  3  unit  administration  building  to 
be  used  in  cormection  with  a  group  of 
residence  cottagi;s.  Pl.ins  include  a  separ- 
ate power  hou.s<.'.  Total  estimated  co.st, 
$230,000.  W.  C.  Knigliton,  U.  S.  Natl.  Bank 
Bldg.,  Portland,  Arclit. 

Ore.,  .Portland — C.  J.  Schnabel,  Chamber 
of  Commerce  Bldg.,  filed  an  application 
With  P.  A.  Cupper,  State  Engr.,  Salem,  to 
take  600  second  ft.  of  water  from  the 
Santiam  River  to  lighten  and  manufacture 
a  6,511.3  theoretical  hp.  ))lant  and  con.struct 
diversion  works,  etc.  Total  estimated  cost, 
$800,000. 

Cal.,  Ha.vward — The  city  is  having  ten- 
tative )ilans  prei)ared  for  the  purcha.se  of 
the  Hayward  Water  Com|)any's  water  sys- 
tem and  improvement  of  same  by  replac- 
ing steam  pumi)ing  plant  with  electric 
pumping  system,  etc.  Total  estimated  cost, 
$100,000.      M.    B.   Templeton,  City   Clk. 

Cat.,    Ingrlewood — J.    H.    Kew,    City    Clk., 

will  soon  receive  bids  for  furnishing  a  400 
to  1,200  gal.  capacity,  centrifugal,  booster 
pump  for  the  city.  Olmsted  &  Gillelen, 
HoUingsworth  Bldg.,  Los  Angeles,  Engrs. 

Cal.,  Lios  Angreles — The  Bd.  of  Pub.  Serv. 
Comn.,  645  Soutli  Olive  St..  will  receive 
bids  until  April  6  for  furnishing  hydraulic 
equipment,  electric  generators,  auxiliary 
electric  equipment,  etc.  E.  F.  Scattergood, 
645   South   Olive  St.,   Eng.r. 

Cal.,  Mare  Island — The  Bureau  of  Yards 
&  Docks,  Navy  Dept.,  Wash.,  D.  C,  is  hav- 
ing plans  prepared  for  the  installation  of  a 
4,000  kw.  turbo  generator,  here. 

Cal.,  Martinez — The  Alhambra  Union 
High  School  rejected  bids  and  will  revise 
plans  for  the  construction  of  a  2  story 
high  school.  A  plenum  heating  system 
will  be  installed  in  same.  Total  estimated 
co.st,  $125,000.  J.  E.  Rogers,  Byron  Brown 
Bldg.,  Clerk.  A.  A.  Cantin.  68  Post  St., 
San   Francisco,  Archt. 

Cal.,  Monrovia — H.  S.  Gierlich,  City 
Engr.,  is  preparing  plans  for  the  construc- 
tion of  a  1,000,000  gal.  reservoir,  deep 
wells,  pumps  and  mains.  The  city  voted  a 
$90,000   bond    issue   for  the   project. 

Cal.,  Santa  Ana — The  First  Natl.  Bank 
is  having  plans  prepared  for  the  construc- 
tion of  a  6  story,  75  x  100  ft.  bank  and 
office  building,  A  steam  heating  system 
will  be  installed  in  same.  J.  Parkinson. 
420  Title  Insurance  Bldg..  i^os  Angeles, 
Archt. 

N.  S.,  Halifax — K.  H.  Smith,  Secy.  of 
the  Nova  Scotia  Power  Comn.,  will  receive 
bids  until  April  8  for  the  construction  of 
power  dams,  superstructures  for  two  gen- 
erating stations,  etc,  and  for  furnishing 
and  installing  two  1.600  kva.  generators, 
two  2,900  kva.  generators,  vertical  type 
with  exciters,  two  1,900  hp.  turbines  and 
two    3,450    hp.    turbines. 

31.  I.,  Guam — The  Bureau  of  Yards  & 
Docks,  Navy  Dept.,  Wa.sh.,  D.  C,  plans 
to  build  a  30  X  38  ft.  extension  to  power 
hou.se  at  Agana  and  a  26  x  35  ft,  extension 
to  power  house  at  the  Naval  Radio  Station, 
a  12  X  14  ft  extension  to  pumphouse,  8 
X  16  ft.  extension  to  blower  house  and  22 
X  47  ft.  with  an  18  x  24  ft.  wing  extension 
to  quarters,  including  plumbing  and  elec- 
tric lighting  systems. 

Ont.,  Chatham — The  city  will  vote  upon 
by-law  appropriating  $371,000  to  construct 
a  rapid  sand  gravity  filtration  plant,  etc.. 
Low  lift,  electric  driven  turbine  pumps  will 
be  installed  in  same.  F.  P.  Adams,  City 
Hall,  Engr. 

Ont.,  CobourB — The  Hydro  Electric  Comn. 
of  Ontario,  University  Ave.,  Toronto,  plans 
to  build  a  radial  railroad  from  here  to 
Campbeilford.  Estimated  cost,  $2,500,000. 
F.  A.  Gaby,  Hydro  Electric  Power  Co. 
Bldg.,    Toronto,    Engr, 

Ont.,  Islington — The  town  had  plans  pre- 
pared for  the  construction  of  a  complete 
new  waterworks  system,  including  i  water 
tank,  electric  driven  centrifugal  pumps,  etc 
Total  estimated  co.st,  $8,^,000.  E.  A.  James 
Co.,   Ltd,,    36   Toronto   St,   Toronto,    Engr. 

Ont.,  London — The  Ed.  Educ.  City  Hall, 
plans  to  build  a  collegiate  building  on 
Ridout  St.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost. 
$215,000.  L,  V,  Carrothers,  Hydro  offices, 
Archt, 

Ont.,  London — The  City  Council  is  in  the 
market  for  a  10  hp,  electric  motor  ,.0  run 
a  concrete  mixer  instead  of  the  steam  en- 
gine now   used.      H.    A.    Brazier.    Engr 


Ont.,  New  Toronto— The  town  plans  an 
election  to  vote  on  by-law  appropriating 
$100,000  to  construct  a  2  stor>-  publi< 
school,  A  vacuum  steam  heating  svsteni 
will  he  in.stalled  m  same.  W.  H.  C"  Mil- 
lard, Clk, 

Ont.,  Port  I>over — The  city  is  having 
estimates  submitted  for  the  construction  of 
a  waterworks  system  including  pumphouse. 
reservoir,  centrifugal  jjumps,  etc.  Total 
estimated  cost,  $100,000,  E,  A,  Jam^s  Co., 
Ltd,.   36  Toronto  St.,  Toronto,   Engr. 

Ont.,  Toronto — The  Canada  Realty  Co., 
Kent  Bldg.,  is  i)re))aring  plans  for  the  con- 
struction of  a  3  story,  50  x  80  ft.  bakery 
on  Claremont  St.  A  steam  heating  system 
and  a  horizontal  tubular  boiler  will  be 
installed  in  same.  Total  estimated  cost. 
$70,000. 


CONTR-1CTS   AWARDED 

N.  H.,  Portsmouth — The  Rockingham 
Co.  Light  &  Power  Co,,  29  Pleasant  St., 
has  awarded  the  contract  for  the  construc- 
tion of  a  2  story,  30  x  50  ft.  power  plant 
addition,  to  M,  Cashman,  63  Water  St,, 
Newburjport,       ]\Iass,  Estimated       cost. 

$25,000. 

Mass.,  Lowell — The  city  has  awarded  the 
contract  for  the  construction  of  a  3  story, 
186  X  289  ft.  high  school,  to  Daniel 
Walker,  529  Dutton  St  A  steam  heating 
system  will  be  installed  in  same.  Total  es- 
timated cost,    $750,000. 

B.  L,  Barrington — The  Rhode  Island  Lace 
Wks.  will  build  a  1  and  2  story  industrial 
housing  building.  A  hot  air  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $100,000.  Work  will  be  done  by  day 
labor. 

Conn.,  Nor  walk — Ihe  Rosen  wald  Wimpf- 
heimer  Inc.  has  awarded  the  contract  for 
changing  the  old  electric  light  plant  into  a 
hat  factory  and  for  the  construction  of  a 
1  story  boiler  house  addition  on  Wilton 
Ave.  and  Cross  St,  to  A.  R.  Malkan  &  Co.. 
7  Mechanic  St.  Total  estimated  cost, 
$25,000. 

Mass.,  Springfield — The  Diamond  Match 
Co.,  Ill  B'way,  New  York  City,  has 
awarded  the  contract  for  the  construction 
of  4  buildings  including  a  2  story,  311  x 
468  ft.  factory  and  three  2  story  store- 
houses, to  the  Turner  Constr,  Co.,  244 
Madison  Ave.,  New  York  City.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated   cost,    $1,000,000. 

N.  Y.,  Brooklyn — The  Atlantic  Pacific 
Co.,  317  Bradford  St..  will  build  six  4  story. 
50  X  100  ft.  loft  buildings  on  Pacific  and 
Sackman  Sts.  A  steam  heating  system  will 
1)e  installed  in  same.  Total  estimated  cost, 
$300,000.     Work  will  be  done  by  day  labor. 

N.  Y„  Long  Island  City — The  Title  Guar- 
antee &  Trust  Co.,  176  B'way,  New  York 
t^ity,  will  build  an  office  building  on  Hun- 
ter Ave.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$100,000,     Work  will  be  done  by  day  labor, 

N.  v..  New  York — The  58  West  40th 
St,  (-'orp,,  c/o  E.  Nocarsulmer,  Archt.  and 
Engr.,  507  5th  .\ve,,  has  awarded  the  con- 
tract for  the  construction  of  a  16  story. 
75  X  100  ft.  store  and  office  building  on 
58  West  40th  St.,  to  Leddy  &  Moore,  105 
AVest  40th  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $850,000, 

N.  Y.,  New  York — The  New  York  Cen- 
tral R.R.,  Grand  C(»ntral  Terminal,  has 
awarded  the  contract  for  the  construction 
of  a  13  story  addition  to  i)resent  office  build- 
ing on  Lexington  Ave.  and  42nd  St..  to 
James  Stewart  &  Co,,  30  Church  St.  A 
steam  heating  system  will  be  installed  \n 
same, 

N  •  v..  New  York — The  Sarco  Realty  Co  , 
214  West  141st  St.,  will  build  a  100  x  100 
ft  theatre  on  137th  St.  and  7th  Ave.  A 
steam  heating  system  will  bo  installed  in 
same.  Total  estimated  cost.  $125,000. 
Work  wi.l  be  done  by  day  labor. 

N.  Y.,  Schenectady — The  Citizens  Trust 
Co.,  434  State  St  .  has  awarded  the  con- 
tract for  the  construction  of  a  bank  build- 
ing to  John  McDermott.  436  State  St 
,\  steam  heating  system  will  be  installed  in 
same.      Total    estimated    cost,     $200,000. 

N.  J.,  Newark — .Aron  Levin.  Stuyvesant 
Ave.,  will  build  a  5  story,  50  x  140  ft. 
hotel  at  106  Clinton  .Ave.  A  ste.-'m  heat- 
ing system  will  be  installed  in  same  Total 
estimated  cost,  $235,000.  Work  will  be 
done    by    day    labor 
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ra.,  Chester^^A-Uison  &  Co..  Law  Bids., 
has  awarded  the  contract  for  the  construc- 
tion of  a  1  story,  62  x  202  ft.,  mill  build- 
ing, to  the  Chester  Contg.  and  Constr.  Co., 
Otis  Bldg..  Philadelphia.  A  steam  heatmg 
system  will  lie  installed  in  same.  Total 
estimated  cost.   .$10(1, OOO. 

Pa.,  Philadelpliia — The  Amer.  Mfg.  Co., 
"V\''ater  and  Morris  Sts.,  has  awarded  the 
contract  for  the  construction  of  a  1,  2  and 
3  story  factory  on  Shunk  and  l<ront  bts.. 
to  the  Turner  Constr.  Co.,  171  o  Sanson  St. 
\  steam  heating  system  will  he  installed  in 
.same.      Total    estimated    cost,    $;)()(). OOO. 

Pa.,  PittslMirgh — Tlie  Pittshurgli  Asso- 
ciation for  the  Improvement  of  tlu'  Poor, 
c/o  E  P.  Mellon.  Arrht.  and  Kngr.,  o2 
Vanderl)ilt  Ave..  New  York  City,  has 
awarded  the  contract  for  the  construction 
of  a  4  story.  60  x  240  ft.  otHce  building, 
to  Mellon  Stewart.  01i\er  Bldg.  A  steam 
heathig  svstem  will  be  installed  in  same. 
Total  estimated   cost,   $:!00,000. 

Md..  OrangeviHe  (Baltimore  P.  O.)— The 
Columbia  Craphopbone  iMfg.  Corp.,  Wool- 
worth  Bldg..  New  York  City,  has  awarded 
the  contract  for  tlie  construction  of  a  rt 
story,  260  x  :180  ft.  cabinet  factory  and  an 
85  X  li>i»  ft.  power  house,  ete..  on  lOast 
Preston  St.  :ind  Loneys  bane,  to  the  M.  .\. 
Long  C:o..  1.'.2r.  Munsey  Bldg..  Baltimore. 
Total   estimated    cost,    $2, .'500, 000. 

W.  Va.,  Kanawha  City — Liliby  Owens  has 
awarded  th,-  contract  for  the  construction 
of  r'owcr  plant  addition  near  Charleston 
St.,  to  the  Howard  P.  I^oley  Co..  1413  G 
St.,    Wash.,    D.   C.      Estimated   cost,    .$.5(t,00(i. 

On..  FJhertoii — The  First  Natl.  Bank  of 
Elberton  has  awarded  the  contract  for  the 
construction  of  a  1  story  Ijank  and  office 
building,  to  W.  O.  Sntherlin,  Greenwood. 
A  steam  heating  sysli-in  will  bt-  installed  in 
same.      Total    estimate.l    eost,    .n25,0(»(i. 

Oh.  Savannah — The  Diamond  Watch  Co., 
Ill  B'wav.  New  York  City,  has  awarded 
the  contract  for  the  construction  of  a  4 
storv,  r,7  \  196  -ft.  factory,  to  the  Turner 
Constr.  Co..  244  Madi.'ion  Ave..  New  York 
City.  A  steam  heating  system  will  be  in- 
stalled   in    same. 

Tenn.,  Kiioxville — Tlie  County  Court 
Bldg.  Committee  has  awarded  the  contract 
for  installing  heating  and  pluini>ing-  system 
in  the  proposed  addition  to  tlie  Court 
House,  on  West  Main  St.,  to  F.  Cantr(dl 
Co.,   Inc..    r.   T.   Ground.s,  at   $12,685. 

O.,  Dayton — The  Gt-neral  Motors  Co., 
Taylor  St..  lias  awarded  the  contract  for 
thf"  construction  of  a  6  story,  120  x  300 
ft.  factory  and  a  power  plant  on  Isl  and 
Foundry  Sts.,  to  Davies,  Chism  &  Davies, 
601  Chamber  of  Commerce  Bldg.,  Columbus. 
Total  estimated   cost,    !!;250,000. 


Mioh.,  Detroit — The  Cadillac  Motor  Car 
Co.,  Woodward  Ave.,  has  awarded  the  con- 
tract for  tlie  construction  of  a  4  story,  619 
X  792  ft.  automobile  factory  on  Clark  and 
Michigan  .\ves.,  to  the  Dupont  Engr.  Co., 
4.'!5  Woodward  Ave.  Electric  power  will 
be  installed  in  same.  Total  estimated  cost. 
?2, 780, 00(1. 

Mich.,  Muskegon — The  city  has  awarded 
the  contract  for  furnishing  a  15,000,000 
gal.  reciprocating  pump  for  waterworks 
svstem,  here,  to  Th<-  Allis  Chalmers  Mfg. 
Co.,  West  Allis  St.,  Milwaukee,  Wis.,  at 
$64,900. 

Mich.,  St.  Clair — The  Diamond  Crystal 
Sail  Co.  has  awarded  the  contract  for  the 
construction  oT  a  2  story.  Ido  x  160  ft. 
warehouse  along  the  waterfront,  to  J. 
O'Sullivan  &  Sous,  Pine  Grove  A\e.,  Port 
Huron.  Motors  to  operate  conveyors  will 
be  installed  in  same.  Total  estimated  cost. 
,$125,000. 

111.,  Chicago — The  Clemetsen  Co.,  2607 
l-'lournoy  St.,  has  awarded  tht'  contract  for 
the  construction  of  a  3  story,  100  x  :'.00  ft. 
factory  on  Homan  and  Division  St..  to  R. 
F.  Wilson  &  Co.,  Market  and  P.andolph  St.s. 
,\  steam  heating  system  will  be  installed 
ill    .same.     Total  estimated   eost,    $2ii(i.O(>o. 

lU..  Chieago — Frederick  T.  Hoyt,  i54 
>Vest  Randolph  St..  has  awarded  the  con- 
tract for  the  construction  of  a  200  .v  400 
ft.  factory  on  47th  St.  and  Kedzie  Ave., 
to  W.  McCumber,  140  South  Dearborn  St. 
A  steam  beating  system  will  be  installed 
in    same. 

111.,  Cliieago — Tlie  ShotWell  Mfg.  Co.. 
1021  West  Adams  St.,  has  awarded  the  eon- 
tract  for  tlie  construction  of  a  4  story. 
100  X  200  ft.  factory  on  Potsmer  and  St. 
Louis  Sts..  to  R.  F.  Wilson  &  Co.,  Randolph 
and  Market  Sts.  .\  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,   $300,000. 

Wis.,  Milwaukee — The  Seaman  Body 
('orp.,  480  Virginia  St.,  has  awarded  the 
contract  foi-  the  construction  of  a  1  story. 
50  X  90  tt.  power  house  on  Port  Washington 
St.,  to  Klug  &  Smith,  Mack  Block.  Boilers 
and  a  steam  engine  will  be  installed  in 
same.      Total    estimated    cost,    $50,000. 

Minn.,  Chisholm  —  The  Bd.  Educ.  has 
a,warded  the  contract  for  installing  a  steam 
heating  .system  in  the  proposed  2  story, 
100  X  100  ft.  grade  school,  to  A.  C.  3hir- 
mer  Co..  Hibbing.  Total  estimated  cost, 
$275,000. 

Minn..  Duluth — St.  Mary's  Hospital  Bd.. 
3rd  St.  and  5th  Ave..  East,  has  awarded 
the  contract  for  the  construction  of  a  6 
story.  41  x  140  ft.  hospital  addition,  to 
McLeod  &  Smith,  Sellwood  Bldg.  A  steam 
heating  and  mechanical  xentilating  system 
will  be  installed  in  same.  Total  estimated 
eost,    $200,000.      Noted   Feb.    3. 


Okla.,  Xewkirk — The  Newkirk  Ice  & 
Creamerj-  Co.  has  awarded  the  contract 
for  tlie  remodelling  of  their  1  story,  50  x 
lOO  ft.  ice  and  creamery  plant  at  the  Santa 
Fe  tracks,  to  Arthur  Frank,  Tulsa.  One 
2  hp.,  one  3  hp..  one  4  hp.,  one  5  hp.,  two 
10  hp.,  two  15  hp..  220  volt,  a.c.  motors 
and  one  75  kw.  direct  connected  a.c.  dy- 
namo will  be  installed  in  same.  Total  esti- 
mated cost.  $75,000. 

Ore.,  Clrants  Pass — The  Grants  Pass  Ir- 
rigation Dist.  has  awarded  the  contract  for 
furnishing  and  installing  4  puiiips,  pipe, 
etc.,  to  the  Shattuck  Edinger  Co.  Esti- 
mated cost.  ,$50,000. 

Cal.,  Anaheim — The  Anaheim  Co-opera- 
tive Orange  Association  will  build  a  pack- 
ing liouse  on  Center  St.  A  boiler  plant 
will  be  installed  in  same.  Work  will  be 
done   by   day   labor. 

Cal.,  Burlingame — The  City  Trustees  have 
awarded  the  contract  for  furnishing  and 
installing  2  pumping  units,  to  the  Siinonds 
Machinery  Co.,  117  New  Montgomery  St., 
San  Francisco,  at  $11,110.     Xoted  March  16. 

Cal.,  Holt — The  State  Record  Bd.,  Sacra- 
mento, has  awarded  the  contract  for  instal- 
ling pumping  plant,  etc.,  in  the  Reclamation 
Dist.  2021  in  Mildred  Island  Dist..  San 
Joaquin  Co.,  to  the  Olympian  Dredging  Co., 
249  1st  St.,  San  Francisco.  Total  estimated 
cost.    $300,000. 

Cal.,  San  Francisco — P.  .1.  Gartland,  21st 
and  Guerero  St.,  will  build  a  3  story  auto 
building  at  11th  and  Market  Sts.  A  steam 
heating  system  will  be  installed  in  same. 
Work  will  be  done  by  day  labor. 

Cat.,  San  Pedro — The  First  Natl.  Bank  of 
San  Pedro  has  awarded  the  contract  for  the 
construction  of  a  5  story,  50  x  100  ft.  bank 
and  office  building  on  6th  and  Palos  Verdes 
Sts.,  to  the  Foss  Designing  &  Bldg.  Co., 
45  North  Euclid  Ave..  Pasadena.  A  steam 
heating  svstem  will  be  installed  in  same. 
Total    estimated    cost.    $150,000. 

Que.,  Montreal — The  Montreal  Tramway 
Co.,  Tramway  Bldg.,  has  awarded  the  con- 
tract for  the  construction  of  a  1  story,  46 
X  106  ft.  power  house  on  Cote  St.,  to  F. 
A.  Grothe,  10  Cuthbert  St.  Estimated  cost, 
$67,000. 

Que.,  iVIontreal — L.  Poulin  Co.  Ltd.  has 
awarded  the  contract  for  the  construction 
of  a  4  story,  30  x  50  ft.  cold  storage  build- 
ing on  Claude  St..  to  L.  Langevin,  228 
Pare    Lafontaine.    Estimated    cost,    $22,000. 

B.  C,  Hatzic — The  Farmers'  Cold  Storage 
.\ssociation  has  awarded  the  contract  for 
the  construction  of  a  2  story,  60  x  150  ft. 
cold  storage  building,  to  B.  Davidson,  1012 
Broughton  St.,  Vancouver.  A  5  ton  ice 
making  plant  will  be  installed  in  same. 
Total  estimated  cost,  $50,000. 


There  are  Opportunities  for  You — 

til  the    Searchlight   Section  of  this  paper — the 
^^Opportunity"  advertising  of  the  power  indust?y. 


if  there  is  anything    you    want 

that  other  readers  of  this  paper  can  sup- 
ply, look  for  it  in  the  SEARCHLIGHT 
Section. 


If  you  have  anything    to   offer 

advertise  it  in  the  SEARCHLIGHT  SECTION 
for  quick  results.  It  is  here  that  buyers 
look  for  chances  to  buy. 


'Searchlight"  Opportunity  Advertising  Covers 


AyencipH  Wauled 
Ag'ents  Wanted 
Auction  Notices 
BuildiiiETB  for  Sale 
Busine.ss  Opportitnities 


Contraets  to  Bo  Let 
Educational  Courses 
Employment  Aereneies 
Exchanges 
For  Rent  Items 


Indut*trial  Sites 
Machinery  for  Sale 
Miscellaneous  Want.s 
New  Industrie.a  Wanted 
Partners  Wanteit 


Patent  Attorneys 
Plants  for  Sale 
Positions  Vacant 
Positions  Wanted 
ProTi'i'ty  for  Salf 


Receivej-a'  Sales 
Representatives  Wanted 
Salesmen  Wanted 
Second  Hand  Machinery 
Patents  for  Sale 


See  the  Searchlight  Section  in  this  issue. 
Pages  84  to  101 
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Gas-Steam  Unit  Shows  72.4  Per  Cent 
Thermal  Efficiency  at  Ford  Works 


By  L.  D.  RoYER 

Power-Construction  Department,  Ford  Motor  Company 


Results  from  one-hour  test  show  thermal  efficiency 
based  on  high  heat  value  of  gas  of  23.1  per  cent 
for  gas-engine  cylinders  and  heat  recovery  from 
exhaust  gases  of  ^9.3  per  cent,  giving  total  ther- 
mal credit  of  724  per  cent.  On  steam-engine 
cylinders  a  thermal  efficiency  of  20.U  per  cent, 
made  possible  by  hot  exhaust  gas  jacketing. 
Over-all  thermal  efficiency  of  unit  17.3  per  cent. 
Combined  mechanical  efficiency  of  unit,  79.2 
per  cent. 

SINCE  the  adoption  of  the  "gas-steam"  unit  as  a 
prime  mover  for  electrical  generation  by  the  Ford 
Motor  Co.,  the  mammoth  engines  employed  have 
been  of  great  interest  to  engineers.  After  inquiries  as 
to  design  and  the  general  layout  of  the  unit  had  been 


land  Park  Plant  and  details  of  engine  design  have  been 
given.*  Briefly,  these  units  consist  of  a  horizontal  twin 
engine  with  tandem  gas-engine  cylinders  on  one  side  and 
tandem  compound-steam  cylinders  on  the  other,  driving 
a  4,000-kw.  direct-current  generator  at  80  revolutions 
per  minute.  Full  dimensions  of  the  unit  are  given  in 
Table  I. 

Valves  on  the  high-pressure  steam  cylinder  are  of  the 
poppet  type,  and  Corliss  valves  serve  the  low-pressure 
cylinder.  The  one  unique  feature  on  the  steam  side  is 
the  circulation  of  a  portion  of  the  exhaust  from  the 
gas  engine  through  a  jacket  surrounding  the  high-pres- 
sure steam  cylinder.  In  this  way  about  2.5  per  cent  of 
the  total  heat  supplied  to  the  gas  engine  is  recovered 
and  converted  into  useful  work. 

On  the  gas-engine  side  the  cooling  involves  four  dis- 
tinct systems — the  cylinder  jackets,  the  exhaust  mani- 


FIG.  1.     COMBII^ATION  "GAS-STEAM"-  UNIT  AT»THE  FLANT      OF  THE   FORD   MOTOR   COMPANY 


satisfied,  there  still  remained  leading  questions  relating 
to  over-all  efficiency  and  the  percentage  of  waste  heat 
recovered.  Data  of  this  character  were  never  available 
until  recently,  and  while  results  given  herewith  were 
obtained  from  tests  under  operating  conditions  some- 
what below  normal,  they  will  serve  to  give  a  fair  indi- 
cation of  the  economies  that  may  be  credited  to  these 
units. 

In  back  issues  of  Poiuer  a  description  of  the  High- 


fold  or  jacketed  tees,  the  piston  and  the  valve  ooxes. 
The  exhaust  manifold  and  the  piston  use  cooling  water 
after  it  has  passed  through  the  steam  condenser  and 
deliver  it  to  the  factory  to  be  used  in  process  work. 
Water  passing  through  the  cylinder  jackets  is  used  as 
boiler  feed,  and  that  supplied  to  the  valve  boxes  is  cold 
city  water,  which  is  not  further  utilized.  From  the 
foregoing  it  will  be  seen  that  a  considerable  amount  of 

♦Nov.   21.  1916  and  Jan.  16,  1917. 
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heat  is  recovered.  Vy^hen  proper  thermal  credit  is  given, 
it  will  be  apparent  that  these  engines,  in  addition  to 
delivering  current  to  the  busbars  at  relatively  high 
efficiency,  will  show  economies  far  beyond  the  average 
condensing  plant. 

If  considered  in  the  terms  of  the  indicated  horsepower 


above  the  temperature  of  the  condensate  and  costing 
$0.35  per  1,000  lb.,  $1  will  supply  3,217,000  B.t.u.  How- 
ever, as  shown  by  test,  68  per  cent  of  the  heat  in  the 
gas,  or  1,101,600  B.t.u.  is  converted  into  useful  work, 
while  by  the  same  test  20.4  per  cent  of  the  heat  in  the 
steam,  or  656,270  B.t.u.,  is  utilized.    Thus  the  relative 
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FIO.    2.      IjONGITUDINAL   SECTION   THROUGH   GAS   ENGINE  CYLINDERS 


delivered,  the  gas-engine  performance  is  not  exceptional, 
but  when  operated  in  connection  with  a  steam  plant,  as 
well  as  a  manufacturing  plant  using  hot  water  in  pro- 
duction, great  economy  results,  due  to  the  fact  that  a 
considerable  portion  of  the  heat  in  the  exhaust  gases  is 
utilized.  The  test  shows  that  20.7  per  cent  of  the  total 
heat  supplied  to  the  gas  engine  is  recovered  in  the  cylin- 
der-jacket cooling  water,  and  23.1  per  cent  is  recovered 
from  the  piston  and  exhaust  manifold,  the  water  being 
used  for  metal  washing  and  other  manufacturing 
processes  throughout  the  factory  at  a  temperature  of 
140  to  150  deg.  The  items  previously  enumerated,  to- 
gether with  the  2.5  per  cent  supplied  to  the  steam  cylin- 
der and  21.7  per  cent  converted  into  work  in  the  cylin- 
ders, shows  a  total  thermal  credit  of  68  per  cent  for  the 
gas  engine,  based  on  the  high  heat  value  of  the  gas  sup- 
plied; based  on  the  low  heat  value,  the  thermal  credit 
would  be  72.4  per  cent. 

Gas  is. supplied  by  an  up-to-date  producer  plant,  con- 
sisting of  22  sections  of  Smith  producers  burning  coal, 
three  Hughes  producers  burning  coal  and  four  Hughes 
producers  burning  coke.  The  total  hourly  capacity  of 
the  plant  is  1,500,000  cu.ft.  of  gas  with  an  average  calo- 
rific value  of  162  B.t.u.  per  cubic  foot.  The  total  cost  of 
producing  gas  and  delivering  it  to  the  engine  is  ten 
cents  per  thousand  cubic  feet. 

Steam  is  supplied  by  a  boiler  plant  of  13,300  hp.  in 
water-tube  boilers,  delivering  steam  to  engines  at  150 
lb.  pressure  and  60  deg.  superheat.  The  boiler  room  is 
up  to  date  in  every  respect  and  is  equipped  with  auto- 
matic coal-handling  devices  and  all  appliances  for  the 
economical  production  of  steam.  The  cost  of  steam  at 
this  time  is  35  cents  per  thousand  pounds. 

With  gas  containing  162  B.t.u.  per  cu.ft,  and  costing 
$0.10  per  1,000  cu.ft.,  for  $1  a  total  of  1,620,000  B.t.u. 
is  furnished.    With  steam  containing  1,126  B.t.u.  per  lb. 


cost  of  the  heat  converted  into  useful  work  by  the  gas 
and  the  steam  sides  is  at  1:  1.68. 

The  problem  of  securing  accurate  data  on  the  steam 
side  of  the  unit  presented  no  special  difficulties,  stand- 
ard test  gages,  thermometers,  calorimeters,  mtercury  col- 
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umns  and  indicators  being  available;  likewise  with  the 
measurement  of  the  electrical  output  accurately  cali- 
brated ammeters  and  voltmeters  being  used.  However, 
to  determine  the  distribution  of  heat  in  the  gas  cylin- 
ders, some  special  apparatus  worthy  of  mention  was 
necessary;  namely,  the  Orr  gas-engine  indicator  de- 
signed by  William  Orr,  operating  engineer  at  the  High- 
land Park  Plant. 
Referring  to  Fig.  3,  it  will  be  seen  that  this  indicator 


cylinder  wall  condensation.  On  the  other  hand,  the 
tests  were  run  at  a  time  when  both  steam,  and  gas  plants 
were  inadequate  to  care  for  the  constantly  increasing 
load,  so  that  steam  was  being  generated  at  150  lb.  gage, 
30  lb.  under  normal,  and  on  account  of  a  shortage  of 
gas  resulting  in  a  reduced  pressure  in  the  main,  the  gas 
engine  cylinders  were  developing  only  1,828  hp.  instead 
of  the  full  normal  rating  of  2,750  hp.  At  full  load  the 
gas-engine  cylinders  in  particular  should  have  sho^vn  a 


R.P.n.   78.5 


Hic^h  Pressure    Si-eoim  Cylinder 


N9  I    &  N?2  Gots  Cylinder 


R.PM.  76.3 
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Low  Pressure  S+eoim  Cylinder 


R.PM.   78.5 
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N?3  &  N9  4  Gas  Cylinder 


PIG.    4.      INDICATOR   DIAGRAMS    FROM    STEAM    AND    GAS    ENGINE  CYLINDERS 


has  a  combination  of  two  springs.  It  uses  a  180-lb. 
spring  during  the  compression  and  explosion  periods 
and  a  10-lb.  spring  on  the  scavenging  and  suction 
strokes.  By  referring  to  the  diagram  produced  by  this 
indicator  (Fig.  4),  the  advantage  of  this  simple  and 
unique  feature  is  obvious. 

During  the  test  the  quantities  of  gas  and  water  were 
determined  by  a  special  type  of  pitot  tube  which  had 
been  carefully  calibrated,  and  constants  had  been  pre- 
viously determined.  By  this  method  the  gas  at  any 
temperature  and  pressure  could  be  accurately  measured 
and  the  flow  of  water  at  any  temperature  determined. 
While  the  pitot  tube  is  not  recognized  as  the  best  instru- 
ment for  accurate  measurements,  tests  made  with  stand- 
ard meters  in  parallel  gave  readings  that  were  prac- 
tically identical. 

In  Table  II  is  given  the  results  of  a  one-hour  test 
selected  from  a  number  of  similar  runs.  The  test  was 
taken  and  computed  in  accordance  with  the  standard 
A.  S.  M.  E.  Code.  The  figures  speak  for  themselves.  It 
might  be  well  to  point  out  that  the  particular  high 
efficiency  of  20.4  per  cent  for  the  steam  cylinders  was 
due  in  part  to  the  circulation  of  hot  exhaust  gas  through 
the  high-pressure  cylinder  jacket,  thereby  eliminating 


higher  thermal  efficiency.  However,  the  economy  under 
average  operating  conditions  at  the  time  of  the  test  was 
the  information  sought,  and  the  results  are  given  for 
what  they  may  be  worth. 

TABLE   I— DIMENSIONS   OF   COMBINATION 

"GAS-STEAM"   UNIT 

Steam  E.igine 

Type    Tandem  compound 

AuxiUaries    Electric  driven 


Rated  horsepower 

High-pressure  cylinder  diameter,  in 

Ijow-pressure  cylinder  diametei-,   in 

Stroke  of  pistons,  in 

Diameter  of  piston  rod,  in 

Clearance  Hp.   Cylinder : 

Head-end,  per  cent  piston  displacement. 

Crank-'nd,  per  cent  piston  displacement. 
Hp.   Constants    (1  lb.   Pressure,  1  rev.)  : 

High-pressure  cylinder 

Low-pressure   cylinder    


2,750 
36.25 
68.00 
72.00 
13.00 

8.47 
8.45 

0.327 
1.2723 


Gas  Engine 
Class : 

(a)  Four   cycle. 

(b)  Make-and-break  ignition,  110  volt,  direct-current. 

(c)  Two  cylinders,  double-acting. 

(d)  Straight  line  arrangement  of  cylinders. 

(e)  Horizontal. 

Diameter   of    cylinders,    in 42 

Stroke  of  pistons,  in 72 

Hated  horsepower 2,750 

Fuel   Producer  gas 

Horsepower  constant  (1  lb.  pressure,  1  rev.) 0.1139 

Gene7-ator 

Type Direct  Current,  Compound  Wound 

Capacity  at  80  r.p.m,   kw 4,000 

Volts     250 
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TABLE   II— RESULTS   OF   TEST   ON   LARGE 

"GAS-STEAM"   UNIT 

Steam   Engme 

flun    number    2 

Duration,    hr 1 

Exhaust  gas  through  high-pressure  cylinder  jacket,  per  cent. .     20 

Average  Pressures  and  Temperatures 

Pressure  in  steam  pipe  near  throttle,  lb.  gage 146.0 

Barometric  pressure,   in.   of  hg 29.57 

Pressure  of  steam  entering  l.-p.  cylinder,  lb.  gage 17.0 

Vacuum  in  condenser,  in.  hg 24.2 

Temperature  of  steam  near  throttle,  deg.   F 423. f) 

Superheat   in  steam   near  throttle,   deg.   F 59.6 

Quality  of  steam  leaving  h.-p.  cylinder,  per  cent 96.7 

Quality  of  steam  entering  low-pi-essure  cylinder,  per  cent. .      96.7 
Quality  of  steam  leaving  low-pressure  cylinder,  per  cent...      89.0 

Temperature  of  condensate,  deg.  F 104.0 

Hourly  Quantities 

Dry  steam  consumed  by  engine  per  hour,  lb 24,054 

Heat  units  given  to  engine  by  steam  per  hr.,  B.t.U....  27,849,475 

Heat  units  added  by  jacket  gas  per  hour,  B.t.u 545,935 

Heat  units  consumed  by  engine  per  hour,  B.t.U 28,395,410 

Power 

Revolutions   per    minute 78.3 

Indicated  horsepower  developed  by  steam  engine 2,279 

Indicated  horsepower  developed  by  h.-p.  cylinder 1,184 

Indicated  horsepower  developed  by  low-pressure  cylinder  1,095 

Economy  Results 

Dry  steam  consumed  by  engine  per  i.hp.  per  hr.-lb 10.6 

Heat  units  given  engine  by  steam  per  i.hp.  per  hr.,  B.t.u.  12,220 
Heat  units  added  by  jacket  gas  per  i.hp.  per  hr.,  B.t.u.  .  .  240 

Heat  units  consumed  by  engine  per  i.iip.  per  hr 12,460 

Efficiency  Results 

Thermal  efficiency,  based  on  i.hp.,  per  cent 20.4 

Gas  Engine 

Run   number    2 

Duration,    hr 1 

Average  Pressuies  and  Temperatures 

Pressure  gas  in  main  near  engine,  in.  water 0.42 

Temperature  of  room,  deg.    F 0.76 

Temperature  of  gas  entering  superheater,  deg.  F 808 

Temperature  of  gas  entering  steam  cyl.  jacket,  deg.  F. .  .  732 

Temperature  of  gas  leaving  steam  cyl.  jacket,  deg.  F.  .  .  465 

Temperature  of  gas  to  exhaust  from  superheater,  deg.  P.  676.5 

Temperature  of  cylinder  jacket  water  inlet,  deg.  F 107.3 

Temperature  of  head-end  cyl.  jacket  water  outlet,  deg.  F.  174.5 

Temperature  of  crank  and  cyl.  jacket  water  outlet,  deg.  F.  178.8 

Temperature  of  piston  cooling  water  inlet,  deg.  P 94 

Temperature  of  piston  cooling  water  outlet,  deg.  P 140.3 

Temperature  of  jacketed  tee  water  inlet,  deg.  F 94 

Temperature  of  jacketed  tee  water  outlet,  deg.  P 139.2 

Relative    humidity,    per    cent 89 

Calorific  value  of  gas  per  cu.ft.,  high  value,  B.t.u 152.8 

Calorific  value  of  gas  per  cu.ft.,  low  value,  B.t.u 143.5 

Hourly  Quantities 

Quantity  of  producer  gas  supplied,  cu.ft 140,456 

Quantity  of  air  supplied,  cu.ft 242,076 

Quantity  of  air  and  gas  supplied,  cu.ft 382,532 

Heat  units  consumed  by  engine  per  hr.,  low  ht.  value, 

B.tu 20,162,459 

Heat  units  consumed  by  engine  per  hr.,  high  ht.  value, 

B.t.u 21,461,677 

Cooling  water  supplied  to  head-end  jacket,  lb 32,518 

Cooling  water  supplied  to  crank-end  jacket,  lb 31,535 

Cooling  water  supplied  to  pistons,  lb 56,457 

Cooling  water  supplied  to  jacketed  tees,  lb 52,054 

Analyses 

Analysis  of  Producer  Gas  by  Volume : 

CO2,  per  cent 5.53 

CO,  per  cent    27.0 

H2.  per  cent 12.9 

CH4,  per  cent   1.97 

N2,  per  cent 52.6 

Analysis  of  Exhaust  Gas  by  Volume : 

CO2,  per  cent 14.9 

O2,    per    cent    4.0 

N2,  per  cent 81.1 

Power 

Indicated  horsepower    1,828 

Economy  Results 

B.t.u.  consumed  by  eng,  per  i.hp.  per  hr.,  low  ht.  value...  11,030 

B.t.u.  consumed  by  eng.  per  i.hp.  per  hr.,  high  ht.  value..  11,741 

Efficiency  Results 
Thermal  efficiency  gas  eng.  cyl.,  i.hp.,  high  ht.  value,  per 

cent    23.1 

Thermal  credit  based  on  i.hp.  plus  heat  recovered,  per  cent  72.4 

■  Volumetric  efficiency,  per  cent 78.0 

Heat  Balance — Low  Heat  Value 
Based  on   B.t.u.    per   i.hp.    per   hours  B.t.u.       Per  cent 

Heat  converted  into  work 2,545  21.7 

Heat  recovered  in  jacket  cooling  water 2,429  20.7 

Heat  recovered  in   piston  cooling  water 1,430  12.2 

Heat  recovered  in  jacketed  tee  cooling  water. .  .     1,287  10.9 

Heat  rejected  in  superheater,  radiation 419  3.6 

Heat  recovered  in  steam  cylinder  jacket 299  2.5 

Heat  rejected  in  exhaust 2,949  25.1 

Heat  rejected  in  valve  box  cooling  water 328  2.8 

Heat  unaccounted  for,  including  radiation 55  0.5 

Total  heat  consumed  per  i.hp.  per  hour 11,741  100 

Distribution  of  Heat  Recovered  from  Exhaust  Gas 

B.tu.       Per  cent 

Jacket  cooling  water  used  for  boiler  feed 2,429  20.7 

Jacket  tee  cooling  water  used  for  factory  service    1,287  10.9 

Piston  cooling  water  used  for  factory  service..     1,430  12.2 

Heat  recovered  in  high  press,  steam  cyl.  jacket.        299  2.5 

Total    5,445  46.3 


TABLE  II— RESULTS  OF  TEST  ON  LARGE 
"GAS-STEAM"  UNIT— (Concluded) 

Data  on  Complete  Unit 

Total  i.hp.  developed 4,107 

Mechanical  and  <,-lectrical  lo.sse.s,  hp 858 

Electrical    horsepower    developed 3,249 

Combined   mech.   and  el';c.   eff.,  per  cent 79.2 

Overall  thermal  efficiency   — 

Ht.  equiv.  of  a  kw.-hr.  at  sw.  bd. 

Ht.  supplied  to  unit  per  kw.-hr.    

Water  Temperatures 

Water  through  head-end  cylinder  jacket,  g.p.m AS 

Water  through  crank-end   cylinder  jacket,   g.p.m 61 

Water   through   pistons,    g.p.m HJ 

Water    through   jacketed    tees,    g.p.m 104 

Water   through   each    valve    box,   g.p.m 7 

Temperature  of  cylinder  jacket  water  inlet,  deg    F 107 

Temperature   of   head-end   cylinder  jacket  water   outlet, 

deg.  F 174 

Temperature  of  crank-end  cylinder  jacket  water  outlet, 

deg.  F 179 

Temperature  of  piston  cooling  wate"  inlet,  deg.  F 94 

Temperature  of  piston  cooling  water  outlet,  deg.  F 140 

Temperatuic  of  jacketed  tee  watei   inlet,  deg.  F 94 

Temperatui-c  of  jacketed  tee  water  outlet,  deg.   F 139 

Temperature  of  valve  box  cooling  water  inlet,  deg.  P. . .  .  94 

Temperature  of  valve  box  cooling  water  outlet,  deg.  F. .  130 

Gas 

Quantity  of  producer  gas  supplied,  cu.ft.  per  hr 140,456 

Quantity  of  air  supplied,  cu.ft.  per  hr 242,076 

Quantity  of  air  and  gas  supplied,  cu.ft.  per  hr 382,532 

Steam 

Pressure  of  steam  near  throttle,  lb.  gage 146 

Pressure  of  steam  entering  one  piston  cylinder,  lb.  gage.  17 

Vacuum    in   condenser,   in.    hg 24.2 

Superheat  in   steam   near   throttle,   deg.    F 59.6 

Quality  of  steam  leaving  hp.  cylinder,  per  cent 96.7 

Quality  of  steam  leaving  low-pressure  cylinder,  per  cent.  89 

Dry  steam  consumed  by  engine  per  i.hp.  per  hr.,  lb.  ...  10.6 

Efficiencies 

Thermal  efficiency  steam  engine,  based  on  i.hp.,  per  cent.  20.4 

Thermal  efficiency  gas  engine,  based  on  i.hp.,  per  cent. .  23.1 
Thermal    credit    gas    engine,    based    on    i.hp.    plus    heat 

recovered,    per   cent    72.  t 

Volumetric  efficiency  gas  engine,  per  cent 78 

Combined  mechanical  and  electrical  efficiency,  per  cent. .  79.2 
Combined    thermal    efficiency    based    on    hp.    delivered, 

per   cent    17.2 


Multiple-Stage  High-Pressure  Turbine 
Pumping  Set 

Multiple-stage  turbine  pumps  are  built  with  as  many 
as  ten  impellers  in  series,  and  in  cases  in  which  that 
maximum  does  not  give  the  pressure  required  at  the 
given  speed  it  is  usual  to  mount  two  such  pumps  on  one 
bed-plate,  the  two  units  being  connected  in  series  so 
that  the  resulting  pressure  will  be  that  due  to  as  many 
as  twenty  impellers  in  series.  A  pump  that  has  been  de- 
signed for  a  working  pressure  of  1,500  lb.  per  sq.  in. 
or  3,470  ft.  head  of  water  a^  a  speed  of  1,480  r.p.m.  has 
been  built  by  Mather  &  Piatt,  Ltd.,  Manchester,  Eng- 
land, says  The  Engineer.  It  has  a  capacity  of  800  gal. 
per  minute  and  is  driven  by  a  1,450-hp.  electric  motor. 
The  guaranteed  efficiency  of  the  pump  is  68  per  cent, 
and  the  actual  horsepower  required  to  drive  it  at  full 
load  is  1,240. 

The  low-pressure  pump  has  six  stages  and  develops 
1,486  ft.  head;  the  high-pressure  pump  has  eight  stages 
and  develops  1,984  ft.  head,  or  a  total  of  3,470  ft.  The 
low-pressure  pump  is  made  with  as  few  stages  as  pos- 
sible in  order  to  keep  the  pressure  on  the  stuifing-boxes 
on  the  high-pressure  pump  as  low  as  possible.  Notwith- 
standing this,  there  is  a  pressure  of  650  lb.  per  sq.in. 
on  these  boxes,  but  owing  to  the  arrangement  of  the 
packing  adapted,  the  boxes  run  cool.  They  are  fitted 
with  metallic  packing. 

The  over-all  length  of  the  complete  set  is  31  ft.  3*  in., 
height  5  ft.  5i  in.,  and  the  over-all  width  6  ft.  7*  in. 
The  motor  is  designed  for  three-phase  50  cycle  current 
at  a  pressure  of  6,600  volts.  The  pump's  suction  pipe 
is  9  in.  and  on  the  delivery  side  the  pipe  is  8  in,  in 
diameter. 
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ELECTRICAL  DRIVES 
FOR  LUMBER  MILLS 


By 

J.A.  FRANKLIN 


Factors  that  have  influenced  the  application  of 
electricity  to  the  lumber  industry  are  discussed, 
then  the  sizes,  types  and  characteristics  of  the 
motors  used  to  drive  the  various  machines  in  lum- 
ber mills  are  treated  of.  The  sizes  and  types  of 
motors  and  methods  of  driving  are  summarized  in 
a  convenient  table. 


A  CTUATED  by  an  enormous  demand  for  timber  of 
Zjk  various  kinds  during  the  last  few  years,  the  lum- 
X  \>  bcr  industry,  in  common  with  many  other  Ameri- 
can activities,  has  made  rapid  strides  in  the  improvement 
of  production  methods.  Satisfactory  operation  in  the 
largest  lumber  mills  has  shown  that  electric  motors 
easily  take  care  of  the  requirements  of  log  hauls,  band 
mills,  edgers,  etc.  Nearly  all  new  mills  are  fully 
equipped  with  electric  drives,  and  furthermore,  a  large 
number  of  old  ones  are  being  converted  from  mechanical 
to  electric  drives.  As  the  prime  essential  of  lumber  mills 
is  reliability,  operations  demand  equipment  upon  which 
dependence  can  be  placed.  Employees  are  constantly 
impressed  with  the  idea  of  getting  lumber  through  the 
mills  in  the  shortest  time  possible,  and  too  frequently 
the  machines  are  given  little  consideration,  therefore 
any  apparatus  intended  for  this  application  must  be 
designed  to  withstand  the  hardest  kind  of  usage. 

The  danger  from  fire  is  greatly  reduced  when  elec- 
tricity is  used,  because  there  are  fewer  bearings  to  be 
filled  with  oil,  which  is  frequently  spilled  on  the  bridge 
trees  and  posts  supporting  the  bearings.  There  is  also 
less  fire  hazard  owing  to  the  elimination  of  shafting, 
belting  and  bridge  trees,  with  the  accompanying  walks 
and  platforms  built  to  enable  the  millwrights  and  oilers 
to  get  to  and  from  the  machinery.  The  floor  of  the  mill 
becomes  a  much  clearer  space,  where  a  fire  may  not  only 
be  detected  more  readily,  but  possibly  checked  once  it 
has  started,  a  fact  that  is  always  taken  into  considera- 
tion by  the  insurance  companies  when  making  a  rate. 

Naturally,  the  problems  of  electrifying  are  as  varied 
as  there  are  mills,  but  in  general  the  same  types  of 
motors  are  used  for  driving  the  same  types  of  machines. 


♦Industrial  Department,  Westinghouse  Electric  and  Manufactur- 
ing   Company. 


The  motor  sizes  for  the  various  machines  depend  on  the 
local  conditions  in  any  particular  mill. 

Alternating  current  is  used  almost  exclusively,  because 
sparking  and  consequent  fire  hazard  are  reduced  to  a 
minimum  and  because  the  power-distributing  problems 
are  simplified,  especially  when  the  mill  is  scattered  over 
a  large  territory. 

Two  types  of  alternating-current  motors  are  used  in 
the  lumber  industry — the  squirrel-cage  and  wound- 
rotor.  Squirrel-cage  motors  are  generally  used  where 
very  high  starting  torque  is  not  required  and  variable 
speed  is  unnecessary.  The  rotating  element  presents 
a  sturdy  and  reliable  piece  of  apparatus,  and  the  only 
attention  required  is  an  occasional  oiling  of  bearings. 
In  addition,  the  controller,  manually  or  automatically 
operated,  used  for  starting  and  stopping  or  reversing 
the  motor  is  simple  in  construction  and  easy  to  operate. 

There  are  many  instances,  of  course,  where  the  squir- 
rel-cage motor  is  not  suitable  and  a  wound-rotor  type 
must  be  used.  This  is  usually  the  case  when  the  machine 
starts  under  a  very  heavy  load  or  must  operate  at  vari- 
able speeds.  The  starting,  stopping,  reversing  or  speed 
changing  of  the  motor  can  be  either  manually  or  auto- 
matically controlled.  Speed  variation  in  this  type  of 
motor  results  from  changing  the  external  resistance  in 
the  windings  of  the  rotating  element;  the  greater  the 
resistance  the  slower  the  motor  speed.  The  following 
gives  an  outline  of  the  types  of  motors  required  on  the 
various  machines  and  their  characteristics.  An  analysis 
of  these  data  is  given  in  the  table. 

Having  been  brought  from  the  woods  to  the  mill, 
the  logs  are  unloaded  into  the  log  pond.  They  are  gen- 
erally conveyed  from  the  pond  into  the  mill  by  means 
of  the  familiar  log  haul,  or  in  some  mills  by  a  log  lift. 
In  the  case  of  the  log  haul  an  endless  bull  chain  with 
hooks  or  "dogs"  spaced  every  few  feet  runs  in  a  steel 
groove  up  an  incline  from  the  pond  to  the  log  deck,  at  a 
speed  of  from  45  to  180  feet  per  minute.  The  most 
satisfactory  method  of  drive,  and  one  that  has  been 
generally  adopted,  is  the  installation  of  a  wound-rotor 
motor  of  from  25-  to  50-hp.  rating  with  a  drum  con- 
troller, the  motor  being  started  and  stopped  whenever 
it  is  desired  to  start  or  stop  the  bull  chain. 

Another  method  of  drive  sometimes  applied  to  the 
haul  is  a  constant-speed  squirrel-cage  motor,  in  which 
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case  the  motor  operates  continuously  and  the  load  is 
thrown  on  and  off  by  means  of  a  clutch  or  friction.  In 
either  case  the  motor  is  generally  connected  to  the  driv- 
ing sprocket  through  reduction  gears  in  order  to  pro- 
duce the  desired  speed  of  the  bull  chain. 

Where  the  log  lift  is  employed,  the  logs  are  floated 
alongside  the  mill  by  means  of  a  pond  or  canal,  and 
cables  are  used  to  lift  them  to  the  deck.  One  end  of  each 
cable  is  attached  to  the  edge  of  the  deck  and  the  other 
ends  are  secured  to  drums,  thus  permitting  the  cable 
to  sag  into  the  pond,  forming  a  loop  into  which  the  logs 
are  floated.  A  variable-speed  wound-rotor  motor  of  from 
35-  to  50-hp.  capacity  is  geared  to  the  drum,  and  as  the 
latter  revolves,  the  slack  of  the  cables  is  taken  up  and 
the  logs  are  rolled  up  inside  of  the  loop  on  to  the  deck. 
The  motor  is  generally  equipped  with  a  solenoid  brake  so 
as  to  enable  it  to  hold  the  load  suspended  at  any  point 
in  case  for  some  reason  it  is  necessary  to  stop  its 
progress. 

After  the  logs  arrive  on  the  deck,  they  are  placed  on 
the  log  carriage.  The  control  valves  for  the  "kickers" 
and  loaders,  as  well  as  practically  all  the  steam  and  air 
cylinders  throughout  the  mill,  are  operated  by  electro- 
magnets controlled  by  push-buttons,  which  may  be 
placed  at  any  convenient  points  and  operated  either  by 
foot  or  by  hand  as  may  be  desired.  The  set-works  on  the 
carriage  used  to  adjust  the  position  of  the  log  for  the 
saw  cut  are  of  the  type  that  requires  rotating  motion 
and  are  most  satisfactorily  driven  by  a  constant-speed 
squirrel-cage  motor  of  from  5-  to  10-hp.  capacity.  The 
motor  operates  continuously  and  is  supplied  with  current 
from  a  flexible  cable  or  from  a  trolley  suspended  from 
the  side  of  the  mill,  preferably  the  latter.  The  motor 
may  be  direct-connected,  geared,  belted  or  chain-driven. 

The  rock  saw  used  in  some  sections  of  the  country, 
which  precedes  the  main  saw,  cutting  a  path  through 


FIG.  1. 


ELEVEN-FOOT  ELECTRICALLY  OPERATED 
BAND  MILL 


the  bark,  removing  any  rock,  gravel  or  other  matter 
likely  to  injure  the  main-saw  teeth,  is  mounted  above 
the  carriage  on  a  framework  that  can  be  raised  and  low- 
ered by  the  operator.  It  is  driven  by  a  10-  or  15-hp. 
squirrel-cage  motor,  mounted  on  the  upper  portion  of 
the  framework  and  belted  to  the  saw.  The  motor  runs 
continuously  and  is  controlled  by  an  auto-starter 
installed  near  the  head  sawyer's  stand.    A  motor-driven 


blower  is  generally  provided  to  carry  away  the  sawdust. 
The  head  saw.  Fig.  1,  is  generally  of  the  band  type 
and  requires  the  largest  motor  used  in  a  mill — from 
100-  to  300-hp.  capacity.  For  driving  the  handsaw  a 
wound-rotor  motor  is  recommended  because  of  the  heavy 
starting  torque  required  due  to  the  inertia  of  the 
saw  and  the  wheels  over  which  it  runs.  A  high-speed 
three-bearing  motor  is  generally  belted  to  the  driving 


FIG. 


INSTALLATION  OF  STARTING  BOXES  FOR 
ROLL  MOTORS 


pulley  and  a  belt  tightener,  though  not  essential,  is  fre- 
quently installed  to  secure  proper  belt  tension,  particu- 
larly when  the  angle  of  the  belt  approaches  the  vertical. 
The  flywheel  effect  of  the  lower  bandmill  wheel  assists 
in  reducing  the  peak  loads  on  the  motor  during  the 
heavy  cuts. 

The  live  rolls,  the  first  link  in  the  interior  transpor- 
tation chain  after  the  log  has  passed  the  head  saw,  form 
an  exceedingly  important  factor.  If  they  are  shut  down, 
the  operation  of  the  entire  mill  is  affected.  Live  rolls, 
which  require  frequent  reversal,  are  operated  by  wound- 
rotor  motors  and  are  controlled  from  a  small  cage  or 
station  overlooking  the  rolls.  In  some  cases  where  the 
rolls  are  not  reversed  frequently  or  do  not  start  under 
severe  conditions,  squirrel-cage  motors  may  be  applied. 
Where  it  is  desired,  several  sections  of  the  rolls  may  be 
operated  from  the  same  motor-driven  shaft,  through 
friction  clutches.  However,  the  driving  of  each  sec- 
tion with  its  individual  motor  is  generally  more  advis- 
able. The  power  requirements  for  the  rolls  vary  so 
much  that  it  is  difficult  to  give  definite  capacities,  but 
the  sizes  generally  required  are  from  3-  to  15-hp., 
depending  on  the  size,  number  and  speed  of  the  rolls. 
In  order  to  secure  the  low  speeds  desired,  back-geared 
motors  with  rolled-chains  and  sprockets  are  generally 
used,  driving  direct  from  the  back-gear  shaft  to  the  live- 
roll  shaft.  A  particular  advantage  of  the  electric  oper- 
ation of  the  rolls  is  the  ability  to  reverse  quickly  and 
"spot"  accurately  a  piece  of  timber  over  a  jump  saw  or 
section  of  a  transfer  chain. 

Transfer  chains  are  frequently  remote-controlled  by 
means  of  contactor  panels,  and  squirrel-cage  motors  with 
high-resistance  end-ring  rotors  are  proving  very  satis- 
factory as  the  motive  power.  One  particular  advantage 
in  using  remote-control  operation  of  these  motors  is 
that  the  transfer  chains  can  be  started  and  stopped  with 
ease  from  two  or  more  widely  separated  points  without 
any  interference  from  other  operators.  For  such  ser- 
vice there  has  been  developed  a  sturdy  type  of  push- 
button which  is  so  connected,  depending  on  the  function 
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of  the  transfer  chain,  that  the  chain  is  in  operation  only 
durinV  the  period  when  the  push-button  as  depressed 
On  the  other  hand,  should  continuous  operation  be 
desired,  the  chain  is  stopped  only  when  the  push-button 

''TrvaTvt  on  the  steam  or  air  cylinders  operating 
the  bumpers  and  jump  rolls,  and  for  raising  and  lower- 
ing the  transfer  skids,  may  all  be  actuated  by  electro- 
mfgnets  controlled  from  push-button  switches  located 
Conveniently  to  the  operator  in  the  same  manner  as 
tZe  described  for  the  transfer  chains.  This  system 
permits  two  or  more  operators,  even  though  separated 
?rom  each  other,  to  have  control  of  the  bumpers  and 

"^^  Jump  or  swing-up  saws  are  installed  at  points  in  the 
system  of  live  rolls  for  trimming  timbers  to  speci- 
fied Jengths.  In  the  case  of  a  jump  saw  the  motor  is 
frequently  mounted  on  the  saw  frame,  while  the  motor 
driving  a  swing-up  saw  is  mounted  on  a  stationary 
foundation,  and  the  belt  tension  is  usually  supplied  by 
a  swinging  belt  tightener.  The  service  required  of 
these  motors,  which  are  of  the  squirrel-cage  type  is 
very  intermittent  and  the  capacity  varies  from  71  to  25 
hp.,  depending  on  the  service. 

The  live  rolls  back  of  the  handsaw  carry  the  slabs 
to  a  point  in  front  of  the  slasher,  Fig.  3,  where  at  the 
will  of  the  operator,  they  are  transferred  off  the  live 
rolls  by  means  of  trip  skids.  These  skids  are  raised  by 
a  cylinder  the  valve  of  which  is  operated  by  an  electro- 
magnet whose  control  button  is  within  convenient  reach 
of  the  operator.  Early  methods  of  slasher  drive  con- 
sisted in  belting  the  slasher  arbors  from  an  overhead 
countershaft  which  was  either  direct-connected  to  the 
motor  through  a  flexible  coupling  or  belted.  More  mod- 
ern installations,  however,  have  the  arbors  in  one  con- 
tinuous length  for  any  number  of  saws,  and  to  which 


resistance  end-ring  squirrel-cage  motor  with  remote 
control  of  the  oif-and-on  type.  With  this  type  of  drive 
and  control  any  large  load  of  slabs  and  edgings  that  has 
accumulated  on  the  floor  chains  can  be  fed  gradually  to 
the  slasher  saws  without  danger  of  jamming  or  causing 
them  or  the  arbors  any  injury.  ,      .   t.-     a 

Boards  coming  from  the  head  saw  to  be  edged,  Fig.  4, 
and  ripped  to  the  desired  width  by  the  edger  are  carried 
on  rolls  to  a  point  directly  opposite  and  are  then  trans- 


FIG.   3.      MOTOR  DIRECTLY   CONNECTED  TO   SLASHER   IN  FOREGROUND 


a  squirrel-cage  motor  is  directly  connected  through  a 
flexible  coupling.  The  capacity  of  the  motor  required 
varies  from  35-  to  75-hp.,  depending  on  the  kind  of  lum- 
ber cut. 

The  slasher  floor  chains  in  some  cases  are  driven 
through  friction  clutches  belted  from  the  slasher  arbors. 
More  recent  and  satisfactory  drives,  however,  because  of 
the  elimination  of  the  friction  and  greater  flexibility  of 
control,  consist  in  driving  the  chains  by  means  of  a  high- 


FIG  4.   ROLLS  ELECTRICALLY  CONTROLLED  BY  OPERA- 
TORS IN  SMALL  BOOTHS— EDGER  SHOWN 

ferred  sidewavs  on  the  chains  which  take  them  to  thti 
edger.     In  some  mills  this  transfer  of  boards  is  madel 
automatic  by  raising  a  stop  at  the  proper  point  m  the 
rolls.     When  the  board  strikes  the  stop,  it  closes  the 
circuit  of  a  control  switch  causing  the  trip  skids  to  rise 
and  trip  the  board  off  the  rolls  onto  the  chains,  thence 
to  the  edger.     The  transfer  chains 
are   usually   driven   by   high-resist- 
ance  end-ring  squirrel-cage  motors 
with  a  remote-control  button  placed 
within  easy  reach  of  the  edgerman's 
foot,  so  that  he  may  readily  bring 
each  piece  up  to  the  machine  as  he 
desires.     The   edger   drive   consists 
of  a  squirrel-cage  motor  of  from  35- 
to    250-hp.    capacity,    depending   on 
the   kind   of   lumber    and   the   cut- 
ting    speed,     directly     connected 
through    flexible    couplings    to    the 
edger  arbor.    Except  in  the  case  of 
extremely  large  sizes  it  is  entirely 
satisfactory  to  place  the  rotor  of  the 
motor  on  the  edger  arbor  in  the  posi- 
tion usually  occupied  by  the  drive 
pulley  in  belt-driven  edgers. 

After  passing  through  the  edger 
the  boards  and  edgings  are  carried 
along  over  the  slasher  floor  chains 
on  which  the  edgings  from  the  edger  are  thrown,  the 
boards  continuing  along  these  rolls  and  being  delivered 
edgewise  onto  the  trimmer  chains.  These  are  driven 
by  a  high-resistance  squirrel-cage  motor  with  remote 
control,  the  button  of  which  is  located  so  that  the 
operator  placing  lumber  on  the  trimmer  can  reach  it 
with  his  foot  and  start  or  stop  them  as  desired.  The 
trimmer  is  driven  by  a  squirrel-cage  motor  of  from 
25-   to   75-hp.   capacity   directly   connected  through  a 
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and  a  wound-rotor  belted  motor  with 
an  idler  pulley  to  supply  belt  tension 
is  the  proper  application. 

Although  the  actual  power  require- 
ments for  the  sorting  table  are  not 
very  great,  the  starting  duty  is  at 
times  unusually  heavy,  owing  to  the 
fact  that  the  table  frequently  be- 
comes congested  with  lumber  piled 
up  on  it,  which  must  be  moved,  a 
wound-rotor  motor  of  from  5-  to 
10-hp.  capacity  being  desired. 

It  is  frequently  necessary  to  re- 
saw  lumber  to  the  proper  thickness. 
For  this  purpose  it  is  taken  to  the 


FIG.     5.       MOTOR     DIRECTLY     CON- 
NECTED  TO    TIMBER    SIZER 

flexible  coupling  to  the  trimmer 
counter-shaft  from  which  the  saw 
arbors  are  belted.  Feed  chains  for 
the  trimmer  are  driven  by  Ihigh- 
resistance  end-ring  squirrel-cage 
motors.  The  remote-control  push 
button  is  located  in  the  trimmer- 
man's  cage  where  he  can  reach  it 
with  his  foot,  affording  him  easy 
and  accurate  control  and  leaving 
both  hands  free  for  pulling  the  saws. 
The  gang  saw,  which  consists  of 
a  number  of  straight  saws  having 
a  vertical  reciprocating  and  oscillat- 
ing motion,  splits  a  cant  into  several  boards  of  the 
desired  thickness.  The  power  requirements  vary  greatly, 
depending  on  the  size,  kind  of  lumber  and  speed  of  cut- 
ting desired.     Motors  ranging  in  size  from  75  to  250 
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1-lVE  FAST-FEED  PLANERS   DIRECXLi    DKiVi.xN    B? 
INDIVIDUAL  MOTORS 

resaw,  which  is  similar  in  its  power  requirements  to 
the  handsaw  runs.  As  in  the  case  of  the  bandsaw, 
however,  when  once  started  the  saw  acts  as  a  flywheel 
and  assists  in  pulling  through  the  heavy  cuts,  a  wound- 


SIZES  AND  TYPES  OF  MOTORS  AND  METHODS  OF  DRH'E  FOR  LUMBER-MILL  APPLICATIONS 

Speed 

Type        Horse-power  R.P.M.               Method  of  Drive                                      Comments 

Log  haul S.C.  orW.R.           25-50  900  Belted  or  geared 

Log  lift W.R.                     35-50  900  Geared  to  drum                              Solenoid  brake  generally  supplied 

Carriage  set  works S.C.                         5-10  900  Geared,  belted  or  chain-driven 

Headsaw W.R.                   100-300  600  Belted 

Rock  saw : S.C.                       10-15  1200  Belted 

Live  rolls  and  transfer  chains S.C.  or  W.R.             3-15  600-900  Back-geared  and  chain 

Jump  or  swing-up  saws S.C.                       7^-25  600- 1 200  Belted 

Slasher S.C.                      35-75  900-1200  Direct-connected 

Edger S.C.                       35-250  1200-1800  Direct-connected 

Trimmer S.C.                      25-75  900  Direct  connected                           Flexible  coupling  to    shaft    from    which 

„  saw  arbors  are  belted 

Gangsaw W.R.                    75-250  720  Belted 

Sortingtable S.C.                       5-10  900-1200  Direct-connected                           High-resistance  end-ring  motor  and  fric- 

T,  tWK  tion  device  generally  used. 

Resaw S.C.  or  W.R.            75  900  Direct-connected  o-  belted 

Stacker S.C.  or  W.R.            5-7i  1 200  Belted. 

Timber  sizer 1  .  ,  .         S.C.                      50-75  900  Direct-connected 

Hogs S.C.                       15-100  1200  Direct  connected  or  belte<l 

Rolls,  various  kinds S.C.  or  W.R.             3-10  900-1200  Chain-driven  or  geared 

Saw  grinders,  stretcher,  re-toother 

and  scarfing  machines S.C.                         2-5  1200  Belted 

Exhaust  fans W.R.                    20-1 50  600- 1 200  Direct-connected  or  belted 

Conveyers S.C.  or  W.R.           10-25  900-1200  Geared 

'  LATH  MACHINES 

Lath  bolter S.C.                      40-50  1 800  Direct-connected 

Lath  mill S.C.                      25-40  3600  Direct-connected 

Lath  trimmer S.C.                       5-ID  1200  Direct-c_nnected 

SHINGLE  MILLS 

Main  saw S.C.                      20  1800  Direct  connected 

Trimmer  saw S.C.                       3  1800  Direct-connected 

LOGGING 

Donkey-hoist W.R.                 150-200  600  Geared 

Note: — W.R.  denotes  wound  rotor,  and    S.C.    squirrel  cage. 


hp.  are  required.  As  the  gang  is  equipped  with  a  fly- 
wheel and  the  saws  together  with  the  framework  form 
a  considerable  mass,  the  starting  duty  is  rather  severe, 


rotor  motor  is  considered  the  most  desirable  applica- 
tion, although  there  are  a  number  of  high-resistance 
end-ring  squirrel-cage   motors   operating   resaws   very 
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satisfactorily.  The  capacity  required  for  a  7-f t.  resaw  is 
75  hp.  The  feed  rolls  are  driven  by  a  wound-rotor  motor 
varying  from  3  to  5  hp.  in  capacity.  From  the  sorting 
table  the  lumber  is  handled  by  various  companies  in  dif- 
ferent ways.  Generally,  it  is  taken  by  transfer  cars  or 
telphers  to  stackers,  thence  to  the  dry  kiln  or  the  lumber 
yard.  In  some  cases  the  stacker,  which  is  driven  by  a  5- 
or  7J-hp.  squirrel-cage  motor,  stacks  the  lumber  and  it 
is  transferred  to  the  dry  kiln  on  iron  framework  cars 
and  un stacked  after  drying  by  an  automatic  unstacker 


driven  by  a  motor  of  3-hp.  capacity.  From  here  the  lum- 
ber is  moved  by  some  method  of  transportation  to  the 
planing  mill,  lumber  shed  or  railroad  cars,  as  desired. 

In  some  sections  it  is  the  practice  to  have  a  timber 
sizer  located  in  the  lumber  mill,  where  large  timbers  car 
be  planed  before  shipment.  The  size  of  the  motor,  which 
is  usually  of  the  squirrel-cage  type  and  directly  con- 
nected, varies  according  to  the  size  of  stock,  rate  of  feed, 
number  of  sides  to  be  surfaced  and  the  speed,  the  usual 
capacities  ranging  from  50  to  75  horsepower. 


Refrigeration  Study  Course  VI — The  Brine  System 


By  H.  J.  MACINTIRE 

Professor   of  Mechanical  Engineering,   University   of  Idaho 


WITH  the  so-called  direct  expansion  system, 
where  ammonia  is  allowed  to  boil  in  the  cold- 
storage  rooms  there  is  danger  at  all  times. 
The  pipe  lines  may  become  corroded,  or  split  due  to 
imperfect  welding,  or  fittings  may  be  broken  by  acci- 
dent. The  result  is  that  some  or  all  of  the  ammonia  in 
that  part  of  the  system  may  be  emptied  into  the  room. 
We  have  had  accidents  to  liquid  receivers  where  the 
anhydrous  ammonia  ran  in  streams  into  the  street. 

Besides  the  danger  to  life  and  commodities,  there 
is  also  the  matter  of  the  initial  charge  of  ammonia.  In 
a  large  system  of  long  supply  and  return  pipes,  or 
extensive  refrigerating  piping,  the  amount  of  the  ini- 
tial charge  has  to  be  very  heavy,  which  requires  con- 
stant care  and  repair  to  maintain  the  piping  tight  at 
all  times.  The  result  is  that,  under  certain  particular 
conditions,  the  so-called  brine  system  is  best  for  the 
refrigerating  piping. 

The  Brine  System   of  Indirect  Refrigeration 

In  the  brine  system  of  indirect  refrigeration,  the 
high-pressure  side  is  the  same  as  in  the  direct-expan- 
sion system.  The  low-pressure  side  consists  of  a  brine 
cooler,  usually  of  the  shell  and  tube  type  similar  in  con- 
struction to  a  steam  condenser.  The  brine  is  a  non- 
freezing  solution  of  sodium  or  calcium  chloride  of  such 
density  as  will  not  freeze  at  the  temperature  carried 
in  the  cooling  system.  On  account  of  the  lower  freez- 
ing temperature  of  calcium  brine,  it  will  be  found  in 
most  service  where  zero  F.  degree  brine  is  required. 

The  brine  sysem,  then,  is  really  an  additional  unit 
in  the  system,  where  the  brine  is  kept  cool  by  boiling 
ammonia  and  the  cold-storage  rooms  or  other  refriger- 
ating application?",  are  kept  cold  by  the  brine.  The 
ammonia  system  is  self-contained,  and  the  ammonia 
piping  may  be  kept  constrained  to  a  single  room.  The 
brine,  however,  must  be  kept  circulating  constantly 
by  means  of  a  centrifugal  or  reciprocatin»j  pump,  and 
all  exposed  piping  must  be  well  insulated.  The  brine 
line  need  only  be  full-weight  steel  pipe  with  ordinary 
fittings,  valves  and  cocks.  The  system  is  laid  out  in 
many  ways  like  an  ordinary  hot-water  heating  system. 

Advantages  of  the  Brine  System 

The  great  advantage  of  the  brine  system,  other  than 
those  already  noted,  is  in  the  ability  to  store  up  energy. 
With  the  direct-expansion  system  the  compressor  must 
be  operating  constantly  during  t"he  live-load  period.  If 
this  is  not  done,  the  pipes  will  soon  lose  their  frost  and 
the  room  temperature,  or  the  commodities  being 
cooled,  will  begin   to    increase    in   temper?  ture.     With 


the  brine  system,  this  is  not  true,  as  "cold"  may  be 
accumulated  in  the  brine  and  this  may  be  circulated 
while  the  compressor  is  shut  down.  In  fact,  the  example 
may  be  carried  considerably  farther  in  certain  kinds 
of  service  that  are  intermittent,  as  ice-cream  making, 
milk  and  drinking-water  cooling,  the  chill  room  of  the 
packing  house,  or  where  refrigeration  is  required  sud- 
denly. 

In  cases  of  periodic  load  the  brine-storage  tank 
becomes  an  advantage.  In  such  a  case  refrigeration 
may  be  stored  by  cooling  a  large  volume  of  brine 
through  as  large  a  temperature  range  as  is  practical. 
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The  compressor  may  be  operated  24  hours  of  the  day, 
thereby  utilizing  a  much  smaller  machine  than  would 
be  required  if  no  brine  was  used  and  the  compressor 
capacity  had  to  be  capable  of  the  maximum  rate  of 
cooling.  It  will  be  seen  that  by  means  of  brine  the 
peak  load  is  distributed  during  the  whole  day  of  24 
hours,  whereas  the  load  may  last  only  three  hours. 
Energy  is  accumulated  in  the  same  sense  as  in  the  case 
of  an  engine  flywheel. 

Disadvantages  of  the  Brine  System 

There  are,  however,  certain  disadvantages  in  the 
use  of  brine.  The  first  cost  and  the  operating  cost  are 
usually  greater.  The  brine  pump  has  to  be  operated 
by  independent  power.  In  addition,  and  more  serious 
than  anything  else,  are  the  losses  incident  to  the  use 
of  brine.  It  will  be  remembered  that  the  brine  is 
first  cooled  in  a  brine  cooler,  and  the  ammonia  may  be 
required  to  boil  at  16  deg.  F.  to  carry  brine  at  an  aver- 
age temperature  of  26  d«y.  F.  Likewise,  the  air  to  be 
cooled  in  the  cold-storage  room  could  be  kept  at  a  cor- 
responding temperature  of  36  deg.  F.,  thus  allowing 
10  deg.  difference  of  temperature  in  each  case.     The 
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capacity  of  the  compressor  would  be  determined  by 
the  temperature  of  the  boiling  ammonia,  which  would 
have  been  26  deg-.  F.  in  the  case  of  direct  expansion. 
In  the  brine  system,  therefore,  it  is  necessary  to  boil 
the  ammonia  at  considerably  lower  pressure  than  with 
the  direct  expansion,  thereby  costing  more  per  ton  of 
refrigeration  for  the  power  input,  and  reducing  the 
capacity  of  the  compressor. 

The  brine  required  for  a  given  condition  may  be  cal- 
culated easily.  The  "heat  capacity"  of  a  certain  volume 
of  brine  depends  on  the  product  of  the  density  (spe- 
cific gravity)  and  its  specific  heat  (heat  units  required 
to  raise  one  pound  one  degree  F.).  For  instance,  the 
cooling  effect  of  100  gal.,  of  brine  in  raising  4  deg.  F. 
would  be 

4    X     100   X   8i   X    1.2    X    0.7  =  2,700  B.tu. 


Deg. 
Range 


No. 
Gal. 


Wt.  I 

Gal. 


Sp.  Gr. 
Brine 


Sp.  Heat 
Brine 


assuming  1.2  for  the  specific  gravity  and  0.7  for  the 
specific  heat  of  the  brine.  These  values  change  with 
each  concentration  of  brine  solution. 

If  it  is  required  to  find  the  amount  of  brine  per 
minute  necessary  to  provide  one  ton  of  refrigeration 
with  a  five-degree  range  of  temperature,  the  calculation 
becomes 

200  =  No.  gallons  X  8  :\  X  1-2  X  0.7  X  4     . 

77  200  200       ^  , ,      „ 

No.  gallons  =  81X12X07X4  ^  ~2S  ^  gallons 

per  minute 

Chart  for  Determining  Proportions 
of  Gear  Teeth 

By  J.  H.  McManus  and  L.  J.  Ehlinger 

The  accompanying  chart  is  based  on  Lewis'  formula 
for  the  strength  of  cast-steel  pinions.  This  formula, 
as  applied  to  a  15-tooth  pinion,  is  as  follows: 

5 

a  P. 


^  /0.36  hp.^ 
\   r.p.m. 


where  C.P.  equals  circular  pitch  of  the  pinion. 

To  use  the  chart,  draw  a  straight  line  from  the 
horsepower  transmitted  on  the  left-hand  scale  to  the 
•revolutions  per  minute  on  the  right-hand  scale  and 
read  off  the  pitch  on  the  central  scale.  The  example 
shown  on  the  chart  is  for  a  15-tooth  pinion  transmitting 

30  hp.  at  200  r.p.m.,  and  as  shown,  the  circular  pitch 
would  be  li  in.,  or  the  diametral  pitch  about  2^  in. 
The  face  of  the  teeth,  which  should  be  three  times 
the  circular  pitch,  would  then   be  three  times   li  or 

31  inches. 

If  the  chart  is  to  be  used  for  pinions  having  more 
or  less  than  15  teeth,  m.ultiply  the  actual  horsepower 
by  0.027  N  +  0.6,  where  N  is  the  number  of  teeth  in 
the  pinion.  Then  use  this  corrected  horsepower  on  the 
chart  and  proceed  as  in  the  case  of  a  15-tooth  pinion. 

As  an  example  of  the  use  of  the  chart  for  the  design 
of  a  complete  gear  train,  assume  a  75-hp.  motor  running 
1,000  r.p.m.,  driving  a  hoist  drum  running  10  r.p.m. 
through  two  intermediate  shafts,  the  first  running  250 
and  the  second  50  r.p.m.  Pinions  being  the  weakest 
part,  determine  their  circular  pitch  and  face  and  follow 
through  the  various  reductions  to  the  drum. 

Assuming  a  15-tooth  pinion  on  the  motor  with  75-hp. 
and  1,000  r.p.m.,  the  chart  reads  Ih  in.  circular  pitch 
and  three  times  this  for  the  face  gives  31  in.  The 
driving  pinion  on  the  first  shaft  transmits  75  hp.  at 


250  r.p.m.,  and  the  chart  shows  this  to  give  11  in. 
circular  pitch  and  therefore  4 J  in.  face  for  the  teeth. 
The  pinion  on  the  second  reduction  shaft  transmits  75 
hp.  at  50  r.p.m.,  which  from  the  chart  should  be  2  in. 


8i 
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CHART  TO   DETERMINE  PITCH  OF  15-TOOTH  CAST  STEEL, 
PIN'ONS  FROM  LEWIS'   FORMULA 

circular  pitch  and  therefore  6  in.  face.  Thus  the  cir- 
cular pitch  and  face  are  determined  for  each  gear  of 
the  complete  train. 


Applications  covering  an  expenditure  of  approximately 
$40,000,000  for  power  purposes  in  the  State  of  Cali- 
fornia were  filed  with  the  State  Water  Commission 
during  the  month  of  December,  according  to  a  recent 
statement  of  the  commission.  The  largest  application 
made  during  the  month  was  that  of  Allen  Talbot  for 
the  Modesto  irrigation  district,  who  asks  for  a  permit 
to  appropriate  10,000  cubic  feet  per  second  from  the 
Tuolumne  river  in  Tuolumne  Countj%  He  proposes  to 
impound  120,000  acre-feet  of  water  and  to  develop 
120,000  hp.  The  cost  of  the  project  is  placed  at 
$16,000,000.  Canals  and  tunnels  22]  miles  long  are 
planned,  with  a  steel  and  concrete  dam  o30  feet  high 
and  850  feet  long  on  top.  At  its  base  the  dam  will  be 
150  feet  long.  A  second  dam  of  concrete  250  feet  high 
is  planned,  the  length  to  be  800  feet  on  top  and  50  feet 
at  the  bottom. 


There  was  a  station  mechanic  who  could  not  under- 
stand why  a  man  younger  in  the  service  was  made  fore- 
man instead  of  him.  One  day  the  foreman  left  an 
outline  of  some  work  for  the  mechanic  to  do.  In  too 
literally  following  instructions,  the  mechanic  burnt 
out  some  valuable  equipment  and  shut  the  planv  down. 
Taken  to  task,  he  exclaimed:  "I  didn't  make  the  'bull,' 
he  did  it!  /  only  did  what  he  told  me  to."  Still 
the  mechanic  wonders  why  he  was  not  made  foreman. 
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Up-to-date  power  stations  were  found  in  which 
were  installed  reciprocating  engines  of  various 
types,  high-pressure  and  mixed-pressure  tur- 
bines. The  reciprocating  engine  predominates, 
hut  a  number  of  turbines  have  been  added  to  the 
original  poiver-plant  equipment.  Although  the 
mixed-pressure  turbine  seems  to  be  the  logical 
unit  to  use  with  reciprocating  engines,  but  two 
were  found  in  operation. 


AFTER  visiting'  the  boiler  houses  that  produce 
/\  steam  for  the  rolling  mills,  I  next  took  in  some 
X  .A.  of  the  engine  and  turbine  rooms.  It  required 
several  days  to  inspect  and  photograph  the  units.  In 
the  plants  visited  the  Corliss  type  of  engine  was  gen- 
erally used,  directly  connected  to  either  alternating- 
or  direct-current  generators.  Figs.  1  and  2  are  views 
of  two  power  plants.  This  does  not  mean  that  the 
steam  turbine  is  not  used,  because  in  some  of  the  mill 
power  stations,  both  high-pressure  and  mixed-pressure 
turbines  have  been  added  to  the  original  equipment. 
The  generating  unit  produced  energy  for  motor  drive, 
electric  lighting,  etc.  These  units  are  housed  generally 
in  a  neat  brick  building  and  are,  in  fact,  a  regular 
central  generating  station  and  not  scattered  about  the 
plants  as  many  might  suppose. 

As  might  be  expected,  the  power  plant  units  operate 
condensing,  and  the  reason  that  more  turbines  are  not 
found  in  operation  is  doubtless  due  to  the  fact  that 
the  Corliss  engines  were 
installed  when  that  type 
of  unit  was  the  best  pro- 
curable and  before  the 
turbine  had  established 
itself  in  the  power-plant 
field. 

When  it  comes  to  the 
best  type  of  prime  mover 
for  a  large-sized  power 
plant,  the  turbine  is  the 
most  economical  in  steam 
consumption  when  oper- 
ating condensing,  and  in 
maintenance  cost,  the  size 
requiring     fewer     opera- 


PIG.    1.      POWER   PLANT  AT   THE   BBRGER   MFG.    CO. 


tives.  The  plant  engines  that  I  saw  were  compound  con- 
densing. Figs.  3  and  4  are  examples.  These  units 
operate  condensing  and  range  around  400  to  500  kw. 
capacity  with  a  speed  of  from  75  to  100  r.p.m.  and  gen- 
erate direct-current  energy. 

If  these  medium-speed  engines  operated  non-con- 
densing, the  steam  consumption  would  average,  with 
150  lb.  steam  pressure,  about  19.5  lb.  per  i.hp.  at  full 
load,  21.7  lb.  at  three-quarter  load,  26.8  at  one-half 
load,  and  39.5  at  one-quarter.  Operating  condensing 
with  26-in.  vacuum  and  corresponding  cutoff  in  the  high- 
pressure  cylinder,  the  figures  would  be  15.4  lb.  of  steam 
at  full  load,  15.7  at  three-quarter  load,  16.3  at  half 
load,  and  22.5  lb.  at  one-quarter  load.  This  makes  a 
difference  in  steam  consumption  per  indicated  horse- 
power, in  favor  of  the  condensing  engine,  of  about  5.1 
lb.  of  steam  at  full  load,  6.5  at  three-quarter  load,  10.5 
at  one-half  load,  and  17  lb.  at  one-quarter  load. 

Although  the  foregoing  figures  are  approximate,  they 
are  based  on  tests  that  have  been  made  on  similar 
engines  and  are  given  so  that  a  com.parison  of  steam 
consumption  between  condensing  and  non-condensing 
units  may  be  had.  If  the  engines  referred  to  are  in 
good  condition,  the  steam  consumption  should  be  around 
the  figures  given.  As  a  general  thing,  however,  the 
steami  consumption  will  be  higher. 

Many  engineers  are  of  the  opinion  that  a  gain  in 
steam  economy,  due  to  the  use  of  a  condenser,  in- 
dicates a  corresponding  gain  in  heat  consumption,  but 
this  is  not  so.  For  instance,  an  engine  might  show 
an  apparent  gain  due  to  running  condensing  of,  say, 

12.5  per  cent,  with  the 
feed  water  returning  to 
the  boilers  at  120  deg.  F. 
If  a  suitable  feed-water 
heater  were  used  with  a 
n  o  n-condensing  engine, 
the  water  should  be 
heated  to  around  210  deg., 
and  a  non-condensing  en- 
gine would  therefore  be 
credited  with  the  differ- 
ence of  90  units  per  pound 
of  steam  used,  or  9  per 
cent  in  round  numbers. 
The  difference  between 
12.5  and  9  per  cent  is  3.5 
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FIG.   2. 


per  cent,  which  represents 
the  net  gain  in  favor  of 
using-  compound  engines. 
This,  however,  ignores 
the  power  necessary  to 
operate  the  vacuum,  cir- 
culating and  condensate 
pumps,  and  the  steam  con- 
sumed by  the  condenser 
pumps  might  be  equal  to 
or  greater  than  3.5  per 
cent  of  the  steam  gener- 
ated, so  that  the  net  gain 
would  be  nothing  or  even 
negative.  By  using  super- 
heated steam,  a  greater 
economy  will  be  obtained 

than  when  using  saturated  steam,  but  the  first  cost, 
maintenance  and  the  disposition  of  the  exhaust  must 
be  considered  in  determining  the  final  gain.  The 
troubles  encountered  in  using  superheated  steam  have 
been  largely  overcome  by  the  use  of  suitable  lubricants. 

Steam  turbines  make  an  ideal  power  unit.  They 
are  generally  used  to  drive  alternating-current  gen- 
erators, but  I  found  that  the  steel  mills  use  them 
for  driving  turbo-blowers  and  pumps,  and  by  means 
of  gearing  the  turbine  is  used  to  drive  reciprocating 
air  compressors,  rolling  mills  and  other  types  of  slow- 
speed  machinery.  A  turbine  has  the  advantage  of  first 
low  cost,  low  maintenance  cost,  small  floor  space 
required  and  low  cost  of  attendance. 

Turbines  are  grouped  under  the  classification  of 
impulse  single-pressure  stage  having  both  single-  and 
multi-velocity  stage;  reaction  multi-velocity  stage, 
multi-pressure  stage;  and  combined  impulse  and  reac- 
tion with  multi-velocity  stage,  multi-pressure  stage. 

In  the  impulse  type  of  turbine  steam  is  expanded 
and  the  heat  given  up  by  the  pressure  dropped  imparts 
velocity  to  the  jet  itself.  The  jet  impinges  against  the 
vanes  of  the  rotating  wheel  and  gives  up  its  kinetic 
energy  to  the  wheel.  Turbines  used  in  driving  centrif- 
ugal pumps,  blowers,  etc.,  are  generally  of  this  type. 

Reaction  turbines  convert  the  potential  to  kinetic 
energy  in  the  moving  blades  as  well  as  in  the  fixed 
blades,  and  but  a  small  portion  of  the  heat  energy 
imparts  velocity  in  the  first  set  of  fixed  blades,  and 
the  jet  from  the  nozzle  impinges  against  the  first 
set  of  moving  blades  and  imparts  its  kinetic  energy 
to  the  rotor  by  impulse.  The  blades  are  so  proportioned 
that  partial   expansion  takes  place   in  them,  and  the 
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resulting  increase  in  ve- 
locity exerts  a  reaction 
which  forces  the  rotor  in 
its  revolutionary  motion. 
In  the  combined  impulse 
and  reaction  type  of  tur- 
bine, the  high-pressure 
elements  are  of  the  im- 
pulse type  and  the  low- 
pressure  elements  of  the 
reaction  type.  Figs. 
5  and  6  are  good  ex- 
amples of  the  modem  tur- 
bine unit  found  in  opera- 
tion in  steel  mills.  These 
are  at  the  main  plant  of 
the  Youngstown  Sheet  and 
Tube  Co.  They  are  of  3,000-  and  3,500-kw.  capacity  re- 
spectively. Two  turbines,  shown  in  Fig.  7,  were  added  to 
the  power  plant  of  the  Republic  Iron  and  Steel  Co.  and 
are  on  a  mezzanine  floor  at  one  end  of  the  engine  room. 
This  floor  also  extends  around  one  side  of  the  room,  and 
here  the  switchboard  is  located.  These  units  are  of 
2,500-  and  3,500-kw.  capacity,  generating  6,600-volt 
direct  current.  Opposite  these  turbines  on  the  mezzanine 
floor,  is  a  750-lAv.  mixed-pressure  turbine,  also  generat- 
ing 6,600,  and  is  shown  in  Fig.  8.  This  unit  uses  exhaust 
steam  from  a  24-  and  48  x  47-in.  cross-compound  Corliss 
engine  running  at  100  r.p.m.  and  directly  connected  to  a 
1,000-kw.  2^0-volt  d.c.  generator.    See  Fig.  9.  '*  < 

The  energy  developed  by  a  mixed-pressure  turbine  is, 
as  someone  has  put  it,  like  getting  something  for 
nothing.  Although  this  is  not  exactly  the  case,  a  con- 
siderable gain  in  economy  and  capacity  is  obtained  by 
using  the  exhaust  steam  from  a  non-condensing  recip- 
rocating engine.  The  turbine  is  connected  between  the 
exhaust  of  the  low-pressure  cylinder  of  the  engine 
and  the  condenser.  With  the  engine  developing  1,000 
kw.,  by  using  the  exhaust  steam  in  the  mixed-pressure 
turbine  an  additional  750  kw.  is  obtained  with  the 
steam  that  has  already  developed  1,000  kw.  of  energy, 
instead  of  exhausting  the  steam  to  the  atmosphere, 
where  the  heat  is  wasted.  An  engine  of  1,000-kw. 
capacity  running  at  normal  load  and  a  turbine  gen- 
erating 750  kw.  means  that  the  total  capacity  has  been 
increased  75  per  cent,  over  the  original  capacity  of  the 
engine  alone,  and  that  the  saving  in  steam  consumption 
in  making  this  gain  should  be  about   18  per  cent. 

A  mixed-pressure  turbine  is  in  many  respects  sim- 
ilar   in    construction    to    the    ordinary    high-pressure 


PIG.  3.     TYPICAL  CROSS-COMPOUND  UNIT 


FIG.   4.     ANOTHER  CROSS-COMPOUND   ENGINH 
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turbine.  The  main  thing  in  its  favor  is  to  utilize  the 
greatest  amount  of  exhaust  steam  about  the  plant. 
Means  should  be  used  to  remove  water  and  oil  from 
the  exhaust  steam  before  it  enters  the  turbine.   Water 


FIG     5       MODERN    TURBINE    INSTALLATION    AT    THE 
YOUNGSTOW^N  SHEET  AND  TUBE  CO.'S  PLANT 

increases  the  fluid  friction  in  the  turbine  blading,  and 

this  of  course  reduces  the   output  and   increases  the 

steam  consumption.     Oil  itself  may  not  be  detrimental 

to  the   turbine   blading, 

but  it  will  cause  trouble 

when    it   combines   with 

sulphates  and  carbonates 

that  may  come  over  with 

the   steam    in    case    the 

boiler     foams.       The 

gummy  substance  formed 

will  be  deposited  on  the 

blades  and  may  clog  the 

steam  passages  between 

the  blades.    Because  the 

mixed-pressure     turbine 

is  connected  directly  to 

the   engine  exhaust,   its 

output  will  vary  accord- 
ing to  the  load  on  the 

engine.     With     a    light 

load,  the  volume  of  ex 


FIG.   6. 


haust  steam  will  be  reduced,  owing  to  earlier  cutoff  of 
the  engine.  In  cases  where  the  engine  and  turbine  are 
generating  alternating  current  on  the  same  circuits,  no 
governor  is  required  on  the  turbine,  because  it  will 
automatically  take  its  share  of  the  load  in  proportion  to 
the  amount  of  ster.m  it  receives.  If  it  tries  to  take  more 
than  its  share,  the  engine  will  run  faster  and  cause  its 
governor  to  make  an  earlier  cutoff,  which  will  reduce  the 
flow  of  steam  to  the  turbine. 

If  the  units  are  generating  direct  current  and  the 
turbine  attempts  to  take  more  than  its  share  of  the 
load,  the  increase  in  its  speed  slightly  raises  the  volt- 
age, which  sends  more  current  to  the  generator  fields, 
and  this  tends  to  redtice  the  speed,  thus  maintaining 
self-regulation.  The  greater  the  amount  of  steam  sup- 
plied to  the  turbine  the  greater  proportion  of  the  load 
will  be  taken  by  it,  this  being  due  to  the  pressure 
variation  in  the  receiver  of  the  engine. 

In  the  installation  shown  in  Figs.  8  and  9  the  engine 
generator  produces  direct  current  and  the  turbine  alter- 
nating current.  Therefore  it  is  necessary  that  both  the 
turbine    and    the    engine    be    controlled    by    its    own 


governor.  In  order  to  prevent  waste  of  steam  when  the 
direct-current  load  is  heavy  and  the  alternating-current 
load  is  light,  it  is  customary  to  use  a  rotary  converter 
or  motor-generator  set,  and  thus  any  difference  in  load 
will  be  taken  care  of  and  the  load  coming  on  the  engine 
and  on  the  turbine  will  be  proportioned  equally.  ^  If  the  , 
direct-current  load  happens  to  be  light  at  the  time  the 
alternating-current  demand  is  great,  the  turbine  is  sup- 
plied with  high-pressure  steam,  its  admission  being 
cut  in  or  out  as  the  turbine  load  and  the  amount  of 
exhaust-steam  supply  demand.  This  was  the  arrange- 
ment at  the  Republic  works. 

With  one  exception,  all  the  engines  that  I  saw  driving 
mill  rolls   in  the   various   plants   exhausted   steam  to 
the  atmosphere.     This  waste  steam  could  be  utilized 
by  a  mixed-pressure  turbine,  as  could  steam  from  other 
intermittently  operated  units,  by  the  use  of  a  regen- 
erator accumulator,  which  regulates  the  flow  of  steam 
before  it  goes  to  the  turbine.     The  steam,  upon  enter- 
ing the  regenerator,  condenses  and  is  again  vaporized 
during  the  time  when  the  engine  exhaust  diminishes 
or  is  stopped  altogether.     If  sufficient  capacity  is  pro- 
vided, the  accumulator  can  be  made  to  provide  a  prac- 
tically constant  supply  of  exhaust  steam  for  the  turbine. 
The  accumulator,  or  regenerator,  is  a  large  cylinder 
partly  filled  with  water.     The  engine  exhaust  is  deliv- 
ered  to    it   as    a   spray 
through   small   holes    in 
pipes  submerged  in  the 
water,    thus    condensing 
some  of  the  steam  and 
so  giving  up  heat  to  the 
water,  bringing  the  tem- 
perature to   around   212 
deg,,  which  is  the  tem- 
perature of  the  exhaust 
steam.   When  the  engine 
stops,  as  rolling-mill  en- 
gines do  at  intervals,  the 
supply  of  steam  is  dis- 
continued  and  the   flow 
of  steam   from   the   re- 
generator to  the  turbine 
will  cause  the  pressure  to 
fall  slightly,  so  that  212 
deg.  will  then  be  slightly  higher  than  the  temperature 
of  boiling  water  at  this  low  pressure.     The  water  will 
then  evaporate  to  supply  steam  to  the  turbine.    When 


SIDE  VIEW  OF  A  3.500-KW.  TURBINE  AT  THE 
TOUNGSTOWN  PLANT 


FIG. 


TURBINES  THAT  HAVE  BEEN  ADDED  TO  THE 
ORIGINAL   EQUIPMENT 


the  engine  starts  again,  steam  is  delivered  to  the  accum- 
ulator at  a  temperature  slightly  above  that  of  the  water, 
which  has  been  lowered  because  of  the  cooling  effect 
of  the  evaporation  when  supplying  xhe  turbines,  and 
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Lhe  water  will  again  absorb  heat  from  the  steam. 
Of  course,  if  the  engine  is  shut  down  for  some  time, 
the  heat  stored  in  the  water  in  the  accumulator  will 
become  exhausted  and  the  pressure  will  fall  below  that 
necessary  for  the  operation  of  the  turbine.  This  is 
overcome  by  automatically  admitting  live  steam  through 
a  reducing  valve.     The  pressure  in  the  accumulator  run:: 


FIG.   8.     MIXED-PRESSURE   STEAM  TURBINE 

about  6  lb.  per  sq.in,,  and  excess  pressure  is  discharged 
through  a  relief  valve. 

1  found  an  accumulator  in  use  at  but  one  of  the 
mills, .  and  it  is  prouable  ,that  the  operation  of  the 
rolling-mill  engines  and  their  distance  from  the  central 
power  stations  have  a  determinate  influencv  in  running 
without  the  use  of  such  an  apparatus  and  allowing  the 
exhaust  to  escape  to  the  atmo-^phere.  This  installation 
was  at  the  main  plant  of  the  Youngstown  Sheet  and 
Tube  Co.,  in  which  the  blooming-mill  engine  exhausted 
in  passing  to  heat  boiler-feed  water  and  to  operate  a 
low-pressure  turbine. 

As  the  steam  pressure  used  in  mixed-pressure  tur- 
bines is  low,  the  steam  consumption  per  brake-horse- 


FIG.    9, 


ENGINE    EXHAUSTS    TO    A    MIXED-PRESSURE 
TURBINE 


power  will  be  around  38  lb.  with  a  28-in.  vacuum  and 
a  st'-am  pressure  of  6  lb.  absolute  initial  pressure. 

In  an  exhaust-steam  turbine  the  steam  enters  through 
the  top  of  a  turbine  casing  and  is  distributed  to  both 
ends  of  the  rotor,  exhausting  to  the  condenser  at  the 
bottom.  In  a  mixed-pressure  turbine  there  is  a  high- 
and  a  low-pressure  section.    The  high-pressure  element 


is  of  the  impulse  type  and  the  low-pressure  element 
is  of  the  reaction  type.  The  high-pressure  steam  enters 
the  turbine  opposite  the  impulse  section  and  low- 
pressure  steam  behind  the  reaction  section.  The  mixed- 
pressure  turbine  differs  from  the  low-pressure  turbine 
in  that  it  has  a  governor  which  controls  the  valves  that 
in  turn  control  the  live-steam  admission  to  the  nozzle 
that  admits  steam  to  the  high-pressure  section  before 
discharging  to  the  low-pressure  section  along  with  low- 
pressure  steam  with  which  it  mixes. 

After  seeing  numerous  kinds  of  power-plant  units, 
many  of  which  were  duplicated,  attention  was  turned 
to  an  interesting  installation  of  two  of  the  largest 
poppet-valve  uniflow  engines  in  the  world,  which  were 
used  to  drive  a  9-  and  a  12-in.  merchant  mill. 

An  Electric-Arc  Soldering  Iron 

By  B.  a.  Briggs 

Most  electric  soldering  irons  are  constructed  so  that 
they  are  heated  by  the  current  passing  through  a 
resistance  coil  inclosed  in  a  tube  attached  to  the  top  of 
the  iron. 

The  illustration  shows  an  electric  soldering  iron 
that  is  heated  by  an  electric  arc  in  the  iron  itself.  A 
hole  is  bored  in  the  center  of  the  iron,  having  a  diameter 
equal  to  the  outside  diameter  of  the  tube  of  a  battery 
bushing,  down  to  where  the  iron  begins  to  taper.  A 
standard  battery  porcelain  bushing  B  is  placed  in  the 
hole  and  a    i-in.   arc-lamp  carbon   C  is  placed   in  the 


ASSEMBLY  OF  EI.ECTRIC-ARC  SOLDERING  IRON 

bushing,  and  allowed  to  come  down  in  contact  with  the 
bottom  of  the  hole,  then  the  carbon  is  withdrawn  about 
4  in.  to  establish  the  arc.  The  iron  should  be  connected 
to  a  110-volt  circuit  and  resistance  enough  connected  in 
series  to  keep  the  current  down  to  between  two  and 
three  amperes.  About  30  ohms  will  be  sufficient.  This 
resistance  may  be  made  of  about  600  ft.  of  No.  18  B. 
&  S.  iron  wire  and  connected  in  the  circuit,  as  at  R  in 
the  figure.  The  soldering  iron  is  connected  to  the 
circuit  with  the  positive  terminal  on  the  carbon,  as 
shown  at  /. 

The  carbon  is  held  in  place  in  the  bushing  by 
small  metal  wedges,  and  adjustment  of  the  carbon 
is  made  by  tapping  it  down  to  give  the  desired  length  of 
arc.  A  second  hole  5  is  bored  at  right  angles  to  the  first, 
so  as  to  allow  the  arc  to  be  cleaned  of  the  nitrate  that 
forms  around  it. 
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Improved  Coal-Handling  Facilities  at  Cos  Cob 


THE  severe  winter  of  1918  acted  as  a  spur  to  many 
power  generating  companies  to  enlarge  their  coal- 
storage  facilities  as  a  means  of  insuring  them- 
selves against  any  possible  failure  of  the  transporta- 
tion systems.  During  this  memorable  winter  not  one 
but  many  an  operator  was  on  several  occasions  within 
a  few  hours  of  exhausting  all  available  coal,  and  there 
were  even  some  shutdowns.  It  was  this  unprecedented 
condition  which  caused  the  officials  of  the  New  York, 
New  Haven  &  Hartford  R.R.,  to  lay  plans  at  once  for 
amplifying  the  coal-handling  facilities  of  the  Cos  Cob 
(Conn.)  generating  station,  which  supplies  a  large  por- 


What  little  coal  has  been  received  by  rail  in  the  past 
has  been  dumped  into  two  track  hoppers,  one  at  the  end 
of  either  boiler  room.  These  hoppers  have  a  capacity 
of  about  50  tons  each  and  are  equipped  with  a  crusher 
from  which  the  coal  is  delivered  by  bucket  conveyor  to 
the  overhead  bunkers. 

With  this  original  coal-handling  arrangement,  it  is 
seen  that  practically  the  only  provision  for  reserve  coal 
supply  was  that  afforded  by  barges  held  alongside  the 
dock  in  the  river.  This  served  the  purpose  with  reason- 
able safety  until  the  unprecedented  conditions  of  the 
1918  winter  made  it  impossible  to  receive  coal  by  barge 


TWO  CYLINDRICAL  CONCRETE  COAL  BUNKERS,  ONE  FOR  EACH  BOILER  ROOM 


tion  of  the  energy  for  the  New  York-New  Haven  elec- 
trified division. 

Accordingly,  Gibbs  &  Hill,  consulting  engineers,  of 
New  York  City,  were  given  the  task  of  working  out  and 
installing  a  suitable  plan,  and  the  result  includes  many 
interesting  features. 

Original  Facilities  Inadequate 

The  Cos  Cob  power  station  is  a  plant  of  28,000  kw. 
capacity,  having  a  twenty-four-hour  coal-consumption 
rate  of  from  350  to  450  tons.  It  is  laid  out  in  a  long 
turbine  room  with  two  boiler-room  wings  extending  out 
from  the  north  side.  Normally,  all  coal  is  received  by 
tidewater  shipments  from  Perth  Amboy.  The  coal  used 
is  mostly  run-of-mine  Pennsylvania  bituminous  fuel. 
With  the  original  coal-handling  equipment,  the  coal  has 
been  picked  up  from  the  barges  with  a  grab-bucket 
hoist,  dumped  into  a  crusher  tower,  and  carried  in  cars 
over  an  inclined  railroad  from  the  crusher  to  the  over- 
head bunkers  in  the  two  boiler  rooms.  These  overhead 
bunkers  furnished  a  storage  capacity  in  the  plant  of  150 
tons  for  each  boiler  room. 


♦Electric  Railway  Journal. 


for  many  days  at  a  time.  As  the  supply  by  rail  was 
likewise  uncertain,  the  need  for  adequate  storage  facil- 
ities on  the  ground  became  obviously  imperative. 

The  plans  contemplate  an  extensive  remodeling  of  the 
coal-handling  and  storage  facilities  for  the  future,  the 
part  of  which  now  completed  and  herein  described  will 
give  an  addition  of  2,000  tons  capacity  to  the  power- 
house storage  bunkers.  Later,  it  is  proposed  to  provide 
a  storage  and  handling  plant  near  the  power  house,  to 
be  used  in  conjunction  with  the  new  bunkers. 

Just  beyond  the  end  of  each  boiler  room  a  cylindrical 
concrete  storage  bunker  has  been  erected  and  supported 
on  concrete  columns  with  a  clearance  of  19  ft.  from  th'^ 
boiler-room  floor  level  to  the  top  of  the  bunker.  An 
extension  of  the  firing  aisle  in  each  boiler  room  was  pro- 
vided to  a  point  directly  beneath  the  bunkers,  the  over- 
head trackway  for  the  double  weighing  lorry  system 
being  extended  through  a  doorway  made  in  the  wall  of 
each.  Thus  the  lorries  can  be  run  underneath  the  bunk- 
ers and  filled  by  gravity  through  the  bottom  gates,  then 
return  down  the  firing  aisle  to  deliver  the  coal  in  known 
quantity  to  the  several  stokers. 

The  standard-gage  side  track  which  formerly  served 
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OONCEETE  BUNKER.  INCLINED  BELT  CONVEYOR,  TRESTLE 
AND  CRUSHER  PLANT 


LOOKING  DOWN  IN- 
CLINED   CONVEYOR 
STRUCTURE 


the  two  auxiliary 
track  hoppers  was 
extended  out  onto 
a  wooden  trestle 
and  over  a  new 
track  hopper  which 
discharges  into  a 
crusher  of  150  tons 
per  hour  capacity. 
Coal  dumped  into 
this  hopper  passes 
through  the  crush- 
er and  is  discharg- 
ed onto  a  24-in. 
belt  conveyor  which 
is  driven  at  the 
rate  of  400  ft.  per 
min.  by  a  50-hp. 
squirrel-cage  mo- 
tor.   This  belt  rises 

at  an  angle  of  16  deg.  with  the  horizontal,  and  delivers 
the  coal  at  an  elevation  of  97  ft.  into  the  cupola  at 
the  top  of  the  first  concrete  bunker.  In  this  first 
cupola  a  sort  of  butterfly  valve  is  provided  which,  when 
set  in  one  position,  discharges  the  coal  from  the  main 
conveyor  into  the  first  bunker,  and  when  thrown  to 
the  other  position,  discharges  onto  another  conveyor 
running  between  this  fi.rst  bunker  and  the  cupola  of  the 
second  bunker.  This  conveyor  between  bunkers  is  also 
a  24-in.  belt,  which  is  driven  by  a  10-hp.  squirrel-cage 
motor  mounted  with  its  starting  box  in  the  cupola  of 
the  second  bunker.  This  belt  between  bunkers  is 
112  ft.  long  between  centers;  the  main  belt  from  the 
crusher  to  the  first  bunker  is  330  ft.  long  between 
centers. 

The  "silo"  type  concrete  cylindrical  tanks  measure  in- 
side 40  ft.  in  diameter  and  46  ft.  high.  They  are  sup- 
ported on  concrete  columns,  of  which  the  outer  ones  are 
2  ft.  6  in.  in  diameter  and  the  inner  ones  3  ft.  The 
cupolas  in  which  the  conveyors  discharge  into  hoppers 
are  octagonal  in  shape  and  12  ft.  6  in.  in  diameter  with 
walls  8  ft.  high  and  a  peak  11  ft.  high.  The  walls  of  the 
cupolas  and  those  of  the  tanks  are  11  in.  thick  and 
are  reinforced  by  steel  hoops  and  vertical  steel  rods. 


the  latter  serving  as  vertical  ties  and  also  as  supports 
for  jacking  up  the  forms  during  construction.  The 
bottoms  of  the  bunkers  are  of  mushroom  slab  construc- 
tion and  are  hoppered  in  all  directions  from  the  open- 
ings in  the  bottom. 

The  use  of  concrete  rather  than  steel  for  these 
bunkers  was  determined  partly  because  of  the  extreme 
diflSculty  of  getting  steel  during  the  war,  when  they 
were  built,  and  partly  because  the  concrete  structure  in- 
volved a  less  LOst  as  compared  with  steel  at  the  war  prices. 
The  completion  of  the  conveyor  and  concrete  bunker 
system  adds  2,000  tons  of  storage  capacity  to  the  plant. 
This  alone  is  sufficient  to  keep  the  plant  operating,  in 
case  of  failure  of  the  coal  supply,  for  about  seven  days. 
At  the  present  time  coal  can  be  supplied  to  this  bunker 
system  only  as  received  by  rail,  but  with  the  comple- 
tion of  the  entire  layout  the  principal  path  of  the  coal 
will  be  through  this  conveyor  and  concrete  bunker  sys- 
tem.   The  inclined  railway  at  the  opposite  end  of  the 

plant,  which  is  now 
(handling  the  coal 
from  the  barges  to 
the  overhead  bunk- 
ers, will  presum- 
ably be  done  away 
with.  In  case  of 
failure  of  the  con- 
veyor system,  the 
contents  of  the  two 
bunkers  can  be 
drawn  upon  until 
exhausted,  and 
there  still  remain 
the  two  track  hop- 
pers at  the  end  of 
each  boiler  room, 
with  the  crusher 
and  bucket  convey- 
or system  to  the 
overhead  bunkers, 
to  fall  back  upon. 
coal  being  supplied 
by  rail. 


THE  BOTTOM  OP  ONB  OF  THE  CONCRETE  BUNKERS 
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Coal  Shortage  in  Germany 

Coal  shortage  in  Germany  is  becoming  more  critical 
each  year  according  to  figures  taken  from  a  recent  issue 
of  Commerce  Reports. 

The  peacetime  coal  production  was  estimated  at  200,- 
000,000  tons.  During  the  past  few  years  coal  production 
has  decreased  50  per  cent,  which  cuts  the  figures  to 
100,000,000  tons.  The  coal  supply  available  for  indus- 
trial and  trade  purposes  is  only  26,000,000  tons,  whereas 
the  amount  required  to  carry  on  industrial  activity 
adequately  is  estimated  at  85,000,000  tons. 

Excessively  low  and  high  water  on  the  River  Rhine, 
which  retarded  navigation,  and  railway  strikes  in  Elber- 
feld  and  Essen  have  so  hindered  deliveries  that  the  coal 
supply  has  diminished  alarmingly.  A  railway  strike  in 
Upper  Silesia  and  inadequate  transportation  facilities 
have  reduced  the  supply  to  such  an  extent  that  deliv- 
eries are  made  only  to  the  most  essential  industries. 
Bohemia  and  Upper  Bavaria  are  also  experiencing 
transportation  difficulties,  and  fuel  deliveries  have  been 
cut  by  half. 

Automatic  Arc  Welding  Machine 

Automatic  arc  welding  is  now  accomplished  by  a 
device  known  as  the  automatic  arc  welder,  shown  in 
the  figure,  which  is  designed  to  take  the  place  of  the 
hand-controlled  electrode.     A  pair  of  feed  rolls  driven 


BUILDING    UP    SHAFT    WITH   AUTOMATIC   ARC-WELDER 

by  a  small  direct-current  motor  draw  in  and  deliver 
to  the  arc  a  steady  supply  of  wire  and  automatically 
maintain  the  best  working  distance.  The  whole  is  con- 
trolled from  a  small  panel.  The  welding  head  is  held 
by  a  suitable  support  with  a  certain  amount  of  hand- 
regulated  adjustment  and  consists  of  a  steel  body  carry- 
ing feed  rolls  and  straightening  rolls,  which  are  both 
adjustable  for  various  sizes  of  wire. 

The  control  panel  carries  an  ammeter  and  voltmeter 
for  the  welding  circuit,  as  well  as  rheostats,  a  control 
relay  and  the  contactors  and  switches  for  the  feed 
motor.  It  is  possible  to  start  and  stop  the  equipment 
from  the  work  by  a  pendant  push-button  switch,  but  ad- 
justment of  the  feed  conditions  must  be  made  from  the 
panel. 

The  whole  apparatus  is  mounted  on  a  base  that  can 
be  bolted  to  any  form  of  support.    Thus  a  great  variety 


of  working  conditions  can  be  met,  but  provision  must 
be  made  for  carrying  the  arc  at  uniform  speed  along 
the  weld.  For  instance,  for  straight  seams  a  lathe  or 
planer  bed  may  be  used,  and  for  circular  ones  a  lathe 
or  boring  mill.  However,  the  local  conditions  will  dic- 
tate the  method  to  be  followed. 

]  The  device  is  especially  valuable  where  a  large  amount 
of  routine  welding  is  to  be  done,  since  it  is  capable 
of  from  two  to  six  times  the  speed  possible  to  skilled 
operators  and  gives  a  uniform  weld  of  improved  qual- 
ity. It  is  adaptable  to  welding  seams  of  tanks  and 
plates,  rebuilding  worn  or  inaccurately  turned  shafts, 
as  shown  in  the  figure,  rebuilding  worn  treads  and 
flanges  of  wheels,  and  many  other  kinds  of  work.  This 
equipment  has  been  developed  and  will  soon  be  placed 
on  the  market  by  the  General  Electric  Company. 


Resharpening  Files 


Processes  for  resharpening  files  by  "biting"  with 
acids  is  an  old  trick  of  frugal  mechanics.  On  page  315 
of  the  Aug.  31,  1915,  issue  of  Power,  Department  of 
Inquiries  of  General  Interest,  the  question  of  "E.  P.," 
asking  how  files  are  cleaned  and  sharpened  by  chemical 
treatment  is  answered  as  follows: 

After  removing  loose  dirt  with  a  stiff  brush,  the  files  are 
cleaned  of  grease  by  boiling  them  about  forty-five  minutes 
in  a  solution  consisting  of  one-fourth  pound  of  salaratus 
to  a  quart  of  water.  The  files  are  then  to  be  thoroughly 
washed  in  clean  water  and  dried  and  then  placed  on  end, 
completely  submerged  in  a  solution  consisting  of  one-fourth 
pound  of  sulphuric  acid  to  a  quart  of  water.  After  re- 
maining in  the  acid  solution  for  about  twelve  hours,  the 
files  should  be  thoroughly  washed  in  clean  water,  quickly 
dried  and  then  given  a  light  coating  of  kerosene  or  other 
thin  oil  to  prevent  rusting. 

French  Patent  No.  483,676  describes  a  more  elaborate 
method  for  treating  worn  files,  as  follows : 

The  file  to  be  treated  must,  first  of  all,  be  cleaned  as 
well  as  possible,  and  be  rid  of  all  greasy  matter,  etc. 

The  file  is  then  immersed  in  a  solution  of  sulphuric  acid 
diluted  with  four  times  its  quantity  of  water,  in  which  it 
should  remain  for  about  ten  hours.  It  must  then  be  rinsed 
in  clean  running  water  and  carefully  dried.  After  this 
is  done,  the  file  is  placed  in  a  glass  or  enameled  metal  trough 
and  covered  with  water  into  which  sulphuric  acid  is  poured 
until  the  water  reaches  15  deg.  C.   (59  deg.  F.). 

After  immersion  for  a  few  seconds  (10  to  15),  accord- 
ing to  the  thickness  of  the  file,  the  latter  is  thrown  into  a 
bath  of  cold  water  to  enhance  the  quenching  effect  and 
wash  it  at  the  same  time. 

The  third  operation  consists  in  placing  the  file  in  a  small 
trough  containing  a  piece  of  lead,  and  on  top  of  this  is 
poured  an  aqueous  solution  of  nitric  acid  and  common  salt 
in  variable  quantities,  according  to  the  thickness  and  the 
quality  of  the  cuts,  and  this  operation  will  make  the  file 
fit  for  use  again.  In  this  solution  the  file  must  remain  for 
10  to  30  seconds,  when  it  must  be  rinsed  again  in  very  cold 
water  and  thoroughly  dried.  To  finish  the  "cuts,"  the  file 
is  then  treated  with  a  solution  of  oxalic  acid  for  5  to  20 
seconds,  according  to  the  thickness  of  the  file.  After  the 
file  is  rinsed  again  and  dried,  it  must  be  treated  with  a 
solution  of  sulphate  of  iron  and  then  with  milk  of  lime, 
so  as  to  give  it  a  new  appearance,  and  prevent  it  rusting. 
Finally,  after  a  further  rinsing  and  thorough  drying,  the 
file  will  be  restored  to  its  original  condition. 


Calculations  recently  made  by  an  expert.  Prof.  A. 
Juselius,  show  that  the  amount  of  water  power  avail- 
able for  Finland's  industries  has  been  greatly  exag- 
gerated. He  estimates  that  at  mean  water  level  it 
may  'amount  to  3,000,000  hp.  but  of  this  only  a  small 
part_can_be_utilized.  / 
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A  Captain  of  Coal  Conservation 


Ou:^  obligation  to  conserve  coal — that  is, 
to  use  coal  efficiently — did  not  stop  with  the 
end  of  the  war. 

It  is  not  democratic  for  one  plant  oivner 
to  waste  coal  recklessly  tvhile  his  neighbor 
practices  scientific  means  for  its  efficient 
utilization.  Without  coal  modern  industry 
could  not  proceed;  the  necessities  and  com- 
forts of  civilized  life  could  not  exist.  Coal 
as  a  natural  resource  presents  a  problem 
ivhich  concerns  the  people  and  therefore 
the  Government  which  represents  them. 

It  is  the  privilege  and  duty  of  engineers 
to  educate  the  people  as  to  the  facts,  so  that 
they  tvill  compel  Congress  to  enact  appro- 
priate legislation  for  the  prevention  of  this 
tremendous  and  unreclaimable  ivaste  of  the 
most  valuable  of  all  our  national  resources. 
— David  Moffat  Myers. 


IN  DECEMBER,  1917,  a  paper  was  presented  be- 
fore the  American  Society  of  Mechanical  Engineers 
entitled  "Preventable  Waste  of  Coal  in  the  United 
States,"  v^^hich  included  a  well  thought  out  program 
for  checking  this  waste.  This  paper  was  particularly 
timely,  coming  as  it  did  when  the  Nation  was  facing 
the  gravest  crisis  in  its  .history,  and  so  comprehensive 
was  the  plan  that  when  it  was  brought  to  the  atten- 
tion of  the  National  Fuel  Administration,  the  author 
was  invited  to  enter  that  Organization,  as  Advisory 
Engineer,  to  put  his  theories  into  practice.  David 
Moffat  Myers  was  the  author  of  this  new  conservation 
plan. 

The  success  of  the  practical  application  of  his  theories 
is  indicated  by  the  official  report  of  his  work.  An 
annual  saving  of  25,000,000  tons  of  coal  was  effected 
in  the  last  six  months  of  1918  through  the  medium 
of  his  original  methods.  Of  the  total  amount  saved 
18,000,000  tons  was  credited  to  industrial  plants  of 
the  country  and  7,000,000  tons  on  the  railroads.  The 
program  included  a  comprehensive  set  of  recommenda- 
tions as  to  methods  of  fuel  economy,  which  were  sent 
throughout  the  country  to  the  various  power  plants 
using  fuel.  It  further  included  a  system  of  classi- 
fication and  rating  of  power  plants  based  on  the 
thoroughness  with  which  the  various  individual  plants 
were  found  to  be  carrying  out  the  standard  recom- 
mendations. The  distribution  of  fuel  was  then  based 
on  the  ratings  obtained  under  this  scheme.  For  the 
administration  of  this   work  a  fuel   engineering  sec- 


tion in  the  conservation  department  of  the  United 
States  Fuel  Administration  was  formed,  and  Mr.  Myers 
was  appointed  chief  of  the  section.  This  involved  the 
organization  of  fifteen  hundred  volunteer  engineer  in- 
spectors in  the  various  states  in  addition  to  numerous 
committee  members  and  other  workers, 

Mr.  Myers  received  the  degree  of  M,  E.  from  Col- 
umbia University  in  1901,  after  preparatory  work  in 
both  public  and  private  schools;  and  for  five  years 
following  his  graduation  was  employed  by  the  United 
States  Leather  Company.  While  with  this  company 
he  had  charge  of  testing,  investigating,  and  report- 
ing on  the  fuel  and  steam  conditions  of  about  one 
hundred  plants  in  different  parts  of  the  country.  Later 
his  work  included  the  remodeling  of  old  plants  and 
the  designing  of  new  ones,  for  the  prod',ction  of  steam 
and  fuel  economy.  This  involved  a  large  amount  of 
engineering  research  work  on  waste  fuels  and  on  orig- 
inal designs  for  furnaces  to  burn  them.  The  waste 
products  of  the  leather  industry  are  usually  very  dif- 
ficult to  burn  efficiently,  as  they  contain  very  high 
percentages  of  moisture.  During  this  period  Mr.  Myers 
designed  furnaces  that  successfully  burned  waste  spent 
chestnut  chips  which  contained  65  per  cent  of  moisture, 
and  which  had  resisted  all  previous  attempts  to  burn 
without  a  mixture  of  coal  or  some  other  auxiliary  fuel. 
Since  then,  he  has  done  a  large  amount  of  original 
furnace  designing  for  various  waste  fuels,  and  now 
has  special  furnaces  working  in  different  parts  of  this 
country,  in  Canada,  and  in  Cuba. 
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In  1906  Mr.  Myers  severed  his  connection  with  the 
Leather  Company  and  opened  his  own  office  as  con- 
sulting engineer,  specializing  on  economy  of  steam  and 
fuel  in  industrial  plants.  He  numbers  among  his  clients 
some  of  the  most  important  industrial  corporations, 
not  only  throughout  the  United  States,  but  also  in 
Canada  and  in  Cuba.  One  of  his  notable  achievements 
in  the  power  plant  field  was  making  feasible  a  $500,000 
annual  increase  in  production  in  one  mill  of  the  Cuba 
Cane  Sugar  Corporation,  and  this  enormous  economy 
was  obtainable  with  comparatively  small  changes  in 
the  equipment  of  the  plant.  The  Midvale  Steel  Com- 
pany, through  Mr.  Myers'  investigation,  was  able  to 
realize  a  yearly  saving  of  $125,000  which  was  made 
possible  by  the  expenditure  of  some  $60,000  for  ad- 
ditional equipment.  The  system  involved  in  such  prob- 
lems as  handled  by  Mr.  Myers  is  divided  into  two 
main  parts.  First,  a  thorough  investigation  is  made 
into  the  fuel  and  steam  conditions  of  the  plant  and 
a  complete  report  submitted  covering  the  recommenda- 
tions for  improvement.  Following  this,  complete  plans 
and  specifications  for  the  recommended  changes  and 
additions  or  alterations  are  prepared,  based  on  the 
data  obtained  in  the  preliminary  investigation.  From 
these  plans  and  specifications  proper  proposals  are  ob- 
tained, contracts  let,  installation  supervised,  proper 
management  systems  installed  and  the  completed  plant 
is  turned  over  to  the  client. 

In  1915  Mr.  Myers  became  associated  with  John 
S.  Griggs,  Jr.,  formerly  senior  partner  of  the  consult- 
ing firm  of  Griggs  &.  Holbrook.  The  present  firm  is 
known  as  Griggs  &  Myers,  Consulting  Engineers,  at 
110  West  40th  Street,  New  York,  and  is  carrying 
out  the  work  along  the  same  lines  as  outlined  above. 


Mr.  Myers  is  the  author  of  two  books  on  power 
plant  management  and  design:  "Preventable  Losses  in 
Factory  Power  Plants,"  published  in  1914,  and  "The 
Power  Plant,"  which  is  Volume  II  of  the  Factory  Man- 
agement Course  of  the  Industrial  Extension  Institute, 
Inc.,  New  York.  He  is  also  the  author  of  various 
articles  and  papers  for  technical  magazines  and  so- 
cieties. Among  these,  a  contribution  entitled  the  "Heat- 
ing Value  of  Exhaust  Steam,"  was  presented  at  an 
annual  meeting  of  the  American  Society  of  Heating 
and  Ventilating  Engineers.  In  this  paper  Mr.  Myers 
developed  a  formula  which  shows  the  heating  value  of 
the  exhaust  from  any  kind  of  steam  engine,  turbine  or 
pump.  He  is  a  member  of  an  advisory  body  on  fuel 
conservation  known  as  the  Committee  of  Consulting 
Engineers  to  the  Bureau  of  Mines,  and  he  is  also  a 
consulting  engineer  in  connection  with  the  sub-com- 
mittee on  coal  of  the  American  Society  of  Mechanical 
Engineers. 

He  is  a  member  of  the  Special  Committee  of  Profes- 
sional Sections  of  the  American  Society  of  Mechanical 
Engineers  representing  the  Fuels  Section,  and  has 
recently  been  named  as  a  member  of  the  Committee  of 
the  American  Institute  of  Mining  and  Metallurgical 
Engineers,  to  cooperate  with  the  Coal  and  Coke  Com- 
mittee for  formulating  a  plan  for  the  Stabilization  of 
the  Coal  Industry  of  the  United  States.  He  is  also 
a  member  of  the  Columbia  University  Club,  the  Cosmos 
Club  of  Washington,  the  Bayside  Yacht  Club,  Theta  Xi 
Fraternity  and  the  American  Society  of  Mechanical 
Engineers. 

Mr.  Myers  was  born  January  8,  1879,  at  Owasto,  New 
York,  the  son  of  the  late  Rev.  Alfred  E.  Myers  of 
New  York. 


Oil  as  a  Fuel  for  Boilers  and  Furnaces 


By  H.  H.  FLEMING 


THE  paper  of  which  this  article  is  an  abstract, 
was  presented  at  the  annual  meeting  of  the 
American  Society  of  Heating  and  Ventilating 
Engineers,  in  New  York,  January,  1920,  and  begins 
with  a  brief  discussion  of  the  present  interest  in  fuel 
oils  and  of  the  nature  of  such  oils.  Regarding  the 
availability  of  the  various  oils  for  fuel,  the  author 
points  out  that  the  heavy  fractions  of  paraffin  crudes 
are  too  valuable  for  lubricating  purposes  to  be  burned 
as  fuel.  However,  the  ashpaltum  crudes  that  are  now 
so  plentiful  can  be  used  for  little  else  than  fuel  oil  and 
road  binders,  after  their  small  percentage  of  light  oils 
has  been  removed.  Consequently,  refineries  running 
such  crudes  are  compelled  to  dispose  of  great  quanti- 
ties of  fuel  oil  in  order  to  assure  the  gasoline  or  kero- 
sene from  the  crudes.  These  cheap  crudes  come  mostly 
from  Mexico  and,  until  recently,  have  not  been  avail- 
able in  very  large  quantities,  owing  to  well-known 
conditions  not  only  in  Mexico  but  in  ocean  transporta- 
tion. The  war  situation  having  cleared  up  during  the 
past  few  months,  transportation  from  Mexico  is  now 
nearly  normal,  and  millions  of  barrels  of  crudes  are 
sent  every  month  to  this  country. 

It  is  expected  that  the  exportations  from  Mexico 
for  the  year  1919  will  exceed  80  million  barrels,  but 
this  is  only  a  small  proportion  of  the  estimated  poten- 
tial production.     There  are  single  wells  in  these  fields 


capable  of  producing  over  100,000  bbl.  daily.  Many 
wells  have  been  capped  or  their  production  greatly  cut 
down,  awaiting  transportation  facilities;  that  is,  pipe 
lines  to  the  coast  and  tankers  to  receive  it  there,  both 
of  which  are  being  constructed  as  rapidly  as  possible. 
Practically  the  entire  Mexican  production  comes  from 
a  strip  of  land  running  along  the  east  coast  for  a  little 
over  100  miles,  averaging  about  50  miles  wide,  the 
principal  port  of  which  is  Tampico. 

The  author  gives  a  brief  discussion  of  the  advan- 
tages of  fuel  oil  over  coal,  and  then  takes  up  the  ques- 
tion of  equipment  required  for  a  fuel-oil  installation. 
This  equipment  consists  essentially  of  a  storage  tank, 
pump,  heater  and  burner  with  the  interconnecting 
piping.  A  simple  duplex  pump  is  generally  used  to 
deliver  the  oil  to  the  burner,  and  between  the  pump  and 
burner  the  heater  is  installed  which  raises  the  oil  to 
a  temperature  close  to  its  flash  point.  The  function 
of  the  burner  is  to  atomize  the  oil  and  spray  it  into 
the  firebox,  where  it  is  burned  in  suspension.  The 
atomizing  is  done  by  steam  or  air,  or  mechanically, 
with  hundreds  of  different  types  of  burners  using  each 
method.  It  seems  as  though  every  man  who  ever 
burned  oil  designed  an  oil  burner  of  his  owti  and 
patented  it.  Each  designer  makes  broad  claims  for 
his  burner,  but  the  author  credits  Kent  with  the 
remark   that  as   long   as   a   burner   atomizes   the    oil, 
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its  design  should  have  no  more  effect  on  the  boiler  effi- 
ciency than  the  design  of  a  coal  shovel  vv^ould  have  on 
a  coal-fired  boiler.  The  important  qualifications  of  a 
good  oil  burner  are  (1)  that  it  shall  atomize  the  oil 
to  as  near  a  gaseous  state  as  possible,  (2)  that  it 
shall  operate  with  a  minimum  consumption  of  steam 
or  other  atomizing  mediums  and  (3)  that  it  shall  not 
clog  or  suffer  from  the  eroding  effect  of  the  steam 
and  oil. 

Mechanical  burners  atomize  by  forcing  the  oil  under 
100  to  300  lb.  pressure  through  slots  so  arranged  that 
the  oil  is  given  a  whirling  motion.  This  type  of  burner 
is  used  exclusively  in  marine  work  to  avoid  the  loss  of 
water  up  the  stack  in  the  form  of  atomizing  steam. 

Burners  which  atomize  by  compressed  air  have  been 
used  on  board  ship,  but  the  compressor  equipment  is 
expensive,  bulky  and  costly  to  maintain.  The  same 
objections  apply  to  air-atomizing  in  shore  plants,  but 
it  is  used  in  many  installations  when  steam  is  not 
available   or   desirable   for  the   particular   work   done. 


BOILER   FURiNTACE   FOR   BURNING   OIL, 

Air  gives  a  short,  intense  flame  and  is  better  than 
steam  for  some  metallurgical  work. 

For  the  great  majority  of  stationary  plants  and 
locomotives  steam  is  the  atomizing  medium  used,  prin- 
cipally because  it  makes  the  simplest  installation.  A 
good  burner,  properly  operated,  will  consume  2  to  3 
per  cent  of  the  total  steam  generated,  or  roughly,  3 
to  4  lb.  of  steam  per  gallon  of  oil. 

The  furnace  design,  not  the  type  of  burner,  is  the 
important  part  of  the  installation.  The  proper  furnace 
arrangement  for  burning  oil  does  not  differ  materially 
from  one  designed  for  burning  coal.  So  the  change  is 
generally  simple  and  inexpensive.  The  most  important 
point  to  keep  in  mind  in  making  such  a  change,  is  that 
the  flame  from  the  oil  burner  must  not  be  allowed  to 
impinge  directly  on  any  heating  surface.  The  firebox 
must  be  large  enough  to  permit  combustion  to  be  com- 
pleted before  the  flame  is  cooled  by  contact  with  a  boiler 
surface  in  order  to  prevent  incomplete  combustion  and 
the  burning  out  of  tubes.  A  hand-fired  coal  boiler  is 
often  converted  to  burn  oil  by  merely  covering  the  grate 
bars  with  firebricks,  laid  loosely,  leaving  a  suitable  air 
space  directly  under  and  in  front  of  the  burner,  which  is 
inserted  in  the  fire-door.  To  secure  a  larger  combustion 
chamber,  the  grate  may  be  taken  out  and  the  burner 
placed  in  the  ashpit.  The  floor  of  the  ashpit  should  then 
be  built  of  loosely  laid  bricks  so  supported  as  to  admit 
air  underneath  them.     The  hot  bricks  will  then  pre- 


heat the  incoming  air.  Some  prefer  to  fire  from  the 
bridgo  wall,  and  every  engineer  has  his  own  theories 
as  to  the  value  of  checkerwork,  arches,  etc.  The  accom- 
panying illustration  is  an  interior  view  taken  from  the 
bridge  wall  of  a  furnace  equipped  for  oil  burning 
under  a  horizontal  return-tubular  boiler. 

The  stack  required  for  oil  is  smaller  than  that  used 
with  coal  to  obtain  the  same  capacity,  because  less 
excess  air  is  used,  and  it  is  shorter  because  only  suffi- 
cient draft  to  force  the  gasses  through  the  boiler  and 
breaching  is  needed,  there  being,  of  course,  no  fire- 
bed.  Forced-draft  equipment  is  discarded  except  with 
mechanical  burners,  where  it  is  possible  to  use  it  if 
exceedingly  high  ratings  are  required. 

The  transportation  of  fuel  oil  from  the  refinery  to 
the  consumer  is  usually  by  barges,  tank  cars  or  tank 
trucks.  The  barges  used  vary  in  capacity  from  2,000 
to  20,000  bbl.  (42  gal.  each)  and  are  equipped  with 
pumps  for  discharging  the  oil.  Tank  cars  are  built 
with  capacities  of  6,000  to  12,000  gal.,  the  most  com- 
mon size  being  10,000  gal.  For  handling  the  heavy 
oil  these  cars  are  equipped  with  steam  coils,  so  that 
they  may  be  readily  unloaded  in  cold  weather.  Tank 
trucks  of  from  1,000  to  2,000  gal.  capacity  are  used 
for  delivery  where  cars  or  barges  cannot  be  taken. 

Storage  tanks  may  be  of  steel  oi  concrete  and  either 
above  or  below  ground,  depending  upon  their  size  and 
the  local  conditions.  They  are  usually  provided  with 
steam,  or  hot-water  coils,  as  the  heavy  oil  should  be 
at  about  100  deg.  F.  to  pump  easily.  These  coils  are 
generally  supplied  by  the  exhaust  from  the  pump,  not 
much  heat  being  required,  since  the  specific  heat  of 
the  oil  is  approximately  0.5.  The  relative  values  of 
steel  and  concrete  tanks  have  been  discussed  at  great 
length,  but  which  is  the  cheaper  and  better  depends 
largely  on  local  conditions. 

The  accompanying  table,  showing  the  relative  value 
of  coal  and  oil,  is  based  on  a  constant  calorific  value 
for  each  of  the  fuels. 

RELATIVE  VALUE  OF  COAL  AND  OIL 


Gross 

Net  Evap- 

Boiler 
Efficiency 

oration 
from    and 

Water  Evaporated  from  and  at  2 1 2' 

F.  per  lb 

.  of  Coal 

with  Fuel 
Oil 

at  212'  F. 
per  Lb. 

6 

7 

8 

9 

10 

of  Oil 

Barrels  of  Oil  Equal  to  One 

Ton  of 

Coal 

75 

13.92 

2.565 

2  093 

3.420 

3.848 

4.275 

76 

14.11 

2  532 

2.^^34 

3.376 

3.978 

4  220 

77 

14.30 

2  498 

2.914 

3.330 

3.746 

4.162 

78 

14.49 

2.465 

2.876 

3.286 

3.697 

4.  108 

79 

14.68 

2.433 

2.838 

3.243 

3  649 

4.054 

80 

14.87 

2.402 

2.802 

3.202 

3.602 

4  003 

81 

15.06 

2.371 

2.767 

3.162 

3  557 

3  952 

82 

15.25 

2.342 

2.732 

3.122 

3  513 

3  903 

83 

15.44 

2.313 

2.699 

3.085 

3.470 

3  856 

84 

15.63 

2.285 

2.667 

3.049 

3.431 

3.813 

85 

15.82 

2.257 

2.635 

3.013 

3.391 

3.769 

This  table  is  not  an  accurate  basis  for  comparison, 
but  is  useful  only  as  a  rough  guide  for  the  relative 
values.  The  only  method  of  accurately  estimating 
these  values  is  to  consider  the  operating  expenses  of 
the  plant  with  each  in  turn,  including  the  cost  of  all 
items  entering  into  the  problem.  Some  of  the  features 
to  be  considered  in  comparing  the  two  fuels  are  the 
space  available  for  fuel  storage,  the  labor  saving  pos- 
sible, the  number  of  hours  the  plant  is  in  operation, 
the  load  feature,  the  quantity  of  coal  for  banking  fires, 
etc.  The  figures  in  the  column  headed  "Gro.ss  Boiler 
Efficiency"  include  the  steam  generated  which  is  used 
for  burning  the  oil.  Gross  efficiency,  then,  is  equal  to 
net  efficiency,  plus  the  percentage  used  in  atomizing 
oil.  Oil  values  in  the  table  are  based  on  oil  weighing 
336  lb.  to  the  barrel  of  42  gallons. 
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Single-Phase  Load  on  a  Three- 
Phase  Power  System 

By  J.  B.  GIBBS 

Engineer,  Transformer  Department,  Westinghouse  Electric  and  Manufacturing  Company 


THE  only  way  to  connect  a  single-phase  load  to 
a  three-phase  power  system  so  that  the  system 
will  be  balanced,  without  the  use  of  rotating  ma- 
chinery, is  to  divide  the  load  into  three  equal  parts  and 
connect  one  part  to  each  phase.  There  are  two  ways 
of  making  this  connection,  depending  on  the  voltage  of 
the  system  and  the  voltage  desired  on  the  load.  Fig.  1 
shows  the  delta  connection.  One  part  of  the  load  is 
connected  to  each  pair  of  line  wires,  and  the  voltage 
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FIGS.    1    AND   2.       SINGLE-PHASE   LOADS    CONNECTED   ON 
THREE-PHASE   CIRCUIT 

applied  to  each  part  of  the  load  is  the  voltage  between 
the  corresponding  lines.  With  this  connection  the  volt- 
ages on  the  three  loads  will  not  be  appreciably  unbal- 
anced, even  if  the  loads  are  not  exactly  equal.  Fig.  2 
shows  the  star  or  "Y"  connection.  Each  part  of  the 
load  is  connected  by  one  wire  to  one  of  the  line  wires, 
and  the  remaining  three  wires  from  the  loads  are  con- 
nected together  to  form  the  neutral  or  star  point.    If  we 
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FIG.    3.     THREE   STNGLE-PHASE   LOADS   STAR-CONNECTED 
TO  1-WIRE  THREE  PHASE  LINE 

have  220  volts  between  lineSj  the  voltage  on  each  of 
the  loads  will  be  220  -^  1.732  =  127  volts.  If  the  loads, 
with  this  connection,  are  not  equal,  the  neutral  point 
will  be  shifted  and  the  voltages  on  the  three  loads  will 
not  be  equal. 

Another  example  of  the  star  connection  is  shown  in 
Fig.  3.    The  distribution  line  is  three-phase  4000  volts, 


with  a  neutral  wire,  and  three  standard  transformer?, 
with  a  ratio  of  2300  volts  to  230  volts,  are  used  to  supply 
three  single-phase  loads.  In  this  case  the  star  point 
of  the  three  transformers  is  tied  to  the  corresponding 
point  of  the  generator,  and  therefore  the  correct  volt- 
ages will  be  maintained  on  the  loads  even  if  they  are 
not  exactly  equal. 

If  the  single-phase  load  cannot  be  divided,  the  best 
thing  to  do  is  to  connect  it  to  one  phase  of  the  power 
system  and  trust  to  other  single-phase  loads  connected 
to  the  other  phases  to  balance  the  system.  As  a  matter 
of  fact,  an  unbalanced  load  is  not  very  objectionable, 
unless  the  unbalance  is  large.  A  majority  of  the  large 
generating  plants  are  three-phase,  and  they  carry  single- 
phase  loads,  distributed  among  the  three  phases,  as  well 
as  three-phase  loads.  Such  systems  are  never  exactly 
balanced,  but  never  very  far  unbalanced. 
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FIG.    4.      SINGLE-PHASE    LOAD    ON    TWO    TRANSFORMERS 
CONNECTED  OPEN  DELTA 

Several  schemes  have  been  proposed  for  connectmg 
a  single-phase  load  to  a  three-phase  system,  and  it  may 
be  worth  while  to  analyze  a  few  of  them. 

1.  Open-Delta  Connection — It  has  been  suggested 
that  two  transformers  be  connected  in  open-delta  and 
a  single-phase  load  be  taken  from  the  open  side,  as 
shown  in  Fig.  4,  the  idea  being  that  the  single-phase  cur- 
rent must  flow  in  both  transformers,  and  therefore  in 
all  three  lines.  Since  the  load  in  the  secondary  wind- 
ings is  single-phase,  however,  the  current  in  the  primary 
windings  must  be  in  the  same  phase.  That  is,  all  the 
current  in  the  primary  of  transformer  A  must  flow 
through  the  primary  of  transformer  B,  and  therefore 
no  current  can  leave  or  enter  the  line  B.  Consequently, 
we  have  exactly  the  same  condition  as  though  the  load 
were  connected  to  the  lines  A  and  C,  except  that  it  re- 
quires two  transformers  to  carry  the  same  load  that 
mif^ht  be  carried  by  one  connected  to  A  and  C 

2.  Closed-Delta  with  One  Secondary  Reversed — 
This  is  shown  in  Fig.  5,  and  is  similar  to  Fig.  4,  except 
that  it  has  a  third  transformer  and  gives  twice  the  sec- 
ondary voltage.  It  will  be  seen  that,  since  the  three 
secondaries  are  in  5:eries,  the  currents  in  the  three  trans- 
formers must  be  the  same,  in  phase  and  magnitude. 
Therefore  the  current  which  flows  in  the  primary  of 
transformer  A  is  the  same  as  that  in  transformer  B,  and 
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none  of  the  current  can  be  carried  by  line  B.  The  sin- 
gle-phase voltage  is  the  same  as  though  we  were  using 
two  transformers  connected  between  the  lines  A  and  C, 
but  three  transformers  are  being  used  to  give  the  out- 
put which  would  be  given  by  two  connected  between 
A  and  C. 

3.  Scott  Connection  with  Secondaries  in  Series — 
This  arrangement  is  shown  in  Fig.  6.  The  plan  is  to 
transform  from  three-phase  to  two-phase,  and  then  to 
connect  the  two  phases  in  series  to  get  single-phase. 
This  will,  of  course,  give  a  single-phase  voltage,  but  it 
is  interesting  to  see  what  happens  when  n  current  flows. 
For  the  sake  of  simplicity  suppose  that  the  transform- 
ers have  a  one-to-one  ratio,  and  suppose  that  each  of 
the  two-phase  voltages  is  100  volts.  Then  the  single- 
phase  voltage  will  be  100  X  1.414  --=  141.4  volts.  Now 
suppose  that  a  10-amperc  load  is  put  on  the  sin- 
gle-phase circuit.  Since  the  ':)rimary  of  the  "teazer" 
transformer  B  is  connected  to  the  87  per  cent,  tap,  it 
must  carry  a  current  of  10-^0.87=  11.5  amperes,  and 
this  must  obviously  be  the  difference  of  the  currents  in 
the  two  halves  of  the  "main '  transformer  A.  But  the 
total  ampere-turns  in  the  primary  of  A  must  be  equal 
to  the  total  ampere-turns  in  its  secondary,  or  10  amperes 
X  100  per  cent,  turns.  Therefore,  we  have  the  two 
equations,  50  per  cent.  X  -j-  50  per  cent.  Y  =  100  per 
cent.  X  10  and  X  —  F  ^  11.5,  where  X  equals  current 
in  one-half  of  the  primary  of  A,  and  Y  equals  current 
in  the  other  half  of  the  primary  of  A. 

Solving  these  two  equations,  we  find  that  X  equals 
15.75  amperes  and  Y  equals  4.25  amperes.  The  line  C, 
therefore,  will  carry  15.75  amperes,  of  v/hich  11.5  am- 
peres will  return  to  the  generator  by  way  of  the  line  A, 
and  4.25  amperes  by  way  of  the  line  B.  The  rating  of 
each  transformer  will  be, 

10  amperes  X  100  volts       ,  , .,       ,^ 
— Y^r^ =  1  kilovolt-ampere 

or  a  total  of  2  kv.-a.  for  the  bank,  while  the  total  single- 
phase  output  will  be, 

\0  amperes  yclAl  A  volts       ■,  ai  .  , -i       ,. 
— r™r =  1.414  kilovolt-amperes 

We  are  thus  using  transformers  40  per  cent,  larger 
than  we  need  for  the  single-phase  output  and  getting  as 
compensation  a  decrease  of  20  per  cent,  in  the  line  loss, 
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FIG.    5.      SINGLE-PHASE    LOAD    CONNECTED    TO    THREE- 
PHASE  CIRCUIT  THROUGH  THREE  TRANSFORMERS 

due  to  splitting  the  return  current  between  two  lines. 
Inasmuch  as  the  line  loss  is  usually  a  small  percentage 
of  the  power  delivered,  a  saving  of  one-fifth  of  it  is 
seldom  worth  the  extra  investment  in  transformers, 
especially  as  these  transformers  must  have  a  special 
ratio. 

A  single-phase  load  may  be  perfectly  balanced  on  a 
three-phase  system  by  means  of  z  motor-generator  set, 
consisting  of  a  three-phase  motor  and  a  single-phase 
generator,  but  such  a  set  is  complicated  and  expensive, 


and  for  this  reason  it  is  usually  not  to  be  commended 
The  foregoing  may  be  summarized  by  saying  that  a 
single-phase  load  can  be  perfectly  balanced  on  a  three 
phase  system  if  it  can  be  divided  into  three  equal  parf^ 
and  connected  to  the  three  separate  phases,  or  if  a 
motor-generator  set  is  used.    The  former  scheme  is  fre- 
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FIG.    6.      SINGLE-PHASE   LOAD   ON    SCOTT-CONNECTED 
TRANSFORMERS 

quently  possible  and  advisable.  The  latter  scheme  can 
very  seldom  be  considered,  on  account  of  the  expense. 
If  neither  one  of  these  schemes  can  be  used,  it  is  usually 
best  to  connect  the  load  to  one  of  the  phases  without 
any  attempt  to  balance  it. 


In  northern  France  30,000  plants,  employing  800,000 
workers,  were  razed  by  gunfire,  looted  or  badly  disor- 
ganized, in  one-half  of  these  plants  production  has 
been  resumed.  While  the  textile  industry  is  rapidly 
recuperating,  it  is  estimated  that  it  will  require  three 
years  for  the  majority  of  the  principal  trades,  such  as 
glass-making,  woodworking  and  sugar  refining,  to  re- 
sume production  on  a  normal  scale.  A  longer  time, 
probably  ten  years,  must  elapse  before  large  mechanical 
plants,  such  as  the  locomotive  works  at  Valenciennes 
and  the  coal  mines  about  Lens,  can  proceed  full-speed 
ahead.  Machinery  and  equipment  weighing  about  250,- 
000  tons  have  been  returned  from  Germany,  and  the 
French  government  has  advanced  to  industrial  firms 
credits  totaling  approximately  3,000,000.000  francs, 
which  sum  will  be  applied  against  damages  estimated 
in  the  Chamber  of  Deputies  to  amount  to  50,000.000,000 
francs. 


Large  hydro-electric  undertakings  are  projected  in 
the  Province  of  Ombria  in  Italy.  It  is  intended  to  build 
two  large  reservoirs,  one  on  the  River  Salto,  at  Baize  di 
Santa  Lucia,  capable  of  holding  81,000.000  cubic  meters 
of  water ;  and  the  other  on  the  River  Turano,  at  Petes- 
cia,  of  a  capacity  of  132.000,000  cubic  meters.  Besides 
subsidiary  works  and  installations  of  local  interest,  two 
generating  stations  will  be  built,  one  utilizing  a  water- 
fall at  Collestatte  460  ft.  high  and  another  at  Cervara. 
200  ft.  high,  capable  of  developing  a  total  of  106.421 
hp.  The  developments  are  estimated  to  cost  $14,000.- 
000.  of  which  about  one-third  is  intended  for  the  sub- 
sidiary works. — London  Electrical  Review. 


Chief  geologist  of  the  United  States  Geological  Sur- 
vey states  that  the  total  available  supplv  of  oil  in  the 
UnitcJ  States  is  6,500.000,000  bbl..  which  at  the  present 
rate  of  consumption  will  last  between  fifteen  and  tv.'enty 
years  provided  no  new  automobiles  are  manufactured 
and  no  new  uses  are  devised  for  the  commoditv. 
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Parallel  Discharge  of  Centrifugal  Pumps 

By  T.  M.  HEERMANS 

Engineer,    Centrifugal   Pump   Division,    Allls-Chalmers  Manufacturing  Company 


To  operate  successfully  in  parallel  centrifugal 
pumps  should  have  steep  head-capacity  curves 
and  the  slope  of  the  curves  should  be  about  the 
same.  The  reasons  are  simply  told  and  worth- 
while  pointers  are  given  on   the   suction   pipe. 


pump  the  capacity  will  not  vary  much  even  if  the  head 
in  the  discharge  main  changes  considerably. 

Third,  the  several  centrifugal  pumps  that  are  to 
discharge  into  the  common  main  .should  have  head- 
capacity  characteristics  as  nearly  alike  as  possible  in 
so  far  as  the  proportion  of  change  in  capacity  for  a 


WHEN  a  number  of  centrifugal  pumps  are 
arranged  to  discharge  into  a  common  main, 
there  are  several  ways  in  which  such  an 
arrangement  differs  from  a  similar  grouping  of  piston 
or  plunger  pumps.  These  differences  are  practically 
all  covered  under  the  general  head  of  the  difference 
between  the  performance  characteristics  of  the  two 
types  of  pumps.  At  a  constant  speed  the  reciprocating 
pump,  provided  the  power  end  is  big  enough,  will  deliver 
a  definite  capacity  into  the  discharged  main  notwith- 
standing considerable  variation  in  the  pressure  in  the 
discharge  line  due  to  starting  up  or  shutting  down  other 
pumps  discharging  into  the  same  line  or  to  other 
causes. 

A  centrifugal  pump,  on  the  other  hand,  has  a  cer- 
tain fixed  curve  of  relationship  between  the  discharge 
and  the  head,  so  that  any  change  in  the  pressure  in  a 
common  discharge  main  causes  a  change  in  the  capa- 
city delivered  into  the  main. .  To  illustrate,  refer  to 
Fig.  2,  which  gives  the  characteristic  curve  AC  of  a 
pump  designed  to  operate  at  point  B  and  to  deliver  1,800 
g.p.m.  against  a  head  of  35  ft.  If  the  pressure  against 
the  discharge  drops  to  D  the  capacity  will  be  increased 
to  2,200  g.p.m.,  or  if  the  pressure  in  the  main  increases 
to  E  the  discharge  will  decrease  to  1,200  g.p.m.    This 
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PUMPS  OF  1,000  AND  1.200  G.P.M.  CAPACITY  OPERATING  IN  PARALLEL. 
AGAINST  A  100-FT.   HEAD 


means,  first  that  to  work  in  parallel,  centrifugal 
pumps  should  be  selected  that  will  deliver  the  desired 
quantity  against  about  the  average  head  to  be  main- 
tained in  the  discharge  line  under  usual  conditions. 

Second,  it  would  be  advisable  to  specify  pumps  hav- 
ing runners  that  will  produce  the  so-called  "steep 
head  characteristic"  curve,  as  with  this   design  of 


change  in  head  is  concerned;  that  is,  the  slope  or 
steepness  of  their  head-capacity  curves  should  be 
about  the  same.  When  purchasing  new  pumps  that 
are  to  discharge  into  the  same  main 
with  existing  pumps  the  foregoing 
statement  means  that  the  manufac- 
turer should  be  supplied  with  the 
characteristic  curves  of  the  exist- 
ing pumps.  This  can  again  be  best 
illustrated  by  the  curves,  Fig.  3. 

Suppose  two  pumps  have  been 
selected  each  having  the  normal  rat- 
ing indicated  by  point  P,  but  having 
head-capacity  curves  of  different 
type  such  as  A  and  B.  If,  for  any 
reason,  the  head  in  the  discharge 
main  should  increase  from  H  to  i?, 
the  capacity  of  pump  A  would  be 
decreased  only  to  C,  whereas  the  ca- 
pacity of  pump  B  would  be  decreased 
considerably  more,  or  to  D,  a  much 
less  efficient  operating  point  on  the 
curve.  The  point  of  maximum  efl!i- 
ciency  of  a  centrifugal  pump  prop- 
erly selected  is  at  about  the  rated 
head  and  capacity.  The  pumping  work  at  the  changed 
head  conditions  is  therefore  unevenly  divided  between 
pumps  A  and  B,  and  the  over-all  pumping  efficiency  is 
reduced.  If  both  pumps  had  the  same  type  of  curve, 
the  pumping  work  at  increased  head  would  have  been 
equally  divided  and  the  combined  pumping  efficiency 
would  have  been  correspondingly  higher. 
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Fig.  3  illustrates  one  other  point;  namely,  that 
should  the  head  in  the  discharge  main  be  increased 
to  H...  the  "shutoff"  pressure  of  pump  B  would  be  ex- 
ceeded and  it  would  not  deliver  any  water  at  all,  but 
would  merely  churn  the  water  in  its  casing.  This  in- 
dicates the  necessity  of  selecting  a  pump  for  parallel 
operation  with  a  head  curve  steep  enough  so  that  the 
starting  up  of  additional  pumps  will  not  increase  the 
pressure  in  the  main  above  the  shutoff  pressure  of 
one  of  the  pumps,  thereby  stopping  the  discharge  of 
that  pump. 

With  a  little  care  it  is  not  a  difficult  matter  to  select 
centrifugal  pumps  that  will  operate  just  as  satisfac- 
torily in  parallel  as  any  other  type,  with  the  addi- 
tional advantages  peculiar  to  the  centrifugal  pump  of 
smooth,  nonpulsating  delivery,  impossibility  of  exces- 
sive pressure  rises  in  the  mains,  simplicity  and  low 
maintenance  and  operating  expense. 

In  connection  with  the  parallel  operation  of  centrif- 
ugal pumps  it  might  not  be  amiss  to  add  a  few 
remarks  about  the  suction  pipes.  These  should  be  of 
liberal  sizes  to  reduce  friction  to  a  minimum  and 
should  be  absolutely  free  from  air  leaks.  It  is  also 
advisable,  whenever  possible,  to  connect  the  suction 
pipe  to  the  pump  with  a  short  length  of  straight  pipe 
next  to  the  pump  or  a  straight  reducing  fitting  reduc- 
ing from  a  larger-sized  suction  pipe  to  the  size  of  the 
pump  suction  opening. 

An  elbow  connected  immediately  to  the  pump  suc- 
tion causes  the  water  to  whirl  in  entering  the  pump 
and  makes  a  disturbed  flow  at  this  point  and  some- 
times   unbalanced    pressures    on    the    two    sides    of 
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FIG.    3.      EFFECT   OF   VARIATION   IN   HEAD  ON  TWO 
PUMPS  HAVING  DIFFERENT  CHARACTERISTICS 


double-suction  runners,  which  it  is  just  as  well  to 
avoid.  In  using  a  straight  reducer  to  connect  the 
suction  pipe  to  the  pump,  this  reducer  ought  to  be  of 
the  eccentric  type  so  as  to  avoid  the  air  pocket  shown 
in  Fig.  4. 

When  two  pumps  are  discharging  into  the  same 
main  and  drawing  out  of  a  common  suction  well,  it  is 
a  good  plan  to  have  independent  suction  pipes  rather 
than  a  common  suction  main.    If  the  latter  is  used, 


however,  it  should  be  of  large  diameter  and  the  suc- 
tion branch  to  each  pump  arranged  so  the  friction  in 
each  will  be  as  nearly  equal  as  possible.  Otherwise 
one  pump  will  draw  water  easier  and  consequentlj' 
pump  more  than  the  other.  All  suction  pipes  should 
be  immersed  sufficiently  deep  to  prevent  air  being 
drawn  into  the  pump.    Pump-suction  pipes  should  not 


FIG.     4.       COMPARISON    BETWEEN    STANDARD    AND 
ECCENTRIC   REDUCER   IN   PUMP   SUCTION 


be  placed  so  near  to  each  other  that  the  suction  of  one 
pump  interferes  with  the  flow  of  water  into  the  suc- 
tion pipe  of  the  other.  Also  the  discharge  from  the 
tail  pipe  of  a  condenser  or  an  overflow  back  into  the 
sump  near  the  suction  of  a  pump  often  carries  air  into 
the  water,  which  is  taken  up  in  the  pump  suction  pipe 
and  reduces  the  capacity.  Pump  suction  pipes  should 
not  be  placed  with  their  lower  extremities  too  near 
the  bottom  of  the  suction  well,  as  this  increases  the 
loss  at  entrance  and  also  causes  sediment  to  be  drawn 
up  into  the  pump.  Foot  valves,  if  used,  should  be  of 
liberal  size  and  free  from  obstructions. 

If  centrifugal  pumps  operating  in  parallel  seem  to 
b6  performing  unsatisfactorily  and  the  precautions 
mentioned  in  regard  to  the  discharge  conditions  have 
been  observed,  it  would  be  advisable  to  investigate  the 
suction-pipe  layout  along  the  lines  just  indicated. 


Crude  oil  and  gasoline  have  again  advanced  in  price 
in  California,  according  to  an  announcement  by  K.  R. 
Kingsbury,  preside"Vit  of  the  Standard  Oil  Company  of 
California.  The  price  of  crude  has  been  increased 
twenty-five  cents  per  barrel  for  all  grades  and  the  price 
of  gasoline  has  increased  two  cents  per  gallon.  The 
Railroad  Commission  of  California,  in  a  letter  to  Mr. 
Kingsbury,  demands  an  explanation  of  the  necessity  for 
the  increase  on  the  ground  that  it  is  officially  inter- 
ested in  the  increased  prices  of  crude  oil  inasmuch  as 
it  will  mean  an  increase  of  electric  and  gas  rates 
in  California  of  several  million  dollars. 
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New  Kern  River  No.  3  Construction  Work 

By  H.  W.  Dennis* 

Kern  River  Number  Three  is  not  unlike,  in  its  gen- 
eral plan,  many  of  the  other  hydro-electric  develop- 
ments of  the  Southern  California  Edison  Company. 
This  general  plan  includes  a  comparatively  low  divert- 
ing dam,  a  conduit  line  consisting  of  flumes  and  tunnels, 
the  appropriate  pressure  mains,  and  the  power  house 
with  its  apparatus.  The  project  differs  from  some  of 
the  others,  particularly  the  early  ones,  in  that  every 
part  essential  ^^o  continuous  and  uninterrupted  oper- 
ation has  received  especial  attention  to  permit  that 
result  with  minimum  maintenance.  It  has  the  further 
difference  in  that  the  prime  movers  are  hydraulic  re- 
action turbines  whereas  most  of  the  other  plants  use 
impulse  waterwheels.  It  has  the  especial  distinction 
that  the  turbines  will  operate  under  a  higher  head  than 
any  other  reaction  turbines  in  the  world. 

There  is  no  reservoir  at  the  intake  of  this  plant,  and 
therefore  the  dam  is  only  so  high  as  to  accomplish 
the  diversion  of  the  water.  Nevertheless  it  is  a  con- 
crete structure,  founded  on  bed  rock.  For  about  one- 
half  of  its  length  its  height  varies  from  8  to  20  ft., 
but  for  the  remainder  the  maximum  height  is  nearly 
60  ft.  where  it  closes  an  old  channel  deeply  eroded  in 
the  ledge.  The  intake  structure  has  trash  racks,  head 
gates  and  sluice  gates  and,  in  addition  to  these  usual 
features,  there  is  a  protecting  wall  with  openings  be- 
low the  crest  level  of  the  dam  so  that  the  water  may 
enter  for  the  plant  and  the  floating  debris  will  be  di- 
verted over  the  spillway.  The  dam  with  the  intake 
structure  is  finished. 

Removing  the  Sand  from  the  Water 

All  of  the  streams  flowing  from  the  Sierras  carry 
large  quantities  of  sand  which  must  be  removed  before 
the  water  reaches  the  wheels.  Without  this  removal 
the  scouring  effect  would  produce  rapid  deterioration 
of  the  turbines  with  consequent  reduction  of  efficiency. 
The  sand  box,  located  between  the  dam  and  the  first 
tunnel,  because  of  its  large  dimensions,  is  expected  to 
arrest  all  gritty  particles  except  those  that  are  fine 
enough  to  remain  in  suspension  for  a  long  time.  There 
are  two  compartments  so  that  either  may,  if  necessary, 
be  entirely  unwatered  without  interrupting  the  flow 
to  the  plant,  but  generous  sluicing  facilities  are  pro- 
vided for  blowing  out  the  sand  without  resorting  to  the 
unwatering  process. 

By  far  the  major  portion  of  the  conduit  is  a  series 
of  tunnels  whose  aggregate  length  is  nearly  60,000  ft., 
the  longest  single  one  being  7,132  ft.  between  termini. 
Each  tunnel  is  connected  to  its  neighbor  by  a  concrete 
flume  which  is  either  built  on  a  bench,  in  the  side  of  the 
mountain,  or  in  a  cut  where  the  cover  was  insufficient 
for  tunnel  construction,  or  in  the  air  supported  by 
reinforced  concrete  bends  where  it  was  necessary  to 
cross  certain  gulches.  The  tunnels  are  lined  with  con- 
crete on  the  sides  and  bottom,  but  are  not  lined  for 
the  roof  except  where  necessary  for  supporting  the 
material  above.  In  order  to  secure  a  smooth  surface 
for  the  water  contact,  steel  forms  are  being  used  with 
gratifying  results.  For  the  upper  nine  miles  of  the 
conduit  the  finished  size  of  the  tunnel  is  8.5  ft.  wide  and 
8  ft.  for  the  height  of  the  side  walls.  The  water  will 
be  about  7.5  ft.  deep  running  at  a  slope  of  2  ft.  per 
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thousand.  For  the  remainder  the  width  is  9,5  ft.  and 
the  slope  1.5  ft.  per  thousand,  the  depth  being  the  same 
throughout.    The  capacity  will  be  600  cu.ft.  per  second. 

A  mile  above  the  forebay  the  conduit  line  crosses 
Little  Brush  Creek  at  a  point  where  the  tunnel  grade 
is  300  ft.  above  the  creek  bed.  To  have  made  this  cross- 
ing at  grade  would  have  involved  a  long  detour  adding 
nearly  a  mile  to  length  of  the  flow  line,  and  accordingly 
an  inverted  siphon  was  decided  upon.  This  part  of  the 
work  is  nearly  complete.  It  required  470  tons  of  steel 
pipe  whose  diameter  at  the  top  is  9.5  ft.,  where  the 
pressure  is  least,  and  8  ft.  at  the  bottom  where  the 
pressure  is  greatest. 

From  the  forebay  the  water  will  be  conducted  to  the 
power  house  through  two  steel  pressure  mains  involving 
1,260  tons  of  steel  pipe  varying  in  size  from  7  ft.  in 
diameter  and  i  in.  in  thickness  at  the  top  where  riveted 
pipe  is  used  to  5  ft.  in  diameter  and  1  in.  in  thickness 
at  the  bottom  where  lap-welded  pipe  is  used.  Expansion 
joints  are  provided  at  appropriate  places  and  venturi 
meters  are  to  be  installed  in  each  line.  These  meters 
measure  the  amount  of  water  flowing  by  noting  differ- 
ences in  pressure  and  velocity,  although  offering  no 
obstruction  to  the  flow  and  give,  by  comparison  with  the 
electrical  output,  continually  a  means  of  knowing 
whether  any  undue  deterioration  has  occurred  within 
the  prime  mover. 

Details  of  the  Generating  Unit 

The  distinctive  feature  of  the  Kern  River  Three  sta- 
tion is  the  generating  unit  itself.  No  other  hydraulic 
reaction  turbine  in  the  world  operates  under  a  head 
as  high  as  this,  namely,  800  ft.,  nevertheless  bountiful 
assurance  has  been  given  that  no  mistake  is  being 
made  in  the  adoption  of  this  type  of  waterwheel  for 
these  conditions.  Another  especial  feature  lies  in  the 
provision  for  changing  the  turbine  runner  to  permit 
changes  in  speed  to  produce  either  fifty-cycle  current 
for  southern  California  or  sixty-cycle  current  for  the 
San  Joaquin  Valley.  The  frequency  changer  to  be  in- 
stalled at  Vestal  is  necessary  in  addition  to  this  arrange- 
ment at  Kern  River  Three  and  is  far  smaller  than 
would  otherwise  be  required. 

The  generating  units  will  be  two  in  number,  rated 
to  give  22,500  hp.  each  at  a  speed  of  600  r.p.m.  for  sixty 
cycles  and  500  r.p.m.  for  fifty  cycles.  Strike  conditions 
at  the  works  of  the  turbine  manufacturers  have  caused 
delay  in  the  building  of  the  watei-wheels. 

The  generating  voltage  is  to  be  11,000  and  step-up 
transformers  will  raise  this  to  75,000  volts  for  the  out- 
going lines  for  which  there  are  to  be  two  circuits  of 
4-0  stranded  copper,  which  will  deliver  the  output  into 
the  rest  of  the  system  at  the  new  substation  at  Vestal, 
in  the  San  Joaquin  Valley  near  Richgrove. 

The  facts  that  25,000  tons  of  freight  have  already 
been  delivered  50  miles  over  mountain  roads  and  2,500 
men  have  been  engaged  upon  the  work  will  merely  in- 
dicate the  magnitude  of  these  special  problems.  The 
length  of  the  conduit  line  is  more  than  twelve  mibs 
and  most  of  the  construction  is  through  the  hard  reck 
of  the  Sierras.  The  assignment  was  given  out  a  number 
of  years  ago,  and  until  1914  the  work  progressed  slov/ly, 
consisting  principally  of  road  and  trail  construction  and 
hand  excavation  of  tunnels.  An  electric  transmission 
line  was  built  in  the  fall  of  that  year  to  supply  con- 
struction power.  It  is  only  a  little  more  than  a  year 
ago  that  major  activities  were  commenced  looking  to 
the  early  completion  of  the  development. 
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The  Coining  National 
Engineers'  Organization* 

WHAT  form  is  the  nation-wide  organization  of 
engineers  which  is  in  the  process  of  evolution 
going  to  take? 

In  the  many  minds  which  are  active  in  the  move- 
ment there  is  a  multiplicity  of  ideals,  with  many 
variations  as  to  detail  but  resolvable  into  two  distinct 
schools. 

One  group  conceives  a  broad  all-inclusive  engineer- 
ing society  to  which  anybody  who  has  a  legitimate 
connection  with  or  interest  in  engineering  may  belong, 
subject,  of  course,  to  his  approval  and  acceptance  by  the 
local  unit  to  which  he  applies  for  membership.  The 
local  unit  would  bring  together  the  engineering  per- 
sonnnel  of  a  community  and  serve  as  the  medium  for 
the  expression  and  impression  of  the  collective  thought 
and  experience  of  its  members  upon  the  engineering 
problems  and  activities  of  the  neighborhood.  Its  meet- 
ings would  deal  with  such  subjects  as  would  hold  its 
members  together  through  a  common  interest,  unify 
them  as  an  organized  force  for  public  service  and 
emphasize  the  importance  of  the  engineer  as  a  factor 
in  the  communal  life,  as  other  professional  and  busi- 
ness organizations  have  done  for  their  constituencies. 
The  national  association  would  be  the  aggregation  of 
these  local  bodies.  Every  member  of  a  local  would 
be  a  member  of  the  national  body,  but  the  opinions 
and  policies  of  the  larger  body  would  find  expression 
and  definition  in  a  representative  convention  and  be 
carried  out  by  an  executive  council  and  a  secretarial 
organization.  This  plan  does  not  contemplate  any  in- 
terference with  existing  organizations.  The  national 
professional  societies  with  their  more  specialized  and 
selected  membership  would  continue  to  serve  their 
respective  branches  of  the  profession  after  their  own 
m,anner,  and  their  local  sections,  as  well  as  independent 
local  and  regional  societies,  clubs,  etc.,  would  preserve 
their  autonomy,  although,  for  activities  general  in 
character,  their  members  would  look  to  the  all-inclusive 
local  society. 

The  other  school  contemplates,  rather,  a  federation 
of  existing  societies.  The  local  organization  would  con- 
sist of  a  council  or  committee  made  up  of  representa- 
tives from  such  of  the  local  clubs,  societies  and  sections 
of  the  national  societies  as  were  invited  to  join.  These 
committees  would  arrange  for  joint  meetings  and  cor- 
relate the  activities  of  the  constituent  bodies  in  matters 
of  common  interest.  Representatives  from  the  local 
councils  or  committees  and  of  the  various  national  and 
regional  societies  would  form  the  federal  body,  of 
which  the  individuals  composing  the  constituent  so- 
cieties would  be  members  only  in  the  sense  that  a 
member  of  the  civil,  mechanical,  electrical  or  mining 
engineers  is  a  member  of  the  present  Engineering 
Council. 


•Comments  by  L.  C.  Marburg,  chairman  of  the  Committee  on 
Anns  and.  Organization  of  the  American  Society  of  Mechanical 
Engineers  and  representative  of  that  society  upon  the  Joint 
Conference  Committee,  will  be  found  on  page  559. 


The  one  plan  contemplates  the  bringing  together  of 
the  entire  engineering  profession  and  craft  of  the  coun- 
try into  a  new,  broad,  inclusive,  democratic  organiza- 
tion. Membership  in  it  would  not  confer  that  dis- 
tinction which  leads  to  the  use  of  such  suffixes  as 
M.  I.  C.  E.  That  would  continue  to  be  a  quality  of 
the  more  exclusive  professional  bodies.  But  it  would 
bring  together  a  very  large  body,  numerous  in  inverse 
proportion  to  the  stringency  of  the  entrance  require- 
ments, for  public  service  and  for  putting  the  engineer 
upon  the  map.  The  other  contemplates  the  banding 
together  through  selected  representatives,  of  existing 
bodies  for  purposes  of  interest  to  them  all.  Nobody 
could  belong  to  it  except  as  a  member  of  one  of  the 
societies  of  which  it  would  be  formed,  and  such  mem- 
bership would  give  only  a  very  remote  delegated  in- 
terest in  the  national  body.  The  proponents  of  the 
first  plan  claim  that  it  is  the  more  democratic,  those 
of  the  second  that  theirs  is  the  more  capable  of  real- 
ization. 

The  Joint  Conference  Committee  of  the  four  great- 
national  professional  societies  has  been  instructed  to 
call  a  meeting  of  the  various  national,  regional  and 
local  engineers'  organizations  for  the  purpose  of  effect- 
ing a  general  organization  and  such  a  meeting  is  ex- 
pected to  be  called  in  Washington  in  June.  It  is  to  be 
hoped  that  a  broad  and  liberal  spirit  will  be  shown  in 
inviting  representatives  to  the  initial  meeting.  The 
plan  of  the  Joint  Conference  Committee  is  rather  of 
the  federation  than  the  all-inclusive  type,  but  is,  as  we 
understand  it,  offered  to  the  congress  of  societies  which 
is  to  be  called  as  a  suggestion  rather  than  as  a  finality, 
and  it  is  the  congress  which,  in  its  collective  wisdom, 
will  determine  what  form  the  organization  shall  take. 

We  have  attempted  to  outline  the  extremes  of  the 
two  types  of  organization.  Between  them  there  is  a 
multiplicity  of  possible  combinations.  Perhaps,  as  Mr. 
Marburg  suggests,  the  constipations  of  the  locals  need 
not  be  all  alike. 

Engineers  Who  Use  Turbines 
Should  Have  a  Voice  in  Their  Design 

)i  SSUMING  an  average  cost  of  three  hundred  dollars 
/\  per  kilowatt  of  generating  capacity  to  cover  the 
entire  cost  of  a  central-station  system  from  coal  pile 
to  customer's  meter,  there  is  an  investment  of  over 
two  billion  dollars  in  the  United  States  dependent  on 
turbines  of  ten  thousand  kilowatt  capacity  and  larger 
This  amount  is  too  large  to  be  subject  to  any  differences 
in  fundamental  principles  between  the  manufacturei's' 
engineers. 

In  the  industrial  field  there  are  at  present  no  tur- 
bines larger  than  ten  thousand  kilowatts  in  operation. 
It  is  therefore  evident  that  the  development  of 
large  sizes  is  of  the  greatest  interest  to  public  utility 
corporations. 

The  turbine  designers  should  not  be  called  on  or 
permitted  to  assume  all  the  responsibility  for  initiat- 
ing new  types  of  design,  increased  capacities  or  change 
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in  operating  conditions  without  the  help  of  the  central 
station  engineers  and  the  operating  men,  who  should 
take  a  stronger  position  in  the  matter  of  controlling 
operating  conditions  and  the  development  of  the  tar- 
bine  as  to  type  and  capacity. 

There  should  be  agreement  between  manufacturer 
and  user  of  turbines  on  such  matters  as: 

1.  A  uniform  rating  of  turbines. 

2.  Standard  steam  conditions  with  correction  factor 
for  other  values, 

3.  Economic  size  of  turbine  recommended  for  a 
specified  service. 

4.  Standardization  of  operating  methods. 

5.  Uniform  systems  of  inspection. 

6.  Actual  efficiency  of  representative  types  and  sizes 
of  turbines. 

The  central  station  men  have  had  many  years  of 
operating  experience  with  steam  turbines  and  they  can 
do  much  to  advance  the  progress  of  the  art.  There 
are  over  one  hundred  engineering  societies  and  associa- 
tions doing  standardization  work  to  some  extent  on 
items  covering  every  manufactured  product  in  the 
United  States  except  the  steam  turbine.  The  greatest 
deterrent  today  in  the  progress  of  the  development  of 
large  steam  turbines  is  the  failure  of  manufacturers  to 
exchange  patent  licenses,  and  use  the  salient  points  of 
each  other's  design.  The  turbine  is  practically  the  only 
apparatus  in  which  this  is  not  done.  The  manufac- 
turers of  large  steam  turbines  should  build  a  standard- 
ized combination  type. 

National  Board  of  Boiler  and 
Pressure  Vessel  Inspectors 

THE  National  Board  of  Boiler  and  Pressure  Vessel 
Inspectors,  which  has  come  quietly  into  existence, 
has  potentialities  which,  properly  developed,  will  make 
it  a  powerful  factor  in  reducing  the  loss  of  life  and 
property  through  boiler  explosions  and  in  unifying  and 
standardizing  boiler  practice  in  the  United  States.  The 
board  is  composed  of  the  heads  of  the  boiler-inspection 
departments  of  all  the  states  which  have  adopted  the 
American  Society  of  Mechanical  Engineers  Boiler  Code 
or  into  which  boilers  built  to  the  Code  are  admitted. 
There  are  fifteen  such  states  at  present. 

The  opportunities  for  co-operation  afforded  by  this 
tying  together  of  the  different  state  departments  are 
many.  The  Boiler  Code  Committee  lays  down  general 
rules  and  specifications,  but  does  not  pass  upon  specific 
designs  or  construction.  It  is  the  province  of  the  state 
inspector  to  say  whether  a  given  design  or  appliance 
or  practice  is  safe  or  not.  The  confusion  which  would 
arise  from  different  decisions  from  different  state 
inspectors  will  be  avoided  when  the  departments  are 
in  suflficiently  close  touch  to  consider  such  questions 
collectively  and  settle  them  alike.  Under  the  Code  a 
boiler  must  be  inspected  during  construction  and,  upon 
completion,  stamped  by  a  qualified  inspector,  showing 
that  it  is  in  conformity  with  the  standard.  The 
National  Board  affords  the  machinery  through  which 
the  stamp  and  certificate  of  the  inspector  of  the  state 
in  which  the  boiler  is  built  can  be  made  valid  to  the 
inspection  authorities  of  the  distant  state  to  whicli  it 
is  transported.  The  compilation  of  the  records  of  the 
different  state  departments  will  give  for  the  first  time 
reliable  statistics  of  the  number  of  boilers  in  use,  the 


number  of  explosions  and  serious  accidents.  They  will 
indicate  the  most  prolific  causes  of  trouble  and  suggest 
the  directions  in  which  the  Code  should  be  revised  the 
better  to  fulfill  its  purpose.  It  is  easy  to  foresee  that, 
as  more  and  more  of  the  states  adopt  the  Code  and  the 
Board  grows  in  numbers  and  influence,  its  convention 
will  be  one  of  the  most  important  happenings  of  the  " 
year  in  boiler  circles. 

The  Worm  Commences  To  Turn 

THE  Railroad  Commission  of  the  State  of  California 
has  dared  to  tell  the  president  of  the  Standard  Oil 
Company  that  the  reasons  assigned  for  its  increase 
in  the  price  of  crude  oil  are  inadequate,  and  to  declare 
that  if  private  control  of  prices  is  justified,  it  must 
be  justified  on  the  ground  that  the  private  control  is 
reasonable  and  is  not  unduly  or  unfairly  burdening  to 
the  public. 

The  names  of  the  members  of  the  Railway  Commis- 
sion of  the  State  of  California  are:  E.  0.  Edgerton, 
H.  D.  Loveland,  Frank  R.  Devlin,  W.  Brundige  and 
Irving  Martin. 

Watch  what  happens  to  them! 

What  would  fuel  oil  and  coal  cost  the  user  if  he  had    l 
to  pay  nothing  more  than  the  cost  of  mining,  preparing 
and  distributing  it,  plus  a  fair  interest  on  the  capital 
actually  employed  and  a  fair  profit? 

An  increasing  number  of  people — big  people,  even 
people  who  in  their  official  capacity  are  supposed  to 
hold  a  brief  for  the  consumer — are  commencing  to  ask 
this  question  and  to  demand  an  open  accounting  and  a 
price  based  upon  cost  rather  than  upon  a  control  of  the 
supply  and  the  urgency  of  the  demand. 

Uncle  Sam  had  some  oil  lands  of  his  own,  but  the 
plan  of  letting  private  "enterprise"  develop  them  has 
been  so  successful  and  satisfactory  (to  the  developers) 
that  he  has  just  turned  over  to  them  a  good  tract 
cut  of  the  little  that  he  had  left. 


The  American  Library  Association  is  planning  a 
jjreatly  enlarged  program  for  the  extension  of  library 
service  throughout  the  country.  The  association,  organ- 
ized forty-four  years  ago,  at  present  has  a  membership 
of  four  thousand  active  librarians.  One  of  the  impor- 
tant objects  of  enlargement  is  the  more  extensive  use 
of  technical  books  now  in  the  public  libraries  and  the 
installation  of  circulating  libraries  in  industrial  plants. 
It  is  planned  to  inaugurate  a  drive  to  raise  two  million 
dollars  to  carry  on  the  work.  The  value  of  circulating 
libraries  of  technical  literature  in  power  plants  and 
factories  for  the  use  of  employees  should  not  be  under- 
estimated. Not  only  will  the  employer  benefit  by  the 
increased  efficiency  of  his  employees,  but  the  men  will 
fit  themselves  for  better  and  more  responsible  positions. 
The  greatest  problem  o2  the  day  in  every  industry,  due 
in  part  to  labor  shortage  and  increased  wages,  is  ways 
and  means  of  securing  larger  production.  This  can  be 
accomplished  to  a  certain  extent  by  increasing  the  ef- 
ficiency of  employees  through  educational  methods  of 
libraries  at  the  plants.  A  number  of  far-seeing  manu- 
facturers have  realized  the  importance  of  technical  books 
dealing  with  their  particular  branch  of  industry  and 
have  installed  special  libraries  in  their  plants. 


In  some  quarters  there  is  discussion  as  to  which 
travels  the  faster — light  or  the  price  of  fuel  oil. 
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Preserve  the  Autonomy  of 
Local  Organizations 

I  have  read  with  great  interest  your  editorial  on 
the  coming  National  Engineers  Convention. 

Your  outline  of  the  two  alternative  plans  is  very  in- 
teresting. However,  allow  me  to  call  attention  to  the 
fact  that  as  far  as  I  know  nobody  proposes  the  extreme 
plan  of  federation  which  you  outline.  The  fact  is  that, 
in  some  localities,  engineering  societies  at  present  exist, 
which  have  individual  members  and  who  have  affiliated 
with  them  the  sections,  associations,  etc.,  of  national 
societies.  In  such  municipali'ties  as,  for  example,  Mil- 
waukee, an  individual  engineer  need  not  join  any  of 
the  affiliated  organizations,  but  can  join  the  local  en- 
gineering society. 

In  other  localities,  for  example,  in  San  Francisco,  the 
plan  of  local  organization  is  actually  in  accordance  with 
your  sketch;  namely,  there  exist  a  number  of  sections 
of  national  societies,  and  I  believe  also  local  organiza- 
tions that  have  formed  a  local  representative  council. 

In  still  other  localities,  like  Philadelphia,  we  find  a 
local  engineers  club,  which  is  a  social  club,  but  is  at 
the  same  time,  and  really  mainly,  the  engineering 
forum  of  the  particular  community.  In  this  case  the 
club  has  affiliated  with  it  sections  of  national  societies 
and  in  some  other  localities  also  certain  local  engineering 
organizations.  In  such  a  municipality  an  engineer  would 
have  the  alternative  of  joining  the  club,  which,  of  course, 
has  fairly  high  dues,  or  joining  one  of  the  affiliated 
organizations. 

The  fundamental  idea  of  the  plan  of  the  Joint  Con- 
ference Committee  is  that  the  National  Council  should 
not  concern  itself  with  the  type  of  organization  adopted 
locally  and  that  it  should  admit  to  the  National  Council 
any  delegate  reasonably  representative  of  the  engineers 
of  a  particular  community.  The  whole  plan  of  organ- 
ization is  based  on  the  local  units,  and  the  local  units 
ought  to  be  autonomous  as  long  as  they  do  not  encroach 
upon  the  rights  of  other  local  units.  Furthermore,  the 
local  society  or  affiliation  can  select  its  representative  on 
any  basis  it  sees  fit.  If  it  decides  to  elect  it  by  the 
vote  of  all  the  engineers  making  up  the  local  engineer- 
ing society  or  affiliation,  surely  the  National  Council, 
according  to  our  plan,  will  have  nothing  to  say  about  it ; 
in  fact,  I  believe  the  majority  of  the  members  of  our 
committee  would  be  much  in  favor  of  such  a  plan,  but  do 
not  feel  that  the  National  Council  should  prescribe  any- 
thing that  would  interfere  with  the  full  autonomy  of  the 
local  organization.   As  far  as  the  election  of  a  represen- 


tative on  the  National  Council  is  concerned,  the  two  plans 
sketched  in  your  editorial  are,  therefore,  not  different, 
and  the  relations  of  individual  members  of  the  local 
or^-anizations  to  the  National  Council  can  be  just  as 
close  with  our  plan  as  with  the  other  plan  outlined,  if 
the  engineers  of  any  locality  choose  to  have  it  so. 

In  one  paragraph  of  your  editorial  you  speak  of 
bringing  together,  by  means  of  the  other  plan  con- 
sidered, "a  very  large"  body  of  engineers.  One  of  the 
reasons  why  we  favor  the  plan  proposed  by  the  Joint 
Conference  Committee  is  that  we  are  firmly  convinced 
our  plan  will  bring  together,  within  a  reasonable  time, 
a  very  much  larger  body  of  engineers  than  any  inde- 
pendent society  could  hope  to  bring  together. 

New  York  City.  L.  C.  Marburg. 

Merits  of  Chain  and  Ring  Shaft 
Lubrication 

It  has  been  my  experience  that  the  ring  method  of 
lubricating  a  bearing  is  very  efficient.  I  have  known 
ring-oiled  bearings  that  had  a  little  new  oil  added  only 
once  in  about  two  months,  to  run  for  over  two  years 
without  being  drained,  and  then  the  oil  looked  clean. 
One  precaution  that  should  be  taken  with  ring-oiled 
bearings  is  to  see  that  the  rings  begin  to  revolve  when 
the  shaft  does,  as  sometimes  the  rings  fail  to  start,  I 
have  never  known  the  rings  1  •  stop  once  they  started, 
unless  the  shaft  stopped  revolving, 

I  much  prefer  the  ring  to  the  chain  method.  In  my 
experience  I  could  not  depend  on  the  chains  at  all 
because  the  links  would  get  tangled  and  they  were 
liable  to  stop  at  any  time.  Clay  Wineberg, 

Widnoon,  Pa. 

Reboring  Corliss-Valve  Chambers 

In  answer  to  Mr.  Murphy's  inquiry  in  the  Feb.  17 
issue  of  Poioer,  page  274,  regarding  reboring  Corliss- 
valve  chambers,  I  have  rebored  quite  a  number,  and  in 
every  case  I  have  paralleled  the  boring  bar  with  the 
original  counterbore  recessed  in  each  end  of  the  valve 
chamber. 

I  frequently  set  my  bar  low  centrally,  but  always 
parallel,  so  as  to  clean  and  true  the  valve  seats  by  the 
time  the  cutting  tool  is  just  scraping  the  top  of  the 
valve  chamber,  thereby  reducing  the  diameter  of  the 
valve  to  be  refitted.  David  G.  Young. 

Hudson  Heights.  N.  J. 
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A  Good  Water-Line  Strainer 

A  g-ood  cheap  strainer,  to  be  used  in  water  lines,  can 
be  made  from  a  housing  of  pipe  fittings.  For  a  2-in. 
water  line  I  use  a  4-in.  plug  A  and  tee  B,  4-in.  nipple  C, 
reducer  from  4  in.  to  2  in.  D,  2-in.  nipple  E,  2-in.  globe 
valve  F,  bushing  G  from  4  to  2  in.,  2-in.  nipple  H  and 


DETAILS   OF  STRAINER 


a  2-in.  globe* valve  /.  The  sketch  of  the  strainer  housing 
and  connections,  will  need  no  further  explanation. 

A  few  words  in  regard  to  the  make-up  of  the  strainer 
may  be  helpful  to  anyone  interested  enough  to  give  it 
a  trial.  I  first  selected  some  galvanized  screen  wire, 
with  suitable  mesh  for  the  desired  results ;  for  instance, 
about  j~\r-in.  mesh  for  feed  water  going  to  the  open 
heater.  I  cut  a  piece  7  x  23  in.  The  idea  of  cutting 
the  screen  wire  23  in,  long  is  in  order  to  give  it  double 
strength.  I  then  rolled  it  up  so  that  the  top  end  was 
a  little  less  in  diameter  than  the  4-in.  nipple  at  the 
top  end,  and  the  bottom  end  about  3  in.  less  in  diameter, 
so  as  to  give  the  water  a  chance  to  flow  through  the 
outside  of  the  strainer  as  well  as  out  at  the  bottom. 

With  the  strainer  body  rolled  to  the  proper  size,  I  tie 
a  cord  around  it  to  hold  it  in  position;  then  I  make  a 
band  for  the  top  end,  about  4  in.  wide  by  I  in.  thick, 
with  holes  drilled  all  around,  about  one  inch  apart.  I 
place  this  band  over  the  end  of  the  strainer  and  copper 
rivet  it  through  the  mesh  of  the  strainer,  and  also  rivet 
along  the  side.  Next,  I  cut  a  piece  of  the  screen  about 
li  in.  larger  than  the  diameter  of  the  bottom  end  of 
the  strainer,  nick  the  edge  with  a  pair  of  snips  so  that 
it  can  be  turned  up  about  I  in.  all  around,  insert  on 
the  top  end  of  the  strainer  and  rivet  with  five  or  six 
copper  rivets. 

It  is  necessary  to  have  a  bail  for  the  removal  of  the 
strainer  for  cleaning,  etc.  I  made  the  bail  from  a  piece 
cf  12-gage  wire,  the  ends  being  hooked  through  two 
extra  holels  that  are  drilled  in  the  band  for  that  purpose. 
Tne  bail  should  be  long  enough  to  reach  close  up  to 
the  plug.  To  insert  or  remove  the  strainer,  just  take 
out  the  plug.  Notice  that  the  strainer  should  pass  on 
through  the  tee  B,  and  into  the  4-in.  nipple  with  the 
edge  of  the  band  J  snug  against  the  end  of  the  4-in. 
nipple  C,  as  shown.  J.  R.  WEBB. 

Parkersburg,  W.  Va. 


Measuring  an  Indicator  Diagram 

A  simple  method  of  measuring  an  indicator  diagram 
is  to  take  a  piece  of  ordinary  coordinate  tracing  paper, 
which  is  marked  off  in  inches,  usually  in  tenths  of  an 
inch.  This  paper  is  laid  out  very  accurately  and  can 
be  purchased  at  almost  any  stationery  store. 

Lay  this  tracing  paper  on  top  of  the  indicator  card 
in  such  a  way  that  any  two  lines — for  example,  lines 
A  and  B — fall  tangent  to  the  extreme  ends  of  the  dia- 
gram, as  shown  in  the  illustration.  The  rest  is  easy. 
Simply  follow  the  usual  instructions  for  performing 
the  morp"  laborious  method.  The  difference  is  that  here 
we  have  the  lines  already  prepared  for  us  and  accur- 
ately spaced  and  drawn.  Better  still,  these  lines  are 
arranged  in  squares,  which  makes  it  possible  to  esti- 
mate areas  with  the  eye  very  accurately.  Thus  if  the 
lines  are  one-tenth  of  an  inch  apart,  the  area  of  each 
small  square  is  one  one-hundredth  of  a  square  inch. 
Hence,  if  a  half  of  a  small  square  falls  within  the  area 
of  the  diagram,  the  reader  can  estimate  that  much  of 
the  area  with  his  eye  with  surprising  accuracy. 

For  example,  it  may  be  found  that  the  left  end  of 
the  diagram  includes  portions  of  two  squares  and  that 
each  portion  is  approximately  one-half  of  a  hundredth 
of  a  square  inch.  The  total  area  for  the  ordinate  there- 
fore would  be,  one  hundredth  of  a  square  inch.  The 
next  ordinate  may  include  two  complete  squares  and  a. 
half  of  a  square,  making  the  total  area  0.025  sq.in. 
In  this  way  the  columns  or  ordinates  are  added  from. 


Coorpfinc^fe  Tracinof  Paper 


CO-ORDINATE  PAPER  USED  TO  MEASURE   INDICATOR 
DIAGRAMS 


left  to  right,  and  the  sum  total  of  them  all  gives  the 
area  of  the  diagram.  It  is  obvious  that  with  squares 
laid  out  in  tenths  of  an  inch  instead  of  eighths  of  an 
inch  or  sixteenths  of  an  inch,  the  process  is  consider- 
ably simplified.  The  best  way  to  understand  this 
method  and  fix  it  in  one's  mind  is  to  do  it;  then  it  will 
not  be  forgotten,  W,  F,  ScHAPHORST, 

Brooklyn,  N.  Y. 
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A  Freak  Metering  Problem 

A  two-story  building  was  originally  wired  for  a  three- 
ire  service,  the  upper  floor  being  fed  from  one  outside 
/ire  and  neutral  and  the  down  floor  between  the  other 
latside  wire  and  neutral,  as  in  Fig.  1.    Then  the  service 
/as  changed  to  two-wire  by  simply  jumping  the  two 
utside  wires  together  at  the  entrance  and  installing  a 
.  wo-wire  meter,  Fig.  2.    Still  later  another  change  was 
.nade  in  the  building,  and  two  circuits,  each  with  a 


Upstairs  p®~ 
Lamps   —(•)— 

\^^ 


FIGS.    1   TO   4.      GIVE   DIFFERENT   CHANGES   MADE   IN 
METER  AND  CIRCUIT  CONNECTIONS 


meter,  were  provided,  as  in  Fig.  3.  Then  the  trouble 
started.  The  tenant  on  the  second  floor  claimed  his  bill 
should  not  be  as  large  as  that  of  the  tenant  on  the  first 
floor,  since  the  latter  had  a  lighting  and  power  load, 
where  the  upstairs  tenant  had  only  lights.  Another 
point  noted  was  that  the  bills  for  both  upstairs  and 
downstairs  were  practically  the  same  each  month,  al- 
though these  varied  from  month  to  month.  Tests 
showed  that  the  meters  were  recording  properly  when 
tested  in  the  usual  manner.  This  went  on  until  one 
month  the  tenant  dovmstairs  had  a  large  bill  and  the 
one  upstairs  had  none,  although  no  complaint  was  made 


that  the  service  was  off.  Suspecting  that  grounds  were 
the  cause,  tests  were  made  which  disclosed  the  follow- 
ing results: 

The  wiring  had  never  been  changed  except  at  the 
visible  portions  of  the  meter  board,  which  left  it  three- 
wire  and  made  only  two  circuits  for  the  meters.  The 
result  was  that  the  two  meters  were  actually  in  parallel, 
and  if  the  tenant  upstairs  used  a  greater  number  of 
lights,  the  downstairs  tenant  paid  for  half  of  it.  When 
the  fuse  at  a,  Fig.  3,  blew  out,  meter  No.  2  stopped  and 
meter  No.  1  recorded  the  total  load.  Having  found  the 
cause,  it  was  easily  remedied  by  connecting  the  meters 
in  their  respective  circuits,  as  in  Fig.  4. 

Orange,  N.  J.  Victor  H.  Todd. 

The  Need  of  Competent  Engineers 

A  good  illustration  of  what  may  be  expected  from  an 
incompetent  engineer  was  to  be  found  in  an  ice-making 
plant  of  which  the  writer  took  charge  after  it  had  been 
shut  down  for  two  or  three  months  during  the  off  sea- 
son. The  engineer  had  quit  about  the  middle  of  the 
operating  season.  The  manager,  being  one  of  the  penny- 
wise  and  dollar-foolish  type,  placed  in  charge  a  fireman 
who  had  never  been  in  an  ice  plant  before  that  season. 
To  finish  the  season's  run,  he  opeiated  the  plant  for 
about  two  months  and  left  it  in  the  condition  pictured 
in  the  following: 

After  trying  to  put  ammonia  in  the  system  and  ship- 
ping back  the  cylinders  to  the  ammonia  dealer,  the  ice 
company  got  credited  for  more  ammonia  than  was  pur- 
chased. He  had  actually  taken  ammonia  out  of  the 
system  instead  of  putting  it  in.  One  of  the  boilers  had 
been  allowed  to  run  so  long  without  cleaning  that  the 
sheet  over  the  fire  became  bagged.  Instead  of  getting 
an  experienced  boilermaker  to  drive  the  bag  up,  he 
tried  it  himself  with  the  result  that  the  sheet  was  in- 
jured. The  former  engineer  left  the  engine  in  good 
condition,  having  used  an  indicator  to  set  the  valves  and 
make  adjustments.  They  operated  economically  and 
without  a  pound.  When  the  writer  took  charge  of  the 
plant  and  used  the  indicator,  it  could  not  be  told  whether 
the  diagram  was  from  a  duplex  pump  or  a  Corliss  en- 
gine and  the  pound  could  be  heard  for  blocks.  Most  of 
the  pumps  in  the  plant  were  out  of  commission.  Two- 
thirds  of  the  tubes  were  leaking  at  the  back  ends  of 
boilers,  and  in  numerous  places  the  scale  between  tubes 
was  solid  for  two  to  three  feet  from  the  back  end.  The 
combustion  chamber  was  filled  with  ashes  level  with  the 
top  of  the  bridge-wall.  The  feed-water  heater  was 
scaled  so  badly  that  its  use  had  been  discontinued  and 
cold  water  had  been  fed  into  the  boilers  from  the  city 
mains.  Conditions  in  general  were  ab''.ut  the  same 
throughout  the  plant. 

This  is  one  plant  that  came  under  the  writer's  obser- 
vation, and  no  doubt  there  are  many  others  in  equally 
bad  condition  for  lack  of  competent  engineers.  I  do 
not  say  tuat  the  man  \i\  question  was  altogether  to 
blame.  He  probably  did  the  best  he  knew,  but  he  was 
incompetent.  Such  conditions  should  not  exist,  and  any 
manager  who  will  permit  them  should  be  prosecuted 
for  criminal  carelessness.  It  all  means  that  Kansas, 
and  in  fact  every  state  in  the  Union,  should  have  a  good 
license  law,  or  better  still,  a  national  license  law  that 
would  be  uniform  throughout  the  country.  Then  every 
engineer  would  be  placed  on  the  job  he  could  operate 
successfully.  JOHN  DOE. 

Concordia,  Kan. 
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Balancing  Steam  Turbines 

The  vibrations  that  occur  in  machines  when  getting 
up  to  what  is  commonly  called  the  critical  speed  point 
to  possible  improvements,  because  in  spite  of  every 
care  taken  during  manufacture  these  speed  periods 
crop  up,  to  the  detriment  of  the  machinery.  The 
makers  must  consider  the  running  balance  of  the 
machines,  not  only  when  new,  but  after  they  have  been 
running  for  some  time   and   the  blading  has   become 
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eroded,  etc.  It  is  then  that  the  machine  is  likely  to 
get  more  out  of  balance  and  cause  trouble,  unless  it  is 
rebladed,  which  work  cannot  always  be  done  as  soon  as 
it  should. 

The  cure  seems  to  lie  in  automatic  compensating 
balance  weights  that  will  adjust  themselves  when  run- 
ning to  take  care  of  any  unbalanced  forces.  The  illus- 
tration shows  front  and  side  elevations  of  such  an 
arrangement.  It  will  be  seen  that  there  are  three 
eccentric-shaped  weights  between  two  collars,  having 
spring  washers.  These  weights  should  be  a  neat  fit 
on  the  shaft  and  should  be  turned  by  hand  without  any 
perceptible  wabble. 

The  spring  washers  are  for  the  purpose  of  turning 
the.  weights  j  around  with  the  shaft.  They  must  not 
press  tight  enough  to  prevent  the  weights  from  adjust- 
ing themselves  around  the  shaft,  nor  yet  be  slack 
enough  to  let  the  weights  slip  and  not  revolve. 

There  is  nothing  new  in  this  system  of  balancing,  it 
having  been  applied  over. twenty  years  ago  and  seem- 
ingly forgotten.  The  action  of  the  weights  is  to  adjust 
themselves  around  the  shaft  on  the  lightest  side,  thus 
balancing  the  machine  and  dampening  down  the  vibra- 
tion. This  system  could  also  be  applied  to  generators 
and  motors,  using  weights  made  of  nonmagnetic 
material. 

Winnipeg,  Canada.  O.  G.  A.  Pettersson. 

Steam-Engine  Cylinder  Liners 

In  our  central-station  plant  we  had  two  20  and  40  by 
48-in.  cross-compound  engines  each  direct-connected 
to  a  500-kw.  generator.  The  cylinders  were  a  4  to  1 
ratio,  which  was  all  right  for  running  condensing,  but 
we  had  to  operate  non-condensing  and  against  the  back 
pressure  of  a  city-heating  system. 

It  was  decided  to  change  to  a  3  to  1  cylinder  ratio  by 
putting  in  a  liner^  The  cylinders  were  bored  to  make 
sure  they  were  true,  the  head  end  of  the  cylinder  being 


bored  I  in.  large  for  half  the  length  of  the  cylinder  to 
facilitate  the  insertion  of  the  liner.  The  cylinder  bore 
was  made  ten  thousandths  of  an  inch  smaller  than 
the  outside  diameter  of  the  liner. 

All  the  valve  gear  was  removed  and  a  charcoal  fire 
built  in  the  cylinder.  When  the  cylinder  had  expanded 
sufficiently,  the  fire  was  swept  out  and  the  liner  slipped 
in.  After  the  cylinder  had  cooled,  the  liner  was  found 
to  be  tight  and  has  remained  so  ever  since.  The  en- 
gines now  are  20  and  34  by  48-in.  and  operate  against 
10  lb.  back  pressure  and  carry  full  load. 

The  high-pressure  cylinders  of  these  engines,  as  they 
became  worn,  were  rebored  so  many  times  that  they 
finally    became    too  thin    to    bore  further    and    have 
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them  still  stand  the  pressure.  The  liners  in  the  low- 
pressure  cylinders  had  worked  so  well  that  we  decided 
to  try  the  same  thing  on  the  high-pressure  side.  While 
on  the  low-pressure  side  the  liners  were  3  in.  thick, 
those  for  the  high-pressure  cylinders  could  only  be 
about  i  in.  in  thickness  without  reducing  the  cylinder 
bore. 

The  liners  were  made  of  semi-steel  and  roughed  out 
at  the  shop.  In  boring  the  cylinder,  the  last  cut  was  run 
just  halfway  in,  as  shown  at  A,  thus  permitting  the 
liner  to  be  inserted  halfway  before  coming  to  a  fit.  The 
cylinder  bore  was  calipered  and  the  liner  turned  down 
to  ten  thousandths  of  an  inch  larger  than  this.  The 
ports  were  laid  off  on  the  liner  and  a  row  of  i-in.  holes 
drilled  around  the  edge  of  where  the  ports  were  to 
come.  These  pieces  were  left  in  until  the  liner  was  in 
place,  after  which  they  were  knocked  out  with  a  chisel 
and  hammer.  The  liners  were  installed  in  the  same 
manner  as  already  described. 

This  work  was  done  six  years  ago.  The  engines  have 
been  operated  from  20  to  24  hours  every  day  and  are 
giving  entire  satisfaction.  The  cost  of  putting  in  these 
liners  was  less  than  $500,  whereas  a  we\\  cylinder  would 
have  cost  around  $5,000.  H.  T.  Yust. 

Ottumwa,  Iowa. 
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Allowances  for  Shrink  Pits — What  allowances  of  oversize 
is  generally  made  for  shrink  fits?  B.  J.  B. 

In  good  machine  shop  practice  the  allowances  made  for 
shrink  fits  are  about  as  follows: 

For     1  in.  dia.,  0.001     in. 


For 
For 
For 
For 
For 


2  in.  dia.,  0.0015  in. 

3  in.  dia,  0.0020  in. 

4  in.  dia.,  0.0028  in. 
6  in.  dia.,  0.0035  in. 
8  in.  dia.,  0.0045  in. 


For  10  in.  dia.,  0.0053  in 

For  12  in.  dia.,  0.0058  in 

For  16  in.  dia.,  0.007 

For  20  in.  dia.,  0.008 

For  24  in.  dia.,  0.0093  in. 

For  28  in.  dia.,  0.0105  in. 


in. 
in. 


Induction-Motor  End  Rings  Melted— A  3-hp.  220-volt 
three-phase  squirrel-cage  induction  motor  driving  a  com- 
pressor was  stalled  on  account  of  failure  of  the  valves.  On 
inspection  the  rotor  bars  at  the  end  rings  were  found  to 
be  melted,  yet  the  30-ampere  fuse  which  protected  the  motor 
was  not  blown.  Should  not  this  fuse  have  properly  pro- 
tected the  motor  when  it  was  stopped?  J.  H.  W. 

A  3-hp.  220-volt  three-phase  squirrel-cage  induction  motor 
will  require  a  full-load  current  of  about  9  amperes  per  ter- 
minal. Therefore,  a  30-ampere  fuse  would  allow  the  motor 
to  be  overloaded  about  300  per  cent.  To  properly  protect 
the  motor,  it  will  be  necessary  to  install  a  double-throw, 
switch,  with  two  sets  of  fuses,  using  a  15-ampere  fuse  in  the 
running  side  and  a  30-ampere  fuse  in  the  starting  side. 
What  you  have  experienced  with  this  motor  is  not  un- 
common with  motors  that  are  protected  by  fuses  that  are  of 
sufficient  capacity  to  take  care  of  the  starting  current. 


Steam  from  a  Cubic  Foot  of  Water — How  much  steam 
would  be  made  from  one  cubic  foot  of  water  at  62  deg.  F.  ? 

R.  G.  D. 

One  cubic  foot  of  water  at  62  deg.  F.  weighs  62.355  lb., 
and  the  volume  occupied  by  each  pound,  when  converted  into 
dry  saturated  steam,  would  depend  on  the  pressure.  At 
atmospheric  pressure  one  pound  of  the  steam  would  occupy 
a  volume  of  26.79  cu.ft.  and  the  volume  occupied  by  the 
original  cubic  foot  of  water  converted  into  the  same  weight 
of  steam  would  be  62.355  x  26.79  =  1,670.5  cu.ft.  At  the  pres- 
sure of  10  lb.  gage  the  volume  of  one  pound  of  steam  is  about 
16.3  cu.ft.  and  at  that  pressure  the  cubic  foot  of  water  would 
make  62.355  x  16.3  =  1,016.4  cu.ft.  of  steam.  At  the 
pressure  of  50  lb.  gage  the  volume  of  one  pound  of  steam 
is  about  6.65  cu.ft.  per  pound  and  the  original  cubic  foot  of 
water  would  make  about  62.355  x  6.65  =  414.7  cu.ft.; 
while  at  a  pressure  of  100  lb.  gage  steam  has  a  volume  of 
3.88  cu.ft.  per  pound  and  the  steam  generated  from  62.355 
lb.  of  water  would  occupy  a  space  of  62.355  x  3.88,  or  only 
about  242  cubic  feet. 


Equality   of   Metering   Gas  at   Different  Pressures — Our 

natural  gas  service  must  be  metered  and  delivered  to  our 
4-in.  gas  line  at  9  lb.  pressure,  so  that  we  may  obtain  3  lb. 
pressure  which  is  necessary  at  our  point  of  distribution.  On 
account  of  the  pressure  at  which  the  gas  is  metered,  we  pay 
for  the  meter  registration  multiplied  by  1.59.  What  is  our 
loss  due  to  the  required  drop  in  line  pressure?  Would  it 
not  be  advantageous  to  have  a  larger  gas  line  to  decrease 
the  drop  ?  W.  H. 

It  is  true  that  for  delivery  of  the  same  weight  of  gas  per 
hour  there  would  be  less  drop  of  pressure  in  a  larger  gas 


line,  and  if  the  metering  is  performed  with  gas  at  a  lower 
pressure,  a  smaller  multiplier  should  be  used.  But  gas 
metered  at  less  pressure  would  have  less  density  and,  in 
order  to  pass  the  same  weight  of  gas,  a  larger  volume 
would  be  metered.  If  the  meter  is  correct  in  registration 
of  volume  and  the  proper  multiplier  is  used  for  conversion 
of  the  volume  at  any  metered  pressure  to  volume  at 
st.'.ndard  pressure  for  rating  the  meter  charges,  the 
resulting  charge  would  be  the  same  for  your  use  of  the 
same  weight  of  gas  or  for  the  same  volume  of  gas  dis- 
chai'ged  at  the  same  pressure  at  the  point  of  distribution. 
That  is,  there  is  no  loss  due  to  drop  in  the  line  pressure 
and  from  the  use  of  a  larger  pipe  there  would  be  no 
reduction  of  charge  for  consumption  of  the  same  amount 
of  gas. 

Combined  Power  Factor — Two  induction  motors  are  sup- 
plied from  the  same  source.  One  of  the  machines  takes  55 
amperes  and  operates  at  a  power  factor  of  0.80  lagging,  and 
the  other  has  a  power  factor  of  0.68  lagging  when  taking  85 
amperes  from  the  line.  How  is  the  power  factor  of  the 
combined  loads  determined?  M.  A. 

One  of  the  easiest  ways  of  determining  the  power  factor 
of  a  load  made  up  of  two  or  more  loads  of  known  power 
factors  is  by  a  vector  diagram  and  measuring,  with  a 
protractor,  the  phase  angle  of  the  resultant  current  to  the 


voltage.  The  natural  cosine  of  this  angle  will  be  the  power 
factor  of  the  combined  load.  In  this  problen.  the  55-ampei-e 
load  has  a  power  factor  of  0.80,  which  corresponds  to  the 
cosine  of  an  angle  of  37  deg.;  consequently,  OB,  in  the 
figure,  which  represents  the  55-ampere  load,  is  drawn  at  an 
angle  of  37  deg.  to  OA,  which  represents  the  volts ge.  The 
power  factor  of  t'iC  85-ampere  load  is  0.68,  which  corre- 
sponds to  the  cosine  of  an  angle  of  47  deg.  Then  BC  is 
drawn  to  scale,  to  represent  85  ampei-es,  at  an  angle  of  17 
deg.  to  OA.  The  line  connecting  OC  will  repr'^sent  to  scale 
the  combined  cuiTent  taken  by  the  two  motors,  or  in  this 
case,  is  approximately  140  amperes,  and  the  cosine  of  the 
angle  OC  makes  with  OA  is  the  power  factor.  In  this 
problem  the  angle  is  approximately  44  deg.,  the  cosine  of 
which  is  0.72 — the  power  factor  of  the  combined  load. 


[Correspondents  should  sign  their  communications  with 
full  names  and  post  office  addresses. — Editor.] 
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Condensed-Clipping  Index  of  Equipment 

Clip,  paste  on  3  x  5-in.  cards  and  file  as  desired 


Coupling,    Fast    Flexible    Turbo. 

Bartlett   Haywood   Co.,   Baltimore,    Md. 
"Power." 


This  coupling  consists  of  two 
liubs,  each  Iveyed  to  its  respective 
shaft.  Bach  hub  lias  an  external 
spur  gear  cut  on  it  at  its  maxi- 
mum distance  from  the  shaft  end. 
Surrounding-  these  liubs  is  a  sleeve 
that  is  split  in  the  center  and 
bolted  together  by  means  of 
flanges.  Each  of  these  half- 
sleeves  has  an  internal  spur  gear 
cut  on  its  bore  at  the  end  of  its  flange.  These  gears  engage 
the  internal  hub  gears.  A  supporting  ring  is  bolted  <o  each 
half-sleeve  on  the  face  of  tlie  opposite  flange.  A  slight  clearance 
between  the  external  and  the  internal  gear  permits  of  a  certain 
amount  of  error  of  alignment  between  the  two  shafts.  The 
coupling  is  filled  with  oil  and  when  the  coupling  revolves  the  gear 
f.aces   are   submerged    in    oil. 


Chain,  Barlock  Rivetless. 

Endicott  Forging  and  Mfg.  Co.,  Inc.,  Endicott,  N. 
"Power." 


A  solid-bar  type  detachable 
chain  is  comprised  of  interchange- 
able links  and  pins  which  are 
easily  connected  or  detaclied  at 
any  angle  without  tools  :  the  pins 
are  reversible  for  double  wear 
and  have  large  bearing  diameter. 
The  chain  consists  of  three  parts 
— outside  links,  inside  links  and 
reversible  pins.  The  outside  links  are  locked  to  the  pin.  The 
locking  links  are  made  with  a  keyhole  form  of  slots  and  are 
provided  at  their  outer  ends  with  risers  which  protect  the  locking 
shoulders.  The  outside  links  carry  flight  and  bucket  attachment. 
Ihe    center    link    is    solid. 


I 


Hoiler-Feetling:   .S.vsteni   for   P.iper   Mills. 

Farnsworth  Co.,  Conshohocken,   Pa. 

"Power,"  Feb.  17,  1920. 


By  means  of  a  close  loop  boiler-feeding  system  the  condensa- 
:ion  from  paper  machines  and  other  feeding  apparatus  together 
with  makeup  water  is  held  under  pressure  and  returned  to  the 
boiler  at  a  high  temperature.  On  the  end  of  a  return  header 
for  the  wet-end  drier,  there  is  a  duplex  condenser-vacuum  pump, 
having  cold-water  sprays  for  condensing  the  vapors  in  the  return 
line,  producing  a  forced  steam  circulation.  The  condensate  is 
forced_into^^uplex  boiler  feeder  and  from  there  it  goes  to  the  boiler. 


Trotectop,   Smitli   Door. 

International   Engineering  Works,   Inc.,   Framingham,  Mass. 
"Power,"  Feb.  24,  1920 

This  door  protector  is  designed 

to  eliminate  the  frequent  re- 
pairs   by   keeping    the    front    door 

closed  and  can  be  attached  to  the 
ordinary  hand-flred  boiler  fitting. 
The  protector  is  made  of  fire-box 
steel  with  two  connections  to  the 
boiler  for  direct  and  constant  cir- 
culation of  water  through  the 
protector  and  back  to  the  boiler. 
The  lower  section  is  below  the 
grate  level,  and  a  dead-plate  is 
set  in  the  protector  at  the  grate 
lino.  The  bottom  of  each  protec- 
tor is  piped  with  .a  blowout. 
Foreign  matter  settles  in  a  sedi- 
ment chamber  and  is  easily  blown 

out.     The  protectors  are  made  to  fit 

door   openings   of  boiler   front  for 

which  they  are  to  be  used.    Inside 

section    is    rolled    up    and    flanged 

out  against  the  outside  shell,  and 

the    two    are   welded    together. 


Compressor,  Portable  Air 

Ingersoll-Rand    Co.,    11    Broadway,    New    York    City. 
"Power,"  Nov.  25,  Dec.  2-9,   1919. 


This  outfit  is  all  steel,  the 
power  plant  consisting'  of  a 
duplex  vertical  high-speed  com- 
pressor driven  by  a  four-cylin- 
der four-cycle  gasoline  motor. 
It  is  built  in  two  sizes — 210  cu.ft. 
and  118  cu.ft.  capacity — weighing 
(j,000  lb.  and  4,000  lb.  respective- 
ly. Compressor  cylinders  are  cast 
inbloc  with  cylinder  heads,  valve 
chambers  and  water  jackets  in- 
tegral. Both  intake  and  dis- 
charge valves  are  of  the  plate 
type ;  all  parts  are  lubricated 
by  splash  from  an  oil  reservoir  in  the  crank  case.  The  com- 
pressor is  provided  with  an  inlet  unloading  device,  and  both 
compressor  and  motor  are  water-cooled. 


Meter,  Improved  V-Notch  Water. 

Hoppes  Manufacturing  Co.,  Springfield,  O. 
"Power." 


In  order  to  insure  proper  recording 
and  integrating,  the  water  in  the  ves- 
sel, which  is  attached  to  the  side  of 
the  tank,  must  always  be  in  equilib- 
rium with  the  water  in  the  tank.  As 
the  vessel  has  an  upward  and  down- 
ward movement,  the  connection  be- 
tween the  vessel  and  the  tank  must 
be  flexible.  The  improvement  is  a 
flexible  connection  between  the  vessel 
and  the  tank  which  consists  of  a  brass 
tube  with  a  "sylphon"  connection  on 
each  end.  This  makes  a  mechanically 
flexible  connection. 


Recorder,  Dwlght  Mottot. 

Dwight  Manufacturing  Co.,  12  South  Jefferson  St.,  Chicago,  111. 
"Power,"    Nov.    25.    Dec.    2-9,    1919. 

This  device  records 
the  travel  of  elevators, 
mine  hoists  or  the 
movement  of  any  ma- 
chine having  a  rotary 
motion.  It  consists  of 
an  annular  ring  mount- 
ed on  the  shaft,  two 
end  disks  and  a  coun- 
ter, operated  by  a  pin 
at  the  periphery  of  the 
ring.  The  inner  disk 
is  attached  to  the  shaft 
and  rotates  with  it. 
Imparting  its  motion  to 
the  annult>r  ring  by 
means  of  a  ball  clutch 
between  the  disk  and 
the  inner  surface  of 
the  ring.  To  obviate 
the  dilTiculty  of  the  disk  going  back  to  zero  as  the  elevator  car 
goes  up  and  down,  a  ball  clutch  is  provided  which  prev<-nts  the 
ring  from  rotating  in  the  reverse  direction,  thus  causing  the 
drum    revolution    to    be    in    one    direction    only 
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Gage,   Forseille  liiquid  Level. 

D    F.  Forseille,   Union  Gas  and  Electric  Co.,  Cincinnati,   Ohio. 
"Power,"  Feb.  3,  1920. 


This  device  indicates  the  true 
level  Ci.'  water,  oil  or  other  liquids 
that  are  subject  to  variable  stages 
or  tidal  changes.  A  float  oper- 
ates in  a  pipe  that  is  submerged 
in  the  liquid,  and  by  means  of 
a  cord  revolves  a  dial  with  the 
rising  or  lowering  of  the  liquid. 
Spiral  graduations  are  on  the  front 
of  the  dial,  and  a  spiral  indicator 
guide  is  on  tlie  back,  both  having 
the  same  pitch.  As  the  disk  re- 
volves, the  small  roller  supporting 
the  radial  moving  indicator  keeps 
the  point  of  the  indicator  directly 
over  the  top  of  the  figures  denoting 
the  water  level  at  all  points  within 
its  range. 


Patented  Aug.  20,  1918 


April  6,  1920 
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Balancing  Fuel,  Lubricant  and  Motor 


By  WILLIAM  F.  PARISH 


Dilution  of  motor-lubricating  oil  caused  by  the 
gasoline  mixture  escaping  past  the  piston  rings  and 
by  drainage  of  the  diluted  oil  from  the  cylinder  ivalls 
has  always  existed,  but  not  until  the  period  of  high- 
end-point  gasoline  during  the  last  three  or  four  years 
has  fuel  loss  become  apparent.  This  condition  has 
resulted  in  undue  tvear  of  engine  parts  and  has  af- 
fected the  use  of  fuel,  lubricant  and  power.  A  method 
of  application  of  motor  oils  to  correct  some  of  present 
faults  is  suggested,  although  the  true  solution  is  bet- 
ter engine  design. 


DURING  1911,  in  conducting  research  work  in  connec- 
tion with  the  use  of  various  fuels  and  lubricants  on 
a  four-cylinder  automotive  engine  and  in  examining 
the  lubricating  oils  before  and  after  use,  it  was  noticed  that 
the  oil  drawn  from  the  crank  case  after  use  had  under- 
gone a  considerable  physical  change,  the  most  noticeable 
being  that  the  viscosity  of  the  oil  had  been  lowered  during 
use  until  it  was  only  one-half  or  one-quarter  as  much  as  the 
viscosity  of  the  new  oil.  The  flash  or  ignition  point  of  the 
used  oil  was  only  a  third  of  the  original,  in  some  cases 
being  lowered  from  470  to  150  deg.  F.  Other  just  as  re- 
markable changes  had  taken  place  in  the  gravity  and  cold 
test  of  the  oil. 

An  article  prepared  by  the  author  and  published  in  June, 
1912,  ascribed  the  changed  condition  of  the  motor  lubricant 
entirely  to  the  leakage  of  gasoline  vapor  during  the  com- 
pression stroke,  recondensation  of  this  vapor  in  the  crank 
case,  absorption  by  the  lubricant,  and  to  a  probable  slight 
leakage  down  the  walls  of  the  cylinder,  of  unconsumed 
heavy  portions  of  the  fuel  which  had  mingled  with  the  lubri- 
cant, producing  a  similar  effect.  This  has  been  a  condition 
that  has  always  existed,  but  has  become  more  pronounced 
and  better  understood  during  the  last  two  years. 

The  tremendous  growth  of  the  automotive  industry  dur- 
ing the  past  few  years,  with  the  consequent  burden  placed 
upon  the  oil  industry  of  producing  the  vast  amount  of  fuel 
required,  has  brought  about  an  unbalanced  condition.  Be- 
cause of  the  enormous  increase  in  consumption  of  gasoline — 
from  15,000,000  bbl.  in  1910  to  approximately  95,000,000 
bbl.  in  1919 — the  petroleum  industry  has  been  able  to  meet 
demands  only  by  the  manufacture  of  a  less  volatile  fuel. 

There  is  no  reason  to  believe  that  this  pressure  will 
diminish,  but  on  the  contrary  there  is  ample  evidence  to 
show  that  it  will  continue  to  increase.  It  follows,  therefore, 
that  gas-engines  must  be  so  designed  as  to  successfully 
consume  this  product.  Navy  Department  specifications 
show  that  during  the  last  few  years  automotive  fuels  have 
been  gradually  getting  heavier,  approximately  from  360 
deg.  F.  end  point  in  1916  to  428  deg.  F.  end  point  in  1919. 
The  end  point  is  the  temperat^ure  at  which  the  final  part 
of  the  fuel  vaporizes. 

Practical  Laboratory  Tests 

During  the  war  it  was  necessary,  before  writing  specifi- 
cations for  lubricating  oils  and  fuels  for  aeronautic  and 
other  internal-combustion  engines,  to  make  a  complete  study 
of  this  subject  in  order  that  the  fuel  and  lubricants  could 
be  so  balanced  that  their  combination  in  the  engine  would 
give  the  necessary  lubricating  results.  These  main  tests 
resulted  in  the  specification  for  Liberty  Aero  oil,  and  had 
much  to  do  with  specifications  for  aviation  gasolines.  A 
four-cylinder,  100-hp.  aeronautic  engine  was  used  for  the 
special  fuel  tests  of  the  series.  It  was  operated  under  ideal 
test  conditions,  working  with  the  same  lubricant  but  with 
different  fuels.  Two  of  these  fuels  were  especially  made 
for  the  test  and  were  distilled  from  the  same  crude.    The 

•Abstract  of  paper  presented  before  Chicago  section  of  the 
American  Society  of  Mechanical  Engineers.  Jan.  23.  1920. 


first  fuel  tested  was  made  after  the  German  specifications 
for  aviation  gasoline,  and  had  a  gravity  of  75.2  deg.  Be., 
with  initial  boiling  point  of  110  deg.  F.  and  a  final  boilinj; 
point  of  230  deg.  F.  The  second  fuel  tested  was  made  after 
the  French  specifications  and  had  a  gravity  of  63.6  deg.  Be., 
and  an  initial  boiling  point  of  140  deg.  F.,  with  a  final 
boiling  point  of  292  deg.  F.  The  third  fuel  was  regular 
Navy  specification  motor-boat  fuel  under  contract  for  the 
year  1917,  and  had  a  gravity  of  61.3  deg.  Be.,  with  an 
initial  boiling  point  of  135  deg.  F.,  and  a  final  boiling  point 
of  385  deg.  F.  To  the  last  fuel  a  so-called  gasoline  ener- 
gizer  was  added,  which  produced  a  fuel  which,  while  it  had 
an  initial  boiling  point  of  135  deg.  F.,  had  an  end  point  of 
422  deg.  F.,  which  in  its  last  distillation  range  would  be 
equivalent  to  the  present-day  commercial  gasoline. 
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DISTILLATION  CURVES 

FIG.  1.     GASOLINE  DISTILLATION  AND  VISCOSITY  CURVES 
OF  LUBRICATING  OIL  TAKEN  FROM  ENGINE 


The  method  of  conducting  the  test  was  to  run  the  engine 
continuously  for  five  hours  under  test  corditions,  every 
observation  in  connection  with  the  operation  being  recorded. 
At  the  end  of  every  hour  samples  of  lubricating  oil  were 
drained  from  the  lubrication  system  of  the  engine  and  the 
same  amount  of  new  oil  replaced.  These  samples  were 
examined  by  an  efficient  corps  of  oil  chemists.  The  effect 
of  the  four  different  classes  of  fuel  upon  the  same  lubri- 
cant is  clearly  registered  in  Figs.  1  and  2.  The  lightest 
or  most  volatile  fuel  shown  in  test  No.  3  caused  a  lowering 
of  the  viscosity  of  the  lubricating  oil  during  the  first  hour 
of  30  seconds  viscosity  (Saybolt  Universal  Viscosimeter). 
The  oil,  however,  recovered  its  body,  and  at  the  end  of  the 
fifth  hour  was  44  seconds  above  its  original  viscosity  or 
body. 

In  test  No.  2,  with  a  slightly  heavier  fuel,  there  was  a 
reduction  in  the  body  of  the  oil  of  46  seconds  during  the 
first  hour.    The  oil,  however,  after  the  first  hour  recovered 
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and  had  a  viscosity  of  28  seconds  above  its  original  body 
at  the  end  of  the  fifth  hour. 

Test  No.  1  with  a  semi-commercial  fuel,  shov^red  a  drop  in 
the  body  of  the  oil  in  two  hours  of  150  seconds,  with  a 
slight  recovery  during  the  balance  of  the  test.  There  was 
a  total  reduction  of  16  seconds  at  the  end  of  five  hours 
from  the  body  of  the  original  oil. 

In  test  No.  4  with  the  high-end-point  gasoline,  there  was 
a  drop  in  two  hours  of  142  seconds  in  the  body  of  the  lubri- 
cant, only  a  slight  recovery  and  a  total  drop  at  the  end  of 
five  hours  of  108  seconds  from  the  original  body  of  the  oil. 

The  sample  taken  at  the  end  of  the  five-hour  period  of 
each  one  of  these  tests  was  tested  in  a  distillation  flask 
and  the  amount  of  heavy  end  of  the  gasoline  recovered 
varied  from  0.5  to  1.2  per  cent,  as  indicated  on  Fig.  3.  All 
the  physical  characteristics  of  the  oil,  such  as  gravity,  flash, 
fire,  viscosity,  pour  test,  acidity  and  carbon  content,  showed 
a  considerable  change,  as  indicated  in  Fig.  4. 

The  results  of  the  tests  indicate  quite  clearly  that  dilu- 
tion exists  with  even  the  most  volatile  fuel,  but  only  dur- 
ing certain  periods  of  the  operation  of  the  engine  and  under 
certain  fixed  conditions.  With  the  lightest  volatile  fuel, 
which  would  also  be  the  case  with  the  engine  operating  on 
producer,  natural  or  furnace  gas,  the  tendency  of  the  lubri- 
cating oil  would  be  to  build  up  in  body,  the  same  as  in 
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any  other  class  of  lubrication  work  where  the  lubricant 
does  not  conie  in  contact  with  lighter  hydrocarbons  or 
lighter  volatile  products  that  can  be  combined  with  it.  The 
tests  also  indicated  quite  clearly  that  the  heavier  the  end 
point  of  the  fuel  the  greater  is  the  effect  of  dilution,  also 
the  more  permanent  is  its  character. 

In  the  foregoing  experiments,  it  must  be  borne  in  mind 
that  the  aeronautic  engine  was  operated  with  an  exceed- 
ingly heavy  lubricating  oil,  such  as  these  engines  require, 
and  that  carburetor  and  magneto  adjustments  were  attended 
to  by  experts;  that  the  engine  was  placed  in  perfect  con- 


dition for  the  test  and  operated  continuously  without  stop- 
ping, at  high  speed,  for  the  entire  five  hours  of  the  test. 

Tests  on  Trucks 

Other  interesting  data  were  secured  from  the  examination 
of  lubrication  conditions  of  a  considerable  number  of  cars 
and  trucks  using  commercial  gasoline  and  lubricants.  The 
cars,  in  some  cases,  were  new  as  received  from  the  manu- 
facturer, and  in  other  cases  old,  and  old  repaired. 
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RESULTS   FROM  SAMPLES   OF  OIL  TAKEN 
DURING   TESTS 


The  method  of  conducting  the  test  was  first  to  thoroughly 
clean  the  motor,  then  fill  the  crank  case  with  the  oil  to  be 
tested.  The  oils  so  used  covered  a  range  of  commercial 
medium  and  heavy  grades  as  indicated  by  Government  speci- 
fications for  motor  oils.  The  cars  were  then  allowed  to 
operate  in  their  regular  business  for  periods  of  ten  days 
during  which  time  no  particular  care  was  given  them  other 
than  ordinarily  given  commercial  vehicles,  but  at  the  end 
of  each  two-day  period  an  eight-ounce  sample  would  be 
drawn  from  each  crank  case  and  eight  ounces  of  the  same 
oil  used  on  that  particular  motor  would  be  put  in  with 
whatever  additional  oil  was  necessary.  The  samples  were 
examined  for  dilution  by  measuring  all  the  product  that 
could  be  distilled  from  the  sample  of  oil  under  500  deg.  F. 
The  viscosity  of  the  sample  before  removal  of  the  diluent 
was  taken  on  a  Saybolt  Universal  Viscosimeter  at  100 
deg.  F.  The  method  of  making  the  ash  test  was  to  test 
the  oil  first  in  the  Conradson  carbon  apparatus.  After  the 
carbon  was  determined,  a  gas  flame  was  used  for  burning 
the  carbon  out  of  the  dish.  The  ash  that  remained  was 
then  weighed  and  percentage  taken  of  the  whole  sample. 
This  ash  was  made  np  of  iron,  iron  oxide  and  silica. 

In  a  SJ-ton  new  truck  the  viscosity  at  the  end  of  ten 
days  was  reduced  from  345  to  100  seconds.  Dilution  on  the 
tenth  day  amounted  to  19  per  cent  and  ash,  1.62  per  cent. 

In  a  5-ton  truck  that  had  run  5,205  miles,  but  completely 
overhauled,  the  viscosity  dropped  from  358  to  90  seconds 
during  the  first  six  days,  then  recovered  to  184  seconds 
at  the  end  of  ten  days.  Dilution  in  the  case  of  this  truck 
seemed  to  be  dependent  upon  weather  conditions;  at  the 
end  of  the  six-day  period  there  was  20.6  per  cent  of  dilu- 
tion, which  was  reduced  to  8  per  cent  at  the  end  of  the 
ten-day  period. 

In  a  3J-ton  overhauled  truck  that  had  been  run  12,551 
miles  the  viscosity  held  practically  constant  for  the  first 
two  days  when  the  truck  was  not  operating  in  the  open. 
After  the  second  day  there  was  a  drop  in  viscosity  to  43 
seconds.  Dilution  at  the  end  of  the  tenth  day  was  26.5 
per  cent. 

The  Cause  of  Dilution 

With  the  present-day  fuel  and  the  present-day  automo- 
tive engine,  all  lubricants  change  considerably  in  body 
within  a  very  short  operating  period,  this  new  body  being 
the  result  of  dilution  and  the  dilution  coming  from  the 
heavy  end  of  the  fuel. 

The  amount  of  dilution  is  to  a  great  extent  influenced 
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by  the  temperature  of  the  surrounding  air,  the  reason  being 
that  the  colder  the  engine  and  oil  in  the  engine  the  greater 
will  be  the  amount  of  fuel  it  will  absorb  and  hold.  Con- 
versely, the  hotter  the  air  or  lubricating  oil  in  the  engine 
the  less  will  be  the  amount  of  fuel  held  in  dilution,  as  all 
the  fuel  can  be  distilled  off  at  high  temperature. 

To  see  if  any  of  the  dilution  of  a  motor  oil  could  be  caused 
by  decomposition  or  cracking  of  the  oil  by  being  thrown 
against  hot  surfaces,  tests  were  made  by  the  author  with 
a  commercial  car  operated  by  pure  benzol.  Percentages  of 
4  to  8  per  cent  of  benzol  were  distilled  from  the  motor  oil 
after  100-mile  runs.  The  oil,  after  the  benzol  had  been 
removed,  possessed  all  its  original  characteristics.  These 
benzol  tests  determined  satisfactorily  that  dilution  was 
being  caused  by  the  fuel,  though  the  burned  odor  of  the 
oil  did  indicate  some  degree  of  decomposition. 

The  conclusions  drawn  from  the  foregoing  test  with 
benzol  are  confirmed  by  the  results  of  a  test  on  a  Nash  six- 
cylinder  engine  operated  for  ten  hours  with  city  gas.  The 
original  viscosity  of  the  oil  at  100  deg.  F.  was  205  seconds; 
after  ten  hours'  operation  the  viscosity  had  increased  to  255 
seconds,  the  flash  and  fire  points  remaining  practically  the 
same,  showing  that  there  had  been  no  change  in  the  oil 
caused  by  cracking  and  reabsorption  of  the  lighter  products, 
but  that  the  absence  of  lighter  products  allowed  the  oil  to 
become  heavier  in  body. 

Dilution  is  caused  mainly  by  leakages  past  the  piston 
Tings  during  the  compression 
stroke.  There  is  a  secondary 
leakage,  caused  during  the 
suction  stroke,  where  there  is 
a  partial  separation  of  heavy 
ends  of  the  fuel  from  the  gas 
entering  the  cylinder  and  ab- 
sorption by  the  film  of  oil  on 
the  cylinder  walls,  causing 
some  drainage  on  the  lower 
exposed  surfaces  during  the 
compression  stroke.  It  is 
doubtful  if  any  drainage  or 
leakage  takes  place  during 
the  exhaust  stroke  or  during 
the  power  stroke. 

Leakage  of  the  gasoline  or 
gasoline  mixture  is  influenced 
by  the  following  mechanical 
or  operation  conditions  : 
Piston  clearance,  richness  of 
mixture,  improper  ignition, 
operating  temperature  of 
motor  affected  by  weather, 
body  of  lubricant  or  thick- 
ness of  film  on  walls  of  cylin- 
ders, condition  of  cylinder 
walls,  condition  of  piston 
rings  as  affecting  their  all- 
around  fit  in  the  grooves  and 
against  the  cylinder  walls, 
intermittent  operation,  prim- 
ing and  using  the  choker 
when  engine  is  cold  in  start- 
ing, choking  when  overload- 
ing, character  of  fuel,  carbu- 
retor out  of  adjustment, 
vacuum  system  out  of  adjust- 
ment. 

Losses  caused  by  dilution 
are  of  four  kinds;  namely,  the 

loss  of  fuel,  loss  of  power,  wear  of  all  parts  and  loss  of  lubri- 
cant. Loss  of  fuel  is  not  entirely  due  to  the  heavy  end  of  the 
fuel  or  to  the  present  heavy  character  of  the  fuel,  as,  irre- 
spective of  the  nature  of  the  fuel,  whether  light  and  vola- 
tile or  heavy,  there  will  be  a  fuel  loss  during  the  compres- 
sion stroke  in  a  four-stroke  cycle  engine.  In  the  case  of 
heavy  end  fuel  this  loss  is  reflected  to  a  magnified  extent 
in  the  dilution  effect  upon  the  lubricating  oil.  In  the  case 
of  a  much  lighter  fuel,  say  one  of  72  deg.  Be.,  the  loss  by 
the  rings  during  the  compression  stroke  would  be  just 
as  nronounced  in  percentage  of  the  amount  taken  into  tho 


cylinder,  supposing  the  sealing  effect  of  the  lubricant  on 
the  piston  rings  to  be  always  the  same,  but  the  effect  would 
not  be  so  noticeable,  owing  to  the  lubricant's  inability  to 
absorb  and  hold  the  lighter  fuel  as  a  diluent  at  operating 
temperatures. 

The  quantity  of  fuel  lost  in  this  manner  is  in  no  way 
represented  by  the  amount  of  dilution  found  in  motor  oils, 
as  there  is  a  limited  point  of  saturation  of  a  motor  oil 
dependent  upon  the  condition  under  v/hich  it  is  operating. 
The  losses  that  constantly  occur  are  disposed  of  by  the 
engine  in  some  other  way  than  by  being  entirely  absorbed 
by  the  lubricant.  The  loss  of  fuel  by  leakage  means  that 
all  the  fuel  placed  in  the  cylinder  is  not  converted  into 
power. 

Loss  OF  AND  Through  the  Lubricant 

The  first  effect  of  dilution  is  upon  the  viscosity  or  body 
of  the  lubricating  oil,  reducing  this  body  to  a  point  where 
it  cannot  be  considered  to  be  an  efficient  lubricant  for  a 
motor.  This  causes  three  conditions,  which  can  be  stated  as 
loss  of  lubricant,  loss  of  power  and  wear  of  the  machine. 

The  first  effect  is  the  wastefulness  of  the  lubricant,  as 
the  entire  loss  of  lubricating  oil  in  an  internal-combustion 
ei'gine  is  caused  by  the  lubricant  creeping  up  the  cylinder 
walls,  mainly  during  the  first  cycle  or  admission  stroke,  and 
being  later  consumed  in  the  combustion  chamber.  The 
lighter  the   oil   is   in   body  the   greater   will   be   this   loss. 
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Further,  there  is  another  loss,  which  is  due  to  the  present 
condition  of  dilution  and  the  attempts  made  to  offset  this, 
and  that  is  by  the  removal  of  lubricating  oil  from  the 
engine  at  periods  of  from  300  to  800  miles  instead  of  the 
former  periods  of  double  this  mileage,  this  mixture  being 
thrown  away. 

The  basic  rule  in  lubrication  is  illustrated  best  by  con- 
sidering tha  power  necessary  to  operate  a  machine  com- 
posed of  a  number  of  bearings.  If  the  machine  is  lubri- 
cated perfectly  with  oil  of  the  proper  viscosity,  the  power 
will  be  at  a  minimum  and  speed  at  a  maximum,  and  there 
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should  be  practically  no  wear  on  the  bearings.  If,  how- 
ever, an  oil  of  double  or  treble  the  viscosity  is  used  as  a 
lubricant,  the  power  necessary  to  move  the  machine  at  the 
same  speed  will  have  to  be  materially  increased  due  entirely 
to  the  fluid  friction  of  the  lubricant  itself.  Under  this 
condition  there  will  be  practically  no  wear,  as  the  surfaces 
will  be  kept  well  apart.  Attempting  to  lubricate  the  same 
machine  with  an  oil  that  is  entirely  too  light  or  thin  for 
the  work  will  also  require  the  development  of  practically 
as  much  or  even  more  power  than  in  the  case  of  the  extra- 
heavy  oil,  the  resistance  being  due  to  metallic  or  solid  fric- 
tion, one  of  the  results  of  which  is,  of  course,  abrasion 
with  constant  changing  of  the  surfaces. 

A  lubricant  actually  working  in  a  motor  should  have  a 
body  equal  at  least  to  that  possessed  by  a  new  heavy 
spindle  oil  (130  seconds  viscosity  at  100  deg.  F.),  and  an 
oil  of  such  light  body  must  be  used  in  a  forced-feed  system 
where  the  pressure  and  constant  flow  of  the  oil  will  make 
up  for  its  lack  of  thickness  of  lubricating  film. 

As  a  matter  of  fact,  under  present  conditions  of  opera- 
tion, most  motor  oils  when  in  an  engine,  in  the  winter  espe- 
cially, are  much  lighter  than  a  lubrication  engineer  would 
ever  think  of  applying  to  the  lightest  piece  of  machinery 
he  would  be  called  upon  to  lubricate,  which  is  a  light  spindle 
in  a  textile  mill.  These  spindles  rotate  about  10,000  r.p.m. 
and  the  side  pull  or  pressure  averages  two  pounds.  The 
pressure  on  the  bearing  side  will  not  be  above  ten  pounds 
per  square  inch.  The  high  rotation  speed  of  the  spindle 
tends  to  keep  it  away  from  the  bearing  surface  and  keep 
it  in  the  center  of  the  bolster.  About  one  ounce  of  oil  is 
placed  in  the  base  of  the  spindle  and  this  amount  is  added 
to  every  15  to  45  days.  It  has  been  proved  by  the  most 
careful  experiments  that  oil  that  has  a  viscosity  of  less 
than  60  seconds  at  100  deg.  F.,  Saybolt  Universal,  will  allow 
these  spindles  to  wear  perceptibly  in  a  month's  time.  The 
oil  remaining  in  the  spindle  base  will  become  black  and 
contain  a  considerable  proportion  of  iron  and  iron  oxide. 
Further,  the  same  spindles,  when  lubricated  with  oil  of 
from  70  to  80  seconds  viscosity,  do  not  wear,  owing  to  the 
fact  that  the  oil  is  of  sufficient  body  to  keep  the  surfaces 
apart. 

Therefore,  the  result  of  the  lubrication  of  an  automotive 
engine  with  a  mixture  of  lubricating  oil  and  heavy  ends  of 
the  gasoline  having  a  viscosity  below  that  required  for  a 
textile  spindle  can  only  result  in  excessive  wear,  and 
this  is  shown  by  the  ash  remaining  from  the  complete  dis- 
tillation of  the  sample  of  mixture  taken  from  the  motor. 

Wear  of  Machine 

The  effect  of  poor  lubrication  is  indicated  to  some  extent 
by  the  readings  of  ash.  These  readings  were  taken  on  each 
sample  and  represent  the  total  amount  of  ash  in  that  par- 
ticular sample.  The  ash  is  made  up  of  oxide  of  iron,  other 
metal,  and  of  silica,  the  iron  and  other  metal  being  from 
natural  or  unnatural  wear  of  the  engine,  the  oxide  of  iron 
coming  from  the  water  that  has  been  in  contact  with  the 
metal,  and  the  silica  coming  from  road  dust,  though  at 
the  time  of  the  year  this  particular  test  was  made  the 
rtreets  were  well  covered  with  snow  and  but  little  road 
dust  could  be  expected  to  enter  the  engine  through  the  car- 
buretor or  breather  holes. 

The  wear  of  the  machine  is  reflected  in  repair  bills,  in 
the  necessity  for  reboring  cylinders,  refitting  rings,  when 
r.n  engine  becomes  noisy  and  when  compression  is  lost. 

All  these  features  are  largely  the  result  of  wear  caused 
by  the  present  unbalanced  condition  of  fuel,  lubricant  and 
engine. 

It  is  necessary  to  reconsider  the  entire  pi'oblem  cf  the 
Internal-combustion  engine  en  the  basis  of  present-day  fuel 
and  its  eifect  upon  the  lubricant.  There  is  but  little  more 
that  the  oil  industry  can  do  in  regard  to  the  fuel  situation. 
Considerable  can  be  done  in  regard  to  the  application  of 
motor  oil;  that  is,  the  selection  of  motor  oil  for  these  en- 
gines upon  some  other  basis  than  has  generally  been  preva- 
lent in  the  past  whereby  a  motor  of  any  one  manufacturer 
was  supposed  to  be  properly  suited  by  a  certain  grade  of 
lubricant  for  its  entire  life  irrespective  of  its  physical 
condition.  Modern  lubrication  engineering  can,  to  a  con- 
siderable extent,  rectify  some  of  the  damage  done  by  this 


old  system  of  selecting  lubricants,  basing  the  selection 
upon  more  scientific  or  practical  grounds,  taking  into  con- 
sideration all  the  factors  that  surround  the  problem.  The 
entire  problem  of  lubricant,  fuel  and  engine  conservation 
can  be  solved  only  by  the  automotive  engineer  or  designing 
mechanical  engineer  providing  means  and  methods  whereby 
the  fuel  will  be  entirely  consumed  on  top  of  the  pistons. 
Effecting  compression  of  the  air  and  gasoline  outside  of  the 
cylinder  and  igniting  the  charge  upon  admission  and  during 
the  power  stroke  would  overcome  practically  the  entire 
amount  of  fuel  and  air-mixture  leakage  that  takes  place 
during  the  compression  stroke  of  the  present  four-cycle 
motor.  Other  methods  will  undoubtedly  be  proposed  and 
worked  out  successfully  as  soon  as  the  seriousness  of  the 
present  situation  is  fully  established. 

Economizer  Explosions 

Failure  to  close  dampers  while  the  feed  is  open  according 
to  statistics  taken  from  a  recent  report  of  the  Board  of 
Trade  of  the  Manchester  Steam  Users'  Association,  Eng- 
land, has  resulted  in  more  economizer  explosions  than  any 
other  single  condition. 

The  report  shows  that  since  1882  seventeen  serious 
economizer  explosions  have  taken  place  in  England.  Of 
this  number  nine  were  destructive  to  surrounding  property. 
It  is  claimed  that  four  of  the  explosions  were  probably 
caused  by  neglecting  to  close  the  dampers  while  the  feed 
was  open;  three  were  reported  due  to  wear  and  tear  and 
the  remainder  were  accounted  for  in  various  ways.  Many 
firemen  do  not  know  that  it  is  necessary  to  close  the 
damper  when  the  feed  is  shut  off,  and  even  among  those 
who  have  been  warned  there  is  a  prevalent  disregard  of  this 
precaution. 

Failures  of  economizer  pipes  occur  almost  daily,  says 
the  report,  the  following  explanation  being  offered  for  this 
large  number  of  pipe  failures  compared  to  the  small  number 
of  serious  explosions:  Under  ordinary  working  conditions 
economizers  are  full  of  water  which  is  cold  at  the  bottom 
and  hot  at  the  top;  if  a  pipe  fails  at  the  bottom,  cold  water 
runs  out  and  the  water  level  in  the  boiler  sinks  or  water  can 
be  seen  running  out  of  the  flue;  and  if  a  pipe  fails  in  an 
economizer  through  which  hot  flue  gases  have  been  passing, 
while  the  feed  supply  has  been  shut  off,  the  whole  mass  of 
water  in  the  economizer  will  have  been  raised  to  a  tem- 
perature equal  to  that  of  the  water  in  the  boiler,  and  as 
hot  water  under  pressure  contains  about  thirty  times  its 
volume  of  steam,  it  is  evident  that  if  one  pipe  of  an 
economizer  were  to  burst,  the  large  volume  of  high-pressure 
steam  suddenly  liberated  would  cause  an  explosion.  This 
might  be  prevented  if  the  damper  was  closed  each  time  the 
feed  was  shut  off. 

The  effect  of  passing  hot  gases  through  an  economizer 
when  not  in  use  is  uncertain.  The  temperature  of  flue  gases 
is  about  600  deg.  F.,  or  approximately  equal  to  that  of 
superheated  steam.  Superheated  steam  can  safely  be  passed 
through  cast-iron  pipes  into  the  cast-iron  cylinders  of 
engines  that  are  subject  to  reversals  of  stress,  without 
failure  occurring.  It  was  a  common  practice  in  the  early 
days  of  electric  power,  in  order  to  increase  boiler  power,  to 
shut  off  the  feed  during  the  peak-load  period,  while  allowing 
the  gases  to  pass  through  the  economizers,  converting  them 
temporarily  into  steam  producers.  This  increased  the  boiler 
power  approximately  30  per  cent. 

Investigations  of  explosion  of  economizers  have  resulted 
in  a  number  of  interesting  theories  being  advanced  as  to 
whether  the  side  pressure  suddenly  liberated  by  the  bursting 
of  a  pipe  would  be  sufficient  to  fracture  the  other  pipes. 
One  assumption  is  that  when  a  pipe  accidentally  explodes, 
the  flying  fragments  would  fractui'e  at  least  some  of  the 
remaining  pipes.  Mathematicians  by  a  number  of  experi- 
ments have  shown  that  rods  offer  practically  no  resistance 
to  pressure  waves.  An  actual  demonstration  of  this  was 
given  at  the  Silverton  explosion,  mentioned  in  the  Man- 
chester report,  when  all  walls  and  buildings  were  destroyed 
and  every  one  of  the  tall  chimneys  was  left  standing. 

A  simple  experiment  seems  to  settle  the  question  about 
gas-flue  explosions  and  at  the  same  time  furnishes  proof 
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that  it  is  entirely  a  matter  of  chance  whether  a  pipe  explo- 
sion will  confine  itself  to  one  pipe  or  a  sheet.  A  model 
economizer  made  of  glass  pipes  was  used  in  the  test.  It 
was  estimated  that  the  pipes  should  break  under  a  side 
pressure  of  fourteen  pounds  per  square  inch.  The  central 
tubes  were  replaced  by  an  air  reservoir  whose  end  was 
closed  with  a  celluloid  disk.  When  the  pressure  had  reached 
about  300  lb.,  the  disk  burst  with  a  loud  report,  but  no 
pipes  were  broken.  The  test  was  repeated  with  broken  pipe 
ends  piled  up  over  the  celluloid,  and  this  time  some  of 
the  vertical  pipes  were  broken.  This  indicated  that  side 
pressure  alone  without  flying  fragments  will  not  injure  the 
other  pipes. 

Water  Power  of  British  Columbia 

Information  of  value  to  the  whole  western  coast  of 
America  is  contained  in  a  report  issued  under  the  title  of 
"Water  Powers  of  British  Columbia,"  by  the  Canadian 
Commission  of  Conservation.  The  report  is  a  large  volume, 
well  illustrated,  containing  650  pages  and  has  taken  a 
number  of  years  to  prepare.  It  is  a  complete  compendium 
of  data  relating  to  the  water-power  resources  of  British 
Columbia^  In  round  numbers,  the  horsepower  totals  de- 
rivable from  the  various  estimates  presented  in  the  power- 
site  tables  for  districts  into  which  the  province  has  con- 
ventionally been  divided  are  as  follows: 

24-hour 
hp. 

I.  Columbia  River  and  tributaries  (north  of  the  inter- 
national boundary) — This  comprises  the  portion  of  the 
province  lying  between  its  eastern  boundary  and  the 
water-shed  of  the  Fraser  River 610,000 

II.  Fraser  River  and  tributaries — This  includes  practic- 
ally the  entire  area  of  the  great  interior  plateau 740,000 

III.  Vancouver  island    270,000 

IV.  Mainland  Pacific  coast  and  adjacent  islands  (ex- 
cept Vancouver   Island) — This   includes   all   the  rivers 

north  of  the  Fraser  which  drain  ftito  the  Pacific 630,000 

V.  Mackenzie    River    tributaries — (A    rough    estimate 

made   for   inclusion   in   this   summary) 250,000 

Grand  total 2,500,000 

Statements  made  show  that  there  is  about  500,000  horse- 
power that,  at  least  for  many  years  to  come,  can  hardly 
be  economically  developed  because  interference  with  the 
fishing  industry  or  the  proximity  of  railways  renders  de- 
velopment impracticable.  There  are  also  some  other  quali- 
fying statements  applicable  to  portions  of  the  power  tables, 


but  in  round  figures  the  grand  total  of  estimated  24-hour 
horsepower,  including  an  allowance  for  the  entities  men- 
tioned, may  be  placed  at  about  3,000,000. 

Frequently,  in  reports  on  water-power  resources  it  has 
been  the  tendency  to  deal  with  power  development  exclu- 
sively without  adequately  considering  such  related  subjects 
as  domestic  and  municipal  supply,  agriculture  and  irriga- 
tion, navigation,  fisheries  and  riparian  rights.  In  this  re- 
port the  author,  although  dealing  with  water-power  re- 
sources, has  recognized  that  water  power  is  but  one  of  the 
important  uses  to  which  inland  waters  may  be  applied. 

National  Board  of  Boiler  and  Pressure 
Vessel  Inspectors  Organized 

As  a  result  of  efforts  of  the  members  of  the  National 
Uniform  Boiler  Law  Society,  the  National  Board  of  Boiler 
and  Pressure  Vessel  Inspectors  was  organized  at  the  head- 
quarters of  the  American  Society  of  Mechanical  Engineers, 
New  York  City.  The  purpose  of  the  organization  is  to 
promote  uniform  boiler  laws  throughout  the  jurisdiction  of 
the  members;  for  the  interchange  of  rulings,  opinions  and 
the  approval  of  specific  designs  and  devices  used  in  con- 
nec'ion  with  boilers  and  other  vessels;  for  the  uniform 
stamping  of  boilers  and  also  for  the  examination  of  boiler 
inspectors. 

The  membership  is  restricted  to  officials  charged  with 
the  enforcement  of  regulations  covering  boilers  and  other 
pressure  vessels  in  states  and  cities  that  have  adopted  the 
Boiler  Code  formulated  by  the  American  Society  of  Mechan- 
ical Engineers. 


Public  utilities  throughout  the  country  consume  annually 
about  35,000,000  tons  of  coal.  This  is  taken  from  figures 
recently  compiled  and  published  by  the  Geological  Survey, 
showing  the  amount  of  electricity  produced  in  this  country 
by  central  power  stations  and  the  fuels.  The  report  of  the 
Survey  also  shows  that  from  722,000  bbl.  of  petroleum  and 
derivatives  burned  each  month  to  generate  power,  the  use 
of  oil  has  increased  to  1,276,000.  In  some  states  a  small 
amount  of  natural  gas  is  used  to  generate  electric  power. 
Last  year  the  consumption  per  month  throughout  the 
country  was  about  1,800,000  cubic  feet. 
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Dinner  of  the  Boston  Engineers 

The  eleventh  annual  dinner  of  the  Boston  Engineers  was 
held  on  Tuesday  evening,  March  30,  under  the  auspices  of 
the  American  Institute  of  Electrical  Engineers,  the  Boston 
Society  of  Civil  Engineers  and  the  American  Society  of 
Mechanical  Engineers,  the  following  societies  participating: 
American  Chemical  Society,  American  Institute  of  Mining 
and  Metallurgical  Engineers,  American  Society  of  Civil 
Engineers,  Engineers'  Club,  Illuminating  Engineering 
Society,  New  England  Water  Works  Association,  Plant 
Engineers'  Club,  the  American  Society  of  Heating  and 
Ventilating  Engineers  and  the  Boston  Society  of  Architects. 

The  principal  speakers  and  their  subjects  werr:  Paul 
D.  Cravath,  legal  representative  in  Europe  of  the  United 
States  Treasury  Department  during  the  war,  "Some  Eco- 
nomic Aspects  of  the  Treaty  of  Paris";  His  Excellency, 
Calvin  Coolidge,  governor  of  the  Commonwealth  of  Massa- 


chusetts; Hon.  Andrew  J.  Peters,  mayor  of  the  City  of 
Boston;  Roscoe  Pound,  dean  of  Harvard  Law  School, 
"Social  Engineering."  Brief  remarks  were  made  by  Rob- 
ert Spurr  Weston,  vice-president,  Boston  S.  C.  E.;  J.  Parke 
Channing,  chairman.  Engineering  Council;  Arthur  P. 
Davis,  president,  A.  S.  C.  E. ;  Sidney  J.  Jennings,  past- 
president,  A.  I.  M.  and  M.  E.;  Fred  J.  Miller,  president, 
A.  S.  M.  E.;  Calvert  Townley,  president,  A.  I.  E.  E. 

The  dinner  this  year  was  under  the  especial  charge  of 
the  Electrical  Engineers,  and  Irving  E.  Moultrop,  repre- 
senting that  society,  acted  as  chairman.  Prof.  Dugald  C. 
Jackson  was  toastmaster.  A  resolution  was  passed  inviting 
the  local  members  of  the  American  Institute  of  Mining  and 
Metallurgical  Engineers  to  co-operate  in  the  arrangements 
for  future  dinners,  completing  the  representation  of  the 
"four  founder  societies"  in  that  function.  The  speeches 
were  more  than  ordinarily  good,  and  the  attendance  taxed, 
the  large  auditorium  of  the  Boston  City  Club. 


New  Publications 
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THE  MECHANICAIj  WORLD  YEAR 
BOOK  FOR  1920.  Published  by  Em- 
mott  &  Co.,  Ltd..  ManoheHter,  Eng- 
land. 6x9  in. ;  328  pages. 
The  present  edition  of  this  reference 
book  has  been  further  enlarged.  Among 
the  new  features  are  a  section  on  hydraulic 
work  and  another  on  Heating  and  Evapor- 
ating Liquids.  A  great  deal  of  information 
and  data  are  given  in  a  small  space  and 
the  selection  of  the  material  has  been  made 
with  the  idea  of  giving  practical  assistance 
in  mechanical  engineering  practice.  In  ad- 
dition to  the  various  tables  of  squares, 
cubes,  areas  of  circles,  etc.,  which  are  al- 
ways found  in  engineering  handbooks,  a 
large  number  of  tables  of  engineering  data 
and  constants  are  included.  The  tables 
of  the  properties  of  steam  are  from  values 
now  considered  obsolete,  which  materially 
detracts  from  the  value  of  the  book.  As 
is  natural,  the  majority  of  the  data  on 
standards  are  those  of  English  practice 
rather  than  American,  although  a  great 
deal  ol  the  material  in  the  book  applies 
equally  well  in  either  country. 

SELLING  YOUR  SERVICES.  By  George 
Conover  Pearson.  Published  by  the 
.Tordon  -  Goodwin  Corporation,  New 
York  City.  Cloth ;  237  pages ;  5  x  8 
in.  Price,  $2. Oft. 
This  book  treats  in  a  practical  way,  by 
a  number  of  lectures,  methods  of  job-get- 
ting which  the  author  has  put  into  actual 
practice  with  success*  The  main  idea  of 
the  edition  is  that  the  application  of  sales- 
manship and  advertisement  to  the  prob- 
lem of  getting  the  position  for  which  a  man 
is  most  suited  is  much  more  likely  of  re- 
sults than  the  customary  hit-or-misa 
method.  It  gives  in  concrete  form,  sys- 
tematic methods  of  self  analysis  in  order 
to  properly  locate  the  field  of  usefulness  for 
which  a  man  is  best  fitted  and  also  gives 
a  complete  and  comprehensive  description 
of  obstacles  which  must  be  overcome  and 
th'^  methods  for  doing  so.  This  covers 
competition,  selling  your  usefulness,  the 
purpose  of  long  and  short  letters  of  appli- 
cation and  suggestions  on  writing  them, 
capitalizing  experience),  e'tc.  The  booX 
concludes  with  an  account  of  the  value  of 
a  carefully  planned  campaign,  the  danger 
of  overselling  services  and  methods  of  in- 
vestigation  of   prospective   employers. 


Personals 


Paul    R.    Dnflfey,    formerly    supervisor    of 

pouor  plants  of  the  Potomac  District  U. 
S  U.  R.  A.,  has  been  appointed  chief  in- 
spector of  motive  power.  Maintenance  of 
Equipment  Department,  Western  Mary- 
land, R.  R.  Mr.  Duffey  will  also  be  super- 
vising officer  of  all  power  plants  on  the 
Western  Maryland  System  and  subsidiary 
lines. 

Ernest  II.  Peabody,  after  thirty  years  of 
service  with  the  Dabcock  &  Wilcox  Co.,  has 
resigned  in  order  to  assume  charge  of  the 
Peabody  Engineering  Corp..  of  160  Broad- 
way, New  York  City.    Mr.  Peabody  entered 


the  employ  of  the  Babcock  &  Wilcox  Co. 
in  1891  and  was  with  them  continuously 
until  the  time  of  his  resignation.  He  is  a 
graduate  of  Stevens  Institute  of  Technol- 
ogy,  class  of  1890,  with  the  degree  of 
mechanical    engineen 

Trank  Espey,  formerly  manager  of  the 
Atlantic  City  Electric  Co.,  has  been  pro- 
moted to  the  position  of  general  manager 
of  the  Ohio  Power  Co.,  of  Canton,  Ohio. 
Mr.  Espey  will  be  replaced  by  C.  E.  Terrey, 
for  ten  years  manager  of  the  Bast  Liver- 
pool plant.  Mr.  Terrey's  post  at  East 
Liverpool  will  be  filled  by  Harry  C.  Ster- 
ling, who  for  more  than  five  years  has 
been  assistant  manager  of  the  Atlantic 
City   Electric  Co's.   plant 
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Society  Afifairs 


The  American  Society  of  Mechanical  En- 
gineers, Waterbury  Branch,  has  planned  a 
meeting   for   Apr.    7. 

The  American  Society  of  Mechanical  En- 
g-ineers,  New  Orleans  Section,  will  meet  on 
Apr.  15.  The  prime  object  of  the  meeting 
will  be  a  general  discussion  of  section 
affairs. 

The  Engineering  Council  of  the  United 
Engineering  Societies  will  hold  a  meeting 
in  Washington,  D.  C,  on  Apr.  15.  It  is 
planned  to  hold  one  meeting  each  year  in 
Washington. 

The   National  Electric  Light   Association, 

Pacific  Coast  Section,  has  gained  more 
than  two  thousand  members  since  last 
November  according  to  a  report  of  the 
membership  committee  made  Apr.  1. 

Tlie  Hartford,  Conn.,  Branch  Oi  the  Amer- 
ican Society  of  Mechanical  Engineers  will 
meet  at  the  City  Club,  Hartford,  Apr.  12. 
The  subject  to  be  presented  at  the  meeting 
will  be  "Drop  Forgings"  and  "Die  Castings." 

The  Chicago  Section  of  the  A.  S.  M.  E. 
will  hold  a  joint  meeting  with  the  Western 
Societies  of  Engineers  in  April.  Prof.  B. 
W.  Benedict,  of  the  University  of  Illinois, 
will  read  a  paper  on  "Teaching  the  Prin- 
ciples of  Shop  Management." 

The     Entertainment     Committee     of     the 

National  Electric  Light  Association  con- 
vention, which  is  to  be  held  at  Pasadena, 
Cal.,  in  May,  have  arrange!  so  that  dele- 
gates will  receive  invitations  to  attend  the 
California  Mission  Play.  The  play  will 
take  place  in  a  theater  but  a  short  distance 
from  the  Hotel  Huntington,  the  headquar- 
ters of  the  gathering. 

The  Institute  of  Radio  Engineers,  of  the 

College  of  the  City  of  New  York,  will  meet 
at  the  Engineering  Societies  Building,  New 
York,  on  Apr.  7,  at  8:15  o'clock.  A  paper 
on  "The  Reduction  of  Atmospheric  Dis- 
turbances in  Radio  Reception,"  by  Dr.  Louis 
W.  Austin,  head  of  the  United  States 
Naval  Radio  Telegraphic  Laboratory,  Wash- 
ington, D.  C,  will  be  presented. 

Cornell  Society  of  Engineers  has  called 
a  meeting  of  Cornell  graduates  in  engineer- 
ing to  be  held  on  the  evening  of  April  9, 
in  the  Knginei-ring  Societies  Building.  New 
York  City.  The  meeting  is  called,  partly 
with  the  idea  of  forming  a  general  Cornell 


engineering  society,  now  that  the  different 
engineering  schools  at  Cornell  are  to  be 
combined  into  one  general  engineering 
college.  The  new  dean  of  the'  combined 
college.  Prof.  Dexter  S  Kimball,  will  be 
one  of  the  speakers. 

Tlie    American    Association    of    Engineers,] 

Pittsburgh  Chapter,  has  started  a  drive  to| 
bring  the  next  annual  convention  to  Pitts- 
burgh.     Delegates    to    the    1920    convention, 
which  is  to  meet  in  St.  Louis  in  May,  will 
work  in  behalf  of  the  movement.     Another] 
plan     which     the     Pittsburgh     chapter    has] 
under  consideration  is  the  effective  coopera- 
tion of  members  of  national,  state  and  local 
societies    so    that    members    of    any    of    the 
societies    who    are    in    good    standing    can 
join  the  Pittsburgh  chapter  of  the  A.  A   E. 
for  one-half  the   usual  entrance   fee. 

The  American  Institute  of  Electrical  En- 
gineers will  hold  its  annual  meeting  jointly 
with  the  American  Electrochemical  Society 
on  Apr.  9  in  Boston  A  morning  session 
will  be  held  at  the  Plaza  Hotel,  the  sub- 
ject for  the  morning  to  be  "Electricity 
Produced  Alloys."  In  the  afternoon  a 
tour  through  the  Lynn,  Mass..  works  of  the 
General  Electric  Co.  will  be  made  by  mem- 
bers of  both  societies.  The  second  session 
will  be  held  during  the  evening,  and  a 
number  of  papers  on  "Power  for  Elec- 
trical Chemical  Purposes"  will  be  read. 
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The  Fitzgibbons  Boiler  Co.  has  removed  j 
its  offices  from  17  Battery  Place  to  1181  ' 
Broadway,  New  York  City. 

Tlie  Brown  Instrument  Co.,  of  Philadel- 
phia, is  erecting  two  new  buildings,  one 
for  the  manufacture  of  recording  thero- 
meters  and  the  other  to  be  used  as  a  re- 
search department.  The  total  cost  of  the  l 
new   plants    is   estiipated    at  $100,000. 

The  Barber-Greene  Co.,  of  Aurora,  111., 
has  conipleted  the  organization  of  branch 
offices  at  St.  Louis.  R.  E.  Faulke,  manager ; 
Pittsburgh,  J.  A.  Gourney,  manager ;  Phil- 
adelphia, F.  S.  Sawyer,  manager ;  and 
Indianapolis,  W.  T.   McDonald,  manager. 

The  Metal  &  Thermit  Corp.,  New  York 
City,  N.  Y.,  has  appointed  James  G. 
McCarthy,  manager  of  its  Canadian  branch, 
with  headquarters  in  Toronto,  and  has 
transferred  Robert  L.  Browne  from  the 
New  York  Office  to  Boston.  Mr.  Browne  is 
to  have  charge  of  sales  in  New  England 
States. 

The  General  Electric  Co.,  has  completed 
negotiations  to  lease,  with  the  option 
to  buy,  the  forty -acre  war  plant  of  the 
Remington  Arms  Co.,  at  Bridgeport,  Conn. 
The  buildings,  which  are  of  the  latest  type 
construction,  cover  about  900,000  sq.ft.  and 
the  floor  area  is  over  1,, 555, 257  sq.ft.  The 
deal   involves   about   $7,000,000. 

The     Dallas     Power    and     Light     Co.,    of 

Texas,  at  a  meeting  of  the  directors,  elected 
the  following  officers:  J.  F  Strickland, 
president ;  Harry  L.  Reay,  W.  B.  Head. 
C.  E.  Calder  and  Charles  W.  Davis,  vice 
presidents ;  J.  B.  Walker,  secretary  and 
treasurer;  C.  E.  McBride,  C  L.  Cox  and 
J.  C.  Thompson,  assistants  to  the  secretary 
and  treasurer. 
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THE    COAL   MARKET 


BOSTON — Current  prices  per  gross  ton  f.o.b.  New 
York  loading  ports: 

Anthracite 

Company 
Coal 

Egg $8.20@$8.65 

Stove 8.45®  9,05 

Chestnut 8.55Ca>   9.05 

Pea 7.05®   7.40 

Buckwheat 3 .  60®  3 .  80 

Rice 2.30®  2.50 

Barley 1.25 

Bituminous 

Cambrias  and 
Clearfields         Somersets 
F.o.b.  mines,  net  tons.  .  .$2.  85®  $3.  35  $3.  1 5®  $3.  60 
F.o.b.  Philadelphia,  gross 

tons 5.05®  5.60     5.35®  5.90 

F.o.b.  New  York,  gross 

tons 5.40®  5.95     5.75®  6.25 

Alongside  Boston  (water 

coal) ,  gross  tons 7  00®    7  75     7.60®    8.00 

Pocahontas  and  New  Pvivcr  are  practically  off  the 
market  for  coastwise  shipment,  but  are  quoted  at 
$6.25@$7.00. 

NEW  YORK — Current  quotations,  AVhite  Ash,  per 
gross  tons,  f.o.b.  Tidewater,  at  the  lower  ports  are  as 
follows: 

Anthracite  Company 

Coal 

Broken $7.80®$8.25 

Egg 8.20®  8.65 

Stove 8.45®  9.05 

Chestnut 8.55®   9.05 

Pea 7.05®  7.40 

Buckwheat 5.15 

Rice 4.50 

Barley 4.85 

Boiler 4.85 

Bituminous 

Government  prices  at  mines:  Spot 

South  Fork  (best) $3.  25®  $3.  50 

Cambria  (best) 3 .  00(ai   3.25 

Cambria  (ordinary) 2 .  60(f'>   2.90 

Clearfield  (best) 3.00®   3.25 

Clearfield  (ordinary) 2 .  60®   2.90 

Reynoldsville '2.85®   2.90 

Quemahoning 3.25®   3.50 

Somerset  (medium) 3 .  00®  3 .  25 

Somerset  (poor) 2 .  50®  2.75 

Western  Maryland    2 .  50®  2 .  75 

Fairmont 2.25®   2.50 

Latrobe 2.60®  2.90 

Greensburg 2.75®   3 .  00 

Westmoreland  fin 3 .  40®   3.50 

Westmoreland  run-of-mine 2 .  75®  3 .  00 

PHILADELPHIA — Bituminous   coal  prices  vary 
according  to  district  from  which  they  are  mined.     For 
ordinary   slack    the    price   is    $2.45@$2.55;       lump, 
$3.35,  at  the  mines. 
BUFFALO— 

Anthracite 

On  Cars,      At  Curb, 
Gross  Ton     Net  Ton 

Grate $8.55  $10.80 

Egg 8.80  10.65 

Stove 9.00  10.85 

Chestnut 9.10  10.85 

Pea 7.75  9.301 

Buckwheat 5.70  7.75] 

Bituminous 

Allegheny  Valley $4. 80 

Pittsburgh 4.  65 

No.  8  Lump 4.65 

Mine-run 4 .  80 

Slack 4.10 

Smokeless 4.60 

Pennsylvania  Smithing 5 .  70 

CLEVELAND — Prices  of  coal  per  net  ton  delivered 
in  Cleveland  are: 

Anthracite 

Egg $12.  25®  $12.  40 

Chestnut 12.50®    12.70 

Grate 12  25®    12.40 

Stove 12.40®   12.60 

Pocahontas 

Nine-run $7.50 

Domestic  Bituminous 

West  Virginia  split $8.  50 

No.  8  Pittsburgh $6.60®  6.90 

Massillon  lump 8.  25®  8. 50 

Coshocton  lump 7.15 

Steam  Coal 

No.  6  slack $5.25®$5.50 

No.Sslack 5.10®  5.50 

Youghiogheny  slack 5 .  25®  5 .  50 

No.  8  f  in 5.70®  6.60 

No.  6  mine-run 5.25®  5.50 

No.  8  mine-run 5.75 

Only  coal  available  is  mine-run  Pocahontas. 
MIDDLE  WEST — Chicago  quotations,  f.  o.  b.  cars 
at  mine: 

Springfield, 
Carterville, 

Williamson,  Grundy, 

Franklin,  La  Salle, 

Saline,  Fulton,  Bureau. 

Harrisburg  Peoria  W"ill 

Lump $2.55®$2.70  $2.95(S$3.10  $3.25®$3.40 

Washed..    2.75®    2  90   3.45®    3.60 

Mine-run   2.35®   2.50     2.75®  2.90     3.00®   3.15 
Screen'gs    2.05®  2.20     2.35®  2.50     2.75®   2.90 


PROPOSED    WORK 

Me.,  Clark  Mills  (Hollls  Center  P.  O.)  — 
The  Clark  Power  House  Co.  is  having  plans 
prepared  for  the  construction  of  a  1  story 
power  house.  Sawyer  &  Bean,  11  Lisbon 
St.,  Lewiston,  Engrs. 

Conn.,  Ansoniu — The  Ansonia  O.  &  C.  Co., 
153  Main  St.,  plans  to  construct  a  1  story 
power  house. 

X.  Y.,  Albany — Charles  F.  Rattisran,  Supt. 
of  Prisons,  Capitol,  Albany,  received  bids 
for  furnishing  labor  and  material  for  the 
heating  work  at  Sing  Sing  Prison,  Ossining, 
from  A.  B.  Barr  &  Co.,  6  Hirer  St.,  Yonkers, 
$9^,936;  John  W.  Danforth  Co..  io  Ellicott 
Sq.,  Buffalo,  $96,900  ;  W.  B.  Armstrong  Co., 
3  Fulton  St.,  Albany.  $98,000.  Noted 
March  3. 

N.  Y.,  Black  River — The  St.  P.egis  Paper 
Co.  is  i)reparing  plans  for  the  construction 
of  a  power  house  and  hydro-electric  devel- 
opment of  the  Black  River  to  furnish  9,000 
hp.      F.    L.    Carlisle,    Watertown,    Pres. 

X.  Y.,  Brooklyn — Levy  Bros.,  c/o  Bedford 
Theatre,  Bedford  Ave.,  are  having  plans 
prepared  for  tho  construction  of  a  theatre 
on  New  Utrecht  Ave.  and  51st  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $250,000.  T.  W. 
Lamb,  644  8th  Ave.,  New  York  City,  Archt. 
and  Engr. 

N.  Y.,  Brooklyn — E.  Rlegelmann,  Boro 
Pres.,  rejected  bids  for  furnishing,  de- 
livering and  installing  1  steam  engine. 
Estimated  cost,  $12,000.  Work  will  be  re- 
advertised. 

N.  Y.,  Flushing — Wilmer  &  Vincent,  1451 
B'way,  New  York  City,  are  having  plans 
prepared  for  the  construction  of  a  1  story 
theatre  and  store  building.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $300,000.  E.  C.  Horn  &  Son, 
1476  B'way,  New  York  City,  Archts.  and 
Engrs. 

N.  Y.,  New  York — F.  B.  Jennings,  c/o  S. 
N.  Polis,  Archt.  and  Engr.,  50  Church  St., 
is  having  plans  prepared  for  the  construc- 
tion of  a  16  story  office  building  at  7-11 
Water  St.  A  steam  heating  system  will  be 
installed  in  same. 

N.  Y.,  New  York — The  New  York  Edison 
Co.,  Irving  PI.  and  15th  St.,  plans  to  con- 
struct a  113  X  177  ft.  transformer  station 
on  Inwood  Ave.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.  $100,000.  W.  Whitehill,  32  Union  Sq., 
Archt.  and  Engr. 

N.  Y.,  New  York — The  West  48th  St. 
Realty  Co.,  c/o  Gronenbsrg  &  Leuchtag, 
Archts.  and  Engrs.,  303  5th  Ave.,  is  having 
IJlans  prepared  for  the  construction  of  a 
14  story  hotel  on  8th  Ave.  and  43rd  St.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $1,500,000.  H. 
Claman,  Pres. 

N.  Y.,  Ogdensbnrg — The  Bd.  of  Pub. 
Wks.  will  receive  bids  for  the  installation 
of  a  50  hp.  electric  motor  and  air  compres- 
sor for  use  at  the  city  crushing  plant.  To- 
tal estimated  cost,  $1,500. 

N.  Y.,  Old  Forge — The  Special  Committee 
plans  to  build  a  municipal  lighting  and 
water  supply  plant.  Estimated  cost  be- 
tween $150,000  and  $200,000.  Address 
Maurice  Callahan,  1st  Natl.  Bank,  Pres. 

N.  J.,  East  Orange — Edward  V.  Warren, 
Archt..  Essex  Bldg.,  Newark,  is  preparing 
plans  for  the  construction  of  a  5  story,  70  x 
140  ft.  hotel  on  Harrison  St.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $500,000.  Owner's  name 
withheld. 

N.  J..  Jersey  City — The  City  Comn.  will 
receive  bids  for  the  construction  of  a  power 
house  for  the  Jersey  City  Hospital  Build- 
ing. Mechanical  equipment  will  be  instal- 
led in  same.     Total  estimated  cost,  $50,000. 

"N.  J.,  Newark — The  Bd.  Edu-..  Essej^ 
Bldg.,  received  bids  for  installmg  a  steam 
heating  system  in  the  proposed  3  story.  70 
X  86  ft.  Franklin  School  addition,  from  John 
H.  Cooney,  210  North  4th  St.,  $18,467; 
Jachnig  &  Peoples,    221   13th  Ave.,   $43,467. 

N.  J.,  Nfwark — The  Newark  Athletl.-. 
Club,  207  Market  St.,  is  having  plans  pre- 
pared for  the  construction  of  a  club  house 
at  16-18  Park  PI.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $500,000.  Jordan  Green,  27  Clinton 
Ave.,  Archt. 

N.  J..  South  Orange  (Orange  P.  O.)  — 
Henry  Rosensohn,  Archt.,  188  Market  St, 
will  receive  bids  for  the  construction  of  a 
3  story,  75  x  ir)0  ft.  theatre  nnd  offlcii  build- 
ing on  South  Orange  Ave.  and  Scotland  Ri.. 


for  the  South  Orange  Theatre  Co.,  929 
Broad  St.,  Newark.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated  cost,    $100,000. 

X.  J.,  Trenton — The  Pocono  Rubber  Cloth 
Co.,  East  State  St.,  plans  to  build  a  1  stor>- 
factory  including  a  boiler  and  power  house, 
a  43  X  4'j  ft.  engine  room.  etc.  Total  esti- 
mated cost.  S.'jO.OOO.  Kamo  Smith  Co.. 
Broad  St.   Bank  Bldg.,   Engrs. 

Pa.,  Philadelphia — The  Dept.  of  Pub 
Wks.,  City  Hall,  will  soon  award  the  con- 
tract for  furnishing,  installing  and  deliv- 
ering traveling  grate  stokers,  for  nine  327 
hp.  Heine  boilers  at  the  Torresdale  pumping 
station  and  for  six  500  hp.  Edgemore  boil- 
ers and  one  3  motor,  10  ton  capacity  elec- 
tric traveling  crane,  eta  at  the  Lardners 
Point  pumping  station,  for  the  Bureau  of 
Water  Supply,  788  City  Hall.  Four  driving 
engines  and  electrical  apparatus  incIudinK 
motors  wound  for  220  volt  d.c,  controllers, 
etc,  will  be  installed  in  same. 

Pa.,  Swishvale  (Pittsburgh  P.  O.) — The 
School  Bd.  will  soon  award  the  contract  for 
the  installation  of  electric  light  and  power 
systems,  etc.,  in  the  high  school  here.  Total 
estimated  cost,  $35,000.  Howard  Lloyd. 
Archt. 

Md.,  Elkton — The  Bd.  of  Comrs.  is  hav- 
ing plans  prepared  for  the  construction  of 
an  electric  power  plant,  etc.  Total  esti- 
mated cost,  $40.0no.  W.  H.  Mackall,  Pres. 
L.  J.  Houston,   Fredericksburg,  Engr. 

S.  C,  Greenville — Mowbray  &  Eiflinger. 
Archts.  and  Engrs.,  56  Liberty  St.,  New 
York  City,  will  receive  bids  until  April  1.". 
for  the  construction  of  a  16  story  bank  and 
office  building  for  the  Farmers'  &  Merch- 
ants' Bank.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$1,000,000. 

O.,  -Ashland — The  city  received  bids  for 
the  installation  of  2  pumps  in  the  proposed 
1  story  filtration  plant  from  the  Dravo 
Doyle  Co.,  Diamond  Bank  Bldg.,  Pittsburgh, 
Pa.,  at  $5,056. 

O.,   Marysville — The    Marysville    Light    & 

AVater  Co..  114  West  5th  St..  plans  to  in- 
stall a  new  boiler  and  turbine  at  their  plant, 
here.     Mayne  Macken,   Supt. 

O.,  Springfield — The  city  plans  to  elevate 
switch  track  at  waterworks  and  install  coal 
handling  machinery  and  boilers.  Total  esti- 
mated cost,  $50,000.     O.  E.  Carr,  City  Mgr. 

Mich..  Bad  Axe — N.  J.  Frost  and  others 
plan  to  construct  a  1  story  electric  power 
lilant.  Steam  driven  generating  units  will 
be  installed  in  same. 

Mich..  Detroit-^The  Blodgett  Eng.  &  Tool 
Co.,  Kerr  Bldg.,  is  having  plans  prepared 
for  the  construction  of  a  4  story  factory  for 
the  manufacture  of  special  machinery  and 
jigs  on  14th  and  Dalzelle  Sts.  A  steam 
heating  system  will  be  installed  in  same. 
Alvin  E.  Harley,  435  Woodward  Ave., 
Archt. 

Mich.,  Derroit — The  I.  O.  O.  F.  Associa- 
tion, c/o  G.  D.  Mason,  Archt,  80  Griswold 
St.,  is  having  plans  prepared  for  the  con- 
struction of  a  2  story  lodge  house  on  Pul- 
ford  and  Concord  Aves.  A  steam  heating 
boiler  and  equipment  will  be  installed  in 
same.     Total  estimated  cost,  $15'0,000. 

Mich..  Flint — The  Knights*  of  Columbus, 
c/o  P.  Callahan,  Chn.,  plan  to  construct  a 
3  story,  80  x  108  ft.  club  house.  A  steam 
heating  and  mechanical  ventilating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $250,000.  Van  Leyen,  Schilling. 
Keough  &  Reynolds.  Union  Trust  Bldg., 
Detroit,  Archts.  and  Engrs. 

Mich.,  Grand  Rapids — The  J.  J.  Wernette 
Eng.  Co..  441  Hanseman  Bldg.,  is  in  the 
market  for  a  100  hp.  steam  boiler  and  a 
200  hp.  boiler. 

Mich.,  Lan!<ing — The  City  will  soon  re- 
ceive bids  for  the  installation  of  air  lift 
pumping  equipment  to  have  a  daily  capacity 
of  3 J  million  gal.  at  the  Pennsyl'ania  Ave. 
pumping  station.  Total  estimated  cost. 
$55,000.  Alvord  &  Burdick,  Hartford  Bldg., 
Chicago,  Engrs. 

111..  Chicago — The  North  Shore  Baptist 
Church.  CO  S.  M.  Seator.  Archt.  35  North 
Dearborn  St..  is  having  plans  prepared  for 
the  construction  of  a  2  stoi-y.  110  x  125  ft. 
church  on  Lakewood  and  Berwyn  Aves.  .-\ 
steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost.   $300,000. 

HI.,  Chicago — R.  C.  Osterzren.  .Archt.,  155 
North  Clark  St.  will  soon  awarc^  the  con- 
tract for  the  construction  of  a  1  and  2  story, 
150  x  460  ft  factory  on  Washtenaw  and 
Belmont  Aves..  for  the  Alemite  Die  Casting 
&  Mfg.  Co.,  341  West  Chicago  Ave.  A 
steam  heating  system  will  be  Installed  in 
same.     Total  estimated   cost   $250,000. 
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III.,  Chicago — Sears  Roebuck  Co.,  Arth- 
ington  St.  and  Homan  Ave.,  is  having  plans 
prepared  for  the  constructoin  of  a  9  story, 
160  X  300  ft.  store  building.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $:',000.000.  G.  C.  Nimmona 
&  Co.,  120  South  Michigan  Ave.,  Archt. 

Wis.,  Kenosha — The  United  Motor  Trans- 
port Lines,  211  Wisconsin  St.,  are  having 
plans  prepared  for  the  construction  of  a  1 
and  2  story,  100  x  120  ft.  storage  and  ice 
manufacturing  plant  on  Sheridan  Rd. 
White,  White  &  White,  Public  Service  Bldg., 
Archts. 

Wis.,  Marshflcld — The  Roddis  Lumber  & 
Veneer  Co.  is  having  plans  prepared  for  the 
construction  of  a  1  story  power  house  addi- 
tion. Boilers  and  a  new  generator  unit  will 
be  installed  in  same.  Cahill  &  Douglas,  217 
West  Water  St.,  Milwaukee,  Engrs. 

Wis.,  Kacine — The  Fox  Ice  Co.,  Liberty 
St.,  plans  to  construct  a  50  ton  capacity  ice 
manufacturing  plant  on  Liberty  St. 

Minn.,  St.  Paul — A.  H.  Heimbach,  467 
Roy  St.,  is  having  plans  prepared  for  the 
construction  of  a  6  story,  100  x  134  ft.  hotel 
on  Snelling  and  Sherburne  Aves.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $500, OOD.  M.  A. 
Wright,  600  Pittsburg  Bldg.,  Archt. 

N.  D.,  New  Kookford — C.  L.  Pillsbu'-y 
Co.,  Engr.,  Metropolitan  Life  Bldg.,  Minne- 
apolis, Minn.,  is  receiving  bids  for  furnish- 
ing and  installing  a  75  kw.  generator  and 
a  225  r.p.m.  engine  at  the  power  pl:int  for 
the  General  Utilities  Corp. 

Mo.,  St.  Joseph — The  St.  Joseph  Oil  Co., 
southwest  corner  of  4th  and  Duncan  Sts., 
is  having  plans  prepared  for  the  construc- 
tion of  a  2  story  fuel  oil  plant  including 
power  house,  etc.  Two  100  hp.  boilers  will 
be  installed  in  same.  Total  estimated  cost, 
$200,000. 

Tex.,  Clarendon — The  Clarendon  Light  & 
Power  Co.  plans  to  construct  an  electric 
lighting   and   power   plant. 

Okla.,  Ponca  City — The  Municipal  W-^ter 
&  Light  Dept.  is  in  the  market  for  a  1,000 
hp.  oil  engine.     Phihp  R.   Dunton,   Supt. 

Cal.,  Bi^  Creek — The  Southern  California 
Edison  Co.,  Edison  Bldg.,  plans  to  construct 
a  power  plant  on  Big  Creek  to  be  known  as 
Big  Creek  No.  8,  which  will  be  below  the 
present  Big  Creek  No.  2  plant  and  will  util- 
ize water  formerly  intended  to  pass  through 
Big  Creek  No.  3.  Big  Creek  No.  8  will 
have  a  capacity  of  22,500  kw.  and  during 
the  year  1921  is  expected  to  generate 
100,000,000  kw.-hr. 

Cal.,  L.ong  Beach — The  Seaside  Invest- 
ment Co.,  c/o  A.  B.  Benton,  Archt.,  114 
North  Spring  St.,  Los  Angeles,  retained 
architect  to  revise  plans  for  the  construc- 
tion of  a  4  story,  250  x  34  0  ft.  bath  house 
and  hotel  along  the  ocean  front.  A  boiler 
plant,  etc.,  will  be  installed  in  same. 

Cal.,  L.OS  Angreles — The  University  Club, 
Consolidated  Realty  Bldg.,  engaged  Allison 
&  Allison,  Archts.,  1405  Hibernian  BMg., 
and  E.  L.  Mayberry,  Engr.,  468  Pacific  Elec- 
tric Bldg.,  to  prepare  plans  for  the  con- 
struction of  an  8  story,  65  x  }35  ft.  club 
house  with  a  1  story,  65  x  135  ft.  garage 
adjoining.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
?400,000. 

Cal.,  San  Bernardino — The  Southern  Cali- 
fornia Ice  Co.  is  having  plans  prepared  for 
the  construction  of  a  2  story,  40  x  80  ft. 
refrigeration  plant.  H.  E.  Jones,  Katz 
Bldg.,  Archt. 


Cal.,  Willows — The  School  Trustees  are 
having  plans  prepared  for  the  construction 
of  a  2  story  school  building.  A  steam  heat- 
ing system  will  be  installed  in  same.  Bonds 
r.mounting  to  $123,000  have  been  voted  upon 
for  this  project. 

Cal.,  Yuba  City  —  Reclamation  Dist. 
1660,  will  soon  receive  bids  for  the  construc- 
tion of  pumping  plants,  etc.  Total  esti- 
mated cost,  $1,8(10,000.  Address  P.  H.  Mc- 
Grath,  Fruit  Bldg.,  Sacramento,  Secy.  J. 
C.  Boyd,  803  Forum  Bldg.,  Sacramento, 
Engr. 

M.  I.,  Guam — The  Bureau  of  Yards  & 
Docks,  Navy  Dept,  Wash.,  D.  C,  will 
receive  bids  until  April  7,  for  the  construc- 
tion of  a  30  X  38  ft.  extension  to  power 
house  at  Agana  and  a  26  x  35  ft.  extension 
at  the  Naval  Radio  Station,  a  12  x  14  ft. 
extension  to  pumphouse,  8  x  16  ft.  extension 
to  blower  house  and  a  22  x  47  ft.  with  an 
18  X  24  ft.  wing  extension  to  quarters,  in- 
cluding plumbing  and  electric  lighting  sys- 
tems.    Noted  March  30. 


CONTKACTS     AWAKDED 

Mass.,  Boston — The  T.  S.  Proctor  Estate, 
85  Water  St.,  has  awarded  the  contract  for 
the  reconstruction  of  a  4  story,  100  x  240 
ft.  office  building  at  177  State  St.,  to  the 
Norman  Clarke  Co.,  IGl  Devonshire  St. 
A  steam  heating  system  will  be  instilled  in 
same.      Total   estimated   cost,    $150,003. 

Mass.,  Fitchburgr — The  Crock-r  B'lrbank 
Co.,  545  AVestminster  St..  has  awarded  the 
contract  for  the  construction  of  a  1  story 
factory  on  the  mill  grounds,  to  the  Aber- 
thaw  Constr.  Co.,  27  School  St,  Boston. 
Plans  include  the  extension  of  present 
power  system.  Total  estimated  cost, 
$300,000. 

Mass.,  Liawrcnce — The  Amer.  Woolen  Co., 
225  4th  Ave.,  New  York  City,  has  awarded 
the  contract  for  the  construction  of  a  1 
story  power  house  near  North  Canal  St., 
to  the  E.  W.  Pitman  Co.,  Bay  State  Bldg. 
Estimated  cost,  $20,000. 

R.  I.,  Providience — The  Narragansett 
Electric  Lighting  Co,  Turks  He.^d  Bllg , 
will  build  a  5  story,  75  x  95  ft.  power 
house  addition  on  South  Tt.  Total  esti- 
mated cost,  $700,000.  Work  will  be  done 
by  day  labor.     Noted  March  30. 

Conn.,  Greenwich — ^The  Bd.  Educ.  has 
awarded  the  contract  for  tho  construction 
of  a  2  story,  62  x  148  x  52  x  1^4  ft.  grade 
school,  to  the  Rangeley  Constr.  Co..  56  West 
39th  St.,  New  York  City.  A  steam  heating 
system  will  be  instalbd  in  same.  Total 
estimated    cost,    $250,000. 

N.  Y.,  Brooklyn — The  Masons  of  New 
York,  Ridgewood  Lodge,  will  build  a  3 
story,  100  x  100  ft.  temple  on  B'way  and 
Gates  Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$1,000,000.  Work  will  be  done  by  day 
labor. 

N.  Y..  Brooklyn — The  Tillary  Constr.  Co., 
44  Court  St.,  will  build  a  6  sto-y,  50  x  200 
ft.  factory  on  Pearl  and  Tillary  Sts.  A 
steam  heating  system  will  be  instilled  in 
same.  Total  estimated  cost,  $300,000. 
Work  will  be  done  by  day  labor. 

N.  Y.,  Buffalo — Lo'^w's  Enterprises, 
1492  B'vi'ay,  New  York  City,  have  awarded 
the  contract  for  the  construction  of  a 
theatre  on  Washington  and  Mohawk  Sts., 
to  the  Fleischmann  Constr.  Co.,  531  7th 
Ave.,  New  York  City.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,   $400,000. 


>'.  Y.,  Elmsford — The  Knollwood  Co. 
Club,  c/o  C.  I.  Birg,  Archt.  and  Engr.,  331 
IMadison  Ave.,  New  York  City,  has  awarded 
the  contract  for  the  construction  of  a  2 
story,  100  x  100  ft.  club,  to  Charles  Money, 
228  West  36th  St.,  New  York  City.  A 
steam  heating  system  will  be  installed  in 
same.      Total   estimated   cost,    $100,000. 

N.  Y.,  New  York — The  Barrett  Co.,  17 
Battery  PI.,  has  awarded  the  contract  for 
the  construction  of  a  16  story,  101  x  122  x 
180  ft.  ofRce  building  on  West  and  Rector 
Sts.,  to  George  A.  Fuller  Co.,  175  5th  Ave. 
A  steam  heating  system  will  be  installed 
in  same.  Warren  &  Wetmore,  16  East  47th 
St.,   Archts.   and   Engrs. 

N.    Y..    New    York — The    Bd.    Educ,    500 

Park  Ave.,  has  awarded  the  contract  for 
the  construction  of  a  school  building  on  St. 
Anns  Ave.,  to  Frymier  &  Hanna,  25  West 
45th  St.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$800,000. 

N.  Y.,  Pyrites — The  De  Grasse  Paper 
Co.  has  awarded  the  contract  for  the  con- 
struction of  a  1  story,  15  x  60  ft.  addition 
to  transformer  house,  to  Sylvester  Nicolette. 
Potsdam.     Estimated  cost,   $18,000. 

N.  J.,  Elizabeth — The  Bd.  Educ.  has 
awarded  the  contract  for  installing  a  steam 
heating  system  in  the  proposed  school  on 
Bayway  and  South  Broad  Sts.,  to  E.  G. 
WooKoh  at  $53,160. 

N.  J.,  Mays  I<anding: — The  Mays  Landing 
Water  &  Power  Co.  has  awarded  the  con- 
tract for  the  construction  of  a  1  story,  40 
X  40  ft.  power  house,  to  the  Aberthaw 
Constr.  Co.,  27  School  St.,  Boston,  Mass. 
Estimated  cost,   $50,000. 

N.  J.,  Newark — The  Bd.  Educ,  Essex 
Bldg.,  has  awarded  the  contract  for  instal- 
ling a  steam  heating  system  in  the  pro- 
posed 3  story,  38  x  144  ft.  school  on  Hunt- 
erdon and  Peshine  Aves.,  to  Jachnig  & 
Peoples,  221  13th     Ave. 

Pa..  Torresdale — The  Precision  Grind- 
ing AVheel  Co.  has  awarded  the  contract 
for  the  construction  of  a  1  story,  90  x  265 
ft.  factory,  to  the  John  R.  Wiggins  Co., 
Otis  Bldg.,  Philadelphia.  A  steam  heating 
system  will  be  installed  in  same.  Total  esti- 
mated  cost,   $100,000. 

N.  C,  Winston-Salem  —  D.  Omstead, 
Cleveland,  O.,  has  awarded  the  contract 
for  the  construction  of  a  9  story  hotel  on 
5th  and  Cherry  Sts.,  to  H.  L.  Stevens  Co., 
30  North  Michigan  Ave.,  Chicago.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $1,000,000. 

O.,  Cleveland — The  city  has  awarded  the 
contract  for  the  installation  of  two  125  hp. 
boilers,  to  the  Union  Iron  Wks.,  Rockfir 
Bldg.,   at   $13,120. 

O.,  Cleveland — The  Film  Exch.  Bldg. 
Co.,  c/o  G.  T.  Bauder,  Williamson  Bldg.. 
has  awarded  the  contract  for  the  construc- 
tion of  an  8  story,  135  x  143  ft.  film  ex- 
change building  on  East  21st  St.  and  Payne 
Ave.,  to  the  William  Dunbar  Co..  8201 
Cedar  Ave.  A  steam  heating  system  will 
he  in^tnlled  in  same.  Total  estimated  cost, 
$1,000,000. 

Mich.,  Detroit — The  North  Woodward 
Methodist  Church,  c/o  W.  E.  N.  Hunter. 
Archt.,  Chamber  of  Commerce,  has  awarded 
the  contract  for  the  construction  of  a  2 
story.  180  x  250  ft.  church  on  Woodward 
and  Chandler  Aves.,  to  Bryant  &  Detwilor, 
2335  Dime  Bank  Bldg.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated    cost,    $700,000. 


Current  Opportunities — 

Positions  Vacant 

Surplus  Equipment  for  Sale 

Equipment  Wanted 


Positions  Wanted 

Second-Hand  Equipment  for  Sale 

Business  Opportunities 


The  Searchlight  Section 


is  the  recognized  opportunity 
center  of  this  industry  for 
every  business  want. 


Some  of  the  announcements  in 
this  issue  may  be  of  interest  to 
you. 

Turn  Now  to  Pages  98  to  110 
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Electrical  prices  on  following  page  are  prices  to  the  power  plant  by  jobbers  in  the  larger  baying  centers  east  of  the 
Mississippi.     Elsewhere  the  prices  will  be  modified  by   increased    freight    charges    and    by    local    conditions. 


POWER-PLANT  SUPPLIES 


HOSE— 

Fire  50-Ft.  Lengths 

Underwriters'  2|-in 78c.  per  ft. 

ComBion,  2§-in 35% 

Air 
First  Grade       Second  Grade       Third  Grade 

l-in.  perft $0  55  $0.35  $0.25 

Steam — Discounts  from  List 
First  grade 25%  Second  grade 35% Third  grade..  ..40% 

RUBBER   BELTING — The    following    discounts    from    list    apply    to    trans- 
mission rubber  and  duck  belting: 

Competition 50-10%         Best  grade 25% 

Standard 40% 

LEATHER   BELTING — Present  discounts  from   list  in   the   following  cities 
are  as  follows: 

Medium   Grade 

New  York 20% 

St.  Louis 40% 

Chicago 45% 

Birmingham 35  % 

Denver     10% 

p  AWHinF  f  AriNn  i^°^  ''"*•  ^^^^  grade,  25%,  2nd  grade,  30%. 

RAWHIDE  LACINO  ^^^^  laces  in  sides,  best,  81%. 

PACKING— Prices  per  pound; 

Rubber  and  duck  for  low-pressure  steam $  1 .  00 

'70 

.00 
20 
.70 
.90 
.50 
.50 
.70 
.50 
.30 


Heavy  Grade 
10-5% 

35% 
40% 
30% 

5% 


Asbestos  for  high-pressure  steam 

Duck  and  rubber  for  piston  packing 

Flax,  regular 

Flax,  waterproofed 

Compressed  asbestos  sheet 

Wire  insertion  asbestos  sheet ^. 

Rubber  sheet •.' 

Rubber  sheet,  wire  insertion 

Rubber  sheet,  duck  insertion 

Rubber  sheet,  cloth  insertion ._ 

Asbestos  packing,  twisted  or  braided  and  graphited,  for  valve  stems  and 

stuffing  boxes 

Asbestos  wick,  J-  and  l-lb.  balls    


1  30 

.85 


PIPE    AND    BOILER    COVERING— Below  are   part  of  standard  lists 
discounts. 


with 


PIPE  COVERING 

Standard   List 
Pipe  Size  Per  Lin. Ft. 

I-in.  $0.27 


2-in. 
6-in. 
4-in. 
3-in. 
8-in. 
10-in. 


.36 
.80 
.6P 
.45 
1.10 
1.30 


85%  magnesia  high  pressure     

For  low-pressure  heating  and  return  lines 


BLOCKS  AND  SHEETS 

Price 

Thickness  per  Sq.Ft. 

Hn.  $0.27 

1  -in.  .30 

1  l-in.  .45 

2  -in.  .60 
2i-in.  .  75 

3  -in.  .  90 
3|-in.                                   1 .  05 

List 

50%  off 

,      .  .  52%  off 

[  2-ply    54%  off 


r4-ply. 
\  3-ply. 


GREASES — Prices  are  as  follows  in  the  following  cities  in  cents   per    pound 
for  barrel  lots: 


Cin-. 

cinnati 

81 

&h 

10 

■6J 

Car  journal 1 2(gal.) 


Cup 

Fiber  or  sponge. 
Transmission . . . 

Axle 

Gear 


Chicago 
6.6 


St._ 

Louis 

6.7 

13 

13 

4.75 
7  5 
4.7 


Bir- 
mingham 


^ 


4i 


Denver 
10.5 
13.75 
12  5 
7.0 
8.5 
9.0 


COTTON   WASTE — The   following   prices   are   in  cents  per  pound: 

■ New  York 

Cnrr'^nt            One 'Year  .\go  Cle\'eland           Chicago 

White 13.00                    13  00  16  00        11    OOto  14.00 

Colored  mixed 9.00tol2.00     9  OOto  12.00  12  00          9  50  to  12  00 


WIPING  CLOTHS— Jobbers'  price  per  1000  is  as  follows: 

Cleveland 

Chicago 


13}x  13} 

$52.00 

41    00 


I3Jx  205 

$58.00' 

43.50 


LINSEED  OIL — These  prices  are  per  gallon: 

New  York  — — 

Current  One 

Yoar  Ago 
Raw  in  barrels  (5  bbl.  lots)       $  1    87  S 1 .  55 

5-gal.oans 1.87*  1.70 

*To   this   oil  price  must  be  added  the  cost  of  the  cans  (returnable),  which 
82.25  for  a  case  of  six. 

WHITE  AND  RED  LEAD— Base  price  per  pound: 

-Red .     . White 


Chicago ■ 

Current  One 

Yea  r  A  go 
$2.05  $1.66 

2.30  1.86 


Current 


1  Year  Ago 


Drv 

100-lb.  keg 15   50 

25- and  50-lb.  kegs.  .  .    15   75 

l2Hb.  keg 16  00 

1-lb.  cans 18  50 

5-lb.  cans 20  50 

500  lb.  lots  less  10%  discount; 


In  Oil 
17  00 
17  25 
17  50 
20.00 
22  00 


Drv 
13  00 
13  25 
13   =0 

15  00 

16  00 


In  Oil 
14   50 

14  75 

15  00 

16  50 

17  50 


2000  1b.  lots  leas  I0-2|%. 


Current 

Dry 

and 

In  Oil 

15  50 

15  75 

16  00 
15.00 
16  00 


I  Yr.  Ago 
Dry 
and 
In    Oil 
13  00 
13  25 
13  50 
15  00 
16.00 


RIVETS — The  following  quotations  are  allowed  for  fair-sized  orders  from  ware- 
house: 

New  York       Cleveland        Chicago 

Steel  A  and  smaUer 30%  45%  45% 

Tinne? 30%  45%  45% 

Boiler  rivets,  J ,  J ,  1  in.  diameter  by  2  in.  to  5  in.  sell  as  follows  per  1 00  lb. : 
New  York..  ..$6  00    Cleveland.  .$4.00     Chicago ..  $5.37     Pittsburgh. ..$4  72 

Structual  rivets,  same  sizes: 
NewYork.   .    $6  10    Cleveland..  $4. 10    Chicago. .  $5.47     Pittsburgh. ..$4  82 

REFRACTORIES — Following  prices  are  f.  o.  b.  works,  Pittsburgh  district: 

Chrome  brick net  ton  $75-80     at  Chester,  Penn. 

Chrome  cement net  ton  45-50     at  Chr-Btrr.  Penn 

Clay  brick,  1st  quality  fireclay net  M.  45-50     at  Clearfidd,  Fenn. 

Clay  brick,  2nd  quality net  M.  40-45     at  Clearfield,  Penn. 

Magnesite,  dead  burned net  ton  50-55     at  Chester,  Penn. 

M  rgnesite  brick,  9  X  4i  X  2i  in net  ton  80-85     at  Chester,  Penn. 

Silioa  brick net  M.  50-55     at  Mt.  Union,  Penn. 

Standard  size  fire  brick,  9  x  41  x  2?  in.     The  second  quality  is  $4  to  ti 
cheaper  per  1000. 

St.  Louis— Fire  Clay,  $35  to  $50. 

Birmingham— Silica,  $51-50  fe   55:Ifire  clay,  $45  @  5(fc  magnesite.   ?85: 
chrome.  885. 

Chicago — Second  nuality,  $25  per  ton. 

Denver— Silica,  $18:  fire  clay.  $12:  magnesite,  $57.50 

BABBITT  METAL— Warehouse  prices  in  cents  per  pound: 

. New  York •   • Cleveland ■ 

Current  One  Current  One 

Year  .Ago  Year  .Ago 

Best  grade. ..  .    90   00         87  00  71   0  3  80  00  70   00 

Commercial..     50   00         42  00  21   03  15  00 


' Chicago ■ 

Current  One 

Year   -Ago 
75.00 
15  00  15  00 


SWEDISH    (NORWAV)    IRON— The  average  price  per  100  lb.,  in  ton  lots,  is: 

Current  One  Year  .Ago 

NewYork , $21-26  25  50-30  00 

Cleveland 20  00  20  00 

Chicago 16.50  16  50 

In  coil:;  nn  advance  of  50c.  usiially  is  charged. 

Domestic  iron  (Swedish  analysis)  is  selling  at  8c.  per  lb. 

SHEETS — Quotation.^  are  in  cents  per  pound  in  various  cities  from  warehouse; 
also  the  base  quotations  from  mill: 


Large 
Mill  Lots 

Blue  Annealed  Pittsburgh 

No.  10 $3.55('5)$5.95 

No.  12 3.60(^  6.05 

No.  14 3  65@  6.10 

No.  16 3.75(^  6.20 

Black 

*Nos.  ISand  20...  4.15(5)  6.30 

*Nos.  22and  24...  4.20(3)   6.35 

*No.  26 4.25(S;   6  40 

*No.  28 4.35@   6.50 

Galvanized 

No.  10 4  70®  7  50 

No.  12 4  80(^  7  60 

No.  14 4  80®.  7.60 

Nos.  18and20....  5.10(3)  7  90 

Nos.  22  and  24...  5.25((^  8  05 

*No.  26 5  40r^  8  20 

*No.  28 5.70@  8  50 


St. 
Louis  Chicago 
$6  02     $6  02 


07 
12 
17 

80 
85 
90 
00 

50 

60 

60 

90 

8.05 

8  20 

8.50 


San    ' New  York 

Fran-  One 

Cisco  Cxirrent  Yr.  Ago 
$7   50  $7  0OW$8  00     $4  57 


05(<;)  8  05 
10®  8.10 
20(5)  8.20 

80®  8.80 
85®  8  85 
90(a:    8.90 


8  C5     8. CO®    9.00 


7  50 
7.60 

7  60 
7.90 

8  05 
8  20 
8  50 


8  60 
8  60 
8  60 

8  90 

9  05 
9  20 
9  50 


8  50®  10  00 
8  tOci  10  10 
8  60(1  10.  10 

8  90(fJ  10.40 

9  05(<)  10  55 
9  20fa  1 0 .  70 
9.50®  II    00 


4.62 

4  67 
4.77 

5.42 

5  47 
5  52 
5.62 

5  07 

6  02 
6  07 
6.37 
6  52 
6  67 
6  97 


*For  painted  corrugated  sheets  add  30c.  per  1 000  lb.  for  5  to  28  gage;    25c.  for 
1 9  to  24  gages;  for  galvpnized  corrugated  sheets  add  15c.,  aU  gages. 

PIPE — The  following  discounts  are  for  carload  lots  f.  o.  b.  Pittsburgh;   basing 
card  of  Jan.  1.  1919,  for  steel  pipe  and  for  iron  pipe: 
BUTT  WELD 

I -on 


Steel 

Inches  Black  Galvanized 

i  i.  and! 505%  24% 

1 54i%  40% 

ito3 57,^%  44% 


Inches 
i  to  11.... 


Black 
30;% 


Galvanized 
23  i% 


2i  to  6. 
1 


501% 
53}% 


LAP  WELD 

35%  2 321% 

41%,  2J  to6 345% 

BUTT  WELD,  EXTRA  STRONG  PLAIN  ENDS 

d| 48:%  29%  J  to  U 395% 

5U%  39% 

ito  U 505%  43% 

LAP  WELD,  EXTRA  STRONG  PLAIN  ENDS 

2 48%  37%  2 335% 

2ito4 51%  49%  2}to4 355% 

45to6 50%  39%  4ito6 34i% 

Stock  discounts  in  cities  named  are  as  follows: 

-New  York-       -Cleveland- 
Gal-  Gal- 
Black  vanized  Black  vanized 
'"0%       24%       40%       31% 
35%       20%       42%       27% 
Malleable  fittings.    Class  B  and  C.  from  New  York  stock  sell  at  list  +  23%, 
Cast  iron,  standard  sizes,  net. 


J  to  3  in.  steel  butt  welded. 
25"  to  3  in.  steel  lap  welded 


18}% 
2li% 

24}% 


20}% 
235% 
22}% 


Chicago  

Gal- 
Black         vanized 
54%  40}% 

50%  37}% 
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BOILER  TUBES — The  following  are  the  prices  for  carload  lots,  f.  o.  b.  Pitts- 
burgh 


Charcoal    Iron 

40}             3}  to  4J  in 15} 

30}             3    to  31  in 1 

24               2}  to  2?  in +1 

!9}              2    to  2Hn +16 

l-jtoljin +29 

Standard  Commercial  Seamless — Cold  Drawn  or  Hot  Eolled 


Lap  Welded  Steel 

3J  to  4}  in 

21  to  31  in 

21  in 

If  to  2  in 


Per  Net  Ton 

$327 

267 

257 

207 


lin 

liin 

11  in 

H  in 

These  prices  do  not  apply  to  special  specifications  for  locomotive  tubes  nor  to 
special  specifications  for  tubes  for  the  Navy  Department,  which  will  be  subject  to 
special  negotiations. 


M  in 

2  to  2}  in.  . 
2i  to  3{  in. 

4  in 

44  to  5  in. 


Per  Net  Ton 
$207 
177 
167 
187 
207 


ELECTRICAL  SUPPLIES 


ARMORED  CABLE- 

B.  &  S.  Size 


TwoCond. 

M  Ft. 

No.  14  solid $104.00 

No.  12  solid 135.00 

No.  10  solid 185.00 

No.  8  stranded..  .      285.00 
No.  6  stranded...      400.00 


Two  Cond. 

Lead 

M  Ft. 

$164,00 

225  00 

275.00 

520.00 

560.00 


Three  Cond. 
Lead 
M  Ft. 
$210  00 
265  00 
325.00 
500.00 


Three  Cond, 

M  Ft. 
$138.00 

170  00 

235.00 

375.00 

500.00 
From  the  above  lists  discounts  are: 

Loss  than  coil  lots Net  List 

Coils  to  1,000  ft 10% 

1,000  ft.  and  over 15% 

P ATTE  RIE  S,  DRY — Regular  No.  6  size  red  seal,  Columbia,  or  Ever-Ready: 

Each,  Net 

I  ess  than  12 $0,45 

12  to  50 38 

50  to  125  (bbl.) 35 

125  (bbl.)  or  over 32 

CONDUITS,  ELBOWS  AND  COUPLINGS— These  prices  are  f.  o.  b.  New  York 
with  1 0-day  discount.of  5  per  cent. 


Size,  In. 


Conduit • 

Black       Galvanized 
2,500  to 
5,000  Lbs. 
$85  59 


Elbows  ■ 


2,500  to 
5,000  Lbs. 
i  $80,50 

f            .06,51  113,51 

1  157,59  167  79 
11  213.11  227  01 
1}            254,93  271,43 

2  342,99  365,19 
2i  542,30  377,40 
3'  709,16  755  OS 
3i           871, 2-i  935  64 

4  ;,064,93  1,130  33 
4}         1,240  79  1,318  99 

5  1,445  96  1,534  76 

6  1,875.84  1,991.04 
Standard  lengths  r'g'd.  1 0  ft. 

lengths  flexible,  j  to  2  in.,  50  ft. 


Black 

2,500  to 

5,000  Lbs. 

$19.13 

25,17 

37.25 

48,46 

64.62 

118.47 

193.86 

511.96 

1,141.62 

1,319  32 

1,997  83 

2,773  27 

3,446.40 


Galvanized 

2,500  to 

5,000  Lbs. 

$20.27 

26.67 

39,47 

50,26 

67,02 

122,87 

200,00 

536   16 

1,184  02 

1,368  32 

2,072,03 

2,866,27 

3,574.40 


, Cotiplings  . 

Black       Galvanized 
2,500  to      2,500  to 
5,000  Lbs.  5,000  Lbs. 


Standard  lengths  flexible,  }  in 


$7.04 

10.07 

13  09 

18  30 

22.61 

30.15 

43.08 

64,62 

86,16 
107,70 
161.55 
177,70 
258,48 
100  ft. 


$7.46 

10.67 

13  37 

18,98 

24.45 

31.27 

44.68 

67  02 

89.36 
111.70 
167  55 
184.30 
268.08 
Standard 


CONDUIT  NON-METALLIC,  LOOM— 

Size  I.  D.,  In.                Feet  per  Coil  List,  Ft. 

A  250  $0,051 

i  250  .06 

I  250  .09 

I  200  .12 

f  200  .15 

I  150  .18 

1  100  .25 
1}  100  .33 
1 1  Odd  lengths  .  40 

2  Odd  lengths  .55 


Coils 40%  off 

Less  coils,  25%  off 


CUT-OUTS — Followng  are  net  prices  each  in  standard-package  quantities: 
CUT-OUTS,  PLUG 


S.  P.  M.  L.  . 
D.  P.  M.  L. 
T.  P.  M.  L., 
D.  P.  S.  B.. 
D.  P.  D.  B.. 


$0.11 
.11 
.26 
.19 
.37 


T.  P.  toD.  P.  S.  B. 
T.  P.  to  D.  P.  T.  B. 

T.  P.  S.  B 

T.  P.  D.  B 


CUT-OUTS,  N.  E.  C.  FUSE 


D.  P.  M.  L 

T.  P.  M.  L 

D.  P.  S.  B 

T.  P.  S.  B 

D.  P.  D.  B 

T.  P.  D.  R 

T.  P.  tc  D.  P.  D.  B. 


0-30  Amp. 
$0.33 
.48 
.42 
.81 
.78 
1.35 
.90 


31-60  .Amp. 

$0,84 

1,20 

1,05 

1,80 

2  10 

3  60 
2,52 


$0.24 
.38 
.33 
.54 


60-100  Amp. 

$1.68 

2.40 


FLEXIBLE  CORD— Price  per  1,000  ft.  in  coils  of  250  ft.: 

No.  18  cotton  twisted 

No.  1 6  cotton  twisted 

No.  1 8  cotton  parallel 

No.  1 6  cotton  parallel 

No.  1 8  cotton  reinforced  heavy 

Nc    16  cotton  reinforced  heavy 

No.  18  cotton  reinforced  light 

No.  16  cotton  reinforced  li«ht.  .  .  .  ; 

No.  18  cotton  Canvasitc  cord 

No.  1 6  cotton  Canvasite  cord 


$22.00 
27.00 
26.50 
34,50 
34  00 
42,00 
30  CO 
36.75 
28.50 
32.00 


FUSES,  ENCLOSED— 

250-Volt                                            ftd,  rkg.  List 

3-amp,  to    30-amp 100  $0. 25 

35-arr.p   to    60-amp 100  .35 

65-amp.  to  100  amp 50  .90 

1  1 0-amp.  to  200-amp 25  2 .  CO 

225-amp.  to  400-amp 25  3 .  60 

425-amp.  to  600-amp 10  5.30 


600- Volt                                         Std.  Pkg.  List 

3-amp.  to    30-amp 1 00  $0.40 

35-amp.  to    60-amp 100  60 

C5-amp.  to  100  amp 50  1   50 

11 0-amp,  to  200-amp 25  2.50 

225-amp.  to  400-amp 25  5  50 

450-anip.  to  600-amp 10  8.00 

Discount:  Less  1-5th  standard  package 30% 

l-5th  to  standard  package 40% 

Standard  package 52% 

FUSE  PLUGS,  MICA  CAP— 

0-30  ampere,  standard  package $4. 75C 

0-30  ampere,  less  than  standard  package 6.  OOC 

LAMPS — Below  are  present  quotations  in  less  than  standard  package  quantities: 


■  Straight-Side  Bulbs 
Mazda  B- 


Pear-Shaped  Bulbs  - 
Mazda  ' 


No.  in  No.  in 

Watts     Plain       Frosted    Package          Watts  Clear  Frosted  Package 

10         $0.35         $0.38           100                   75  $0.70  $0.75  50 

15             .35             .38           100                 100           1.10  1.15  24 

25             .35             .38           100                 150           1.65  1.70  24 

40             .35             .38           100                 200           2.20  2.27  24 

50             .35             .38           100                300           3.25  3.35  24 

60              .40              .45            100                 400           4.30  4.45  12 

100             .85             .92             24                 500           4  70  4  85  12 

750           6.50  6  75  8 

1,000           7,50  7  75  8 

Standard  quantities  are  subiect  to  discount  of  10%  from  hst.  Annual  contracts 
ranging  from  $  1 50  to  $300,000  net  allow  a  discount  of  1 7  to  40%  from  list. 

PLUGS,  ATTACHMENT— 

Each 

Hubbell  porcelain  No.  5406,         standard  package  250 $0. 24 

Hubbell  composition  No.  5467,    standard  package    50 .32 

Pen.iamin  swivel  No.  903,  standard  package  250 .20 

Hubbell  current  taps  No.  5638,   standard  package     50 .40 


RUBBER- 


IZD  COPPER  WIRE— Per  1000  ft.  in  New  York. 


Solid 
No.  Single  Braid 

14 $12.00 

12 13.25 

10 18.30 

8 25.54 

6 

4 

2 

I 

0 

00 

000 

0000 


Solid 
Double  Braid 
$16,00 
15,70 
21.00 
28.60 


Stranded, 

Double  Braid 

$13.90 

18  05 

23.85 

32.70 

51.40 

70  00 
101.80 
131.86 
160  00 
193  50 
235.20 
288.60 


Duplex 

$28  50 

30.70 

41.50 

56.77 


Prices  per  1000  ft.  for  Rubber-Covered  Wits-  In  Following  Cities: 


Single 
Braid 
14   $19.50  $24  00  $39.50 


Denver — • 

Double 

Braid     Duplex 


10. 


6 

4 

2 

1 

0 

00 

000 

0000 

Pittsburg — 23c.  base; 


28.92 
40.32 
63.84 


discount  50% 


33.12 

45  12 

69  24 

97  86 
145  20  . . 
1 89 . 00  .  . 
251,40  .. 
305.40  .. 
317.40  ... 
451.20  .. 

St.  Louis- 


65.52 
89.64 


Birmingham  ■ 

Single    Double 
Braid    Braid     Duplex 

$12.23   $33.60 

24.00   57.02 

33.60   75.94 

60.10   

$93.41      

120.40     

155.23     

188.77     

229.19     

278.64     

338.41      


-30c.  base. 


SOCKETS,  BRASS  SHELL— 

J  In.  or  Pendant  Cap . ■ —  f  In.  Cap  ■ 

Key                  Keyless              Pull                        Key               Keyless  Pull 

Each                   Each                 Each                       Each                  Each  Each 

$0.33                $0  30               $0  60                      $0.39              $0,36  $0.66 

Less  1-5th  standard  package +50% 

1-5th  to  standard  package -1-20% 

Standard  package : .  .  .      — 1 0% 

WIRE,  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  1 8  R.  &  S.  regular  spools  fapprox.  8  lb.) 55c.  lb. 

No.  18  B.  &  S.  regular  1-lb.  coils 56c.  lb. 

WIRING  SUPPLIES— 

Friction  tape,  J  in.,  less  100  lb.  60c.  lb.,  100  lb.  lots 55c.  lb. 

Rubber  tape,  |  in.,  less  100  lb.  65c.  lb.,  100  lb.  lots 60c.  lb. 

Wire  solder,  less  100  lb.  50c.  lb.,  100  lb.  lots 46c.  lb. 

Soldering  paste,  2  oz.  cans  Nokorode $1.20  doi. 


SWITCHES,  KNIFE- 
TYPE  "C"  NOT  FUSIBLE 

Size.                    Single  Pole,  Double  Pole,  Three  Pole,  Four  Pole, 

Amp.                        Each  Each  Each  Each 

30                           $0.42  $0  68  $1   02  $1.36 

60                                .74  1   22  1   84  2.44 

100                             1.50  2  50  3.76  5. DO 

200                             2.70  4.50  6.76  9.00 

TYPE  "C"  FUSIBLE,  TOP  OR  BOTTOM 

30                                 70                        1   05                         I   60  2.12 

60                                1.18                           1.80                          2.70  3.60 

100                             2.38                        3.66                        5.50  7.30 

200                             4.40                        6.76                      10.14  13.50 

Discounts: 

Tess  thai  $10  00  list  value +25% 

$10  to  $25  list  value +10% 

$25  to  $50  list  value +5% 

$50  to  $200  list  value —10% 

$200  list  value  or  over — 15% 
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His  Excellency 

Calvin    Coolidge, 

Governor 

of  the' Commonwealth  of 

Massachusetts 
said  at  the  recent   En- 
gineers'dinner  at  Boston' 

The  Engineers  are 

the  Ministers  to 

Civilization 


Roscoe  Pound, 

Dean 

of  Harvard  Lew  School, 

said  upon  the  same 

occasion: 

After  all,  Civili' 
zation  is  nothing 
but  a  continually 
more  perfect  social 
engineering 


Herbert  Hoover,  Engineer 


Can  you  conceive  of  a  system  in  which  every  natural  resource  is  used  to  the  best  advantage;  in  which 
natural  and  manufactured  products  are  prepared  for  use  and  distributed  to  the  consumer  by  the  most 
efficient  machinery  and  methods  and  with  the  least  possible  loss  and  waste;  by  men  who,  from  the 
highest  executive  to  the  least  responsible  laborer,  are  especially  fitted  for  the  parts  they  are  to  play, 
all  imbued  with  the  idea  of  Service  and  a  full  appreciation  of  the  fact  that  the  better  and  more  efficient- 
ly they  serve,  the  more  product  and  the  fuller,  better  life  there  will  be  for  each  and  for  all  7 

Would  there  not  be  PRODUCTION,  ABUNDANCE,  CONTENTMENT,  PROGRESS? 

This  would  be  CIVILIZATION;  a  more  perfect  SOCIAL  ENGINEERING,  an  orderly  application  of  the 
forces  and  resources  of  nature  to  the  benefit  and  use  of  man. 

The  man  to  bring  it  about  is  the  "Minister  to  Civilization**—  THE  ENGINEER. 

Among  those  whose  names  are  familiar  to  the  readers  of  history,  whose  deeds  are  immortalized  in 
song,  on  canvas  or  in  sculptured  stone,  whose  votes  and  signatures  control  the  policies  of  nations 
and  the  conditions  of  mankind,  how  many  engineers  are  to  be  found  ? 

The  first  President  of  the  United  States  was  an  engineer.  He  was  not  so  conspicuous  a  failure  that  we 
need  hesitate  to  try  another. 
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New  Sinclair  Boiler  Plant  at  East  Chicago  | 

Modern  Four-Boiler  Plant  Serving  Refinery — Convenience!  of  Operation,  Aecessibil- ■ 
ity,  Low  Labor  Requirements  and  Efficiency  Were  the  Factors  Influencing 
the  Design — ^For  Its  Size  the  Plant  Is  Replete  with  Instruments 


AT  EAST  CHICAGO, 
Z\  Ind.,  the  Sinclair  Re- 
X  JL  fining  Co.  has  been 
building  a  refinery  that 
eventually  will  have  a  ca- 
pacity to  handle  20,000  bbl. 
of  crude  oil  per  day,  piped 
from  the  fields  of  Oklahoma 
and  Kansas.  Operations 
started  about  tvi^o  years 
ago,  and  the  plant  is  now 
running  at  one-half  capac- 
ity, the  present  products 
being  gasoline,  kerosene, 
fuel  oil,  gas  oil  and  wax. 
Although  lighting  in  the 
works  and  the  pumping  of 
oil  is  done  with  purchased 
current,  a  generating  plant 
is  in  prospect.  Steam  in 
large  quantities  is  required 
for  the  distillation  and 
treatment  of  oil,  for  the 
operation  of  auxiliary  oil 
pumps,  quenching  oil  fires, 
for  a  600-ton  absorption 
refrigerating  plant  that  is 
used  to  chill  the  oil  in  the 
manufacture  of  paraffin 
and  for  steam-jet  vacuum 
systems  removing  the  ashes 

from  the  stills.  Of  the  latter  there  are  four  batteries 
of  ten  stills  each  and  two  ash-handling  systems  per  bat- 
.ery,  discharging  in  opposite  directions  to  concrete  pits. 
iU  each  case  the  horizontal  run  is  about  130  ft.  and  the 
rise  to  the  pit  8  to  10  ft.  A  locomotive  crane  with  grab 
bucket  transfers  the  ashes  from  the  pits  to  railway  cars 
from  which  they  are  distributed  on  the  premises  for 
filling. 

To  meet  this  demand  for  steam,  plans  were  made  for  a 
twelve-boiler  plant,  although  the  first  installation,  which 
is  now  completed,  consists  of  four  units,  each  a  600-hp. 
water-tube  boiler.    The  other  eight  boilers  are  on  order, 


FIG.   1.      SINCLAIR  BOILER  HOUSE  AT  EAST  CHICAGO 


and  it  is  planned  to  build  a 
second  boiler  house  con- 
taining three  600-hp.  units 
besides  a  water-soften- 
ing plant  to  take  care  of 
the  water  for  all  of  the 
boilers.  The  building  of 
six  more  batteries  of  stills 
made  this  additional  boiler 
capacity  necessary.  Two 
boilers  are  placed  on  either 
side  of  a  central  firing  aisle, 
and  each  pair  is  served  by 
an  uiiilined,  painted  steel 
stack,  7  ft.  in  diameter  and 
150  ft.  high  above  the 
grates,  located  midway  be- 
tween the  boilers.  The 
boiler  house  is  a  steel  skele- 
ton brick  building,  61  ft.  4 
in.  by  73  ft.  6  in.  inside  in 
plan  and  65  ft.  high  to  the 
top  of  the  monitor  housing 
the  upper  horizontal  run  of 
the  continuous  bucket  coal 
conveyor.  Steel  columns  on 
either  side  of  the  central 
aisle  support  an  overhead 
coal  bunker  and,  as  part  of 
the  building  construction, 
an  ash  tank  in  line  with  the 
in  the  side  walls  provides 


bunker.     Large  glass  area 
light  and  ventilation. 

Small  floor  space  occupied  by  the  boilers  is  one  of  the 
features  of  the  plant.  The  actual  floor  space  covered 
by  one  600-hp.  boiler  is  13  ft.  10  in.  deep  by  15  ft.  8  in. 
wide,  or  224.5  sq.ft.,  Avhich  reduces  to  0.374  sq.ft.  per 
horsepower  of  rating.  Including  the  boiler  overhang 
and  the  stoker  extension  the  floor  space  covered  per  unit 
is  15  ft.  8  in.  by  23  ft.,  giving  a  total  of  360  sq.ft.,  or 
0.6  sq.ft.  per  horsepower. 

In  the  design  of  the  plant  convenience  of  operation, 
accessibility,  low  labor  requirements  and  efficiency  were 
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FIG.    2.      BOILER-ROOM    INSTRUMENTS 


FIG.   3.      PUMPING  EQUIPMENT  OF  BOILER  PLANT 
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the  factors  cnieiiy  considered.  Instruments  to  give  all 
operating  data  of  moment  have  been  installed,  and  they 
are  mounted  centrally  at  the  end  of  the  firing  aisle  in 
full  view  of  the  operating  force.  Each  boiler,  however, 
has  its  indicating  draft  and  pressure  gages,  and  for  con- 
venience damper  control  is  brought  to  the  front  of  the 
setting. 

The  boilers  are  set  individually  in  steel-incased  set- 
tings, with  a  5-ft.  4-in.  Dutch-oven  extension  to  receive 
chain-grate  stokers  having  an  active  grate  area  of  121 
sq.ft.  and  a  ratio  to  the  steam-making  surface  of  1  to 
49.6.  On  either  side  the  stokers  are  driven  by  a 
vertical  engine  belted  to  a  lineshaft  in  the  basement, 


a  grate  sloping  toward  the  rear,  gives  expanding  volume 
for  the  gases,  while  still  retaining  the  strong  ignition 
effect  desirable  with  the  fuel  burned.  Thorough  mix- 
ture of  the  products  of  combustion  and  the  air  required 
to  burn  the  volatile  is  effected  by  the  right-angle  turn 
at  the  rear  of  the  furnace  and  a  throat  between  the 
arch  and  bridge  wall  restricted  to  42  in.  The  gases 
make  a  single  pass  across  the  tube  surface  to  the  uptake 
at  one  side  and  at  the  top  of  the  setting,  the  outlet 
measuring  4  x  14  ft.  8  in.,  or  0.485  sq.ft.  per  square  foot 
of  active  grate  installed. 

A  feature  of  the  setting  is  the  installation  of  the 
superheater   in  the  combustion   cham.ber   back  of  the 


FIG.  4.     BOILER  ROOM  SHOViTING  TWO  OP  THE  PAGE  BURTON  BOILERS 


with  eccentric  and  ratchet  connection  to  the  stoker 
gears.  Cross-connection  between  the  shafts  in  the  base- 
ment adds  flexibility  to  the  stoker-driving  mechanism. 
Headroom  of  9  ft.  to  the  center  line  of  the  front  mud 
drum  gives  a  furnace  volume  approximating  6.5  cu.ft. 
per  square  foot  of  grate  area.  From  the  apex  formed 
by  the  intersection  of  the  tubes,  the  distance  to  the  grate 
is  9  ft.  6  in,  A  flat  suspended  arch  8  ft.  long  insures 
strong  ignition  for  the  Illinois  coal  used  in  the  plant. 
The  previous  dimension  may  be  compared  to  11  ft.  of 
active  grate  length.  The  maximum  gate  opening  is  12 
in.,  and  at  the  end  of  the  arch  the  distance  to  the  grate 
is  34  in.  A  sloping  arch  section  at  the  front,  meeting 
the  horizontal  section  of  the  arch  in  conjunction  with 


bridge  wall  out  of  the  direct  cuirent  of  the  gases,  in 
a  free  space  measuring  3  ft.  3  in.  There  are  40  elements 
about  7  ft.  high,  which  are  shielded  somewhat  by  the 
bridge  wail,  and  with  tile  between  the  elements  there  is 
no  circulation  of  the  gases  through  the  superheater. 
Only  the  front  portion  of  the  U-shaped  elements  are 
exposed  to  the  radiant  energy  of  the  fire. 

Steam  of  125  to  150  lb.  pressure  is  supplied  to  the 
stills,  and  the  desire  was  to  superheat  it  about  100  deg. 
to  prevent  condensation  in  the  pipe  lines.  Early  oper- 
ation did  not  show  the  desired  degree  of  superheat,  but 
adjustment  of  the  tile  between  elements  has  increased 
the  superheat  in  accordance  with  the  amount  of  surface 
exposed. 


578 


POWER 


Vol.  51,  No.  15 


It  will  be  noticed  that  the  combustion  space  is  prac- 
tically self-cleaning.  Soot  blown  off  the  tubes  by  the 
oscillating  soot  blower  onto  the  fuel  bed  will  pass  out 
with  the  ash,  and  from  the  rear  combustion  chamber 
containing  the  superheater  there  is  direct  connection 
with  the  ashpit. 

At  the  present  writing  the  steam  demand  is  fairly 
uniform,  running  about  50,000  lb.  per  hour.  As  shown 
in  the  illustrations,  the  steam  is  supplied  from  the  top 
of  the  main  boiler  drum  to  the  superheater,  thence  back 
to  an  8-in.  header  serving  the  two  boilers  on  the  same 
side  of  the  firing  aisle.    Long-radius  bends  care  for  ex- 


parabolic  shape,  is  supported  on  steel  building  columns. 
It  is  of  the  Ferroinclave  type  concrete  lined  and  plas- 
tered outside.  The  capacity  is  about  390  tons.  Under 
the  bunker  the  coal  is  weighed  by  a  traveling  larry  of 
1,000  lb.  capacity.  A  spout  on  either  side  leads  to  the 
stoker  hoppers,  the  direction  of  coal  flow  being  con- 
trolled by  gates  in  these  spouts  operated  by  rods  ex- 
tending to  within  reach  from  the  floor.  Also  the  weigh 
beam  of  the  scale  is  near  the  floor  so  that  the  operator 
can  conveniently  weigh  and  record  the  coal  fed  to  each 
boiler.  Ashes  are  stored  in  a  75-ton  reinforced-concrete 
bunker  forming  part  of  the  building  construction.    De- 


PIG.  5.     PLAN  OF  BOILER  ROOM  AND  HIGH-PRESSURE  PIPING 


pansion.  The  header  on  either  side  joins  at  right  angles 
an  8-in.  main,  enlarging  to  10  and  12  in.  respectively  at 
opposing  ends  and  at  present  supplying  two  8-in.  lines 
to  the  stills  and  one  6-in.  line  to  the  wax  plant.  For  the 
most  part  these  steam  lines  are  carried  overhead,  hung 
from  crossarms  on  steel  poles.  The  insulation  consists 
of  one  inch  of  fire  felt  and  two  inches  of  sponge  felt 
covered  by  three-ply  roofing  paper. 

Coal  comes  in  over  the  railway  siding  serving  the 
boiler  room  and  is  dumped  into  a  track  hopper  from 
which  it  passes  through  a  rotary  feeder  to  a  continuous 
bucket  conveyor  discharging  to  the  overhead  bunker. 
An  offset  of  this  conveyor  to  include  the  track  hopper 
eliminated  the  need  for  the  usual  auxiliary  conveyor. 
The  driving  power  is  a  10-hp.  induction  belted  motor 
located  on  the  upper  run.  The  conveying  system  is  de- 
signed to  handle  sixty  tons  an  hour.     The  bunker,  of 


livery  to  the  bunker  is  made  by  the  continuous  bucket 
conveyor  used  for  handling  the  coal,  and  the  contents 
of  the  bunker  are  discharged  to  railway  coal  cars 
through  a  chute  leading  through  the  wall.  In  the  base- 
ment an  industrial  track  makes  the  circuit  of  the  four 
boilers  underneath  the  ash  hoppers  serving  the  stokers. 
Through  a  circular  gate  that  is  hinged  to  the  bottom 
of  the  hopper  and  may  be  swung  easily  to  one  side,  the 
ashes  drop  into  a  V-shaped  tip  car  of  27  cu.ft.  capacity. 
They  are  dumped  into  a  hopper  protected  by  a  grid  to 
prevent  large  clinkers  getting  through  and  by  means  of 
a  rotary  feeder  passed  directly  into  the  continuous  con- 
veyor. To  prevent  air  leakage  through  the  ashpit,  a 
handwheel  has  been  provided  to  press  tight  the  circular 
gate  against  its  seat. 

Cooling  water  from  the  still  condensers  is  used  as 
feed  water.    There  is  an  abundant  supply,  but  owing  to 
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priming  troubles  a  water-softening  plant  is  now  under 
way.  The  water  at  a  temperature  of  120  to  130  deg.  is 
collected  in  a  tank  outside  the  boiler  house,  43  ft.  diam- 
eter and  20  ft.  high.  By  either  one  of  two  direct-acting 
duplex  pumps  it  is  raised  to  an  elevated  tank  in  the 
boiler  room,  the  head  in  the  tank  controlling  the  oper- 
ation through  a  pump  governor.     The  tank  also  has  con- 


FIG.  6.     LONGITUDINAL,  SECTION  SHOWING  COAL  AND 
ASH  CONEVYOR 

nection  to  the  city  mains.  Under  float  control  the  water 
flows  by  gravity  to  an  open  feed-water  heater  and  thence 
through  turbine-driven  three-stage  centrifugal  pumps  to 
the  boilers.    An  individual  regulator  at  each  boiler  con- 


ing and  recording  type.  For  each  boiler  there  is  a  re- 
cording steam-flow  meter  giving  the  output.  The  steam 
and  water  meters  serve  as  a  check  on  each  other,  and  the 
difference  in  the  readings  gives  the  boiler  loss  by  blow- 
ing down  or  by  leakage.  Steam  pressure  is  indicated 
by  gages  on  the  boilers,  and  a  recording  pressure  gage 


FIG.    7.      SECTION  THROUGH  BOILER   SETTING 

trols  the  feed.    Exhaust  steam  from  the  pumps  is  util- 
ized in  the  heater. 

Very  few  plants  of  the  size  are  so  fully  equipped 
with  instruments.  All  data  of  moment  in  determining 
and  maintaining  the  efficiency  of  the  plant  are  indicated 
or  recorded.  Most  of  the  instruments  are  of  the  record- 
ing type.  The  coal  is  weighed,  and  the  feed  water  is 
measured  by  a  venturi  meter  of  the  indicating,  integrat- 


FIG.   8.     WATER  COLUMN  AND  lEED-WATER  REGULATOR 
CONNECTIONS 

gives  a  continuous  record  of  the  steam  pressure  in  the 
header.  Feed  water  and  steam  temperatures  also  are 
recorded.  Draft  over  the  fire  is  determined  from  a 
draft  gage  on  each  boiler,  which  also  give  the  differen- 
tial, or  drop  in  draft  through  the  boiler.  The  efficiency 
of  combustion  is  indicated  by  CO^  recorders.  Thus  all 
essential  operating  data  are  available,  and  the  record- 
ing instruments  are  grouped  on  a  board  at  the  end  of  the 
firing  aisle  in  plain  view  of  the  firemen.  To  maintain 
maximum  economy,  there  is  just  one  more  essential,  and 
this  is  the  proper  interpretation  and  use  of  the  numer- 
ous records. 

A  seven-hour  test  made  on  one  of  the  boilers  shortly 


FIG.  9. 


SPECIAL  GATE  AT  BOTTOM  OF  STOKER 
ASH  HOPPER 


after  the  installation  had  been  completed,  by  Osbom 
Monnett,  consulting  engineer,  of  Chicago,  gave  some 
interesting  results.  With  Illinois  coal  containing  over 
13  per  cent  moisture  and  12,292  B.t.u.  per  lb.  dry,  an 
equivalent  evaporation  from  and  at  212  deg.  F.  of  9.53 
lb.  per  pound  of  dry  coal  was  obtained.  With  a  draft  of 
0.23  in.  over  the  fire  and  0.33  in.  at  the  uptake,  drj'  coal 
was  burned  at  the  rate  of  25.8  lb.  per  square  foot  of 
grate  area  per  hour.  The  boiler  was  operated  at  146 
per  cent  of  rated  capacity,  and  the  combined  efficiency 
averaged  75.2  per  cent. 
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PRINCIPAL  RESULTS   FROM   TEST   OF   ONE   OF  THE 

600-HP.   BOILERS 

Average  Pressure,  Temperatures,  etc. 

Steam   pressure,   lb 124 

Feed  water  temperature,  deg.  F i  >^ 

Escaping  flue  gas  temperature,  deg.   F b- ' 

Draft  over  fire,  in '>-f 

Draft  at  uptake,  in or 

Superheat,  deg.   F -'-^ 

Total  Quantities 

Weight   of   coal   as   fired,   lb 25,670 

Afoisture  in  coal,  per  cent -i-o 

Weight   of  dry   coal,    lb iMoi 

Weight  of  water  fed  to  boiler,   lb ... , 188, 8db 

Equiv.  evap.  from  and  at  212  deg.  F.,  lb 212,.:!.t2 

Hourly  Quantities  and  Rates 

Drv  coal  consumed  per  hour,  lb ^'^I?  „ 

Dry  coal  per  sq.ft.  of  grate  area,  lb n^^ 

Water  evaporated  per  hour,  lb o    o/i 

Equiv.  evap.  per  hour  from  and  at  212  deg.,  lb 30,821 

Equiv.  evap.  per  sq.ft.  of  heating  surface,  lb 5.05 

Capacity 

Boiler  horsepower  developed    880 

Rated    capacity    600 

Per  cent  rated  capacity 146 

Results 

W  ater  fed  per  lb.  of  coal  as  fired,  lb '7.3.'i 

Water  evap.  per  lb.  of  dry  coal,  lb 8.48 

Equiv.  evap.  from  and  at  212  deg.,  lb 9.58 

Efficiency 

B.t.u.  per  pound  of  dry  coal 12,292 

Combined   efllciency,   per   cent 75.2 

The  plant  was  designed  and  erected  by  home  talent, 
.T.  S.  Hess,  chief  engineer  of  the  Sinclair  Refining  Co., 
being  responsible  for  the  design,  and  R.  E.  Greenburg, 
mechanical  engineer  at  the  works,  having  charge  of 
erection. 


Reducing  Noise  and  Vibrations 

By  K.  Rankine 

Substations  are  frequently  located  in  the  midst  of 
residential  and  business  sections  of  the  city,  where  noise 
and  vibration  caused  by  them  is  most  objectionable. 
Many  cases  of  litigation  have  occurred  because  it  has 
been  claimed,  and  sustained,  that  the  continual  hum  and 
vibration  of  electrical  apparatus,  destroy  the  value  of 
property  and  make  dwellings  uninhabitable.  These  law- 
suits are  expensive  for  the  utility  and  are  injurious 
to  its  interests,  because  public  good  will  is  an  asset 
of  value  if  an  intangible  quantity.  Unfortunately,  it  is 
rather  difficult  to  determine  beforehand  whether  a  sub- 
station will  be  noisy  and  vibrate  or  not.  The  following 
discusses  some  of  the  pertinent  factors  that  tend  to 
reduce,  if  not  actually  eliminate,  noise  and  vibration. 

Noise  is  often  the  result  of  vibration.  For  example, 
it  is  the  motion  or  vibration  of  loose  iron  laminations 
that  starts  the  humming  noise  so  characteristic  of  some 
electrical  apparatus.  On  the  other  hand  noise  may 
occur  without  vibration,  as  the  singing  or  whistling 
due  to  windage  with  rotating  machinery  such  as  syn- 
chronous converters  and  motor-generator  sets.  The 
manufacturers  of  electrical  machinery,  both  rotating 
and  static,  have  done  much  to  prevent  noise  and  vibra- 
tion. They  have  largely  done  away  with  loose  lami- 
nations and  rattling  parts;  they  have  designed  pole  tip 
and  air  gaps  that  hum  but  slightly,  notwithstanding  the 
higher  flux  densities  now  employed,  and  that  give  rise 
to  only  slight  windage.  Nevertheless,  it  is  sometimes 
necessary  to  partly  or  even  totally  inclose  rotating  ma- 
chinery located  directly  in  residential  districts.  In- 
closing apparatus,  while  interfering  with  its  natural 
cooling,  and  therefore  ability  to  dissipate  heat,  offers 
the  opportunity  to  employ  forced  ventilation  and  in  this 
way  avoid  noise  due  to  the  machine  and  at  the  same  time 
increase  its  current-carrying  capacity.     There -is  .little 


doubt  that  this  practice  could  be  developed  much  more 
than  it  has  been  in  the  past. 

While  the  manufacturers  have  gone  a  long  way  toward 
producing  noiseless  equipment,  the  entire  responsibility 
in  this  connection  does  not  devolve  upon  them.  The 
operator  and  those  who  design  the  building  to  house 
the  machinery  are  also  responsible  in  a  very  large  meas- 
ure. In  fact,  there  is  much  greater  opportunity  for  mak- 
ing operation  quiet  and  free  from  vibration  in  the  de- 
sign of  building  and  foundations  than  there  is  in  the 
design  of  the  equipment.  Unfortunately,  the  average 
architect  knows  little  about  electrical  machinery  and 
what  'precautionary  measure  should  be  taken  against 
noise  and  vibration.  However,  the  methods  of  reducing 
noise  and  vibration  are  simple  if  carried  out  at  the 
time  the  building  is  constructed. 

Windows  offer  a  ready  means  of  escape  for  noise, 
hence  their  number  and  area  should  be  kept  to  a  mini- 
mum, and  needless  windows  omitted.  The  noise  passing 
through  openings  in  the  roof  will  cause  less  disturbance 
and  be  less  noticeable  than  noises  that  pass  through 
windows  in  the  substation  walls.  The  farther  the  win- 
dows are  away  from  the  machinery  the  better.  They 
should  never  be  located  in  the  direct  path  of  air  cur- 
rents resulting  from  heat  losses,  forced  draft  or  v^nd- 
age  of  rotating  machinery,  as  the  noise  may  be  exag- 
gerated and  distributed  farther. 

If  the  walls  of  substations  located  in  residential  zones 
are  built  double  with  a  dead-air  space  between  them 
they  will  cushion  noise  and  "also  vibration  to  some  ex- 
tent. The  heating  required  during  cold  weather  should 
also  be  less.  Where  forced  or  mechanical  ventilation  is 
used,  as  for  inclosed  synchronous  converters  and  air- 
cooled  transformers,  special  care  should  be  taken  that 
the  discharging  air  shall  not  be  so  routed  as  to  act 
as  a  cai-rier  for  noise. 

Vibration  can  be  reduced  by  paying  special  attention 
to  foundations  and  the  manner  in  which  apparatus  is 
placed  upon  them.  It  is  sometimes  a  good  plan  to  iso- 
late the  foundations  from  the  station  structure  by  sink- 
ing the  machinery  foundation  separate  from  that  of 
the  building.  Floors,  etc.,  should  not  make  physical 
contact  with  the  foundations,  a  two-inch  gap  being  left 
all  around  the  latter.  In  this  way  vibration  is  not  trans- 
mitted to  the  station  structure  and  from  there  beyond. 
One  frequent  cause  of  vibration  troubles  results  from 
the  fact  that  the  vibration  of  machinery  is  transmitted 
to  girders  and  beams  and  the  periodicity  of  vibration 
of  the  one  sets  up  a  condition  with  the  other  where  the 
effect  becomes  cumulative.  The  more  massive  the  sta- 
tion foundations  the  less  the  probability  of  vibrations 
being  transmitted  and  becoming  cumulative.  However, 
the  more  substantial  the  foundations  the  greater  their 
cost,  which  means  that  common  sense  precautions  are 
less  expensive  than  solution  by  m.ass  and  weight  only. 

In  addition  to  the  very  general  phases  of  this  matter 
of  noise  and  vibration,  there  are  the  more  specialized 
problems  that  may  call  for  noise-proof  rooms,  pads  in- 
stalled underneath  induction  regulators  and  transform- 
ers, etc.  These  are,  however,  matters  that  can  usually 
be  taken  care  of  later,  after  the  other  precautions  have 
been  incorporated  in  the  design  of  the  substation.  Only 
by  familiarizing  the  architect  with  the  inherent  char- 
acteristics of  electrical  apparatus  and  the  specific  condi- 
tions that  it  is  desired  to  guard  against,  can  success  be 
expected.  In  far  too  many  instances  the  architect  knows 
too  Jittle  about  .w,h;at  the  building  is  to  house,  and  ex- 
pensive changes,  litigation  and  endless  troubles  result. 
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Practical  Refrigeration  for  the  Operating  Engineer- 
Regulation  of  Pressures  and  Temperatures 


By  B.  E.  hill 

Formerly  Refrigerating  Engineer,  Armour  &  Company,    Chicago 


THOSE  responsible  for  the  operation  of  refriger- 
ating machines  are  aware  that  to  reduce  the 
temperature  of  a  cooler  or  freezer  to  zero  or 
below,  it  is  necessary  to  lower  the  suction  pressure  to 
the  compressor;  but  as  I  have  found  many  engineers 
who  do  not  understand  why  this  is  necessary,  an  explan- 
ation will  be  welcome,  as  these  articles  are  for  the 
benefit  of  the  operating  engineer  and  not  the  college 


to  be  reduced  below  the  temperature  of  the  room.  By 
referring  to  the  tables  previously  mentioned  it  will  be 
found  that  the  boiling  point  of  liquid  ammonia  at  zero 
pounds  pressure,  or  atmospheric  pressure  on  the  suc- 
tion or  low-pressure  gage,  will  be  28^  deg.  F.  below 
zero,  which  is  only  8  deg.  F.  below  room  temperature. 
From  the  foregoing  the  operating  engineer  will 
readily  see  why  it  is  necessary  to  reduce  the  suction  or 


HIGH-SPEED,   MOTOR-DRIVEN   AMMONIA   COMPRESSORS    IN  A  MODERN  REFRIGERATING  PLANT  IN  NEW  YORK  CITY 


graduate  or  professor,  although  the  practical  knowledge 
of  operation  which  I  am  endeavoring  to  convey  will  be 
beneficial  to  the  college  man  as  well, 

A  modern  high-speed,  motor-driven  ammonia-com- 
pression plant  is  shown  herewith. 

The  properties  of  saturated  ammonia,  as  referred  to, 
will  show  the  engineer  the  boiling  point  of  liquid  am- 
monia for  any  required  suction  pressure,  and  when  it 
is  required  to  reduce  the  temperature  of  a  freezer  to, 
say,  20  deg.  F.  below  zero,  it  will  be  easy  to  understand 
that  the  temperature  of  the  boiling  liquid  on  the  inside 
of  the  pipes  that  are  placed  in  this  freezer  will  have 


low  pressure  to  produce  low  temperatures,  and  also  he 
will  find  a  good  reason  for  ammonia  getting  lost,  slug- 
gish or  hiding. 

When  the  temperature  of  a  cooler  or  freezer  is  only 
about  eight  or  ten  degrees  above  the  boiling  tempera- 
ture of  the  liquid  ammonia  on  the  inside  of  the  expan- 
sion or  evaporating  coils,  the  engineer  can  expect 
nothing  except  a  slow  or  "sluggish"  evaporation.  Do 
not  swear  rt  the  man  who  sold  you  the  ammonia  for 
selling  you  an  inferior  quality  or  a  kind  of  ammonia 
that  will  not  mix  with  what  you  already  had,  etc. ;  but 
look  for  the  cauje.    If  the  temperature  is  not  holding 
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or  coming  down  as  it  should,  the  cause  is  generally  due 
to  slow  evaporation,  as  already  explained,  a  shortage  of 
ammonia  in  the  system,  not  enough  pipe  surface  in  the 
cooler  for  the  product  to  be  handled,  and  many  other 
causes  which  we  will  treat  later. 

The  evaporating  coils  are  the  boiler  of  the  refriger- 
ating plant,  and  the  engineer  or  temperature  man 
should  watch  the  return  end  of  the  coil  the  same  as  he 
watches  the  water  glass  on  the  boiler.  Examine  the 
return  end  and  apply  the  stick  test,  as  before  explained, 
before  feeding  up  or  cutting  back  the  expansion  or  feed 
valve,  and  there  will  be  little  or  no  trouble  from  over- 
feeding and  slugs. 

Duties  of  the  Temperature  Man 

In  large  plants  where  there  are  thousands  of  feet  of 
direct-expansion  pipe  and  hundreds  of  expansion 
valves,  it  is  necessary  to  employ  a  temperature  man, 
whose  duty  it  is  to  regulate  these  valves,  take  temper- 
atures, etc.,  and  report  them  properly  made  out  on  a 
temperature  or  log  sheet,  which  enables  the  engineer  to 
properly  direct  and  operate  the  plant. 

In  plants  where  several  temperature  men  are  em- 
ployed, there  are  times  when  it  is  necessary  to  "break 
in"  new  men  on  this  work,  and  at  such  times  there  is 
always  more  or  less  danger  of  overfeeding  the  expan- 
sion coils  and  the  accompanying  danger  to  the  compres- 
sor, together  with  alternate  "freezing  up"  and  "burn- 
ing up"  of  the  compressor,  which  also  carries  with  it  an 
unusual  loss  of  ammonia  due  to  expansion  and  con- 
traction of  the  piston  rod,  packing,  joints  and  con- 
nections. 

Most  steam  plants  use  a  separator  between  the  engine 
and  boiler  to  protect  the  steam  cylinder  from  water, 
and  for  the  same  protection  to  the  ammonia  compres- 
sor, there  should  be  a  separator  between  the  evapor- 
ating coils  and  the  compressor,  as  there  is  no  difference 
in  the  results  other  than  a  much  greater  need  for  a 
separator  on  the  suction  line  leading  to  the  compressor, 
as  the  danger  to  life  and  property  are  many  times 
greater  in  case  a  compressor  head  is  knocked  out,  due 
to  suffocation  from  ammonia  gas,  fire,  etc.,  which  sub- 
jects will  be  treated  later. 

i  It  is  necessary  only  to  secure  an  ordinary  steam  sep- 
arator, preferably  one  having  a  storage  capacity,  for 
liquid,  so  that  in  case  of  liquid  being  carried  over  to 
the  compressor  from  overfeeding  the  evaporating  or 
expansion  coils,  the  storage  capacity  in  the  separator 
will  give  time  for  the  liquid  to  drain  back  to  the  evap- 
orating coils,  or  other  m^eans  so  provided  for  the 
purpose. 

Installing  the  Separator 

The  separator  should  be  installed  at  a  point  high 
enough  above  the  evaporating  coils  to  insure  a  speedy 
drainage  of  the  separator,  also  the  drain  line  should  be 
provided  with  a  valve  to  close  in  case  of  pumping  out. 

The  drain  line  from  the  separator  can  also  be  con- 
nected to  a  tank  located  below  the  separator  for  the 
liquid  to  drain  into.  This  tank  is  provided  with  a 
water  jacket,  with  steam  connection  to  keep  the  water 
hot  for  the  purpose  of  reevaporating  the  liquid  am- 
monia, the  gas  piped  back  to  the  suction  side  of  the 
compressor;  and  in  this  way  the  tank  serves  the  double 
purpose  of  converting  the  liquid  from  the  separator 
into  a  gas  and  purifying  the  ammonia  by  separating 
out  the  oil  or  water  that  may  have  been  taken  into  the 


system  by  leaks  or  inferior  ammonia  and  the  oil  that 
works  into  the  system  from  the  compressor. 

When  the  liquid  from  the  separator  is  carried  back 
to  the  evaporating  coils,  there  is  practically  no  loss  from 
this  source,  as  the  liquid  is  reevaporated  and  will  do 
useful  work  in  the  transfer  of  heat,  but  the  beneficial 
results  of  leading  the  separator  drain  to  a  purifier 
will  more  than  offset  the  gain  by  the  other  method  of 
reevaporating  the  liquid  in  the  coils. 

Another  system  for  removing  liquid  from  the  sepa- 
rator is  to  connect  the  drain  line  to  an  automatic  drip 
tank  and  pump  which  is  operated  with  a  float  and 
returns  the  liquid  to  the  expansion  or  evaporating  coils, 
the  operation  being  the  same  as  that  used  in  a  steam 
plant  for  returning  condensate  to  the  steam  boiler. 

The  frost  on  the  suction  line  leading  to  the  com- 
pressor does  not  mean  that  there  is  liquid  ammonia 
being  carried  over  to  the  machine,  for  the  reason  that 
the  gas  is  in  a  saturated  condition  and  is  at  the  same 
temperature  as  that  of  the  boiling  liquid.  If  the  boil- 
ing liquid  is  below  the  freezing  point  of  water,  it  will 
freeze  the  moisture  that  is  carried  in  the  air  which 
comes  in  contact  with  the  cold  surface  of  the  pipe,  form- 
ing a  coating  of  frost  of  a  thickness  depending  uponj 
the  saturated  condition  of  the  air,  temperature  of  the 
ammonia,  gas,  and  time. 

On    all    horizontal    double-acting   compressors    it    is 
good  practice  to  "freeze  back"  to  the  machine,  as  thi 
heat  of  compression  is  much  greater  than  in  the  single 
acting  compressor. 

Few  Plants  Are  Free  From  Decomposed  Ammonia 

Ammonia  (NH3)  is  decomposed  by  heat,  and  it  is 
claimed  by  some  authorities  that  a  complete  separation 
of  the  nitrogen  and  oxygen  takes  place  at  a  tempera- 
ture of  about  900  deg.  F.,  while  others  claim  that 
decomposition  takes  place  very  slowly,  at  a  much  lower 
temperature,  ranging  from  150  to  300  deg.  F.  There 
are  few  plants  that  are  entirely  free  from  decomposed 
ammonia.  There  may  not  be  enough  to  noticeably 
affect  the  capacity  of  the  plant,  but  nevertheless  it  is 
there  in  greater  or  lesser  quantities,  and  for  this  rea- 
son alone,  the  frost  should  be  carried  close  enough  to 
cool  the  gases,  leaving  the  machine  to  a  temperature  of 
100  to  150  deg.  F.,  which  can  easily  be  determined  by 
inserting  a  thermometer  in  the  discharge  line  of  the 
compressor. 

Another  reason  for  holding  the  temperature  down 
on  the  discharge  line,  is  to  prevent  vaporizing  of  oil 
which,  if  carried  to  the  oil  trap  at  a  temperature  of 
from  300  to  500  deg.  F.,  will  be  in  a  more  or  less 
vaporous  or  finely  atomized  condition  and  will  float  with 
the  hot  gas  to  the  ammonia  condenser  where  it  will  be 
condensed  to  a  liquid,  then  go  on  to  the  evaporating 
coils  where  the  oil  congeals  more  or  less,  depending  on 
the  freezing  point  of  the  oil.  When  the  coils  accumu- 
late enough  of  this  oil  it  will  cut  down  the  refrigerating 
effect  of  the  ammonia,  as  it  is  a  good  insulator,  and  will 
also  stop  up  the  feed  or  expansion  valves  to  such  an 
extent  that  regularity  in  the  feeding  of  the  coils  will 
be  impossible;  often  the  coils  stop  up  altogether,  which 
necessitates  a  shutdown  for  cleaning  out  the  system. 

In  large  plants  it  is  often  necessary  to  run  suction 
lines  for  a  distance  of  300  to  600  ft.  and  even  longer, 
and  in  such  cases  it  is  difficult  to  freeze  back  to  the 
compressor  with  any  degree  of  regularity  owing  to  a 
large  number  of  crooks  and  turns,  risers,  drops,  radia- 
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tion,  etc.  In  such  cases  it  is  more  effective  and  less 
dangerous  to  cool  the  compressor  by  connecting  a  i-in. 
line  from  the  liquid  receiver  and  expand  direct  into  the 
suction  line  at  a  location  somewhere  close  to  the  com- 
pressor. 

In  traveling  these  long  distances,  there  are  consid- 
erable losses  due  to  radiation,  as  the  insulation  is  never 
perfect  enough  to  prevent  these  losses.  To  successfully 
cool  the  compressor  or  "freeze  back"  through  these 
long  lines  requires  considerable  practice.  If  there  is 
oil  in  the  system,  as  mentioned,  it  is  impossible  to  cool 
the  gases  leaving  the  compressor  with  any  degree  of 
regularity.  It  will  be  a  feast  or  a  famine.  Ths  com- 
pressor will  either  get  the  ammonia  in  "chunks"  or  will 
be  "burning  up,"  together  with  all  the  other  interesting 
conditions  caused  by  irregularities  in  the  handling  of 
expansion  valves.  It  is  a  great  deal  more  safe,  sane  and 
economical  to  bring  bad  conditions  close  up  under  the 
watchful  eye  of  the  operating  engineer,  than  to  trust 
to  Providence  and  the  temperature  man  not  to  blow  the 
place  up. 

Selection  of  Lubricant 

In  the  selection  of  an  oil  for  use  in  the  ammonia 
compressor  it  is  important  that  the  selection  be  made 
with  a  view  to  securing  one  with  the  highest  flash 
point,  greatest  viscosity  and  lowest  congealing  point. 
The  best  is  none  too  good  as  regards  the  points  men- 
tioned, and  a  question  of  price  should  not  enter  into 
the  proposition  at  all,  as  the  effect  caused  by  the  use 
of  an  inferior  grade  of  ice-machine  oil  will  offset  the 
difference  in  price  many  times  over. 

The  engineer  should  got  samples  of  as  many  grades 
of  ice-machine  oils  as  he  can  from  the  local  dealers 
and  have  analyses  made  of  them  and  make  his  selection 
from  the  information  so  derived.  If  it  is  not  conveni- 
ent to  get  this  information  from  a  laboratory,  he  should 
insist  on  the  dealer  giving  it  to  him. 

A  good  grade  of  paraffin  oil,  with  the  wax  as  nearly 
completely  removed  as  possible,  will  make  a  good  ice- 
machine  oil.  The  more  paraffin  wax  the  refinery  re- 
moves from  the  paraffin  oil,  the  lower  will  be  the  con- 
gealing point,  which  ranges  somewhere  around  15  to 
18  deg.  F.  below  zero. 

The  engineer  should  never  under  any  circumstances 
allow  engine  oil  to  be  used  in  the  compressor  or  on  the 
compressor  piston  rod. 

As  a  guide  to  the  engineer  who  is  not  familiar  with 
the  physical  properties  of  ice-machine  oils,  the  writer 
will  refer  to  a  table  showing  the  essential  properties 
referred  to. 

PHYSICAL  TESTS  OF  OILS 

Specific  F  Congealing 

Kind                           Gravity  Viscosity  Flash  Fire  Point 

Deg.  F.  Deg.  F.  Deg.  F. 

Arctic  ice-machine  oil 0.8920  3.93  372  399           — 19 

Ice  machine 0  8746  3.93  368  392           —24 

Icemachine 0.8912  3.225  320  360          —20 

0.9258  4.18  330  360           —20 

In  the  application  of  ice-machine  oils  as  a  lubricant, 
the  writer  has  failed  to  find  a  single  case  in  thirty  years 
of  actual  operating  experience  where  it  was  necessary 
to  pump  oil  directly  into  the  compressor  cylinder. 

Twenty  years  ago  nearly  all  of  the  well-known  am- 
monia compressor  builders  equipped  their  machines 
with  oil  pumps  and  piped  them  to  pump  oil  into  the 
compressor  cylinder  direct,  as  well  as  into  the  stuffing- 
box  between  the  packing;  but  today  oil  is  pumped  to 
the  stuffing-box  only,  and  in  many  cases  a  sight-feed 
oil  cup  is  placed  over  the  piston  rod,  allowing  the  oil 


to  be  fed  in  drops,  with  a  moderate  feed,  which  is  found 
to  be  ample  lubrication  for  both  packing  and  com- 
pressor. 

The  oil  that  adheres  or  sticks  to  the  rod  is  carried 
inside  and  is  wiped  off  inside  the  compressor  cylinder. 
I  have  experimented  along  these  lines  considerably  and 
have  yet  to  find  a  single  case  in  which,  where  the  oil 
cup  was  used,  the  compressor  has  shown  signs  of  wear 
due  to  insufficient  lubrication. 

The  only  excuse  for  an  oil  pump  being  connected  to 
the  stuffing-box  at  all  is  to  give  the  packing  a  "shot" 
of  oil  to  stop  the  rod  from  leaking,  when  the  packing 
has  been  allowed  to  remain  in  use  so  long  that  it  will 
not  hold,  or  a  quick  change  of  temperature  caused  by 
overfeeding  of  the  evaporating  coils. 

The  engineer  will  find  by  an  examination  of  the 
system  at  the  end  of  the  season's  run  that  there  will 
be  "oil  aplenty"  in  the  evaporating  coils  and  will  find 
also  that  it  will  be  a  good  paying  investment  to  clean 
them  out  thoroughly  a,t  least  once  a  year. 

Flywheel  Failure  Is  Harmless 

The  illustration  shows  a  nine-foot  flywheel  (which 
was  used  in  connection  with  a  refrigerating  engine) 
after  a  disruption  due  to  centrifugal  force.  The  hub 
and  arms  of  the  wheel  were  so  badly  fractured  that  it 
was  a  total  loss.  Luckily,  no  other  damage  resulted, 
as  one  of  the  employees  happened  to  be  near  the  throttle 
and  closed  it  as  soon  as  the  engine   began   to   race, 


THE   FLYWHEEL   AFTER    DISRUPTION 

thereby  preventing  complete  destruction  of  the  wheel 
and  possible  damage  to  surrounding  apparatus  and 
property  and  loss  of  life.  Considerable  velocity  must 
have  been  gained  by  the  rim  before  the  throttle  was 
closed,  as  the  links  forming  the  rim  joints  had  stretched 
fully  an  inch.  This  was  caused  by  the  tendency  of 
centrifugal  force  to  separate  the  halves  of  the  wheel. 
The  strain  on  the  hub-bolts  was  so  great  when  the 
links  began  to  stretch  that  two  of  them  sheared  off, 
the  hub  itself  split  in  two  and  one  of  the  arms  was 
completely  separated  from  the  rest  of  the  wheel. 


The  Board  of  Trade  of  Alberta,  Canada,  has  ap- 
pointed a  committee  to  investigate  the  possibilities  of 
the  waste  coal  from  the  mines,  in  the  generation  of 
electricity  in  a  large  central  plant  and  of  proper  dis- 
tribution of  this  power  to  manufacturers  and  muni- 
cipalities near-by. 
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Electric  Motors  for  Pulp  and  Paper 
Machinery  Drives 

By  WILLIAM  H.  EASTON 

Industrial   Engineer,   "Westinghouse   Electric   and   Manufacturing    Company 


The  advantages  of  electric  drives  in  pulp  and 
paper  mills  are  discussed,  and  the  characteristics 
of  the  different  types  of  motors  and  the  kind  of 
controllers  used  on  the  various  drives  are  con- 
sidered. 


ELECTRIC  motor  drive  is  generally  favored  today 
for  driving  pulp  and  paper  machinery  because  it 
can  produce  better  results  than  any  other  form  of 
povi^er.  A  M^ood-pulp  grinder,  for  example,  can  produce 
more  and  better  pulp  vi^hen  motor-driven  than  when 
driven  by  a  v^raterwheel.    The  reason  for  this  follows : 

There  is  one  speed,  and  only  one,  at  which  the  best 
results  can  be  obtained.  Should  the  speed  be  lower  than 
this,  production  falls  off;  should  it  be  higher,  the  qual- 
ity of  the  pulp 
suffers  from  ex- 
cess of  splinters 
and  short  fibers. 
The  speed  of  a 
motor,  of  either 
induction  or  syn- 
chronous type,  is 
inherently  more 
nearly  constant, 
especially  under 
wide  variations  of 
load,  than  that  of 
a  wat  e  r  w  h  e  e  1 ; 
therefore,  when 
the  girder  is  mo- 
1 0  r-d  riven  its 
speed  can  be  kept 
close  to  this  most 
efficient  value  at 
all  times,  whereas 
with  watei'wheel 
drive  there  is 
bound  to  be  con- 
siderable varia- 
tion above  and  be- 
low this  speed, 
"with   detrimental 

results.  The  foregoing  holds  true  for  beaters  and  jor- 
dans.  Motor  drive  also  makes  it  possible  for  the  operator 
to  obtain  complete  information  as  to  operating  conditions. 
The  power  taken  by  these  machines  depends  upon  a  num- 
ber of  factors,  such  as  the  position  of  the  roll  or  plug, 
the  character  of  the  stock,  the  degree  of  refinement  of 
the  stock  and  the  condition  of  the  bearings.  Hence,  by 
driving  each  machine  v/ith  a  separate  motor  and  con- 
necting an  ammeter  (especially  a  graphic  instrument) 
in  the  circuit,  the  operator  is  provided  with  a  guide 
which,  after  a  little  experience,  enables  him  to  adjust 
the  machine  to  produce  exactly  the  desired  results,  stop 
the  rf^finement  at  the  proper  moment,  prevent  impend- 
ing trouble  due  to  worn  bearings,  and  contrcl  the  opera- 
tion in  other  ways. 


PIG.    1.     MOTOR    DRIVEN   PAPER    MACHINE 


A  special  advantage  of  motor  drive  for  jordans  Is 
that  with  a  direct-connected  motor  there  is  no  side 
thrust  on  the  bearings  as  there  is  in  belt  drive,  conse- 
quently the  plug  does  not  acquire  eccentricity,  which 
decreases  the  efficiency  and  wastes  power.  For  the 
paper  machine,  motor  drive  has  been  revolutionary.  It 
has  freed  the  machine  from  all  complication  of  transmis- 
sion and  speed-changing  mechanism,  and  made  possible 
its  control  with  the  utmost  nicety,  over  a  wide  range 
of  speeds,  by  merely  pressing  a  few  buttons. 

The  super-calender,  too,  has  gained  greatly  by  motor 
drive.  When  belt-driven,  it  has  but  two  speeds,  a  low 
one  for  threading-in  and  a  high  one  for  running.  It  is 
difficult  to  change  from  one  to  the  other  without  tearing 
the  paper,  and  since  the  running  speed  exactly  suits  but 
few  grades  of  stock,  much  of  the  work  must  be  run  off 
at  too  low  a  speed  for  efficient  production  or  too  high  to 

produce  the  best 
results.  With  mo- 
tor drive  any 
range  and  any  de- 
sired number  of 
speeds  can  be  ob- 
tained and  the 
transition  from 
low  to  high  is 
smooth  and  even. 
Motor  drive,  as 
compared  with  di- 
rect water  drive, 
permits  complete 
freedom  of  choice 
in  the  location  of 
the  mill.  Water 
power  can  be  used 
more  efficiently  to 
drive  a  few  large 
generators  under 
skilled  supervi- 
sion than  to  drive 
a  number  of  small 
wheels  throughout 
the  mill.  Then, 
too,  if  motor  drive 
is  used,  steam 
auxiliaries  or  central-station  power  can  be  used  dur- 
ing psriods  of  low  water.  With  steam  or  water  drive, 
the  location  of  the  lineshafts  fixes  the  positions  of  the 
machines,  and  additions  are  awkward  to  make  and 
often  result  in  a  complicated  and  inefficient  power- 
transmission  system. 

The  working  conditions  in  a  motor-driven  plant  are 
much  better  than  in  those  using  lineshafts.  There  is 
better  light,  greater  cleanliness  and,  especially,  greater 
safety,  since  all  dangerous  belts  and  pulleys  can  be 
eliminated,  all  necessary  transmissions  can  be  inclosed  in 
guards,  and  hazardous  machines,  such  as  super-cal- 
enders, can  be  equipped  with  numerous  safety  stops 
so  that  they  can  be  shut  down  instantly  from  any  point 
in  case  of  accident. 
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Alternating  current  is  almost  invariably  used  in 
pulp  and  paper  mills  because  it  can  be  transmitted 
economically  from  a  distance  and  also  because  alter- 
nating-current motors,  due  to  their  simple  and  sturdy 
construction,  are  better  adapted  to  the  majority  of  pulp 
and  paper  machines.  Although  the  paper  machine  and 
the  super-calender  are  best  driven  by  direct-current 
motors,  it  is  in  general  more  satisfactory  to  use  alter- 
nating current  for  most  of  the  drives  and  generate 
direct  current  specially  for  these  machines.  It  is, 
however,  perfectly  possible  to  drive  small  paper  mills 
by  direct  current  as  is  being  done  in  a  number  of 
instances. 

Where  the  mill  generates  its  own  power,  it  uses 
water  power  if  possible,  entirely  or  in  part,  and  steam 
turbines  where  steam  power  is  necessary.  Because  of 
the  large  amount  of  exhaust  it  is  frequently  a  better 
plan,  in  cases  where  the  entire  supply  of  exhaust  steam 
is  not  always  utilized  (as  in  summer),  to  install 
bleeder  turbines. 

Many  old  mills  have  changed  over  completely  to  elec- 
tric drive  and  have  more  than  justified  the  expense 
by  increased  earnings;  but  where  there  are  engines 
that  are  satisfactorily  driving  some  of  the  larger 
machines,  it  is  sometimes  good  economy  to  allow  them 
to  remain  and  use  electric  drive  for  the  other  machines, 
thus  getting  rid  of  the  small  inefficient  engines  and 
simplifying  the  transmission  problem.  Central-station 
power  is  frequently  very  useful  in  taking  care  of  these 
supplementary  drives;  but  .if  the  engines  retained 
produce  an  excess  of  exhaust  steam,  a  low-pressure 
turbine-generator  can  be  installed  to  utilize  this  excess 
and  produce  a  part  or  all  of  the  supplementary  power 
in  a  very  economical  manner. 

For  the  general  run  of  pulp  and  paper  machinery  the 
squirrel-cage  and  wound-rotor  motor  types  of  alternat- 
ing-current motors  are  used.  The  squirrel-cage  type  of 
machine  is  the  simplest  motor  made,  because  of  the 


FIG.   2.     FIVE-FOOT  BARKER  DRIVEN  BY  15-HP. 
SQUIRREL-CAGE  MOTOR 

small  amount  of  care  it  requires,  absence  of  sparking, 
and  its  ability  to  work  in  dirty  and  dusty  places 
(although,  of  course,  it  must  be  kept  as  clean  as  pos- 
sible) .  Its  two  limitations  are,  that  it  is  a  strictly  one- 
speed  machine  and  that  it  takes  a  large  current  when 
starting  under  load,  which  is  frequently  undesirable, 
especially  with  motors  of  large  size. 

The  wound-rotor  motor  is  used  wherever  either  of 
these  two  limitations  prevent  the  use  of  a  squirrel- 
cage  motor.  It  is  similar  to  the  latter  in  construction 
except  that  its  rotor  carries  an  insulated  winding,  con- 
nected to  slip  rings  on  the  rotor  shaft.     By  means  of 


these  slip  rings,  resistance  varied  by  means  of  a  con- 
troller can  be  introduced  into  the  rotor  circuit.  By 
varying  this  resistance  two  things  can  be  accom- 
plished: The  motor  can  be  started  under  full  load  and 
brought  gradually  to  full  speed  without  drawing  at 
any  time  more  than  50  per  cent  excess  current  from  the 
line.  Secondly,  a  certain  amount  of  speed  variation 
can  be  obtained,  which  is  satisfactory  over  a  range  of 


FIG.    3. 


JORDANS    DRIVEN   BY   125-HP.    SQUIRREL-CAGE 
MOTORS 


(1)  from  normal  speed  to  about  50  per  cent  below  nor- 
mal, for  applications  where  the  torque  falls  off  as  the 
speed  decreases,  as  in  fans;  and  (2)  from  normal  to 
about  10  per  cent  below,  for  applications  where  the 
torque  remains  fairly  constant  at  all  speeds,  as  with 
the  paper  machine.  In  the  latter  case  low  speeds  are 
unsatisfactory  because  too  much  current  is  consumed 
in  the  resistance  for  economical  operation  and  because 
it  is  frequently  impossible  to  obtain  exact  and  stable 
speeds  on  the  various  steps. 

In  the  early  days  a  wound-rotor  motor  could  be  used 
for  both  heavy-starting  constant-speed  service  and 
for  variable-speed  service,  but  with  refinements  in 
design,  these  motors  are  now  specially  constructed  for 
each  service  and  the  two  types  are  not  always  inter- 
changeable. 

For  machines  requiring  speed  variation,  therefore, 
a  wound-rotor  motor  will  be  used  without  question; 
but  for  constant-speed  machines  that  require  high 
starting  torque,  the  choice  depends  on  conditions.  Some 
central  stations  will  not  permit  squirrel-cage  motors 
larger  than  15  hp.  on  their  1  aes.  But  where  the  cur- 
rent is  supplied  by  a  private  plant,  the  hmit  of  size  of 
a  squirrel-cage  motor  depends  mainly  upon  the  size  of 
the  generating  equipment,  the  capacity  of  cables,  trans- 
formers, etc.,  and  the  amount  of  trouble  caused  to 
lights  and  to  other  machines  when  the  squirrel-cage 
motor  is  started.  It  is,  therefore,  impossible  to  be 
specific  as  to  the  proper  selection  of  these  motors  for 
use  on  various  pulp  and  paper  m.achines,  but  the  fol- 
lowing can  be  considered  good  practice: 

Screens  of  all  types,  saws,  barkers,  deckers,  platers, 
pumps,  agitators,  rag  cutters,  dusters,  threshers,  rotary 
boilers  and  cutters  may  all  be  driven  by  squirrel-cage 
motors  when  driven  either  individually  or  in  small 
groups.  Wound-rotor  motors  may  be  used  to  drive 
large  groups  of  machines  of  any  type,  handsaws,  con- 
veyors and  log  hauls,  chippers,  sheet  calenders  and 
shredders. 

Shredders,  rag  cutters  and  chippers  are  sometimes 
driven  by  a  special  type  of  squirrel-cage  motor  with 
high-resistance  rotor  end-rings.  The  effect  of  the  use 
of  this  resistance  is  that,  when  the  load  increases  above 
normal,  the  motor  slows  down  and  exerts  a  verv  hieh 
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FIG.  4.  CONTROL  PANELS 

FOR  STARTING  150-HP. 

BEATER  MOTOR 


tcrque,  which  is  desirable  with  these  machines  in  case 
of  jamming.  The  efficiency  of  the  motor  is,  however, 
not  as  high  as  that  of  the  standard  motor.  With 
squirrel-cage  motors,  simple  inclosed  starting  switches 
are  used  for  sizes  up  to  5  or  10  hp.  and  compensators 
for  larger  sizes.  Drum-type  controllers  are  used  with 
wound-rotor  motors,  with  resistors  for  either  starting 
or  speed-control  service,  as  required. 

Direct-current  motors  can  be  used  for  all  the  fore- 
going applications,  but  they  must  be  in  general  partly 
or  totally  inclosed  to  protect  them  from  dust  and  dirt 

and  to  prevent  the  commu- 
tator sparks  from  setting 
fire  to  combustible  material. 
In  order  to  realize  all  the 
advantages  of  motor  drive 
the  various  machines  listed 
herein  should  be  individu- 
ally driven;  but  it  is  fre- 
quently more  economical  to 
arrange  similar  machines 
in  small  groups  and  drive 
each  group  by  a  single 
motor, 

Wood-pul{>  grinders  are 
coupled  to  the  motor  either 
singly  or  in  a  group  con- 
sisting of  as  many  as  five. 
Where  there  are  two  grind- 
ers per  motor,  the  grinders 
are  usually  located  on  both 
sides;  and  where  there  are 
four,  it  is  good  practice  to 
place  two  on  each  side  of  the  motor.  But  sometimes  all 
the  grinders  are  driven  from  one  side  of  the  motor. 
Flexible  couplings  should  be  used  between  the  motor 
and  the  grinders  to  relieve  the  motor  shaft  of  the  weight 
of  the  stone.  The  usual  speed  of  a  direct-connected 
motor  is  about  240  r.p.m.,  and  the  power  per  grinder 
ranges  from  400  to  1,600  horsepower. 

Squirrel-cage  motors  are  occasionally  used  where 
grinders  are  individually  driven,  but  usually  wound- 
rotor  motors  or  synchronous  motors  are  employed.  The 
synchronous  motor  is,  however,  rapidly  superseding  all 
other  types  because  of  its  constant  speed,  high  efficiency 
and  ability  to  keep  the  power  factor  of  the  system 
high.  Owing  to  these  advantages  there  is  a  growing 
tendency  to  use  synchronous  motors  for  industrial 
drives  wherever  possible,  but  in  pu'.p  and  paper  mills 
the  drives  for  which  the  synchronous  motor  is  suitable 
are  limited. 

During  the  process  of  grinding  there  is  a  consider- 
able variation  in  the  pressure  on  the  stone,  because  the 
pressure  will 
change  when  a 
new  log  is  in- 
serted and  its  face 
is  being  ground 
down  to  the  con- 
tour of  the  stone. 
This  variation  in 
pressure  produces 
variations  in  the 
quantity  and  qual- 
ity of  the  product 
and  also  causes 
variations  in  the 
amount  of  power 


FIG.  o.     MOTOR  DRIVE  AND  CONTROL  FOR  PAPER  MACHINE 


required.  This  latter  condition  is  especially  objection- 
able when  central-station  power  is  being  used,  since 
many  central  stations  charge  according  to  the  maximum, 
and  not  the  average,  demand.  Hence,  the  elimination  of 
high  peaks  reduces  the  cost  of  power. 

An  automatic  pressure  regulator  is  now  being  used 
with  individually  motor-driven  grinders,  which  keeps 
the  pressure  constant  at  all  times,  thus  improving  pro- 
duction and  lowering  power  costs.  It  consists  of  two 
magnetically  operated  valves  which  control  the  admis- 
sion of  the  hydraulic  pressure  to  the  grinder  cylinders 
containing  the  logs.  The 
magnets  are  actuated  by 
relays  controlled  by  the 
current  taken  by  the  motor. 
When  this  current  exceeds 
a  predetermined  amount, 
the  proper  relay  closes  and 
energizes  the  valve  that  re- 
duces the  pressure ;  and 
when  the  current  falls  be- 
low a  predetermined  lower 
level,  the  other  magnet  is 
similarly  energized  and  the 
pressure  increased.  With 
normal  current  there  is  no 
pressure  variation. 

Beaters  can  be  driven  in 
pairs  by  motors  with 
double  extended  shafts,  but 
it  is  better  to  use  individ- 
ual motors  because  of  the 
flexibility  of  the  arrange- 
ment and  the  possibility  of 
using  ammeters  to  provide 
information  as  to  the  oper- 
ating condition.  Belts,  chains  and  rope  drivss  are  used. 
Chains  are  more  efficient,  but  belts  and  rcpes  allow 
some  slippage,  which  is  often  desirable,  especially  in 
heavy  duty.  On  the  other  hand,  chains  permit  the 
motors  to  be  brought  close  to  the  beaters,  thus  making 
the  layout  more  compact. 

Either  squirrel-cage  or  wound-rotor  motors  can  be 
used,  the  former  being  more  common  in  the  smaller 
sizes  and  the  latter  in  the  larger  sizes.  If  the  motors 
are  installed  in  the  beater  room,  where  they  are 
exposed  to  dampress,  their  windings  should  be 
i:r.prcgnated,  but  this  is  unnecessary  if  they  are 
located  in  an  adjoining  room  or  on  the  floor 
below  and  drive  with  long  belts  or  ropes.  The 
horsepower  requirements  vary  not  only  with 
the  size  of  the  beater,  but  with  the  char- 
acter  of   the   stock  —  rags    taking    several   times   the 

power  needed  for 
sulphite  pulp,  no 
that  the  range  of 
m.otor  sizes  per 
beater  is  from  30 
to  2  0  0  horse- 
power. 

Jordans  are  al- 
ways driven  with 
the  motor  di- 
rectly connected 
to  the  plug 
through  a  flexible 
coupling.  In  order 
to    adjust   the 
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position  of  the  Jordan  plug  for  light  or  heavy  work, 
either  the  entire  motor  is  arranged  to  slide  horizontally 
together  with  the  plug,  on  its  baseplate,  or  the  motor 
remains  fixed  and  a  telescopic  coupling  is  used.  Either 
squirrel-cage  or  wound-rotor  motors  can  be  used.  Syn- 
chronous motors  can  also  be  used  where  power-factor 
correction  is  desired.  The  horsepower  requirements 
range  from  75  to  300  hp.,  and  the  motor  speed  is  about 
350  revolutions  per  minute. 

The  earliest  and  simplest  motor  drive  of  the  paper 
machine  was  to  use  a  constant-speed  motor,  almost 
invariably  of  the  squirrel-cage  type,  to  drive  the  con- 
stant-speed end  of  the  machine,  and  a  similar  one  to 
drive  the  variable-speed  end,  the  speed  variation  of 
the  rolls  being  obtained  by  the  ordinary  mechanical 
means.  This,  however,  merely  simplified  the  transmis- 
sion to  the  machine,  and  an  attempt  was  soon  made  to 
simplify  the  mechanism  of  the  machine  by  using  a 
variable-speed  wound-rotor  motor  for  the  variable- 
speed  end.  Experience  shows  that  when  a  speed  range 
of  not  more  than  10  per  cent  is  required,  this  method 
is  satisfactory,  but  it  is  not  applicable  for  wider 
ranges. 

The  next  step  was  to  use  a  constant-speed  motor,  as 
before,  for  the  constant-speed  end,  but  to  substitute 
for  the  wound-rotor  alternating-current  motor  on  the 
variable-speed  line,  one  with  much  better  speed  char- 
acteristics, namely,  a  direct-current  motor  with  field 
control.  This  usually  involves  two  kinds  of  current  in 
the  mill,  but  the  advantages  more  than  offset  the  com- 
plication. The  variable-speed  line  is  operated  by  a 
m!otor  with  a  speed  range  of  from  one  to  three,  with 
any  number  of  steps  within  this  range,  and  the  speed 
on  each  step  can  be  accurately  maintained  regardless 
of  any  variation  in  the  load,  which  is  not  the  case  with 
the  wound-rotor  motor.  Hence,  it  is  a  considerable 
improvement  over  the  earlier  drives. 

It  has,  however,  several  objections,  except  for  cer- 
tain limited  applications.  The  direct  current  is,  of 
course,  obtained  from  a  general-power  circuit,  supplied 
ordinarily  by  a  rotary  convertor  or  a  motor-generator 
set  and  serving,  perhaps,  several  paper  machines, 
super-calenders,  etc.  But  each  paper  machine  requires 
so  much  power  that  whenever  one  is  started  or  stopped, 
the  speed  of  every  other  machine  on  the  line  is  tem- 
porarily affected,  which  is,  of  course,  detrimental.  In 
addition,  since  the  power  required  by  the  machine 
varies  with  its  speed,  its  driving  motor  will  be  much 
too  large,  therefore  inefl^cient  at  low  speeds,  in  order 
to  provide  suflScient  power  at  high  speeds.  Finally, 
the  speed  range  of  1  to  3  is  not  sufl!iciently  large  for 
machines  running  off  a  variety  of  stocks,  and  while  a 
different  set  of  speeds  can  be  obtained  by  changing  pul- 
leys, this  is  necessarily  awkward  and  time-consuming 
and  will  rarely  provide  exactly  the  right  combination 
of  speeds^  Hence,  further  development  was  necessary, 
which  resulted  in  the  present  fully  developed  paper- 
machine  drive. 

In  this  drive  the  constant-speed  end  of  the  machine 
is  driven,  as  always,  by  a  constant-speed  motor  M,  Fig. 
5,  and  the  variable-speed  line  by  a  direct-current  motor 
D  with  speed  adjustment  by  field  control,  as  in  the  last 
method;  but  a  new  element  is  added  in  the  form  of  a 
separate  direct-current  generator  G  for  each  paper 
machine.  The  special  feature  of  this  generator  (which 
can  be  driven  in  any  desired  way,  but  preferably  by  a 
synchronous  motor)  is  that  it  is  separately  excited  byi 


a  small  exciter  E,  the  motor  also  being  separately 
excited  by  the  same  exciter.  By  varying  the  current 
supplied  to  the  main-generator  field,  the  delivered  volt- 
age can  be  varied;  thus  the  speed  of  the  motor  driving 
the  paper  machine  can  be  varied  over  a  wide  range, 
and  motor  speeds  above  normal  can  be  obtained  by 
means  of  field  control.  The  combination  of  these  two 
methods,  therefore,  provides  an  ample  speed  range  of 
about  10  to  1. 

In  the  fullest  development  of  this  system  the  control 
is  centered  in  push-button  stations,  which  can  be 
located  at  any  desired  points  around  the  machine. 
There  is  also  a  speed  indicator  which  reads  in  feet  of 
paper  per  minute  and  is  actuated  by  a  magneto 
mounted  on  the  shaft  of  the  paper  machine. 


FIL..  7.      SUPBK-CAbEXDER  OPERATED  BY  SINGLE 
DIRECT-CURRENT  MOTOR 


When  the  operator  presses  any  one  of  the  "start" 
buttons,  a  magnet-switch  starter.  Fig.  6,  automatically 
starts  the  motor  and  accelerates  it  to  a  low  speed.  The 
"fast"  button  is  then  pressed  and  a  little  motor,  M. 
mounted  on  the  main-control  panel  (which  is  located 
near  the  motor)  begins  to  move  a  rheostat  arm  around 
a  series  of  contacts  C  and  continues  to  do  so  as  long 
as  the  button  is  pressed.  The  first  contacts  cut  out 
steps  of  resistance  in  the  generator-field  circuit,  and  as 
the  arm  is  gradually  moved  around  by  the  little  motor, 
the  voltage  rises  and  the  motor  speed  increases.  When 
the  generator  voltage  is  up  to  normal,  the  rheostat 
arm  continues  around,  cutting  resistance  into  the  motor 
field,  so  that  the  speed  of  the  motor  continues  to 
increase  until  the  maximum  is  reached.  The  total 
number  of  steps  is  usually  about  one  hundred. 

When,  however,  the  speed  of  the  paper  machine  has 
reached  any  desired  point,  the  pressure  on  the  "fast" 
button  is  re^eased,  the  little  motor  stops,  and  the  paper 
machine  continues  to  'Operate  at  that  speed.  On  press- 
ing the  "stop"  button,  the  machine  stops ;  and  on  press- 
ing the  "start"  button,  the  machine  starts  and  is  auto- 
/matically  accelerated  to  the  speed  as  determined  by 
•the  position  of  the  rheostat  arm.  On  pressing  the 
|"slow"  button,  the  little  rheostat  motor  moves  back- 
^ward,  decreasing  the  speed  of  the  machine  as  long  as 
ithe  pressure  on  the  button  is  maintained.  In  this  way 
the  operator  has  the  machine  under  complete  control 
and  can  handle  it  with  perfect  ease. 
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Where  a  paper  machine  is  engaged  for  long  periods 
in  turning  out  one  kind  of  stock,  full-automatic  speed 
control  is  not  needed  and  a  somewhat  simpler  system, 
Fig.  5,  can  be  used.  In  this  system  the  push-button 
stations  have  only  "start"  and  "stop"  buttons,  the 
speed  of  the  machine  being  adjusted  as  need  arises  by 
turning  by  hand  a  rheostat  hand's  on  the  controller 
C  and  C  in  the  figure. 

The  latest  development  in  paper-machine  drive  is  to 
drive  the  rolls  with  several  motors  instead  of  one.  By 
this  system  each  section  of  the  variable-speed  line  of 
the  paper  machine  is  driven  by  an  individual  direct- 
current  adjustable-speed  motor  connected  to  the  shaft 
of  its  section  by  a  reduction  gear.  This  system  not 
only  simplifies  the  transmission  of  power  to  the  rolls, 
but  permits  an  extremely  accurate  control.  An  auto- 
matic speed  regulator  is  employed,  which  controls  the 
speed  not  only  of  the  whole  variable-speed  line  but  of 
each  motor  also,  so  that  different  relative  speeds  can 
be  obtained.  So  sensitive  is  this  regulator  that  speed 
variations  as  small  as  one-tenth  of  one  per  cent  are 
instantly  detected  and  corrected  automatically. 

This  system  possesses  a  number  of  important  advan- 
tages. It  requires  but  50  per  cent  of  the  power  of  the 
older  drive ;  it  makes  possible  a  greatly  increased  speed 
of  the  paper  machine,  since  the  regulation  is  so  accu- 
rate that  there  is  no  danger  of  breaking  the  paper  as 
it  passes  from  one  section  to  the  next;  the  cost  of 
maintenance  is  reduced,  owing  to  the  elimination  of 
belts,  gears,  clutches,  etc.;  and  no  basement  is  needed 
under  the  paper  machine. 

Motors  for  Coaters  and  Super-Calenders 

Coating  machines  and  winders  should  be  driven  by 
variable-speed  motors,  and  alternating-current  wound- 
rotor  motors  are  satisfactory  for  this 
service.  But  if  direct  current  is  avail- 
able, it  is  better  to  use  direct-current 
motors  with  speed  adjustment  by  field 
control.      The   preferred    control   for 
these  motors  is  a  push-button  station 
for    starting    and    stopping,    with    a 
manually  operated  speed  rheostat  on 
the  control  panel.    One  of  the  earliest 
forms  of  motor  drive  for  supercalen- 
ders  was  to  use  a  small  constant-speed 
motor,  with  ample  gear  reduction,  for 
the   slow   threading-in    speed,    and    a 
large    constant-speed    motor    for   the 
running  speed,  clutches  being  used  to 
change  from  one  speed  to  the  other. 
This    method,   of   course,    offered   no 
special  operating  advantages  over  belt 
drive,  so  a  variaWe-spced  wound-rotor 
was    soon   substituted    for  the   large 
constant-speed    motor.  '    The    wound- 
rotor  motor  not  only  permits  smooth 
acceleration    from   the   low   speed   to 
running  speed,  thus  reducing  the  time 
lost  in  repairing  breaks,  but  also  provides  a  speed  range 
of  from  normal  to  about  50  per  cent  below  normal, 
which  makes  it  possible  to  run  off  a  variety  of  stocks 
at  economical  speeds.    The  method  has  proved  satisfac- 
tory and  is  in  use  in  a  number  of  mills.    A  controller 
can  be  provided  that  controls  the  two  motors  as  one,  al- 
lowing the  operator  to  start,  speed  up,  and  slow  down 
machine  at  will. 

A  modification  of  this  method  is  the  use  of  a  single 


wound-rotor  motor,  for  both  the  high  and  the  low 
speeds.  The  low  speed  is  obtained  by  driving  through 
a  large  gear  reduction,  and  the  hijjh  speed  by  means  of 
a  smaller  gear  reduction,  variations  between  the  two 
being  obtained  by  means  of  a  drum  controller.  This 
is  a  simpler  arrangement  than  the  two-motcr  drive, 
but  is  not  as  eflicient  when  the  low  spesd  i3  used  for 
long  periods  of  time. 

Where  a  wider  range  of  speeds  is  needed,  a  direct- 
current  motor  is  used,  as  in  Fig.  7.  A  very  low  speed, 
approximately  one-half  the  motor's  normal  speed,  is 
obtained  by  the  use  of  armature  control,  and  speeds 
ranging  from  normal  to  three  times  normal  are 
obtained  by  field  control.  A  drum  controller  can  be 
used  w'th  this  method,  the  very  low  speed  being 
obtained  on  the  first  step  and  the  various  running 
speeds  on  the  remaining  steps,  of  which  there  are  usu- 
ally about  twenty.  Or,  an  automatic  controller,  v^dth 
push-buttons,  similar  to  the  paper-machine  controller, 
can  be  employed. 

Prolonging  the  Life  of  Condenser  Tubes 

By  Jxjlian  N.  Walton 

The  problem  of  maintaining  surface  condensers  leak- 
proof  has  been  a  source  of  continued  trouble  to  the 
condenser  operator.  To  provide  for  contraction  and 
expansion  of  the  tubes,  the  condenser  manufacturers 
have  always  realized  that  it  was  necessary  to  employ  a 
packing  box  at  each  end  of  the  condenser  tube.  It 
has  been  common  practice  to  pack  the  tubes  with  either 
corset  lace,  cotton  vncking  or  the  later-developed  pack- 
ing which  employs  a  pressed  fiber  bushing. 

In  some  of  the  small  condenser  units  manufacturers 
have  attempted  to  lessen  packing  troubles  by  designing 
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FIG.  1.     RINGS  INSTALLED  WITH  FERRULES  IN  PLACE 

a  condenser  in  which  the  tubes  are  expanded  into  one 
head,  stuffing-boxes  and  packing  being  employed  at  the 
other  ends  of  the  tubes  to  provide  for  expansion  and 
contraction. 

Surface-condenser  efficiency  is  dependent  upon  high 
vacuum  and  high  vacuum  is  dependent  upon  steam- 
tightness  of  the  condenser  tube  packings.  Today  a 
10,000-  or  12,000-tube  unit  is  not  unusual.  With  units 
of  this  size  or  even  smaller  the  length  of  tube  necessary 
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to  provide  sufficient  surface  eliminates  the  possibility 
of  adapting  to  the  larger  sizes  of  condenser  the  process 
of  expanding  the  tubes  into  one  tube  sheet.  This  makes 
it  necessary  in  the  larger  units  to  employ  packing  in 
both  condenser  ends. 

Cotton  wicking,  corset  lace  and  fiber  rings  have  not 
given  entire  satisfaction  in  this  service.  These  mate- 
rials have  but  a  temporary  life  and  will  eventually  bake 
hard  or  rot  out,  causing  leaky  tubes.  In  many  instances 
fiber  bushings  have  swelled  and  baked  to  the  tubes, 
holding  them  so  rigid  that  sliding  cannot  occur  with 


FIG.  2.  SHOWING  HOLES  AND  THIN  SHELL  OF  TUBES 

the  temperature  changes  to  which  the  tube  is  subjected, 
the  result  being  that  a  tube  so  held  is  constantly  sub- 
jected to  tension  and  compression  stresses  which  fre- 
quently cause  buckling  or  cracking. 

Of  late  years  flexible  metallic  packing  sets  have  been 
used  to  overcome  these  troublesome  features.  These 
sets  are  easily  installed,  there  is  no  crushing  of  tube 
ends,  and  tubes  so  packed  are  free  to  move,  owing  to 
contraction  and  expansion  with  temperature  changes. 
Being  of  metal  composition,  the  rings  should  last  as 
long  as  the  shell  of  the  condenser  and  are  not  readily 
affected  by  chemical  action  resulting  from  impure  cir- 
culating water  or  from  the  addition  of  cleaning 
chemicals. 

Fig.  1  shows  the  rings  installed  in  the  boxes  of  the 
condenser  end  with  the  ferrules  in  place.  Whi'e  the 
primary  idea  in  using  this  expensive  method  was  to 
develop  a  condenser  packing  that  would  be  permanent 
and  obviate  troublesome  features  previously  encoun- 
tered, it  develops  that  this  process  also  has  possibilities 
in  prolonging  condenser  tube  life. 

Possibly  a  matter  of  even  greater  importance  than 
that  of  packing  maintenance  in  surface  condensers  has 
been  the  problem  of  the  tube  life.  All  condensers 
require  brass  or  copper  alloy  tubes,  and  in  many  installa- 
tions these  tubes  are  subject  to  decomposition  which 
is  commonly  attributed  to  either  the  improper  alloy 
employed  in  the  tube  or  to  acid  or  alkali  contained  in 
the  circulating  water. 

Many  engineers  have  claimed  that  condenser-tube 
disintegration  was  a  matter  of  galvanic  or  electrolytic 
action.  Others  have  strongly  opposed  this  theory, 
preferring  to  hold  that  the  disintegration  of  the  tubes 
was  due  to  a  metallic  impurity  or  improper  selection 


of  materials  entering  into  the  condenser  fabrication; 
and  these  engineers  attribute  all  condenser-tube  destruc- 
tion to  a  process  commonly  termed  by  electrochemical 
engineers  as  that  of  "local  action."  Fig.  2  is  a  pho- 
tographic reproduction  showing  disintegration"  of  con- 
denser tubes  that  had  been  in  service  but  two  years. 

Present  manufacturers  of  condenser  tubes  are  using 
extreme  care  in  the  alloying  of  metal  for  tube  produc- 
tion to  the  extent  that  the  manufacturing  of  condenser 
tubes  has  b«^come  a  chemical  science,  and  it  is  logical  to 
assume  that  the  metals  now  used  are  of  such  an  alloy 
as  would  offer  the  greatest  resistance  to  the  acid  or 
alkalies  that  are  so  common  in  circulating  water.  But 
in  spite  of  this,  it  is  observed  that  the  tube  disintegra- 
tion continues  after  the  tubes  are  once  placed  in  service 
in  the  condenser. 

Disintegration  Due  to  Electrolytic  Action 

Therefore  it  would  seem  that  it  is  time  to  conclude 
that  this  tube  disintegration  is  more  a  matter  of  elec- 
trolytic or  galvanic  action  than  it  is  of  local  action  and 
that  this  process  is  due  to  electrolytic  breaking  down 
of  the  condenser-tube  metals.  The  fabric  packings  have 
been  largely  responsible  for  this  condition,  for  a  con- 
denser tube  packed  with  an  insulating  material  must  be 
considered  as  an  annode  suspended  in  an  electroljrtic 
bath.  The  difference  of  potential  that  produces  the 
current,  which  in  turn  destroys  the  metal,  is  produced 
by  electrochemical  differences  of  potential  due  to  the 
dissimilarity  of  the  metals,  the  tubes  being  of  one  com- 
position, the  shell  of  another,  and  in  many  instances 
the  tube  sheet  of  still  a  third  metallic  composition. 

Reference  to  a  table  of  electrochemical  equivalents 
will  indicate  the  difference  of  potential  due  to  the 
dissimilarity  of  these  metallic  groups.  While  it  is  true 
that  these  metallic  ingredients  entering  into  the  tube 
alloy  are  selected  with  a  view  to  keeping  it  as  near 
neutral  as  possible  to  the  electrochemical  equivalent  of 
the  shell,  the  fact  remains  that  there  is  always  enough 
difference  to  establish  a  difference  of  potential.  Estab- 
lishing this  difference  of  potential  results  in  the  build- 
ing up  of  minute  currents  which  flow  from  the  tube 
through  the  electrolyte  or  the  impurities  contained  in 
the  circulating  water  and  thence  to  the  tube  sheet,  and 
it  is  logical  to  assume  that  where  a  current  leaves  a 
condenser-tube  surface  throi^gh  the  medium  of  an  elec- 
trolyte, the  general  laws  of  electrolytic  action  would 
apply. 

Mettalic  Packing  Serves  as  Bond 

Admitting  that  condenser-tube  deterioration  is  due  to 
this  very  process,  it  is  easy  to  see  that  the  metallic 
packing  sets  bond  the  condenser  tube  to  the  tube  sheet, 
thereby  offering  a  metallic  path  through  which  these 
currents  may  flow.  There  may  then  be  present  in  the 
condenser  this  electrochemical  difference  of  potential, 
but  provision  is  made  that  the  current  so  produced  will 
flow  through  the  tube  rather  than  from  the  tube  through 
the  electrolyte. 

Electrolytic  action  will  be  obviated,  therefore,  in  the 
same  manner  that  the  destruction  of  water  pipes  is 
eliminated  through  the  process  of  bonding.  In  other 
words,  if  the  tubes  are  short-circuited,  any  currents 
flowing  will  be  confined  to  metallic  paths,  and  it  is 
well-knov«n  that  electrolytic  decomposition  of  metal  can- 
not occur  unless  an  electric  current  leaves  the  metal 
through  the  medium  of  a  suitable  electrolyte. 
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Lubrication  of  Internal-Combustion  Engines 


By  W.  F.  OSBORNE 


Beginning  with  a  discussion  of  the  action  of 
lubricants  during  each  stroke,  this  article  takes 
up  in  detail  the  various  construction  and  oper- 
ating conditions  which  affect  the  choice  of  oil 
for  internal-combustion  engines.  A  list  of  lub- 
ricating troubles  is  given,  together  with  the 
causes  of  each. 


WHEN  a  gas-engine  man  talks  about  lubrication, 
the  first  questions  he  asks  are:  Will  the  oil 
lubricate  the  cylinders?  Will  it  provide  proper 
piston  seal?  Will  it  form  any  carbon  deposits?  What 
will  be  the  consumption? 

There  are  so  many  types  of  internal-combustion  en- 
gines, each  having  its  own  peculiar  requirements,  that 
it  would  be  practically  impossible  to  do  justice  to  the 
entire  subject  within  the  scope  of  this  article.  We  will 
therefore  discuss  only  those  types  in  which  the  power- 
plant  engineer  will  be  interested:  Gas  engines,  gaso- 
line and  kerosene  engines,  fuel-oil  and  heavy-oil  engines 
of  the  stationary  types. 

Considering  first  the  lubrication  of  the  power  cylin- 
der, the  lubricating  oil  must  do  two  things — lubricate 
the  cylinder  walls,  piston  and  piston  rings,  and  assist 
the  piston  rings  to  form  a  seal.  As  the  greater  pro- 
portion of  power-plant  engines  operate  on  the  four- 
stroke  cycle,  let  us  first  investigate  what  happens  to  the 
oil  on  each  of  these  four  strokes. 

Lubrication  During  Various  Strokes 

On  the  charging  stroke  the  cylinder  walls,  as  far  as 
the  piston  travels,  have  been  covered  with  a  film  of  oil 
from  the  previous  stroke,  which,  together  with  the  oil 
on  the  piston  and  between  the  rings,  acts  as  a  lubricant 
for  the  piston  and  rings.  The  oil  in  the  clearance  space 
between  the  rings  assists  them  in  forming  a  seal  to 
prevent  leakage  of  air  or  vapor  from  the  crank  case 
into  the  cylinder.  The  air  and  vapor  drawn  into  the 
cylinder  is  comparatively  cool,  and  if  the  fuel  is  com- 
pletely vaporized,  there  will  be  no  detrimental  effect  on 
the  film. 

The  film  of  oil  left  on  the  cylinder  walls  during  the 
charging  stroke,  together  with  the  new  film  picked  up 
by  the  piston  from  the  crank  end  of  the  cylinder  walls, 
lubricates  the  piston  on  the  compression  stroke,  and  as 
the  piston  moves  toward  the  cylinder  head  it  smears  a 
fresh  film  of  oil  on  the  walls.  The  supply  cf  oil  col- 
lecting on  the  advancing  side  of  the  piston  rings  and 
around  the  upper  edge  of  the  piston  serves  to  prevent 
leakage  of  the  gases  being  compressed.  The  degree 
of  compression  will  depend,  therefore,  somewhat  upon 
the  seal-forming  properties  of  the  oil  and  on  the  con- 
dition of  the  cylinder,  piston  and  rings. 

During  the  compression  stroke  the  temperature  of 
the  gases  gradually  increases,  but  does  not  rise  high 
enough  to  do  any  damage  to  the  oil  film  until  near  the 
end  of  the  stroke,  when  most  of  the  oil  film,  is  covered 
by  the  piston. 

The  film  of  oil  placed  on  the  cylinder  walls  by  the 
piston  on  the  compression  stroke  lubricates  the  piston 


on  the  explosion  stroke.  As  the  piston  moves  toward 
the  crank,  exposing  the  walls  to  the  high  temperature 
of  the  burning  gases,  the  flame  comes  in  contact  with 
the  oil  film,  but  only  after  it  has  served  its  purpose  of 
lubricating  the  piston  on  the  in-stroke.  The  greater 
part  of  the  damage  to  the  oil  film  occurs  on  this  stroke. 
The  oil  between  the  rings  and  between  the  piston  and 
cylinder  v^alls  is  subjected  to  the  pressure  of  the  burn- 
ing gases  and  must  assist  the  piston  rings  in  prevent- 
ing loss  of  power  through  leakage  of  the  gases  out  of 
the  open  end  of  the  cylinder. 

If  there  is  any  trouble  with  lubrication,  it  will  be 
encountered  on  the  exhaust  stroke,  as  the  oil  film  on  the 
cylinder  walls  has  just  been  exposed  to  the  high  tem- 
peratures of  the  burning  gases  and  has  been  more  or 
less  damaged.  However,  if  the  oil  possesses  the  proper 
characteristics  and  has  been  applied  in  sufficient  amount, 
some  lubricating  value  remains,  which,  together  with 
the  oil  film  on  the  piston  itself,  lubricates  the  piston  for 
this  stroke. 

Features  Determining  Kind  of  Oil  to  Use 

Some  of  the  features  in  the  mechanical  construction 
and  the  operating  conditions  of  the  engine,  which  deter- 
mine the  kind  of  oil  that  will  satisfactorily  meet  the 
requirements  previously  mentioned,  are:  Cylinder 
temperatures,  ignition,  oiling  systems,  carburetion, 
cooling  systems,  revolutions  per  minute,  fuel,  piston 
clearances,  atmospheric  conditions. 

Although  it  is  a  difficult  matter  to  make  accurate  de- 
terminations of  the  actual  temperatures  within  the 
cylinders,  estimates  made  by  various  authorities  are 
close  enough  for  our  purpose.  The  maximum  tempera- 
ture obtained  immediately  after  firing  is  about  2,700 
deg.  F.  and  the  minimum  temperature  during  suction 
stroke,  250  deg.  F.  The  average  temperature  for  com- 
plete cycle  is  950  deg.  F.  It  should  be  remembered  that 
these  are  temperatures  of  the  gases  and  not  the  tem- 
peratures of  the  cylinder  walls  or  of  the  oil  film. 

The  inner  surface  of  the  cylinder  wall  probably 
ranges  from  30  to  60  deg.  F.  hotter  than  the  cooling 
water,  depending  on  the  thickness  of  the  metal  and  the 
eflSciency  of  the  cooling  system.  As  long  as  the  water 
is  not  boiling,  the  cylinder-wall  temperatures  will  hard- 
ly be  more  than  260-270  deg.  F.,  and  with  a  normal 
cooling-water  temperature  of  110  to  120  deg.  F.,  at 
which  many  power-plant  engines  operate,  the  cylinder- 
wall  temperature  is  below  175  deg.  F.  The  oil  film  it- 
self is  hotter  than  this,  at  least  on  that  side  of  the  film 
exposed  to  the  burning  gases.  The  maximum  tempera- 
ture of  2,700  deg.  F.  occurs  only  when  the  piston  moves 
toward  the  crank,  uncovering  the  oil  film  and  exposing 
it  to  the  flame  until  near  the  end  of  the  stroke.  The 
inner  surface  of  the  oil  film  in  contact  with  the  cylinder 
wall  at  the  comparatively  low  temperatures  of  175-200 
deg.  F.  is  affected  very  little  by  the  high  temperatures, 
but  the  outer  surface  of  the  oil  film  directly  exposed 
to  the  flame  is  undoubtedly  damaged. 

As  it  is  impossible  to  produce  a  petroleum  lubricating 
oil  of  any  kind  having  a  flash  point  over  700  deg.  F., 
it  would  seem  that  the  oil  film  exposed  to  an  average 
temperature  of  950  deg.  F.  would  be  destroyed  promptly. 
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That  such  is  not  the  case  the  engineer  can  readily 
prove  to  himself  by  pouring  a  few  drops  of  oil  on  a 
red-hot  plate.  It  will  be  several  seconds  before  the  oil 
is  completely  evaporated.  If  the  engine  is  running 
2,000  r.p.m.,  as  automotive  engines  sometimes  do,  the 
oil  film  will  be  replaced  twenty  times  a  second ;  and  even 
if  the  engine  runs  as  slow  as  30  r.p.m.,  a  new  oil  film 
will  be  spread  over  the  entire  cylinder  surface  once 
every  two  seconds.  So  it  is  a  comparatively  simple 
matter  to  maintain  the  oil  film  if  oils  of  suitable  char- 
acteristics are  used. 

Influence  of  Completeness  and  Rapidity  of  Com- 
bustion ON  Selection  of  Lubricant 

The  completeness  and  the  rapidity  of  combustion 
have  a  great  influence  on  the  kind  of  lubricant  to  be 
used  and  its  life.  If  the  fuel  is  delivered  to  the  cylinder 
completely  vaporized  and  thoroughly  mixed  with  the 
correct  amount  of  air,  so  that  combustion  is  completed 
very  soon  after  the  beginning  of  the  stroke,  maximum 
temperatures  are  obtained  when  the  piston  completely 
covers  the  working  surfaces  of  the  cylinder,  thus  pro- 
tecting the  lubricating  film  from  destruction.  If  the 
fuel  is  not  completely  vaporized  and  intimately  mixed 
with  air  in  the  right  proportions,  it  burns  slowly,  and 
as  the  piston  uncovers  the  oil  film,  the  burning  fuel  de- 
stroys it.  An  excessively  lean  mixture,  through  the 
presence  of  free  oxygen,  will  allow  the  oil  film  to  be 
completely  burned  up  or  at  least  so  badly  coked  as  to 
form  carbon  deposits.  The  bad  effects  of  slow  burning 
can  be  overcome  sometimes  by  using  a  heavy-bodied  oil. 

Engines  burning  liquid  fuels  such  as  gasoline,  kero- 
sene or  fuel  oil,  always  have  incomplete  vaporization  to 
contend  with.  When  the  liquid  fuel  enters  the  cylin- 
der in  the  form  of  minute  drops  carried  by  the  inrush- 
ing  air  or  sprayed  in  through  an  injector,  on  striking 
the  cylinder  walls,  some  of  the  small  particles  adhere 
in  a  liquid  form.  The  liquid  fuel,  having  a  solvent  ac- 
tion on  the  lubrication  oil,  thins  it  down,  frequently 
destroying  the  film.  When  a  carburetor  is  used,  a  too 
rich  mixture  will  cause  some  condensation  of  the  fuel 
during  the  compression  stroke,  which  also  affects  the 
oil  film.  This  thinning  down  of  the  oil  film  may  allow 
some  of  the  oil  to  work  up  into  the  combustion  space 
or  be  blown  past  the  piston  rings  and  out  of  the  open 
end  of  the  cylinder.  You  are  all  familiar  with  the 
drippage  of  fuel  and  oil  from  the  open  ends  of  the 
earlier  types  of  kerosene-oil  engines. 

This  leakage  of  fuel  is  a  particularly  serious  matter 
for  engines  having  inclosed  crank-case  oiling  systems, 
because  the  dilution  of  the  oil  with  the  fuel  soon  thins 
it  down  to  such  an  extent  that  it  is  no  longer  able  to 
perform  its  duty  of  lubricating  the  bearings  ar.d  cylin- 
ders or  of  providing  a  proper  piston  seal.  Bearings 
many  times  are  burned  out  when  using  a  high-grade 
oil  through  no  fault  of  the  oil,  but  because  of  incom- 
plete combustion  of  the  fuel. 

Incomplete  Combustion  Causes  Carbon  Dztosits 

Another  trouble  caused  by  incomplete  combustion  is 
carbon  deposits.  When  carbon  is  formed,  most  engin- 
eers are  inclined  to  place  the  blame  on  the  oil.  Imper- 
fect combustion  always  results  in  the  formation  of 
carbon  of  some  sort.  Perhaps  it  will  be  nothing  more 
serious  than  a  smoky  exhaust,  but  if  the  root  is  caught 
by  the  excess  of  oil  on  the  walls  of  tha  combustion 
space  or  on  the  valves,  it  soon  becomes  hardened  and 


builds  up  rapidly  with  the  addition  of  more  oil  and 
more  soot.  The  lighter-bodied  oils,  which  evaporate 
more  quickly  than  the  heavier  oils,  do  not  hold  this 
soot  so  tenaciously.  Consequently,  when  it  is  knowm 
that  an  engine  has  a  tendency  to  smoke,  it  is  highly 
advisable  to  use  a  light  or  medium-bodied  oil.  (The 
foregoing  statement  refers  to  black  smoke  caused  by 
incomplete  combustion.  If  the  smoke  is  blue  from 
burning  oil,  use  a  heavier  oil) . 

Any  method  which  the  engine  builder  or  the  operat- 
ing engineer  can  devise  to  improve  the  fuel  combustion 
will  at  the  same  time  improve  the  lubrication  of  the 
engine  and  increase  the  life  of  the  oil,  cylinder,  piston 
and  bearings. 

Effect  of  Various  Fuels 
Natural  gas,  blast-furnace  gas,  producer  gas  and 
coke-oven  gas,  being  comparatively  slow-burning,  do 
not  produce  high  temperatures,  but  the  heat  generated 
is  maintained  over  a  considerable  portion  of  the  stroke, 
thus  exposing  the  oil  film  to  very  severe  conditions. 
Furthermore,  these  slow-burning  gases  are  of  necessity 
used  in  slow-speed  engines  because  of  the  time  re- 
quired to  complete  the  combustion,  and  a  thicker  oil 
film  on  the  walls  is  necessary  than  for  the  higher- 
speed  gasoline  engines.  Kerosene,  being  slower  burn- 
ing than  gasoline,  permitting  of  higher  compression 
and  requiring  higher  cylinder  temperatures,  imposes  a 
severe  service  on  the  oil  film,  which  must  have  excep- 
tionally good  lubricating  qualities  to  stand  up  for  any 
length  of  time.  Fuel  oils,  too,  are  difficult  to  completely 
vaporize  and  have  a  pronounced  tendency  to  smoke,  al- 
though there  are  some  designs  of  engines  that  have 
overcome  this  trouble  to  a  certain  extent.  With  the 
exception  of  the  speed  of  combustion  and  the  amount 
of  noncombustible  material  carried  into  the  cylinder 
by  the  fuel,  the  lubricating  problem  when  using  the 
various  fuels  becomes  one  of  combustion.  As  the 
methods  of  carburetion  and  vaporization  improve,  there 
is  no  reason  why  the  engines  using  fuel  oil  should  be 
any  harder  to  lubricate  than  those  using  the  highest- 
test  gasoline. 

With  ignition  we  have  again  the  problem  of  combus- 
tion. If  ignition  takes  place  at  exactly  the  proper  time, 
resulting  in  the  most  complete  combustion  possible,  max- 
imum temperature  will  occur  when  the  piston  is  very 
nearly  on  dead-center,  and  as  the  piston  recedes,  uncov- 
ering and  exposing  the  film  to  the  burning  vapor,  the  tem- 
perature rapidly  falls  off.  If  the  ignition  is  retarded,  a 
slower  and  later  burning  occurs  extending  over  a  con- 
siderable portion  of  the  stroke.  This  longer  exposure 
of  the  oil  film  to  the  high  temperature  damages  it  and 
in  fact  may  completely  destroy  it.  Continuous  re- 
tarded ignition  quickly  heats  up  the  cylinder  walls  and 
the  cooling  water,  thinning  dowTi  the  oil  and  frequently 
reducing  its  viscosity  to  the  danger  point. 

The  temperature  of  the  cooling  water  influences  the 
kind  of  oil  to  be  selected  when  certain  types  of  lubricat- 
ing systems  are  used.  A  low  temperature  cools  the 
cylinder  walls  and  will  sometimes  prevent  a  heavy- 
bodied  oil  from  spreading  properly  so  that  a  portion 
of  the  cylinder  may  become  dry.  When  experience  with 
certain  oils  shows  that  this  occurs,  it  can  easily  be 
remedied  by  using  a  lighter-bodied  oil.  Kerosene-oil 
engines,  especially  of  the  carburetor  types,  usually  de- 
pend very  largely  upon  the  heat  of  compression  to 
vaporize  the  fuel,  and  such  engines  are  generally  oper- 
ated w^ith  very  hot  circulating  water.     In  so  x'ar  as  the 
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higher  temperature  improves  the  fuel  combustion,  it 
will  also  lessen  the  strain  on  the  oil  film,  and  although 
it  may  thin  down  the  film,  the  final  result  is  much 
better  than  if  the  liquid  fuel  were  allowed  to  wash 
the  oil  film  away. 

Importance  of  a  Proper  Seal 

The  operation  of  any  internal-combustion  engine  is 
vitally  affected  by  the  degree  of  perfection  of  the  seal 
of  the  piston  within  the  cylinder.  A  practically  per- 
fect seal  may  be  made  by  tight  pistons  or  piston  rings, 
but  the  improved  compression  and  decreased  leakage  of 
gases  is  secured  at  the  expense  of  greatly  increased 
friction ;  in  fact,  the  rings  can  be  made  so  tight  that  the 
engine  cannot  be  turned  over  at  all. 

A  much  more  desirable  form  of  seal  can  be  secured 
and  maintained  by  making  use  of  the  lubricating  oil 
film  necessarily  existing  for  lubrication.  As  the  piston 
advances,  a  quantity  of  oil  builds  up  on  the  edge  of  the 
piston  head  and  on  the  advancing  side  of  the  piston 
rings,  which  opposes  the  force  of  the  compressed  gases, 
so  that  if  the  oil  is  of  sufficient  body  or  viscosity  to  re- 
sist the  force  of  the  gases,  a  perfect  seal  is  secured. 

When  the  engine  is  cold,  the  clearances  are  much 
larger  than  when  the  engine  is  heated  up  to  its  run- 
ning temperatur§.  As  ^ood  compression  is  of  the 
greatest  importance  in  starting  a  cold  engine,  the  oil 
film  can  be  of  much  assistance.  Fortunately,  petroleum 
oils  have  the  characteristics  of  becoming  thicker  as  the 
temperature  is  lowered,  so  that  the  oil  film  around  the 
piston  rings  more  satisfactorily  resists  the  pressure 
within  the  cylinder. 

Benefits  of  a  Perfect  Seal 

A  perfect  seal  maintained  by  lubricating  oil  secures 
many  benefits: 

1.  Minimum  lubricating  oil  consumption  since  a  suit- 
able oil,  by  maintaining  a  perfect  seal,  prevents  the 
pressure  of  compression  and  explosion  from  wasting 
the  oil  or  blowing  it  off  the  cylinder  walls  past  the  pis- 
ton rings.  It  also  prevents  excessive  quantities  work- 
ing into  the  cylinder  from  the  suction  stroke  and  being 
carried  into  the  combustion  space,  where  it  is  de- 
stroyed. 

2.  Minimum  fuel  consumption  by  preventing  leaking 
of  the  fuel  past  the  rings  on  compression  and  wasting 
of  power  on  the  firing  stroke.  A  perfect  seal  does  not 
allow  excessive  quantities  of  oil  to  work  into  the  firing 
chamber,  fouling  spark  plugs  and  interfering  with  the 
proper  combustion  of  the  fuel. 

3.  Minimum  friction  through  the  use  of  loose-fitting 
pistons  and  rings  working  on  a  lubricating  film. 

4.  Reduced  carbon  deposits  by  cutting  down  the 
amount  of  oil  working  into  the  combustion  space. 

5.  If  a  crank-case  oiling  system  is  provided,  a  per- 
fect seal  prevents  the  greater  part  of  the  hot  gases 
from  reaching  the  crank  case,  maintains  lower  oil 
temperatures  and  thus  prevents  excessive  bearing  and 
cooling-water  temperatures. 

6.  In  the  operation  of  crank-case  oiled  engines  a 
perfect  seal  reduces  the  amount  of  liquid  fuel  or  vapors 
passing  the  rings  and  later  condensing  in  the  crank 
case,  destroying  the  body  of  the  oil.  When  the  oil  is 
thinned  down  by  a  mixture  of  liquid  fuel,  it  is  no 
longer  able  to  maintain  the  piston  seal  at  its  original 
point  and  conditions  rapidly  become  worse  and  worse. 

In  general  we  may  say  that  when  pistons  and  rings 


are  tight  we  should  use  a  light  or  medium-bodied  oil; 
when  they  are  loose  or  become  worn,  a  heavier  oil  is 
necessary. 

Oiling  Systems 

The  method  of  supplying  the  oil  to  the  piston  and 
bearings  affects  the  viscosity  of  the  oils  that  can  be 
used.  The  oil  must  always  be  thin  enough  to  flow  from 
the  point  of  supply  to  the  parts  requiring  lubrication. 
Heavier  oils  can  be  used  with  mechanical  lubricators 
or  pumps  than  when  drip  cups  or  splash  systems  are  pro- 
vided. With  the  inclosed  crank-case  oiling  system 
we  must  always  consider  the  possibility  of  fuel  dilu- 
tion, and  any  method  that  can  be  devised  to  con- 
tinuously remove  the  fuel  from  the  crank-case  oil,  thus 
maintaining  its  body,  will  be  of  great  value  in  improv- 
ing the  efficiency  of  lubrication  as  well  as  the  fuel 
economy. 

Although  some  engine  builders  have  carefully  con- 
sidered what  lubricants  will  be  most  suitable  for  the 
parts  of  their  engines  requiring  lubrication  and  then 
h^ve  designed  their  oiling  systems  accordingly,  others 
have  not.  It  would  be  a  great  benefit  to  the  operating 
engineer  if  a  larger  number  of  the  engine  builders 
would  give  this  phase  of  the  subject  more  thought. 

Contrary  to  the  usual  belief  a  high-speed  engine  is 
easier  to  lubricate  than  a  slow-speed  engine,  because  a 
new  oil  film  can  be  placed  on  the  cylinder  walls  more 
times  per  minute.  If  the  oil  is  light  enough  to  allow 
rapid  spreading,  this  new  film  can  be  formed  as  fast 
as  the  old  film  is  destroyed.  The  slower-speed  engines 
allow  more  time  for  the  oil  film  to  be  burned  off,  and 
a  heavier-bodied  oil  is  required.  The  lighter  oils  as  a 
rule  form  less  carbon  than  the  heavier  oils  when  used 
in  the  correct  amounts,  and  on  this  account  the  engines 
using  them  are  less  likely  to  have  trouble.  When  en- 
gines are  located  where  they  are  exposed  to  low  tem- 
peratures, it  is  necessary  to  have  an  oil  with  a  pour 
test  low  enough  for  the  oil  to  reach  the  parts  requiring 
lubrication.  If  a  splash  system  is  used,  a  lower  pour 
test  is  required  than  when  a  force-feed  lubricator  is 
used. 

Some  Lubrication  Troubles 

Now  we  come  to  some  of  the  lubricating  troubles: 
Dry  cylinders,  wet  cylinders,  carbon  deposits,  bearing 
troubles. 

Dry  cylinders  may  be  caused  by:  (1)  Oil  burning 
off  the  cylinder;  (2)  too  lean  a  fuel  mixture;  (3)  too 
rich  a  fuel  mixture;  (4)  imperfect  carburetion;  (5) 
late  ignition;  (6)  dilution  of  oil  in  the  crank  case;  (7) 
too  hot  circulating  water;  (8)  too  cold  circulating 
water;  (9)  tight  pistons  or  rings;  (10)  too  heavy  an 
oil;  (11)  too  light  an  oil;  (12)  oil  with  too  light  a 
cold  test;  (13)  not  enough  oil  fed. 

Wet  cylinders,  cylinder  heads,  valves  and  spark  plugs 
may  be  caused  by:  (1)  Two  rich  a  fuel  mixture;  (2) 
imperfect  carburetion;  (3)  failure  of  ignition;  (4) 
dilution  of  oil  in  crank  case;  (5)  excessive  oil  feed;  (6) 
loose  pistons  or  rings;  (7)  too  thin  an  oil;  (8)  low 
temperature  of  cooling  water  and  resulting  lack  of 
fuel  vaporization. 

Carbon  deposits  may  be  caused  by:  (1)  Loose  pis- 
tons or  rings;  (2)  excessive  oil  feed;  (3)  too  thin  an 
oil;  (4)  too  heavy  an  oil;  (5)  cold  circulation  water; 
(6)  late  ignition;  (7)  failure  of  ignition;  (8)  too  lean 
a  mixture;  (9)  too  rich  a  mixture;  (10)  improperly 
vaporized  fuel;    (11)    dirt  and  other  noncombustible 
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material  carried  in  with  fuel  or  air;  (12)  improperly- 
refined  lubricating  oil. 

Worn  out  or  burned  out  bearings,  in  inclosed  crank- 
case  engines:  (1)  Hot  oil  from  leaking  gases  past 
piston;  (2)  oil  too  thin;  (3)  oil  diluted  by  leakage  of 
fuel  from  cylinders;  (4)  mechanical  faults  in  bearings 
or  bearing  adjustments. 

When  any  one  of  these  things  can  happen  to  almost 
any  engine,  and  as  almost  every  engine  may  have  one 
or  more  of  these  faults,  it  becomes  a  difficult  matter  to 
make  any  specific  recommendations.  We  can  make  a 
general  specification  that  will  apply  to  the  greater 
number  of   installations   as   follows;     The   oil   should 


consist  of  highly  refined  and  filtered  pure  mineral  oils, 
having  a  cold  test  sufficiently  low  for  the  engine  in 
question  and  of  the  correct  viscosity. 

It  will  be  noted  that  no  mention  is  made  of  gravity, 
flash,  fire  or  crudes.  Suitable  oils  for  internal-com- 
bustion engines  are  made  from  botb  asphaltic  and 
paraffin  crudes.  The  correct  viscosity  can  be  deter- 
mined only  by  a  careful  examination  of  the  engine 
and  all  the  surrounding  operating  conditions.  The 
most  economical  oil  can  be  determined  only  by  actual 
test  under  operating  conditions.  It  is  really  up  to  the 
engine  builder  to  find  out  and  advise  his  customers 
what  kind  of  oil  to  use. 


Testing  on  a  Grounded  Circuit 


By  E.  C.  PARHAM 


WHETHER  circuits  be  grounded  by  design,  as  are 
most  direct-current  railway  circuits  and  many 
110-  to  220-volt  three-wire  circuits,  or  whether 
they  be  grounded  by  a  fault,  as  may  happen  to  any 
circuit  which  normally  is  insulated,  precautions  must 
be    observed    when    applying    a    test-lamp    circuit    to 


but  he  may  get  into  trouble  on  a  circuit  that  is 
.  upposed  to  be  insulated  but  is  not,  if  he  is  careless 
enough  to  treat  the  circuit  as  if  it  were  clear  rather 
than  find  out  by  test  the  conditions   existing. 

Fig.  1  gives  the  connections  of  a  direct-current  motor 
and  starter  on  a  circuit  assumed  to  be  clear  of  grounds. 


»''0-»  Ground  FI6.  ft  Ground 

FIGS.  1  TO  6.     SHOWING  DIFFERENT  CONDITIONS  OF  GROUNDS  OCCLRRING  ON  MOTOR  CIRCUITS 


the  locating  of  fault  grounds  on  such  circuits.  Other- 
wise, not  only  may  testing  results  be  absolutely 
false,  but  the  tester  may  be  subjected  to  flashes 
that  may  result  in  serious  burns  or  in  a  dangerous 
fall.  An  experienced  man  is  not  likely  to  come  to 
grief  on  a  circuit  that  is  purposely  and  permanently 
grounded,  because  the  fact  generally  is  well  known; 


If  the  line  is  clear  of  grounds,  a  single  ground  on 
the  motor  circuit,  as  at  G,  will  not  affect  the  operation 
of  the  motor  even  if  the  frame  of  the  machine  was 
grounded.  In  fact,  this  would  be  the  actual  condition 
existing  on  a  ground  return  system.  Nor  would  a  single 
ground,  as  at  G„  Fig.  2,  affect  operation,  because  the 
circuit  being  everywhere  else  clear  of  grounds,  there 
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would  be  no  ground  path  by  means  of  which  any  part 
of  the  motor  circuit  could  be  bypassed.  A  ground  at 
G  and  at  G„  Fig.  3.  however,  would  bypass  the  motor- 
armature  circuit,  not  only  rendering  it  inoperative,  but 
inviting  destruction  of  the  starter  unless  relief  was 
promptly  given  by  the  blowing  of  a  fuse.  A  line  ground, 
at  G„  Fig.  4,  for  example,  would  not  affect  operation  of 
the  motor  or  of  the  starter  unless  one  of  these  devices 
itself  included  a  ground.  A  second  ground  at  G„ 
however,  would  bypass  the  starter,  as  indicated  by  the 
dotted  line  and  arrowheads,  ar/d  would  blow  the  left- 
hand  fuse  immediately  on  closing  the  switch.  A  motor 
ground  at  G,  Fig.  5,  in  addition  to  the  line  ground  at 
G,  would  bypass  the  whole  motor  circuit,  including  the 
starter,  and  again  would,  on  closing  of  the  switch,  cause 
the  left-hand  fuse  to  blow.  It  becomes  manifest,  then, 
that  a  motor  ground  is  likely  to  cause  trouble  if  a  line 
ground  exists,  unless  the  motor  ground  and  line  ground 
are  on  the  same  side  of  the  circuit  as  are  G  and  G^  in 
Fig.  6.  Whether  a  ground  interferes  with  the  opera- 
tion of  the  motor  or  not,  it  is  a  bad  thing  to  have, 
because  it  invites  other  grounds  and  is  a  menace  to  the 
operator  in  that  he  will  get  a  shock  if  he  touches  the 
ground  and  any  contact  having  to  do  with  the  other  side 
of  the  circuit. 

To  test  for  a  grounded  circuit,  connect  one  end  of 
the  lamp  circuit  first  to  A,  as  in  Fig.  7,  then  touch  the 
other  end  of  the  lamp  circuit  to  ground,  next  connect 
one  terminal  of  the  lamp  to  B  and  the  other  terminal 
to  ground.  If  either  connection  causes  the  test  lamps 
to  light,  it  means  that  there  is  a  line  ground  on  the 
opposite  side  from  the  one  that  the  lamp  lights  on 
and  the  lamp  circuit  connection  that  gives  the  light  is 
the  one  to  be  used  when  testing.  With  a  lamp  in 
the  test-lead  from  the  ungrounded  side  of  the  test  cir- 
cuit, there  will  be  no  attending  danger  in  touching 
either  test  lead  anywhere.  Suppose,  for  example,  that 
it  is  desired  to  test  for  ground,  an  armature  the  motor 
frame  of  which  is  mounted  on  the  structural  iron  part 
of  a  building  and  is  therefore  grounded.  After  deter- 
mining the  side  of  the  circuit  that  the  lamp  lights  on, 
as  explained  in  Fig.  7,  one  of  the  lamp  test  leads  is 


KIG.   7.      METHOD  OP  LOCATING  A  GROUND  ON  ONE  SIDE 
OF  CIRCITIT 

connected  to  this  side  of  the  circuit  and  the  other  is 
applied  to  the  commutator  after  the  brushes  have  been 
raised,  as  in  Fig.  8.  If  it  is  desired  to  test  the  field 
coils  for  ground,  the  test  lead  that  is  applied  to  the 
commutator,  Fig.  8,  is  applied  to  the  field-coil  ter- 
minals. To  make  sure  that  a  return  circuit  will  be 
provided  in  all  cases,  a  lead  can  be  brought  from  the 
grounded  side  of  the  line  to  the  motor  frame,  as  indi- 
cated by  the  dotted  line  Fig.  8.  Where  only  one  lead 
is  used,  this  lead  is  touched  first  to  the  motor  frame 
to  make  sure  that  the  lamp  will  light,  and  then  it  is 


touched  to  the  part  the  insulation  of  which  is  to  be 
tested. 

In  the  vernacular  of  the  repair  shop  a  ground  means 
any  irregular  contact  between  the  current-carrying  part 
of  a  device  and  its  metal  containing  case.  Thus,  if 
one  of  the  coils  of  a  starting  rheostat  sags  down  and 
touches  the  containing  box,  the  coils  and  box  will  light 


Ground 


FJG.  8.     CONNECTIONS  FOR  TESTING  MOTOR'S  ARMATURE 
FOR  GROUNDS 

out  together  and  such  a  fault  would  be  called  a  ground. 
This,  however,  would  not  be  a  ground  to  earth  unless 
the  box  were  so  installed  as  to  permit  of  the  contain- 
ing case  actually  making  contact  with  the  earth. 

Safeguarding  Pipe  Lines  Against  Collapse 

By  John  S.  Carpenter* 

Every  hydraulic  pipe  line  should  be  provided  with 
a  properly  proportioned  air  vent  to  protect  the  pipe 
from  collapse  if  a  vacuum  is  created.  In  the  case  of 
a  break  the  first  thought  is  to  shut  off  the  water  at  the 
upper  end  and  thus  prevent  further  damage  by  the 
escaping  torrent.  In  so  doing,  a  vacuum  will  be  formed 
in  the  pipe,  owing  to  the  fact  that  the  discharging 
water  excludes  the  atmosphere  until  the  line  is  nearly 
empty,  unless  other  means  of  access  has  been  provided. 
Without  such  a  vacuum  breaker  the  pipe,  if  of  any 
size  at  all,  may  collapse. 

Some  pipe  lines  have  been  designed  to  take  the  full 
atmospheric  pressure  without  collapse,  but  this  is  very 
expensive  in  comparison  with  the  cost  of  a  properly 
designed  air  vent.  Other  engineers  go  still  further 
and  attach  heavy  air  valves  at  frequent  points  along 
the  line,  especially  at  changes  of  grade.  When  there 
is  no  pressure  in  the  pipe  or  if  it  is  much  below  normal, 
these  air  valves  open  and  admit  air.  A  single  air 
vent  at  the  top  of  the  line  is  usually  sufficient  unless 
the  pipe  is  very  large  in  diameter  or  the  bends  are 
sharp.  These  vents  are  seldom  over  eight  feet  long, 
and  should  be  proportioned  to  supply  air  at  such  a  rate 
that  the  difference  between  atmospheric  pressure  and 
that  inside  the  pipe  cannot  exceed  six  pounds  per  square 
inch 

Let  us  assume  that  a  pipe  line  has  a  break  at  its  very 
bottom  and  that  the  regulating  gates  or  sluices  at 
the  upper  end  have  just  been  closed.  The  maximum 
velocity  that  would  be  possible  for  the  water  to  ac- 
quire under  frictionless  conditions  is 

v=\J~2rgh  (1) 

where 

V  =  Velocity  in  feet  per  second ; 

g  =  Acceleration  due  to  gravity  =  32,16; 

h  •=  Total  head  on  the  pipe  line  in  feet; 


♦Assistant  Engineer  Hydraulic  Turbine  Department,  Worthing- 
ton  Pump  and  Machinery  Corporation. 
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and  the  water  would  discharge  at  the  maximum  rate  of 

Q  =  0.7854  D^  yy~2~gh=  6.3  D'  hi  (2) 

where 

Q  =  Water  discharged  in  cubic  feet  per  second; 

D  =  Diameter  of  the  pipe  in  feet; 
and  the  other  symbols  are  as  before. 

It  follows  that  air  must  be  supplied  at  the  same 
maximum  rate,  which,  of  course,  includes  a  margin  of 
safety;  because  the  water  will  not  quite  acquire  a 
velocity  equal  to  the  spouting  velocity  owing  to  the 


TABLE  OF  FIVE-HALVES  POWERS  FOR  VARIOUS  PIPE 

SIZES 

Size                       Power 

3  16.50 

3i 24  25 

4  32.50 

4i 43.00 

Size                         Power 

5   53.50 

6   90.50 

7    131.0 

8   185.0 

Size 

9   

10   

Power 
. ...  242.0 
315  0 

11    

12  •. 

. ...  400.0 
....  500.0 

friction.  From  "Marks'  Handbook"  (first  edition,  p. 
360,  case  2)  I  take  the  formula  for  the  flow  of  air 
through  pipes,  the  drop  in  pressure  being  considerable: 

L 


di  =  1.294 


/  cq: 


(3) 


where  d,  is  the  diameter  of  the  air  vent  in  feet,  L  the 
length  in  feet,  and  P,  -  P.^  the  drop  in  air  pressure.  The 
coefl^cient  c  is  properly  a  variable  quantity,  but  after 
taking  six  representative  cases,  it  was  found  that  with- 


out serious  error  it  could  be  assumed  constant  with  a 
value  of  0.0000013.  As  already  stated,  the  length  is 
usually  8  ft.  and  the  maximum  drop  in  pressure  6  lb. 
per  sq.in.  Multiplying  by  12  so  that  d  is  the  diameter 
of  the  air  vent  in  inches,  equation  (3)  will  now  read 


d  =  1.294  X  12  ( 


0.0000013  Q2  8\i 


15'*  -  92 
which  reduces  to 

d  =  0.58  Qi 
Solving  for  Q,  gives 

Q,  =  3.91  di 


(4) 
(5) 
(6) 


This  is  the  volume  of  air  at  atmospharic  pressure,  and 
the  volume  at  the  pressure  in  the  pipe  will  be 


Q  =  Q,  X  ^^  =  3.91  di  X  ~  =6.50  d» 

Equating  this  to  the  Q  in  equation  (2)  we  have 

6.50  rf%=  6.3D'/ii 
and  finally 

di    =  0.97  D  'h  i 


(7) 


(8) 


When  the  conditions  are  such  that  a  vent  pipe  larger 
than  10  in.  is  required,  it  is  better  to  use  one  10-in. 
vent  at  the  top  of  the  line  and  distribute  the  balance 
along  the  pipe  line  in  the  form  of  air  valves,  particu- 
larly at  the  changes  in  grade. 


Reports  of  the  United  States  Bituminous-Coal 
Commission  to  the  President 


UNDER  date  of  March  10,  1920,  the  majority  of 
the  commission  appointed  by  the  President  to 
investigate  the  conditions  in  the  bituminous-coal 
industry  submitted  a  report  containing  recommenda- 
tions and  awards,  and  two  days  later  the  minority 
member  submitted  a  dissenting  report.  This  commis^ 
sion  consisted  of  Henry  M,  Robinson,  John  P.  White 
and  Rembrandt  Peale.  The  majority  report  was  signed 
by  Mr.  Robinson,  who  was  appointed  as  representing 
the  public,  and  by  Mr.  Peale,  as  representing  operators. 
The  minority  report  was  signed  by  Mr.  White,  as 
representing  the  mine  workers. 

The  important  features  of  the  majority  report  pro- 
vide for  the  elimination  of  the  14  per  cent  increase  in 
wages  fixed  by  the  United  States  Fuel  Administra- 
tion, and  instead  of  this  an  average  increase  of  27  per 
cent,  which  shall  take  effect  April  1,  1920,  and  con- 
tinue to  and  including  March  31,  1922.  The  details 
of  this  average  increase  provide  that  an  advance  of 
24c.  per  ton  shall  be  paid  for  mining  mine-run  coal, 
but  that  day  labor  and  monthly  men  be  advanced  $1 
per  day  and  that  trappers  and  boys  receiving  less  than 
men's  wages  be  advanced  53c.  per  day;  that  the  fulfill- 
ment of  agreements  shall  be  guaranteed  by  officers 
of  the  International  Union  as  well  as  by  the  local  offi- 
cers of  any  district  in  which  local  agreements  are 
made;  that  the  eight-hour  day  in  effect  on  Oct.  31, 
1919,  shall  be  written  into  agreements  for  which  these 
earnings  constitute  a  basis.  Other  points,  such  as 
that  of  pushing  cars,  the  use  of  machinery  in  mines 
and  charges  for  blacksmithing  are  dealt  with,  and 
provision  is  made  for  the  creation  of  joint  commis- 


sions to  study  local  situations  where  the  finding  of  a 
general  commission  such  as  this  is  obviously  incom- 
plete. In  addition  to  the  summary  of  awards  the  com- 
mission makes  a  number  of  specific  recommendations 
to  the  public  and  to  the  miners  and  operators.  The 
most  important  of  these  refer  at  some  length  to  the 
methods  of  stablizing  the  coal  industry  throughout 
the  year,  to  the  methods  of  assigning  cars  to  the  vari- 
ous mines  and  to  a  general  improvement  of  the  condi- 
tions in  mining  communities,  which  are  often  under 
entire  control  of  the  operator. 

In  the  body  of  the  report  considerable  space  is 
given  to  the  question  of  the  intermittency  in  working 
days  in  the  coal-mining  industry.  Statistics  from  the 
United  States  Geological  Survey  are  presented  to  show 
the  extent  of  the  intermittency,  and  the  necessity  for 
cooperation  between  the  public,  the  operators  and  the 
railroads  is  emphasized.  In  arriving  at  the  exact 
amount  of  increase  in  wages  recommended,  the  report 
states  that  the  following  items  were  considered:  The 
increase  in  the  cost  of  living,  the  increase  In  wages 
received  by  workers  in  other  industries  and  the  effect 
of  an  increase  in  wages  on  the  cost  of  producing  coal. 
As  to  the  probable  distribution  of  the  increase  in 
wages  toward  the  cost  of  coal  to  the  public,  the  report 
says:  "Whether  all  or  any  part  of  this  amount  will  be 
passed  on  by  the  operators  to  the  public  depends  on 
competitive  conditions,  but  we  estimate  that  the  carry- 
ing out  0^  other  provisions  of  our  findings  v;ill  save 
the  general  public  more  than  the  cost  of  additional 
wages.  It  is  to  be  expected  that  when  all  Govern- 
ment   regulations    are   withdravra    and   a   competitive 
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market  for  coal  is  re-established,  the  overexpansion 
of  the  industry  will  not  permit  the  operators  to  add 
to  the  price  of  the  coal  all  the  increased  compensation 
granted  to  the  miners."  It  is  pointed  out  in  another 
portion  of  the  report  that  under  a  technicality  in 
existing  contracts  the  14  per  cent  increase  recently 
ordered  by  the  Fuel  Administration  was  in  most  cases 
passed  on  to  the  consumer. 

A  table  is  shown  based  on  returns  of  1,551  oper- 
ators to  the  Bureau  of  Internal  Revenue  for  the  year 
1918.  Of  this  number  about  22  per  cent  reported  net 
losses  and  about  11  per  cent  reported  incomes  of  less 
than  5  per  cent  on  invested  capital.  An  examination 
of  the  table,  however,  shows  that  these  two  classes  of 
operators,  while  large  in  number,  produce  only  about 
11  per  cent  of  the  total  tonnage  represented  in  the 
returns  tabulated.  It  is  to  be  expected  that  companies 
that  were  not  able  to  show  a  greater  return  than  5  per 
cent  during  the  banner  year  of  1918  will  discontinue 
operations  under  competitive  conditions.  Returning  to 
the  question  of  better  stabilization  of  the  coal-mining 
industry,  the  report  expresses  the  opinion  that  the 
elimination  of  the  winter  peak  and  summer  slump  in 
demand  would  result  in  only  those  mines  necessary  to 
supply  the  steady  year  round  demand  being  operated. 
Under  these  conditions  the  industry  would  not  be  com- 
pelled to  support  the  excess  equipment  and  the  excess 
man  power  which  is  at  present  necessary  to  meet  the 
uneven  demand. 

Regarding  the  question  of  voluntary  absenteeism 
on  the  part  of  the  miners  it  is  pointed  out  that  the 
figures  submitted  make  no  allowance  for  turn-over. 
In  these  tabulations  every  man  who  works  in  a  mine 
at  any  time  during  the  month  is  counted  on  the  same 
basis  as  one  who  is  on  the  roll  every  day  that  the  mine 
was  in  operation.  A  man  who  works  thirteen  days 
out  of  a  possible  twenty-six  in  one  mine  and  thirteer 
at  another  would  be  counted  in  these  figures  as  two 
men  with  an  aggregate  voluntary  absenteeism  of 
twenty-six  days,  while,  as  a  matter  of  fact,  he  has 
really  worked  an  entire  twenty-six  day  month.  A 
further  defect  is  that  the  number  of  days  that  a  mine 
is  in  operation  is  not  necessarily  the  number  of  days 
that  the  entire  force  have  an  opportunity  of  employ- 
ment. Part  of  the  mines  may  have  been  closed  foi- 
various  reasons,  while  other  parts  were  working. 

The  demand  for  a  six-hour  day  or  a  thirty-hout 
week  was  refused  on  the  ground  that  such  action 
would  simply  exaggerate  the  evils  which  it  is  hoped 
may  be  lessened  by  the  efforts  now  being  made  to 
stabilize  the  industry. 

The  minority  report  submitted  by  Mr.  White,  while 
agreeing  with  the  conclusion  of  the  majority  in  a  num- 
ber of  cases,  differs  in  certain  fundamental  points. 
Even  while  agreeing  with  certain  of  the  awards,  Mr. 
White  points  out  that  the  methods  of  arriving  at  these 
awards  are  not  satisfactory  from  the  miner's  stand- 
point and  are  accepted  only  in  the  interest  of  honorable 
Lompromise. 

Mr.  White  objects  to  the  use  of  percentage  increase 
where  differential  rates  are  allowed  as  in  the  case 
of  pick-and-shovel  mining  as  compared  with  machine 
mining.  In  such  cases  a  percentage  raise  upsets  the 
differential,  which  was  based  on  a  flat  difference.  He 
also  advocates  that  all  day  labor  and  monthly  men  be 
advanced  $1.35  per  day  and  trappers  and  boys  receiv- 
ing less  than  men's  wages  be  advanced  75c.  per  day 


instead  of  the  figure  awarded  in  the  majority  report. 
Furthermore,  he  objects  to  the  idea  of  making  in- 
creases correspond  only  to  the  increase  in  the  cost 
of  living.  The  last  adjustment  of  the  wage  rate  took 
place  in  November,  1917,  and  this  barely  brought  the 
level  of  wages  even  with  the  cost  of  living.  During 
the  succeeding  twenty-seven  months  the  cost  of  living 
rose  steadily. 

Mr.  White  makes  the  claim  that  where  the  wages 
are  adjusted  only  at  long  intervals,  equity  requires 
that  they  be  raised  enough  in  excess  of  the  increase  in 
the  cost  of  living  to  cover  this  steady  loss  which  goes 
on  from  month  to  month.  Regarding  the  irregularity 
of  employment  and  the  demand  for  a  thirty-hour 
week  Mr.  White  points  out  that  the  thirty-hour  week 
is  actually  about  what  the  coal  miner  averages  under 
present  conditions.  He  asserts  that  the  rates  fixed 
by  the  majority  report  are  based  on  a  reasonable  earn- 
ing capacity  of  the  miner  and  working  forty-eight 
hours  per  week,  which,  however,  the  miner  is  unable 
to  do  owing  in  a  large  part  to  conditions  beyond  his 
control. 

In  other  words,  the  miner  is  expected  to  work  for 
forty-eight  hours  a  week  in  order  to  earn  a  living 
wage,  while  at  the  same  time  he  is  prevented  from 
working  more  than  thirty  hours  per  week.  If  labor  is 
to  be  paid  only  on  the  basis  of  the  actual  hours  which 
it  must  work  to  provide  the  requirements  of  the  com- 
munity, he  maintains  that  it  is  unfair  that  capital 
should  be  paid  for  its  continuous  use  if  it  is  needed 
for  only  part  of  the  time. 

In  regard  to  the  reasons  for  the  increases  in  the 
price  of  coal  over  pre-war  prices,  statistics  are  quoted 
from  the  Federal  Trade  Commission  report  on  the 
:oal  industry.  It  is  claimed  that  these  figures  estab- 
lish the  fact  that  the  increased  coal  prices  are  not  due 
to  increased  labor  costs,  but  on  the  contrary  are  due 
largely  to  increased  profits  exacted  by  the  operators, 
and  that  the  increased  wages  to  labor  v^ill  be  more 
than  offset  by  the  increased  efl[iciency  and  the  increased 
activity  of  labor. 

Handling  Hydraulic  Governor  During 
Short-Circuits 

By  L.  W.  Wyss 

When  a  succession  of  transmission-line  short-cir- 
cuits interrupt  the  normal  operation  at  hydro-electric 
plants,  the  oil  pressure  governors  are  opening  and 
closing  the  turbine  gates  repeatedly  in  an  endeavor  to 
keep  the  speed  normal.  Under  this  condition  the 
governor-oil  pressure  pumps  may  not  be  able  to  keep 
the  governors  supplied  with  oil  under  sufficient  pres- 
sure to  prevent  excessive  racing  of  the  main  units. 

If  there  are  spare  govenor  pumps,  they  should  be 
used  during  such  abnormal  operation.  The  switch- 
board operator  should  also  have  his  governors  in  mind 
at  such  times  and  not  try  out  a  short-circuited  line 
often  enough  to  cause  a  loss  of  governor  pressure. 
Neither  should  he  permit  his  station  to  remain  con- 
nected to  a  line  that  is  the  source  of  enough  severe 
short-circuits  to  cause  the  trouble  mentioned.  It  is 
better  operating  practice  to  leave  the  line  dead  for  a 
chort  time  while  the  governors  are  regaining  their 
pressure  than  to  take  chances  of  losing  control  of  the 
turbine  speed,  which  would  perhaps  result  in  a  more 
lengthy  interruption  to  service. 
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Agitation  for  Adoption 
of  the  Metric  System 

MANY  readers  have  doubtless  been  deluged  with 
circulars  from  the  World  Trade  Club  of  San  Fran- 
cisco advocating  adoption  of  the  metric  system  of 
weights  and  measures  in  this  country.  This  propa- 
ganda even  went  so  far  as  an  attempt  to  frame  a 
bill  in  committee  in  Congress  to  make  such  adoption 
compulsory. 

Accompanying  the  circulars  are  return  postcards 
addressed  to  the  Bureau  of  Standards  and  worded  in 
the  affirmative  so  that  all  the  recipient  has  to  do  is 
to  sign  the  card  and  drop  it  into  the  nearest  mail 
box.  He  will  then  be  counted  among  those  unquali- 
fiedly in  favor  of  the  metric  system,  and  the  number 
of  cards  received  is  counted  upon  to  impress  an  un- 
suspecting Congress.  Undoubtedly,  "many  have  ^de- 
posited the  cards  without  giving  the  subject  much 
thought,  basing  their  action  solely  upon  the  handiness 
of  the  decimal  system.  Few  of  those  opposed  will  take 
the  trouble  to  write  letters  voicing  their  opposition, 
and  the  cards  do  not  provide  for  a  negative  expression 
of  opinion. 

Just  what  connection  the  Bureau  of  Standards  has 
with  the  propaganda  has  not  been  revealed,  but  the 
World  Trade  Club  of  San  Francisco,  it  has  been  estab- 
lished, is  in  no  sense  an  organization  such  as  the  name 
would  imply ;  instead,  it  is  essentially  a  publicity  bureau 
of  a  wealthy  man  now  residing  in  California,  who  has 
made  the  metric  system  a  hobby  and  who,  it  is  under- 
stood, has  to  a  large  extent  been  financing  the  cam- 
paign. 

The  metric  system  has  certain  advantages  and  other 
disadvantages  and,  were  industry  starting  anew,  it 
might  be  desirable  to  adopt  such  a  system  in  spite 
of  slight  disadvantages.  But  the  real  diflSculty  lies  in 
the  fact  that  there  is  no  direct  conversion  between  it 
and  the  system  now  in  use,  and  it  requires  little  im- 
agination to  picture  the  confusion  that  would  result 
from  its  compulsory  adoption.  Not  only  would  all  exist- 
ing drawings  and  patterns  have  to  be  revised  or 
scrapped,  but  the  workmen  would  have  to  be  retrained 
in  the  use  of  the  new  system. 

An  incident  pertinent  to  this  may  be  cited.  During 
the  war  the  Ordnance  Department  adopted  certain 
French  designs  and  sizes  and  attempted  to  manufac- 
ture the  material  in  this  country  according  to  the 
metric  measurements.  The  results  were  disastrous, 
and  finally  all  dimensions  had  to  be  converted  into  the 
English  system.  Even  then,  in  the  absence  of  a  direct 
conversion  factor,  it  meant  working  with  very  cumber- 
some figui^es  instead  of  round  numbers. 

In  countries  where  the  metric  system  has  long  been 
in  use  as  in  France,  where  it  has  been  compulsory 
since  1837,  many  of  the  old  units  still  persist  and 
are  in  daily  use.  Practice  seems  to  have  settled  down 
to  the  use  of  those  units  that  proved  most  convenient. 
The  real  danger,  however,  in  the  present  propaganda 


lies  in  the  fact  that  it  emanates  from  an  idealistic 
source  with  the  apparent  sanction  of  a  body  whose 
experience  has  been  almost  wholly  along  research  and 
scientific  lines;  this  in  the  face  of  practically  unan- 
imous opposition  from  the  great  body  of  American 
manufacturers  who  would  be  most  affected  by  such 
a  change.  It  is  impracticable  to  legislate  in  such  mat- 
ters with  any  degree  of  success  unless  the  demand 
comes  from  those  directly  concerned  and  after  favorable 
sentiment  has  crystallized  in  those  circles. 

The  Consumer  Stands  To  Lose 

*  VERY  brief  outline  of  the  United  States  Bituminous 
23l  Coal  Commission  reports  to  the  President  is  given 
in  this  issue.  The  fact  that  the  commission  was  not 
unanimous  is  to  be  regretted,  and  a  study  of  the  report.s 
suggests  that  the  differences  were  due  to  the  same  old 
antagonism  between  the  miners  and  operators,  with 
very  little  regard  to  the  final  effect  on  the  public. 

The  majority  report  puts  considerable  emphasis  on 
the  necessity  of  creating  a  more  uniform  market  for 
coal  throughout  the  year.  If  the  country  did  not  have 
to  support  a  seven  hundred  million  ton  capacity  to  get 
five  hundred  million  tons  of  coal  a  year,  it  is  obvious 
that  the  public,  the  miner  and  the  operator  would  all  be 
better  off.  The  report  points  out  that  a  stable  demand 
would  result  in  the  discontinuance  of  the  less  profitable 
mines,  but  this  simply  means  that  they  would  be  opened 
again  as  the  normal  increase  in  demand  required. 
Meanwhile,  the  public  would  be  relieved  from  the 
burden  of  supporting  the  extra  organizations  necessary 
to  take  care  of  the  winter  peak  load.  Obviously,  the 
remedy  is  in  the  hands  of  the  consumer.  If  he  will 
store  coal  in  the  slack  months,  this  problem  will  be 
solved. 

In  granting  increased  rates  to  the  miners,  the 
majority  report  expresses  an  opinion  that  the  operators 
will  absorb  this  extra  cost  ai.d  pass  little,  if  any,  on  to 
the  public.  In  the  same  report  it  is  noted  that  the 
fourteen  per  cent  increase  granted  by  the  Fuel  Admin- 
istration was  passed  to  the  consumer  by  taking  advan- 
tage of  a  technicality.  With  this  in  mind  there  seems 
to  be  very  little  hope  of  a  twenty-seven  per  cent  ii. crease 
being  absorbed  anywhere  but  in  the  user's  pocketbook. 

The  minority  report  lays  great  stress  on  the  fact  that 
the  rates  are  based  on  a  reasonable  wage  if  the  miner 
can  work  forty-eight  hours  a  week,  while  in  fact  he 
only  has  a  chance  to  work  about  thirty  hours  on  an 
average.  It  argues,  and  the  argument  seems  reason- 
able, that  if  capital  is  to  be  paid  for  continuous  use, 
whether  needed  or  not,  labor  should  be  paid  on  the  same 
basis.  Mr.  White  seems  to  have  failed  to  note  that 
neither  capital  nor  labor  can  continue  indefinitely  to 
draw  full-time  pay  for  part-time  work.  If  the  present 
plans  for  stabilizing  the  industry  are  carried  out  (and 
they  will  be  carried  out),  both  mine  and  mioer  will 
have  to  work  regularly  and  for  a  reasonable  return. 

The  whole  problem  comes  back  to  the  summer  storage 
of  coal  to  relieve  the  excess  winter  demand.     This  will 
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eliminate  the  annual  scramble  which  enables  a  few 
mines  and  dealers  to  boost  prices,  which  keeps  in 
operation  twenty  per  cent  more  mine  capacity  than  is 
needed  and  which  breeds  irregular  employment,  even 
when  the  demand  is  high  bcause  of  temporary  shortage 
of  cars,  of  which  there  is  a  surplus  for  most  of  the 
year.  It  is  probable  that  in  the  very  near  future  the 
coal  user,  large  or  small,  who  makes  no  effort  to  store 
coal,  will  be  looked  upon  as  an  enemy  to  the  community. 
Meanwhile,  the  man  who  keeps  ahead  of  his  coal  con- 
sumption by  reasonable  storage  arrangements  is  getting 
a  cheap  form  of  insurance  against  shutdowns. 

What  Constitutes  Proper 
Elevator  Inspection? 

AN  elevator,  either  passenger  or  freight,  in  contra- 
l\  distinction  to  other  means  of  transportation,  moves 
in  a  vertical  direction,  consequently  there  is  always  a 
tendency  for  the  car  and  counterweights  to  fall  to  the 
bottom  of  the  hoistway  with  disastrous  results.  Yet 
with  this  handicap  the  modern  passenger  or  freight 
elevator  is  the  safest  means  of  modem  transportation. 
This  high  degree  of  reliability  in  operation  has  been 
attained  by  the  development  and  installation  of  the 
proper  safety  devices,  and  in  no  method  of  transporta- 
tion have  safety  devices  been  developed  to  so  high  a 
degree  as  in  elevator  service. 

The  modern  elevator  equipment  is  provided  not  only 
with  means  for  automatically  slowing  the  car  down  and 
stoppiiig  it  at  the  top  and  bottom  landings,  but  also  with 
means  of  cutting  the  power  off  if,  for  any  reason,  the 
car  travels  past  the  terminals.  In  case  the  car  over- 
speeds,  it  is  automatically  brought  to  a  safe  stop  with- 
out injury  to  the  passengers,  as  is  also  the  case  if  the 
cable  parts  and  the  car  is  allowed  to  fall.  With  inter- 
locks on  the  shaft  doors  and  car  gates  the  car  cannot 
be  started  until  both  the  doors  and  gates  are  properly 
closed.  However,  even  with  equipment  correctly 
designed  and  installed,  its  functions  can  be  easily 
defeated  by  the  lack  of  adequate  inspection  and  main- 
tenance. Fortunately,  most  elevators  are  inspected  at 
regular  intervals  by  experienced  men  from  some 
accident-insurance  company.  These  men  for  the  most 
part  have  become  experts  by  virtue  of  their  long 
experience  in  detecting  defects  in  the  equipment.  But 
even  these  inspections,  as  thorough  as  they  may  be,  do 
not  entirely  prevent  elevator  accidents,  consequently 
wherever  possible  they  should  be  supplemented  by 
inspections  by  those  who  are  directly  in  charge  of  the 
equipment. 

How  to  make  a  proper  inspection  is  something  that 
can  be  learned  only  by  experience  and  becoming  familiar 
with  the  parts  where  failure  is  most  likely  to  occur.  In 
this  issue  is  published  a  paper.  "What  Constitutes 
Proper  Elevator  Inspection?"  by  D.  J.  Gitto.  Although 
this  paper  was  written  primarily  for  the  guidance  of 
insurance  inspectors  in  their  work,  it  is  an  excellent 
guide  for  the  operating  engineer  and  others  who  have 
elevators  in  their  charge  to  follow  in  making  regular 
inspections.  It  is  difficult  to  overestimate  the  value  of 
regular  monthly  inspections,  or  more  frequent  if  con- 
ditions warrant,  since,  if  properly  made,  defects  are 
detected  and  may  be  repaired  at  the  most  convenient 
time  before  they  cause  shutdowns  or  serious  accidents. 
What  to  look  for  and  the  procedure  to  follow  is  one 
very  important  factor  in  making  these  inspections. 
This  Mr.  Gitto  explains  in  his  article. 


Low  Salaries  Force  Men 

Out  of  Government  Service 

THE  rate  at  which  technically  trained  men  are  leav- 
ing the  Government  service  because  of  inadequate 
compensatibn  threatens  to  handicap  very  materially 
the  work  of  many  of  the  departments.  During  the  war 
some  of  the  bureaus  accomplished  results  of  far-reach- 
ing importance,  and  their  personnel  included  men  of 
recognized  standing  and  ability.  With  the  rising  cost 
of  living  these  men,  whatever  their  personal  inclina- 
tions, can  no  longer  afford  to  remain  in  Government 
employ,  and  are  accepting  more  lucrative  offers  from 
private  concerns. 

Congress,  naturally,  has  reacted  to  popular  demand 
for  curtailment  in  expenditure,  but  in  doing  so  has  not 
in  all  cases  given  consideration  to  the  relative  im- 
portance of  the  various  bureaus.  Many  new  depart- 
ments were  created  during  the  war,  and  existing  de- 
partments enlarged  the  scope  of  their  activities.  Some 
of  these  have  already  been  abolished;  others  are  hang- 
ing on  in  an  effort  to  justify  their  existence.  How- 
ever, Congress,  apparently  without  careful  study  of  the 
problem,  so  as  to  eliminate  unnecessary  Governmental 
activities  and  consolidate  bureaus  where  duplication  of 
work  exists,  has  adopted  the  old  system  of  wholesale 
pruning   of   appropriations. 

As  might  be  expected,  it  is  the  strong  men  that  are 
leaving  and  the  weaker  men  that  are  holding  on.  This 
is  full  of  danger  to  industry  in  general  as  well  as 
to  the  departments  concerned,  for  in  these  days  of 
increased  Governmental  control  and  supervision  it  is 
not  only  necessary  to  have  men  that  can  meet  rep- 
resentatives of  industry  on  an  equal  footing,  but  also 
quite  essential  that  the  Government's  representatives  be 
broad-gage  men  who  can  take  a  comprehensive  and 
intelligent  view  of  the  problems  coming  before  them. 


Since  a  dollar  invested  in  large  steam-power  plants 
makes  available  three  or  four  times  the  power  that  a 
dollar  invested  in  hydro-electric  systems  will,  it  has  been 
suggested  that  it  might  be  more  to  the  nation's  in- 
terest to  concentrate  upon  improving  our  wasteful 
methods  of  utilizing  coal  than  a  development  of  our 
water  powers.  As  far  as  can  be  foreseen  our  water 
power  is  inexhaustible,  but  at  the  present  rate  of 
consumption  our  coal  supply  will  be  exhausted  at  no 
distant  future.  Therefore,  why  not  concentrate  upon 
conserving  our  fuel  supply  by  improving  our  wasteful 
methods  of  using  it  and  by  the  development  of  our 
water  power,  even  if  the  latter  takes  a  few  more  dollars 
per  horsepower?  Every  horsepower-year  produced  from 
waterfalls  means  five  to  fifty  tons  of  coal  that  can 
remain  in  the  mines  for  use  at  some  future  time. 


Despite  extended  conferences,  the  conferees  on  the 
Water  Power  bill  are  making  no  progress  in  their 
efforts  to  adjust  the  differences  between  the  Senate  and 
the  House  on  that  important  measure.  The  fear  is 
being  expressed  that  a  considerable  period  will  elapse 
before  a  compromise  can  be  agreed  upon.  While  few  are 
of  the  belief  that  the  bill  will  fail,  several  previous 
water-power  bills  have  got  only  thus  far. 


The  "free  energy"  fellows  got  all  worked  up  over 
the  aurora  display  the  other  evening.  Boy,  page  Mr. 
Garabed. 
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Distance  of  Bridge- Wall  from  Boiler  Shell 

In  answer  to  A.  L.  Smythe,  who  in  the  issue  of 
Feb.  24  asks  about  the  proper  distance  of  the  bridge- 
wall  from  the  boiler  shell,  I  find  that  for  an  80-in. 
boiler,  as  mentioned,  the  bridge-wall  should  be  not  more 
than  ten  or  twelve  inches  from  the  boiler  for  good 
result.  I  have  been  in  the  game  for  many  years  and 
have  found  that  a  low  bridge-wall  will  not  allow  of  good 
combustion.  J.  W.  Irwin. 

Chicago,  111. 


Some  months  ago  a  new  hand-operated  stoker  was 
installed  under  our  boilers^  and  the  plans  furnished  by 
the  stoker  concern  called  for  a  bridge-wall  much  lower 
than  we  had  at  that  time.  Whether  due  entirely  to  the 
stoker  or  partly  to  the  lower  wall,  I  am  unable  to  say, 
but  we  have  increased  our  capacity  considerably  and 
decreased  our  smoke  since  the  installation. 

I  am  of  the  opinion  that  the  lower  wall  gives  increased 
combustion  space  and  also  permits  the  flames  to  pass  to 
the  rear  of  the  setting  without  coming  in  contact  with 
the  comparatively  cool  boiler  surface;  and  as  the  tubes 
furnish  the  greater  amount  of  surface  for  the  absorp- 
tion of  heat,  it  seems  reasonable  that  the  large  volume 
of  hotter  gas  would  evaporate  more  water. 

I  believe  the  majority  of  return-tubular  boilers  are 
set  too  low  and  chill  the  gas  before  proper  combustion 
can  take  place.  Harry  H.  Yates. 

Trenton,   N.  J. 


Regarding  Mr.  Smythe's  difficulty  with  bridge-walls, 
and  considering  the  dimensions  of  the  boilers,  it  appears 
that  the  trouble  is  due  to  insufficient  grate  surface,  as 
a  boiler  78  in.  in  diameter,  and  19  ft.  long  should  have 
a  grate  surface  of  approximately  49  sq.ft.,  figuring 
55  sq.ft.  of  heating  surface  to  one  square  foot  of  grate 
surface.  Best  results  have  been  obtained  in  burning 
bituminous  coal  with  an  area  over  the  bridge-wall 
about  one-seventh  the  grate  surface,  which  would  give 
the  distance  twelve  inches  from  the  bridge-wall  to  the 
shell  and  not  over  fourteen  inches.  The  other  boiler 
mentioned  would  be  about  the  same  distance  above  the 
bridge-wall. 

I  would  recommend  a  large  combustion  chamber  in 
order  to  obtain  better  combustion  when  the  fi.re  is  not 
crowded.  This  is  also  desirable  under  all  conditions 
v/here  the  grate  surface  and  the  draft  are  adapted  to 
the  kind  of  coal  that  is  being  used.  If  it  is  desirable 
to  burn  a  poorer  grade  of  coal,  on  account  of  its  low 
price,  and  the  available  draft  pressure  is  insufficient  to 
burn  this  coal  at  the  required  rate,  the  remedy  is  either 


to  enlarge  the  grate  surface  or  to  use  forced  draft, 
or  botn. 

Insufficient  grate  surface  and  poor  coal,  two  causes  of 
trouble,  may  be  considered  together,  as  they  are 
correlated,  and  insufficient  grate  surface  for  one  grade 
of  coal  may  be  ample  for  another  grade. 

I  believe  Mr.  Smythe  is  right  in  his  statements,  and 
no  doubt  the  conditions  mentioned  would  give  the 
results  he  is  getting.  I  recommend  that  the  grate 
surface  be  increased  and  that  the  bridge-wall  be  built 
not   less   than   fourteen    inches   from   the   boiler   shell. 

St.  Louis,  Mo.  R.  Gordon. 


A  bridge-wall  is  thought  by  many  engineers  to  be 
of  great  value  in  keeping  the  furnace  flames  against 
the  boiler  shell,  thereby  resulting  in  a  saving  of  fuel. 
I  have  found  some  bridge-walls  that  come  within  six 
inches  of  the  boiler  shell  and  made  to  conform  to  the 
curvature  of  the  shell,  and  also  all  sorts  of  elaborate 
designs  that  required  considerable  upkeep.  A  bridge- 
wall  is  for  only  one  purpose  and  should  be  built  to 
accomplish  that  purpose,  which  is  to  prevent  fuel  from 
being  pushed  off  the  grates  into  the  combustion  chamber 
back  of  the  bridge-wall.  A  height  of  bridge-wall  eight 
inches  above  the  grates  is  sufficient  to  prevent  this, 
and  it  should  not  be  built  higher  when  burning  soft 
coal;  even  with  hard  coal  a  higher  bridge-wall  will 
be  of  no   benefit. 

A  high  bridge-wall  forcf?  the  gas  that  is  liberated 
from  the  burning  coal,  against  the  comparatively  cold 
boiler  shell,  where  it  is  cooled,  and  at  this  low  tem- 
perature it  passes  along  the  boiler  shell  to  the  tubes 
and  out  through  the  tubes  to  the  chimney  without 
reaching  a  temperature  sufficiently  high  to  burn ;  conse- 
quently, these  heat  units  are  a  total  loss.  These  gases 
are  brought  into  a  combustible  state  by  keeping  them 
away  from  the  cold  boiler  shell,  so  that  more  heat  will 
be  given  up  to  making  steam  and  a  higher  furnace  effi- 
ciency obtained. 

A  high  bridge-wall  is  not  advisable,  and  if  more  coal 
is  burned  with  a  low  bridge-wall,  it  is  due  to  the  fact 
that  a  high  bridge  wall  acted  as  a  damper  and  retarded 
the  flow  of  gases ;  a  low  bridge-wall  does  away  with  this 
choked  passage. 

I  advise  a  bridge-wall  with  not  less  than  an  eight- 
inch  space  between  it  and  the  boiler  shell.  A  damper 
should  be  placed  in  the  stock  and  the  draft  regulated 
by  it  alcne. 

In  case  of  excess  boiler  capacity  I  advise  that  an 
arch  be  built  extending  from  one  side  wall  to  the  other, 
the  length  depending  on  conditions.     This  can  be  done 
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if  the  boiler  is  not  too  close  to  the  grates.  An  arch 
twenty-four  inches  deep  with  a  six-foot  span  is  a.  good 
one.  Of  course,  about  five  inches  of  grate  surface  on 
each  side  will  have  to  be  removed  to  give  room  for  the 
foundation  of  the  arch,  but  in  the  case  of  excess  boiler 
capacity,  there  is  no  doubt  an  excess  of  grate  capacity, 
and  this  five-inch  loss  on  each  side  will  be  of  benefit. 
Winkleman,  Ariz.  George  J.  Trosper. 


The  main  purpose  of  the  bridge-wall  is  to  prevent 
the  fuel  from  dropping  off  the  rear  of  the  grates,  into 
the  combustion  chamber.  Incidentally,  it  tends  to  raise 
the  temperature  of  the  furnace,  by  providing  a  radiat- 
ing surface;  it  also  tends  to  throw  the  gas  currents 
upward  and  along  the  bottom  and  sides  of  the  boiler 
shell,  and  being  an  obstacle  to  the  free  flow  of  the  gases 
it  tends  to  promote  a  mixture  of  the  gases  and  air, 
thereby  improving  combustion. 

A  rule  commonly  followed  in  proportioning  the  vari- 
ous gas  passages  is  to  make  the  area  between  the 
bridge-wall  and  boiler  shell  equal  to  one-seventh  of 
the  area  of  the  grate  surface,  though  some  combustion 
engineers  give  one-sixth  of  the  grate  area  as  a  proper 
proportion.  The  majority  of  them  agree  that  for  boilers' 
72  in.  in  diameter  the  space  between  the  top  of  the 
bridge-wall  and  boiler  shell  should  be  not  less  than 
fourteen   inches. 

Like  many  other  rules,  it  is  well  to  consider  the  special 
circumstances  of  the  case  before  applying  it.  The  first 
possible  draft  restriction  between  the  furnace  and  the 
chimney  is  at  the  bridge-wall,  and  for  burning  bitu- 
minous coal,  with  the  area  between  the  top  of  the 
bridge-wall  and  boiler  shell  equal  to  one-sixth  or  one- 
seventh  of  the  grate  area,  there  should  be  no  draft 
restriction  at  that  point.  If  the|space  of  fourteen  inches 
is  allowed,  the  draft  area  in  a  case  of  a  72-m.  return- 
tubular  boiler,  between  the  top  of  the  bridge-wall  and 
boiler,  will  be  approximately  double  the  area  of  the 
boiler  tubes,  and  in  the  case  of  a  smaller  boiler  it  would 
be  considerable  more;  and  as  there  would  be  no  gas 
restriction  at  this  point  with  this  proportioning,  it 
would  prove  a  considerable  advantage  toward  proper 
combustion.  Richard  Parrott,  Jr. 

Plainfield,  N.  J. 

Increasing  Trap  Expansion  Movement 

A  number  of  steam  traps  are  still  made  which  rely 
for  their  operation  on  the  linear  expansion  of  a  metal 
tube  or  on  the  difference  of  expansion  of  two  tubes  of 
different  metals. 

Such  steam  traps  generally  suffer  from  considerable 
wiredrawing  at  the  valve,  because  the  movement  of  the 
valve  from  its  seat  is  equal  only  to  the  linear  expansion 
of  the  tube,  and  for  small  temperature  differences  and 
tubes  of  medium  length  the  actual  movement  is  very 
small. 

To  produce  a  greater  movement  by  expansion  for  the 
same  temperature  differences,  we  might  utilize  a  flat 
bar  of  metal  of  moderate  length,  say  only  12  in.  long, 
the  bar  being  firmly  held  between  two  points,  the  dis- 
tance from  each  other  remains  unalterable  or  nearly  so. 
With  an  increase  in  temperature  this  bar  will  curve  and 
its  center  C  will  be  moved  in  a  direction  normal  to 
its  axis. 

Assuming  that  the  linear  expansion  of  bronze  for  one 
degree  C.  is  0.0000177  per  unit  of  length  ind  that  the 
change  in  temperature  is  5  deg.  C,  then  a  bar  12  in. 


long  will  have  after  expansion  a  length  of  12  -f 
(0.0000177  X  12  X  5)  =  12.001062  in.  and  the  total 
amount  of  movement  produced  by  the  free  end  would 
be  0.001062  in.  If  this  bar  is  firmly  held  between  two 
points,  as  at  A  and  B,  Fig.  1,  whose  distance  apart  is 
12  in.  and  then  expands  the  same  amount,  its  center  will 
move  outward  in  a  direction  normal  to  its  axis.     The 


via.    1.      REPRESENTING    12-IN.    BAR    HELD    RIGIDLY    AT 
ENDS,  AND  CURVATURE  DUE  TO  EXPAN.SION 

center  line  of  the  bar  will  assume  a  curvature.  Assum- 
ing that  this  curve  is  a  circular  one,  then  the  length  of 
the  arc  =  A  C  B  will  be  12.001062  in.  and  its  chord  = 
A  B  will  be  12  in. 


A&ACB 


^AC-AB 


,  we  get  .AC' 


3  X  12.001062  -^  12 


3         »"-^—  8 

=  6.0004  inch. 
C  M,  or  the  amount  of  movement  of  the  center  of  the 

bar  =  ^'^KATcy  —   (A  MY  =   \/~36.0048  —  36  = 
0.069  inch. 

This  movement   is   about   65   times  as  large   as   the 
movement  resulting  from  linear  expansion,  which  for 
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FIG.  2.     CURVES  FOR  TE>[PERATURE  DIFFERENCES 

the  same  length  of  bar  and  the  same  increase  in 
temperature  was  found  to  be  0.001062  inch. 

Plotting  both  movements  for  different  temperature 
differences.  Fig.  2,  we  get  for  the  linear  expansion  a 
straight  line  and  for  the  movement  produced  by  the 
center  of  the  bar,  when  its  two  ends  are  firmly  held,  a 
parabola.  The  larger  the  temperature  difference  the 
smaller  will  be  the  ratio  of  the  two  movements.  Plotting 
on  the  same  diagram  the  corresponding  ratios,  we  get 
curve  C. 

As  the  temperature  difference  to  which  a  bar  in  the 
service  mentioned  generally  is  exposed  is  small,  the 
resulting  movement  might  be  multiplied  to  any  desired 
degree  by  leverage,  and  without  going  to  extremes  a 
full  opening  of  the  valve  may  be  realized  at  all  times. 

Half  Way  Tree,  Jamaica,  B.  W.  I.  0.  Janzen. 
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Water-Column  Blowoff  Valves 

Some  time  ago  Power  published  a  letter  by  Gustav 
Swenson  which  related  to  the  subject  of  water-column 
blowoff  valves.  The  problem  of  the  water-column  blow- 
down  valve  has  been  repeatedly  presented  to  our  engi- 
neering department,  and  we  have  been  asked  to  develop 
a  valve  for  this  purpose  and  have  evolved  the  valve 
shown  in  the  sketch. 


IMPROVED    WATER-COLUMN    BLOWOFF    VALVE 

In  this  little  %-m.  or  1-in.  valve,  which  is  made  either 
in  the  straightway  or  angle  pattern  containing  the  seat- 
less  feature,  the  dirty  water  passes  out  through  holes  in 
the  lower  follower  gland  when  the  plunger,  which  is  part 
of  the  stem,  is  raised  into  the  open  position  by  means 
of  the  handwheel.  There  is  an  annular  space  around  the 
center  follower  ring  so  that  the  blowdown  can  freely 
pass  out  into  the  side  or  end  port. 

The  valve  is  closed  in  the  usual  manner  by  means  of 
the  handwheel,  which  screws  dovini  the  plunger  until  it 
passes  the  lower  packing  ring,  when  the  flow  ceases. 
The  plunger  continues  down  until  the  shoulder  engages 
the  upper  follower  ring,  and  then,  as  the  operator  gives 
one  sharp  final  turn,  the  pressure  is  applied  by  means  of 
this  shoulder  to  the  upper  follower  ring  and  through 
the  upper  packing  and  lower  follower  ring  to  the  lower 
packing,  so  that  the  tighter  the  valve  is  closed  the  more 
the  packing  will  be  forced  out  against  the  plunger  in  its 
closed  position  and  hence  the  tighter  the  valve. 

The  packing  used  is  a  vulcabeston  molded  ring.  This 
type  of  small  blowoff  valve  was  first  designed  for  the 
Stanley  Motor  Carriage  Co.,  who  have  adopted  it  for 
use  in  conjunction  with  their  steam  automobile.  They 
have  found  that  it  is  the  only  blowoff  valve  that  stays 
tight  under  their  high-pressure  steam  conditions.  The 
valve  made  for  them  has  a  i-in.  pipe  connection. 

D  Robert  Yarnall, 

Philadelphia,  Pa.  Yarnall-Waring  Co. 


Alarm  Clock  Used  To  Open  Oil  Switch 
Automatically 

The  following  describes  an  arrangement  that  I  have 
had  in  use  in  the  power  house  for  five  years  to  turn  out 
the  street  lights  in  a  small  town.  The  circuit  was  con- 
trolled by  a  hand-operated  2,300-volt  oil  switch,  which 
was  made  automatic  by  the  addition  of  an  auxiliarj- 
lever,  a  spiral  spring  and  by  placing  a  steel  c?tch  block 
across  the  ;lot  in  the  switchboard  where  the  operating 
levels  pass  through,  as  indicated  in  the  figure.  When 
the  switch  is  closed,  the  spring  S  is  compressed  and  the 
slot  in  the  lever  L  falls  over  the  catch  B  and  holds  the 
switch  closed. 

In  back  of  the  switchboard,  directly  under  the  end  of 
lever  L  and  on  the  frame  of  the  oil  switch,  is  mounted 
a  solenoid,  T,  with  an  iron  plunger,  so  that  when  the  coil 
is  energized  the  iron  plunger  will  lift  the  lever,  thus 
releasing  the  switch. 

On  a  common  alarm  clock  I  soldered  an  extension  on 
he  alarm  winding  key,  with  tv/o  small  holes  bored  in  it 
to  attach  the  ends  of  two  chains  about  ten  inches  long, 
as  shown.  In  the  end  of  each  chain  near  the  key  is 
placed  a  piece  of  leather  to  insulate  them  from  the  clock. 
The  chains  and  solenoid  are  connected  in  series  with  the 
110-volt  circuit.  When  the  alarm  goes  off,  the  chains 
are  twisted  together,  thus  closing  the  circuit  through 
the  coil  whose  plunger  trips  the  switch. 

At  first  there  were  on  the  front  of  the  board  two  con- 
tacts that  opened,  but  another  arrangement  had  to  be 
devised,  since  sometimes  the  power  was  off  when  the 
time  came  for  the  clock  to  turn  the  lights  out,  and  when 
the  voltage  was  slowly  built  up  the  trip  coil  would  not 
trip  the  switch. 

This  in  a  short  time  caused  the  coil  to  be  burned  out, 
so  I  made  a  frame  for  the  clock  and  mounted  a  babv 


Starting  the  Oil  To  Run 

Frequently,  when  my  engine  is  to  be  started  and  I  set 
the  oil  flow  on  the  crank,  instead  of  flowing  in  a  stream 
it  comes  out  of  the  cup  in  drops.  My  method  of  start- 
ing it  to  flow  in  a  stream  is  to  place  my  finger  in  the 
sight  hole,  letting  the  oil  drop  on  the  finger  nail  and 
then  lift  my  finger  until  the  oil  begins  to  come  in  a 
stream.  I  then  lower  my  finger,  pulling  it  away  quickly, 
and  the  oil  will  then  run  in  a  stream. 

Woonsocket,  R.  I.  Clement  Corey. 


COXXEC-TIOXS   OF   ALARM   CLOCK  TO   OIL  SWITCH 

knife-switch  in  back  of  it,  as  in  the  figure.  To  set  the 
clock,  which  was  done  when  the  substation  man  came 
to  put  the  lights  on,  it  was  slipped  out  of  the  frame  and 
the  alarm  wound  up  by  the  key  K  and  the  chains  hooked 
to  contacts  A  and  A  and  the  switch  W  closed.  When  the 
clock  goes  off,  it  twists  the  chains  together  on  the  first 
half  revolution  and  on  the  last  half  it  opens  the  switch 
which  cuts  out  the  trip  coil.  E.  Littlefifld. 

East  St.  Louis,  111. 
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Keeping  Out  of  the  Rut 

The  letter  of  Thomas  M.  Gray,  together  with  the 
editorial  on  the  subject  of  "Keeping  out  of  the  Rut,"  as 
published  in  the  Feb.  17  issue  of  Power,  brings  out 
some  excellent  points  for  one  to  think  over. 

In  dealing  with  the  subject'  it  is  my  belief  that  no 
engineer  who  is  really  100  per  cent  interested  will  al- 
low himself  to  slip  into  a  very  deep  rut  before  he  begins 
by  concentrated  effort  to  pull  himself  out  and  thus  be- 
come a  better  man.  I  will  exonerate  the  engineer  for 
some  of  his  shortcomings,  which  are  justly  chargeable 
to  the  management  of  the  plant,  for  it  is  well  known 
that  many  of  the  men  holding  the  purse  strings  cannot 
see  the  economies  which  the  engineer  can  make  with 
proper  cooperation  from  their  side  of  the  fence.  This 
fact  alone  allows  many  a  first-class  engineer  to  get  into 
so  deep  a  rut  that  it  takes  the  real  man  spirit  in  him  to 
pull  himself  out.  Is  it  any  wonder,  then  that 
routine  duties  so  often  lead  the  engineer  to  make  them 
in  a  careless  manner  because  he  feels  that  no  one  is 
interested  enough  to  make  a  close  check  of  his  work? 
In  many  plants  the  man  called  "Chief"  is  not  "Chief" ; 
in  reality  he  is  the  wet  nurse  to  everything  mechanical 
and  electrical  about  the  plant;  his  rut  is  a  well-worn 
path  from  which  he  fears  to  tread. 

The  reasons  for  power-plant  engineers  becoming  dis- 
interested in  their  work  are  many,  yet  in  the  three 
cases  cited  in  the  following  can  be  observed  facts,  not 
to  be  disputed,  and  in  many  plants  the  same  conditions 
exist  t'jday,  and  the  rut  is  well  worn;  whereas  on  the 
straight  road  there  is  plenty  of  room  for  all  if  they 
could  but  understand  that  it  is  the  best  and  easiest  way. 

Take  the  case  of  three  men  employed  as  shift  en- 
gineers in  a  moderate-sized  plant,  maintained  in  very 
good  condition  by  the  owners,  although  the  human  ele- 
ment side  of  the  situation  could  be  improved  upon  to 
the  advantage  of  the  management,  as  well  as  the  men. 

Jack  works  on  the  first  trick  and  has  general  super- 
vision over  the  forces  employed  on  the  other  tricks,  as 
well  as  making  up  the  daily  reports  and  looking  after 
minor  repairs  about  the  station.  Jack  is  in  his  thirties 
and  works  eight  hours  per  day.  He  has  had  the  benefit 
of  several  years  in  the  boiler  room  as  well  as  in  the 
engineer's  position,  and  he  should  be  capable  of  han- 
dling the  place  well.  Jack's  trouble  seems  to  be  that 
he  does  not  like  the  responsibilities  of  the  position,  nor 
will  he  study  and  read  up  on  the  modern  ways  of  opera- 
tion. His  duties  are  performed  in  a  mechanical  sort 
of  way,  and  when  rendering  discipline  he  is  not  there. 
Jack  is  surely  in  a  rut  and  by  concentrated  effort  could 
become  a  real  engineer,  yet  he  does  not  think  it  worth 
while  to  make  the  start.  Some  day  he  will  find  some 
other  fellow  in  his  job. 

Pete  is  the  second-trick  engineer  and  receives  his 
instructions  from  Jack.  While  on  duty  Pete  is  the 
boss,  and  yet  he  lacks  enough  initiative  to  do  any  more 
than  the  law  compels  for  him  to  get  by.  Fortunately 
for  him,  he  has  been  getting  by  for  a  long  time  at 
the  expense  of  his  employers.  Some  day  he  will  wake 
up  and  will  make  a  grand  rush  to  get  out  of  the  rut, 
but  he  will  find  that  the  rut  has  swallowed  him  up.  He 
simply  holds  on  because  Jack  and  John,  the  third-trick 
engineer,  hold  up  his  end  for  him. 

John  is  the  third-trick  engineer  and  is  a  man  about 
the  age  of  Jack.     He  has  had  boiler-room  training  and 


is  a  real  engineer  in  every  way.  He  is  interested  in 
all  things  pertaining  to  the  work  and  can  be  relied  upon 
in  case  of  emergency  to  do  the  right  thing.  He  is  out 
of  the  rut  and  is  not  going  to  get  in  very  deep,  for  his 
time  is  too  well  occupied  in  educating  himself  for  the 
better  positions  now  being  filled  by  someone  in  the  rut. 
John  can  take  the  reports  and  explain  why  this  or  that 
happened  and  the  remedy  applied.  He  will,  it  is  safe 
to  say,  not  be  a  third-trick  engineer  very  long. 

It  may  be  well  to  mention  that  in  the  plant  from 
which  this  lesson  is  drawn  the  wages  and  the  conditions 
in  general  are  good,  hence  there  is  practically  no  ex- 
cuse fo/  Jack  and  Pete  not  to  make  good.  The  trouble 
is  with  the  man  and  not  the  place  in  this  case. 

One  manner  of  eliminating  inefficient  men  is  to  have 
a  national  license  law  and  grade  the  men  according  to 
their  ability  to  pass  a  satisfactory  examination,  allow- 
ing sufficient  points  for  practical  experience  and  have 
the  examination  consist  of  practical  problems.  Proper 
classification  of  plants,  etc.,  should  also  be  given  con- 
sideration. Paul  R.  Uuffey. 

Hagerstown,  Ind. 
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National  Engineers'  Convention 

Your  editorial  in  the  April  6  issue  on  "The  Coming 
National  Engineers'  Convention"  is  on  sound  founda- 
tion. There  is  no  difference  of  opinion  as  to  the  need 
of  the  engineer  giving  attention  to  his  nontechnical 
interests  and  in  a  thoroughgoing  manner.  The  ques- 
tion is.  Through  what  instrumentality? 

Several  years  ago  the  writer,  as  secretary  of  a  local 
all-inclusive  engineering  society,  backed  a  plan  which 
provided  that  membership  in  an  accredited  local  society 
should  be  a  prerequisite  to  membership  in  the  na- 
tional. He  felt  strongly  that  the  salvation  of  the 
profession  so  far  as  it  would  come  through  the  devel- 
opment of  organization  depended  upon  the  develop- 
ment of  the  local  society.  Since  that  time,  through 
wider  experience,  he  has  found  that  the  local  developed 
up  to  a  certain  plane,  a  sort  of  dead  level,  where  it 
stopped.  It  must  have  a  proper  state  and  national 
relation.  The  development  of  the  home  interest  is 
of  first  importance,  but  will  be  dwarfed  unless  that 
development  has,  as  a  part  of  the  process,  national 
integration. 

The  proponents  of  a  federation  are  in  the  position 
of  those  who  advocated  a  confederation  of  states  early 
in  the  history  of  the  country.  Before  a  nation  came, 
the  confederation  had  to  be  thro\\Ti  overboard.  A 
civil  war  was  necessary  later  on  to  settle  the  question 
of  integration  of  a  nation  as  contrasted  to  state  rights. 
The  proponents  of  a  federation  are  state-rights  men. 
A  strong  all-inclusive  organization  will  come  about 
through  integration.  If  a  federation  is  formed,  it  will 
be  but  a  step  in  the  process  of  integration. 

The  American  Association  of  Engineers  has  been 
offered  as  the  integrating  instrument  in  a  letter  ad- 
dressed to  the  four  national  technical  societies  under 
date  of  Dec.  20,  1919.  Whether  eventually  accepted  or 
not,  the  principles  on  which  A,  A.  E.  are  founded  will 
prevail.  Tlie  test  of  the  National  Convention  to  be 
held  in  Washington  will  be  on  its  acceptance  of  broad 
principles,  like  the  Constitutional  Convention  in  1787 
which  gave  birth  to  the  United  States. 

Chicago,  111.  C.  E.  Drayer,  Secretary, 

American  Association  of  Engineers. 
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Synchronous    Motors     for    Driving 

Centrifugal  Pumps 

I  was  interested  in  reading  the  article  on  "Synchron- 
ous Motors  for  Driving  Centrifugal  Pumps,"  by  Soren 
H.  Mortensen,  in  the  Jan.  20  issue  of  Power.  On  page 
91,  Fig.  4 — "Starting  Instructions" — according  to  these 
the  motor  is  supposed  to  be  brought  up  to  approximately 
synchronous  speed  on  the  low-voltage  tap,  the  field 
switch  closed  and  the  field  circuit  adjusted  for  normal 
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FIG.  1. 
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field  before  the  power  switch  is  thrown  from  the 
starting  to  the  running  position^  This  would  be  an 
impossible  method  to  use  unless  the  pull-in  load  was 
comparatively  small  or  the  motor  considerably  under- 
rated. My  experience  has  been  such  that,  except  in 
special  cases,  I  would  never  think  of  trying  to  have  the 
motor  pull  the  load  into  synchronism  before  full  voltage 
is  applied.  One  has  only  to  witness  the  operation  of  a 
synchronous  motor  during  starting  and  pull-in  period 
on  loads  such  as  centrifugal  pumps 
in  order  to  realize  how  impossible 
the  method  quoted  would  be. 

The  key  to  Mr.  Mortensen's  state- 
ment, I  believe,  is  found  in  the  third 
paragraph  of  his  article,  where  it 
says:  "If  the  characteristics  of  the 
centrifugal  pumps  are  such  that, 
during  the  starting  period,  they 
require  70  to  80  per  cent  of  full- 
load  torque,  it  will  be  necessary  to 
make  the  synchronous  motor  larger 
than  would  be  the  case  if  its  capa- 
city was  limited  through  heating 
alone.  For  such  cases  over-excited 
synchronous  motors  for  power  correction  are  particu- 
larly suitable."  I  think  70  to  80  per  cent  is  away  too 
high,  as  I  do  not  believe  motors  started  according  to 
the  instructions  given  could  pull  in  30  per  cent  of  nor- 
mal load  unless  the  motor  was  over-size. 

.A  test  curve  showing  starting  and  pull-in  of  a  2,200- 
volt  three-phase  60  cycle  500  hp.  360  r.p.m.  synchronous 
motor  driving  an  ammonia  compressor  under  more 
severe  conditions  than  are  ordinarily  met  with  in  cen- 
trifugal pumps  is  shown  in  Fig.  1.  This  curve  reads 
from  left  to  right.  When  the  motor  is  first  throvni 
on,  the  line  kilovolt-amperes  show  approximately  360  at 
B;  the  initial  peak  at  C  is  probably  due  to  the  over- 
swing  of  the  needle.  The  kilovolt-amperes  from  this 
point  decrease  steadily  for  the  next  thirty  seconds, 
indicating  that  the  speed  of  the  motor  is  increasing  and 
the  power  factor  becoming  better.    The  power  factor  at 


starting  will  probably  not  exceed  30  to  40  per  cent.  The 
instant  full  voltage  is  thrown  on  at  D,  quite  a  large 
drag  of  current  is  taken  from  the  line,  although  full 
allowance  should  be  made  for  the  over-throw  swing  of 
the  needle.  For  about  eight  seconds  the  ammeter 
needle  is  swaying  back  and  forth,  indicating  the  rotor 
field  increasing  its  speed  and  attempting  to  lock  in  with 
the  stator  field.  At  the  point  E  where  the  field  switch 
is  closed,  one  big  dip  of  the  needle  shows  where  a  pole 
is  slipping  by  and  then  the  motor  pulls  into  step  and 
locks  with  the  line.  Immediately 
thereafter  the  valves  are  opened  on 
the  compressor  and  it  begins  to  pick 
up  load.  The  fluctuations  of  the  line 
from  there  on  are  the  reciprocating 
actions  of  the  compressor  cylinders. 
This  particular  compressor  at  pull- 
in  requires  a  torque  of  50  per  cent 
of  normal  as  near  as  we  can  judge. 
The  motor,  when  carrying  its  full 
normal  load,  draws  about  300  kw. 
from  the  line. 

Now  compare  this  with  the  curve 
as  shown  in  Fig.  7  of  Mr.  Morten- 
sen's  article,  reproduced  here  in  Fig. 
2.  This  is  a  peculiar  looking  curve, 
and  I  cannot  understand  why  the  excitation  should  be 
applied  immediately  the  motor  is  started.  It  is 
very  evident  that  such  excitation  is  doing  no  good 
as  the  motor  has  not  pulled  into  step,  and  some  30 
seconds  later  full  voltage  is  applied  and  the  motor 
fluctuates  along  for  about  30  seconds  more  before  it 
pulls  into  step.  I  have  never  before  seen  a  graphic 
curve  of  a  synchronous  motor  at  starting  that  looked 
at  all  like  this.     The  speed,  evidently,  is  not  changed 
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at  all  during  the  period  the  motor  is  running  on  part 
voltage,  as  the  current  fluctuations  are  of  the  same 
duration  and  that  indicates  the  speed  as  remaining 
constant.  Further  discussion  by  Mr.  Mortensen,  or 
other  readers  of  Poiver  would  no  doubt  be  helpful  on 
this  subject,  to  which  so  much  attention  is  being  given 
at  the  present  time.  B.  S.  SiEVENS. 

New  York  City. 

Qick  in  Corliss  Engine 

I  was  called  on  a  few  days  ago  to  find  the  cause 
of  clicking  on  an  800-hp.  double-eccentric  Corliss 
engine.  I  found  three  bolts  in  the  rim  of  the  flywheel 
loose.  I  removed  them,  heated  them,  drove  them  back 
into  place.  After  tightening  them,  I  started  the  engine 
and  found  that  the  trouble  was  overcome. 

North  Tonawanda,  N.  Y.  C.  J.  MiLLEa;. 
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Electric  Arc  Versus  Gas  Welds 

On  account  of  the  rapidly  advancing  field  of  auto- 
Reneous  welding  in  construction,  maintenance  and 
salvage  work,  the  following  results  as  shown  by  prac- 
tical working  tests  may  be  of  interest.  These  tests 
were  performed  by  F.  Hutton,  M.  E.,  a  well-known  weld- 
ing expert,  and  myself.  They  covered  a  period  of  about 
two  years,  and  afforded  ample  opportunity  for  a  care- 
ful investigation  of  the  subject  from  various  stand- 
points. 

The  first  class  of  work  which  I  will  here  attempt  to 
describe  consisted  of  the  repair  by  welding  of  defective 
B.  &  W.  boiler  steel  headers,  designed  to  withstand  a 
working  pressure  of  225  lb.  The  welding  required  to 
repair  the  headers  consisted  of  the  filling  in  of  worn 
lower  corners  and  building  up  thinned  4-in.-tube  seats 
to  the  original  thickness  with  ample  reinforcement  to 
allow  for  machining.  The  saving  efl'ected  by  arc-welding 
these  headers  amounted  to  from  90  to  96  per  cent  of  the 
original  cost  of  new  headers. 

We  obtained  the  best  results  with  a  direct-current, 
constant-potential  machine  with  low  voltage  and  a 
readily  regulated  heat  control.  A  voltage  not  exceeding 
forty  was  used,  and  a  metallic  electrode  giving  a  high 
tensile  strength  of  weld  and'  approximately  0.25  carbon 
and  0.7  manganese  in  the  weld  was  found  best  for  this 
class  of  work.  After  completing  the  welding  and  plac- 
ing headers  in  the  boring  mill  for  machining  the  tube 
seatr,  it  was  found  that  the  welded  metal  worked  under 
the  tool  fully  as  well  as  the  metal  comprising  the 
original  header.  In  fact,  any  line  of  demarcation 
between  weld  and  original  metal  was  very  hard  indeed 
to  locate  by  occular  inspection. 

We  found,  when  inspecting  the  interior  of  these 
headers  after  over  a  year  of  continuous  use  under 
unfavorable  working  conditions,  that  the  welded  and 
built-up  sections  had  in  no  way  deteriorated.  Much 
to  the  contrary  was  our  experience  with  headers  of  the 
same  type,  physical,  and  chemical  properties  as  those 
already  mentioned,  but  which  were  welded  by  the  oxy- 
acetylene  process.  After  being  welded  by  this  process, 
and  when  the  machining  of  the  tube  seats  was  started, 
large  sections  of  the  weld  tore  or  fell  off  under  the 
tool,  and  in  some  cases  the  entire  body  of  welded  metal 
fell  off,  showing  that  no  actual  weld  union  had  taken 
place,  but  only  a  sort  of  surface  fusion  or  cementation 
which  was  easily  loosened  by  contraction  stresses  and 
tool  impact. 

It  is  believed  that  in  the  first-mentioned  case,  where 
portions  only  came  off,  that  the  headers  had  received  the 
required  preheating  necessary  to  insure  a  weld,  but  that 
the  ensuing  contraction  stress  caused  cracks  to  develop 
in  the  weld  and  surrounding  metal. 

The  second  series  of  practical  tests  was  in  the  salvage 
of  pitted  and  broken  ship  propellers.  The  first  repairs 
made  in  this  class  of  work  were  by  the  oxyacetylene 
process  and  consisted  in  filling  in  pitted  portions  of 
blades  and  welding  on  special  cast  blade  tips.  The 
propeller  blades  having  such  a  large  area  compared  with 
<heiv  thickness,  it  was  found  that  when  the  necessary 
preheating  was  done  the  blade  had  warped  a  consider- 
able distance  out  of  its  original  fonn.  This  meant, 
when  the  welding  wa?  completed,  that  an  annealing 
treatment  was  required  to  restore  the  blade  to  its 
original  contour  and  relieve  contraction  stress.  This 
annealing  was  found  to  be  only  a  partial  remedy  as  the 
blade  was  not  entirely  restored  to  its  original  form,  and 


without  doubt  a  state  of  constant  internal  stress 
remained  in  the  blade,  tending  to  produce  fracture  when 
the  usual  working  load  was  applied.  Subsequent  events 
seemed  to  prove  this  theory. 

After  the  welded  propellers  were  placed  in  service  and  I 
subjected  to  the  usual  working  stress,  the  blades  broke 
off  one  at  a  time,  and  they  all  broke  directly  in  the 
weld,  the  last  blade  on  one  propeller  breaking  off  less 
than  four  months  after  the  propeller  was  placed  in 
service.  This  same  class  of  work  was  performed  on 
other  like  sets  of  propellers,  but  in  this  case  the  electric- 
arc  process  was  employed.  The  same  type  of  welding 
machine,  voltage  and  equipment  were  used  for  this  work 
as  for  the  headers  previously  described.  A  softer 
metal  electrode  of  less  tensile  strength  was  used  in 
order  to  make  the  subsequent  grinding  and  surfacing 
more  easily  done.  The  welding  heat  being  well  local- 
ized and  under  close  control,  no  noticeable  deformation  ^ 
of  blade  was  produced;  hence  no  annealing  process  was  ^ 
required,  and  the  blades  appeared  to  be  free  from  any 
injurious  internal  stress. 

After  nearly  twenty  months'  use,  and  being  exposed 
to  the  same  working  conditions  as  mentioned  in  the    ■ 
case  of  the  gas-welded  propellers,  an  examination   in  ■ 
dry  dock  was  made.     The  welding  and  tips  were  found 
to  be  intact  and  in  their  original  good  condition  except 
for  a  slight  pitting,  due  no  doubt  to  galvanic  action. 
The  saving  effected  by  welding  these  propellers  by  the    m.. 
arc  process  amounted*to  from  70  to  78  per  cent  of  their   w 
cost  when  new.     On  the  other  hand,  in  the  case  of  the 
gas-welded  propellers  a  considerable  loss  was  incurred, 
due  to  the  cost  of  dry  docking,  removal  and  replacing  Ji 
of  propellers.  »■' 

The  resul!;s  obtained  on  the  two  classes  of  work  cited 
were  repeated  with  various  modifications  on  many  other 
classes  of  work,  and  with  various  metals,  including 
cast  iron,  cast  steel,  mild  steel,  nickel  steel,  bronze, 
monel  metal  and  other  alloys.  In  all  classes  it  was  found 
that  the  electric-arc  weld  was  superior  to  the  gas  weld 
both  in  quality  of  work  and  in  cost.  I  believe  this  to 
be  due  principally  to  the  closely  localized  character  of 
the  heat  generated  by  the  electric  arc,  thereby  min- 
imizing heat  deformation  and  contraction  stress  in  the 
member  being  welded. 

The  distinct  function  of  the  oxyacetylene  flame  is  for 
cutting,  and  in  that  field  it  is,  I  think,  unexcelled. 

I  would  invite  a  discussion  on  any  lines  pertaining  to 
this  subject.  Charles  T,  Perry, 

Mechanical  Engineer, 

New  York  City.  Dept.  of  Plant  and  Structures. 

Continuous  Use  of  Boiler  Water 

This  is  written  with  the  intent  of  correcting  a  state- 
ment of  Mr.  Hill  who,  in  the  third  paragraph  of  his 
article  on  page  320  of  the  March  2  issue,  states  that, 
"If  there  were  no  losses  of  water  due  to  leakage,  the 
same  water  could  be  used  indefinitely." 

I  feel  sure  that  Mr.  Hill  would  not  follow  that 
practice,  even  if  it  were  possible  to  do  so,  because  he 
undoubtedly  knows  that  water  can  become  too  pure 
for  boiler  purposes,  and  that  if  it  is  being  used  over 
and  over  without  adding  fresh  water,  the  mineral 
properties  which  are  necessary  in  a  good  boiler-feed 
water  have  been  blown  out  through  the  blowoff  pipes. 
Water  in  a  pure  3tate  will  attack  the  boiler  metal  and 
cause  pitting.  H.  W.  Rose. 

Brenham,  Tex. 


April  13,  1920 


POWER 


605 


,^, INQUIRIES  ffl 
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Positian  of  Exhans  /alves  with  Engine  on  Center — With 
a  releasing  valve  gear,  should  the  exhaust  valve  be  open 
when  the  engine  is  on  a  center?  H.  S. 

In  a  cut-ofF  engine,  the  steam  should  "be  released  from  the 
cylinder  by  having  the  exhaust  valve  open  before  the  end 
of  the  stroke,  to  insure  prompt  discharge  of  the  steam  and 
prevent  undue  back  pressure  during  the  return  stroke. 
Consequently,  when  the  engine  is  on  a  center  and  the  piston 
has  arrived  at  one  end  of  its  stroke,  the  exhaust  valve  on 
l^e  other  end  of  the  cylinder  would  be  open. 


Increasing  Size  of  Governor  Driving  Pulley — If  a  reduc- 
tion is  made  in  the  diameter  of  a  pulley  on  the  main  shaft 
of  an  engine  for  driving  a  flyball  governor,  what  effect 
will  it  have  on  the  speed  ?  W.  T. 

Compared  with  the  speed  of  the  engine,  the  governor 
will  be  driven  at  relatively  slower  speed  and  the  engine 
shaft  will  have  to  attain  a  higher  speed  before  the  speed 
of  the  governor  is  sufficient  to  check  the  supply  of  steam. 
Consequently,  reducing  the  size  v>i  governor  driving  pulley 
on  the  mainshaft,  or  increasing  the  size  of  the  governor 
receiving  pulley,  would^ause  the  governor  to  regulate  the 
engine  at  a  higher  speed. 


Starting  an  Induction  Motor — A  3-hp.  220-volt  three- 
phase  induction  motor,  driving  a  shaper,  takes  60  amperes 
for  about  20  seconds  when  first  started.  The  current  then 
drops  to  5  amperes.  Is  this  surge  of  current  liable  to 
harm  the  motor,  and  is  the  use  of  a  starting  compensator 
warranted?  A.  E.  W. 

A  starting  current  of  60  amperes  is  not  abnormal  for  the 
type  of  motor  in  question.  And  unless  there  is  danger  of 
the  motor  injuring  the  machine  that  it  is  starting,  a  starting 
compensator  is  not  necessai'y.  If  you  wish  to  properly 
protect  the  motor,  you  will  have  to  do  it  by  installing  a 
double -throw  switch  with  two  sets  of  fuses — one  set  of 
about  15-ampere  capacity  on  the  running  side,  and  another 
on. the  starting  side  of  30-ampere  capacity. 


Results  of  Belt  Failures  with  Blocked  Grovernors — With 
a  blocked  engine  governor,  what  would  happen  if  the  main 
driving  belt  should  break  or  if  the  governor  belt  broke  or 
came  off?  W.  D.  T. 

If  the  main  belt  should  break,  the  load  would  be  removed 
and  the  engine  would  race  and  perhaps  be  vnrecked.  With 
the  governor  belt  broken  or  run  off,  the  governor  would 
supply  the  amount  of  steam  corresponding  to  the  blocked 
position,  without  power  to  increase  the  supply  for  an 
increase  of  the  load  or  to  decrease  the  supply  for  a  decrease 
of  the  load,  so  that  a  load  greater  than  that  capable  of  being 
carried  by  the  blocked  position  of  the  governor  would  cause 
the  engine  to  slow  down,  but  any  less  load  would  permit 
the  engine  to  race  and  very  likely  to  become  wrecked. 


Average  Tangential  Pressure  on  Crankpin — What  is  the 
average  tangential  pressure  on  the  crankpin  of  a  14-in.  x 
20-in.  engine  where  the  m.e.p.  is  40  lb.  ?  C.  B.  H. 

Neglecting  the  reduction  of  piston  displacement  from 
presence  of  the  piston  rod,  the  average  total  pressure  acting 
on  the  piston  would  be  14  X  14  x  0.7854  x  40  =  6157.6  lb., 
and  with  20-in.  stroke  the  work  performed  per  revolution 
would  be  6157.6  x  20  X  2  =  246,304  inch-pounds.  Without 
allowance  for  loss  from  friction  the  same  amount  of  work 


would  be  transmitted  per  revolution  to  the  crankpin;  and 
as  in  one  revolution  the  leng-th  of  path  described  by  the 
crankpin  center  would  be  20  X  3.1416  =  62.832  in.,  the 
average  tangential  pressure  would  be  246,304  —  62.832  = 
3,920  lb. 


Allowance  for  Strength  of  Girth  Seams — In  computing 
the  strength  required  of  girth  jomts  of  a  horizontal  return- 
tubular  boiler  shell,  what  allowance  should  be  made  for  the 
1  eduction  of  area  of  the  heads  due  to  the  tubes?     W.  L.  C. 

According  to  the  A.  S.  M.  E.  Boiler  Code,  par.  184,  b: 
*'When  50  per  cent  or  more  of  the  load  which  would  act  on 
an  unstayed  solid  head  of  the  same  diameter  as  the  shell, 
IS  relieved  by  the  effect  of  tubes  or  through  stays,  in  con- 
sequence of  the  reduction  of  the  area  acted  on  by  the 
pressure  and  the  holding  power  of  the  tubes  and  stays,  the 
strength  of  the  circumferential  joints  in  the  shell  shall  be 
at  least  35  per  cent  of  tnat  required  for  the  longitudinal 
joints."  When  less  than  50  per  cent  of  the  solid  head  area 
is  thus  relieved,  the  strength  of  circumferential  joints 
should  be  at  least  one-half  the  strength  required  for  the 
longitudinal  joints. 


Power  Factor  in  a  Three-Phase  Circuit — In  a  three-phase 
circuit  the  current  is  30  deg.  behind  the  electromoTive  force 
at  100  per  cent  power  factor.  Since  the  power  factor  is 
equal  to  the  cosine  of  the  phase  angle  between  the  current 
and  voltage,  what  is  the  angle  of  lag  in  degrees  at  90  per 
cent  power  factor  in  a  three-phase  circuit?  E.  C.  H. 

No  doubt  you  have  the  current  and  voltage  relations  in 
the  various  parts  of  the  circuit  confused.  The  statement, 
"In  a  three-phase  circuit  the  cun-ent  is  30  deg.  behind  the 
voltage  at  100  per  cent  power  factor"  is  coi-rect  only  regard- 
ing certain  conditions,  namely,  the  relation  between  the 
current  in  the  current  coil  of  a  wattmeter,  and  the  voltage 
applied  to  the  potential  coil  and,  where  two  wattmeters  are 
connected  in  the  circuit,  the  phase  relation  between  the 
current  in  the  current  coil  and  the  voltage  in  the  potential 
coil  is  30  deg.  lagging  in  one  instrument  and  30  deg.  leading 
in  the  other  instrument.  With  a  90  per  cent  lagging  power- 
factor  load  on  the  system  the  current  in  the  load  will  be 
lagging  approximately  26  deg.  behind  the  voltage.  At 
unity  power  factor  in  one  of  the  meters  the  current  and 
potential  is  30  deg.  out  of  step  lagging.  Therefore,  in  this 
instrument,  with  the  load  current  lagging  the  voltage  26 
deg.,  the  difference  of  phase  angle  between  the  current  in 
the  current  coil  and  that  in  the  potential  coil,  will  be  30  -(- 
26  =  56  deg.,  which  represents  a  56  per  c^nt  power  factor. 
Bear  in  mind  that  this  is  only  a  mathematical  condition, 
that  the  power  factor  is  equal  to  the  number  of  degrees  in 
this  case.  In  other  meters  at  unity  power  factor  the  current 
in  the  current  coil  is  leading  the  voltage  appl'ed  to  the 
potential  coil  by  30  deg.,  and  when  metering  a  load  current 
that  lags  the  voltage  by  26  deg.,  the  relation  between  the 
current  in  the  current  coil  and  the  voltage  in  the  potential 
coil  will  be  30  —  26  =  4  deg.  leading,  which  is  equivalent 
to  a  power  factor  of  99.7  per  cent. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  n-^cessary  to  guarantee  the  good  faith  o"f  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.] 
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Purchase  of  Coal  on  the  B.  T.  U.  Basis 


By  a.  L.  LANGTRY 


COAL  is  the  basic  fuel  of  the  Nation.  The  war  and  the 
recent  strike  brought  home  to  the  public  their  utter 
helplessness  without  it.  So  far  as  the  consumer  is 
concerned,  he  is  most  vitally  interested,  for  he  pays,  ulti- 
mately, all  increases  in  wages,  material,  etc.,  that  are  con- 
nected with  the  production  of  coal.  With  prices  advancing, 
the  consumer  is  bound  to  give  his  purchases  more  attention 
than  ever  before. 

Coal  has  been  bought  upon  what  is  known  as  the  "B.t.u. 
basis"  for  a  number  of  years.  Many  a  contract  of  this  kind 
has  been  entered  into  in  good  faith  by  the  consumer  and 
seller,  with  the  very  best  of  intentions,  but  through  the 
lack  of  fully  understanding  some  of  the  details  of  the 
system,  either  one  or  the  other  has  had  a  sad  ex- 
perience. Nine  times  out  of  ten  when  this  method  of 
purchasing  has  been  condemned,  the  real  fault  has  not 
been  with  the  system  itself.  For  instance,  coal  companies, 
instead  of  using  an  average  analysis  showing  the  quality 
of  their  coal  as  the  basis  of  a  contract,  will  use  the  analysis 
from  a  vein  sample,  thinking  that  this  will  represent  what 
mine-run  will  analyze  when  received  at  destination.  This 
is  folly,  for  in  the  natural  course  of  mining,  in  many  mines, 
some  of  the  roof  comes  down  and  the  bottom  up;  it 
cannot  be  helped,  for  it  is  a  physical  impossibility  to  mine 
the  coal  and  not  have  these  impurities  included.  True, 
some  of  these  impurities  can  be  thrown  out,  but  not  all, 
and  consequently  those  remaining  increase  the  percentage 
of  ash. 

Very  often  the  consumer  makes  his  contract  so  drastic 
that  it  ceases  to  be  equitable.  He  does  not  gather  samples 
in  a  representative  manner;  the  analyses  are  not  correctly 
made,  etc. 

Purchase  on  the  B.t.u.  Basis  Practical  and  Feasible 

It  is  the  author's  belief  that  purchasing  coal  upon  the 
B.t.u.  basis  is  practical  and  feasible.  To  his  knowledge  it 
has  been  a  success  in  some  plants,  working  to  the  entire 
satisfaction  of  both  seller  and  purchaser.  This  satisfactory 
condition  has  been  brought  about  by  the  use  of  common 
sense,  by  exercising  a  little  energy  and  by  putting  into 
practice  well-known  methods  of  good  boiler-room  practice. 

Take,  for  example,  a  typical  plant — one  that  is  either 
hand  or  mechanically  fired — a  plant,  for  instance,  that 
has  never  kept  records  of  coal,  water,  efficiency  or  capac- 
ity of  boilers.  The  advance  in  the  price  of  coal  in  this 
plant  has  caused  the  chief  engineer  and  manager  to  consider 
more  carefully  the  purchase  of  coal  for  the  ensuing  year. 
Assume  that  the  coal  being  used  in  this  plant  is  apparently 
satisfactory,  but  the  chief  engineer  and  manager  are  not 
satisfied.  They  want  some  real  information  about  the 
plant  and  coal,  and  decide  to  employ  a  specialist  in  making 
analysis  and  collecting  representative  samples  of  coal. 

It  is  found  that  the  quality  of  the  coal  delivered  to  the 
plant  has  the  followmg  average  analysis:  Moisture,  11.5; 
dry  ash,  14.78;  dry  B.t.u.,  12,305;  price,  $4.95;  net  B.t.u.  for 
Ic,  43,350.  The  next  step  is  to  run  boiler  tests  in  the  plant 
of  long  enough  duration  to  determine  the  cost  of  evapo- 
rating 1,000  lb.  of  water  from  and  at  212  deg.  F.,  using  the 
present  contract  coal.  This  figure  proves  to  be  $0.38.  With 
this  information  a  cost  figure  is  established  that  can  be 
used  as  a  basis  for  comparison  in  determining  the  most 
economical  coal  to  purchase  in  the  future.  Assume  that  the 
coal  contract  in  this  plant  expired  March  31  and  that  these 
tests  started  about  Feb.  1.,  giving  two  months  to  gather 
complete  information  about  the  performance  of  the  plant 
and  test  other  coals  deemed  advisable.  The  "machinery"  is 
now  set  in  operation  for  purchasing  the  year's  supply  of 
coal,  this  "machinery"  consisting  of  the  manager,  chief 
engineer  and  a  thoroughly  responsible  and  reputable  coal 
chemist  and  fuel  engineer. 


•Paper  presented  before  the  Minnesota  Joint  Engineering  Board, 
Minneapolis,  Feb.   20,  1920. 


The  proper  procedure,  then,  is  to  ask  for  coal  proposals. 
It  should  be  stated  to  the  prospective  bidders  that,  in 
addition  to  the  price  per  ton,  an  analysis  of  the  coal  is  to 
be  submitted  that  will  be  representative  of  what  the  coal 
will  run  day  in  and  day  out.  The  figures  so  submitted 
by  the  coal  companies  are  tabulated,  with  the  assistance  of 
the  fuel  engineer,  and  reduced  to  a  comparative  figure 
known  as  the  "net  B.t.u.  for  one  cent."  The  method  of 
arriving  at  this  figure  from  the  accompanying  analysis 
is  as  follows:  Moisture,  9.50;  dry  ash,  12.50;  dry  B.t.u., 
12,650;  price  per  ton,  $5;  net  B.tu.  for  Ic,  45,228.  The 
B.t.u.  in  the  dry  coal  multiplied  by  (100  per  cent  less  the 
moisture  in  the  coal)  equals  the  B.t.u.  in  the  coal  as 
received.  Multiply  the  B.t.u.  as  received  by  2,000  (pounds 
in  ton).  Divide  this  product  by  the  price  of  the  coal  plus 
half  of  the  dry  ash  in  the  coal  expressed  as  cents.  The 
result  is  the  net  B.t.u.  for  one  cent. 

The  fuel  engineer  should  be  able  to  advise  with  his 
client  as  to  whether  the  analysis  of  the  coal  as  submitted 
really  represented  what  is  actually  produced.  Coal  com- 
panies often  quote  an  analysis  that  does  not  truly  represent 
the  quality  of  their  coal,  and  when  this  happens  it  is  policy 
to  confer  with  them  regarding  such  discrepancies  before 
even  ordering  coal  for  test  purposes.  In  this  way  a  com- 
plete and  definite  understanding  may  be  had  before 
negotiations  are  far  under  way.  This  is  the  nucleus  for 
the  successful  operation  of  the  B.t.u.  contract  in  many 
cases. 

Getting  back  again  to  the  coal  proposals  submitted  for 
this   plant,   they   are  given   in   Table   I. 

TABLE  I.     TABULATION  OF  COAL  BIDS 

Moisture,    Dry  Ash, 

Coal  Per  Cent    Per  Cent     Dry  B.t.u.         Price  Net  B.t.u.  for  I  c 

County  No.  1 — Screenings — No.  A  Seam 

No.  1 12.0  no  12,850  $4.80  46,582 

No.  2 12.4  12.0  12,703  4.80  45,792 

No.  3 12.0  13.5  12,460  4.75  45.516 

County  No.  2 — Screenings — No.  B  Seam 

No.  1 7  00  13.50            12,600           $5.00  46.242 

No.  2 9.30  15  50             12,273              4.90  44,724 

No.  3 9.85  16.20            12,171              4.90  44,056 

County  No.  3 — Screeningst — No.  C  Seam, 

No.  1 8.50  12.00  12,700  $5.00  45.934 

No.  2 9.10  13.60  12,452  5.00  44,668 

No.  3 10.00  14.00  12,371  4.95  44,362 

County  No.  4- —Screenings — No.  D  Seam. 

No.  1 9.50  12.50  12,635  $5.00  45,168 

No.  2 9.90  13.50  12,485  4.95  44,834 

No.  3 10.00  14.50  12,341  4.90  44,668 

Assuming  that  the  analyses  given  in  the  table  truly 
represent  the  quality  of  coal  that  is  mined  by  each  one 
of  the  bidders,  it  would  then  be  in  order  to  purchase  the 
kihd  of  coal  that  will  give  the  most  heat  for  the  money 
from  its  respective  county  and  seam.  The  net  B.t.u.  for 
one  cent  is  the  com.parative  figure  in  this  respect  when 
comparing  coals,  and  should  be  used  as  a  guide  in  deter- 
mining the  best  coal  to  try  for  test  purposes. 

RefeiTing  again  to  the  analyses  as  tabulated,  it  is  easy 
to  see  the  net  B.t.u.  for  one  cent  that  coal  No.  1  listed 
under  each  county  gives  the  greatest  amount  of  heat 
for  the  money.  To  give  the  coals  from  the  different  locali- 
ties a  fair  trial,  it  would  then  be  advisable  to  order,  for 
test  purposes,  the  coal  that  shows  the  greatest  net  B.t.u. 
for  one  cent.  There  should  be,  say,  five  cars  of  each 
kind,  depending  upon  the  size  of  the  plant,  so  that  a  separate 
evaporative  test  could  be  run  upon  each.  In  this  way 
it  would  be  easy  to  determine  which  coal  produced  the 
least  cost  of  evaporating  1,000  lb.  of  water  from  and  at 
212  deg.  While  the  test  coal  is  being  used  at  the  plant, 
representative  samples  should  be  collected  from  each  and 
every  car.  These  samples  should  be  analyzed  so  as  to  have 
complete  information  as  to  the  quality  of  the  coal  actually 
delivered.    From  the  tests  so  run  and  the  quality  of  the  coal 
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delivered,   the   analyses    and    costs   in   the    plant   given    in 
Table  II  w^ere  obtained. 

TABLE  II.     ANALYSES  AND  COSTS  AT  THE  PLANT 

Coni  of 
pvap. 
Moisture,     Dry  Ash.  Contract     Delivered      1000  Ft 

Coal  Per  Cent      Per  Cent       Dry  B.t.u.  Price  Price        of  Water 

County  No.  1 
No.  1 12,5  10.80  12,875  $4  80  .$4,783         $0  320 

County  No.  2 
No.  1 8  0  12  50  12,759  5.00  5.014  0  357 

County  No.  3 
No.  1 8  0  13.00  12,550  5.00  4.962  0.373 

County  No.  4 
No.  1 10.50         13  50  12.480  5  00  4  878  0.397 

The  delivered  value  as  shoAvn  is  the  result  of  a  comparison 
between  the  coal  actually  delivered  and  that  bid  upon  in 
the  proposal  submitted,  according  to  the  following  rules: 

B.t.u.  dry  in  the  coal  multiplied  by  (100  per  cent  less 
the  moisture  in  the  coal)  equals  B  t.u.  as  received.  Multi- 
ply the  B.t.u.  as  received  by  2,000  and  divide  into  the 
product  the  net  B.t.u.  for  one  cent  on  the  coal  bid  upon. 
From  the  quotient  subtract  one-half  of  the  percentage  of 
ash  in  the  dry  coal,  expressed  as  cents. 

From  Table  II  it  will  be  seen  that  coal  No.  1  from  No.  1 
County  gave  the  least  cost  for  making  steam  in  the  plant. 
It  would  be  good  practice  for  this  plant,  before  signing 
the  contract,  to  order  ten  cars  or  perhaps  twenty.  Samples 
should  be  gathered  from  the  coal  so  delivered,  making 
enough  analyses  to  be  certain  of  obtaining  a  good  average 
as  to  the  exact  quality  of  the  coal.  Assume  that  this  plan 
was  carried  out  and  that  the  analyses  showed  as  in 
Table  III. 

TABLE  III.     RESULTS  OF  ANALYSES  ON  TRIAL  ORDER 

Moisture  Dry  Ash  Dry  B.t.u. 

4cars 12.50  12.00  12,715 

4  cars 11.95  11.50  12,796 

4  cars 13.00  12.20  12,699 

4cars 11.41  10.95  12,871 

.\verage 12.21  11.66  12,770 

The  average  analysis  in  Tabl«  III  compares  favorably 
with  the  figures  that  were  submitted  originally  by  the  coal 
company  along  with  the  bid,  and  is  one  that  could  be 
incorporated  in  the  B.t.u.  contract.  Sometimes,  in  order 
to  be  absolutely  certain  of  the  basis  of  a  contract,  the 
first  m.onth's  delivery  of  coal  has  been  sampled  and  analyzed 
and  the  average  of  the  analyses  so  made  then  used  as 
the  basis  of  the  contract. 

In  addition  to  these  precautions,  contracts  are  drawn 
with  a  neutral  zone,  so  to  speak,  of  from  1  to  2  per  cent 
leeway  from  net  B.t.u.  for  one  cent  to  allow  for  any  slight 
variations  or  fluctuations  that  might  occur  in  sampling 
the  coal  from  time  to  time.  This  leeway  has  been  found 
ample  when  a  good  avei-age  has  been  established  on  a  coal. 

The  B.t.u.  contract  should  include  paragraphs  pertaining 
to  guaranteed  analysis  of  coal,  method  of  computing 
bonuses  and  penalties,  a  neutral  zone  before  bonuses  or 
penalties  are  paid,  rejection  of  coal  on  account  of  quality 
or  size,  analyses  for  checking  purposes,  screen  tests  and 
standard  methods  in  analyzii;ig  and  sampling  the  coal. 
These  items  are  in  addition  to  the  other  necessary  clauses 
of  quantity,  point  of  delivery,  strikes,  inci-ease  or  de- 
crease in  miners*  wages  and  freight  rate  per  ton,  etc. 

Where  a  B.t.u.  contract  is  in  force,  it  means  that  the  coal 
so  delivered  must  be  sampled  regularly  and  analyses  made 
from  time  to  time.  Samples  are  taken  often  from  several 
different  kinds  of  railroad  equipment — the  large  100  per 
cent  self-clearing  hopper  cars,  the  eight-door  hopper-bot- 
tom gondolas,  the  drop-bottom  sixteen-door  cars  and  the 
tight-bottom  gondola  cars.  These  are  the  types  of  cars 
that  are  in  general  use  for  coal. 

Sampling  can  be  done  in  several  different  ways — by 
hand,  automatically  and  by  use  of  a  sampler  device.  It 
is  advisable  to  gather  separate  and  distinct  samples  from 
each  car,  this  sample  to  be  about  100  to  200  lb.,  the  coal 
being  thoroughly  crushed,  mixed  and  quartered  until  it  is 
reduced  to  a  pint  or  quart  in  size.  The  coal  contractor 
should  always  have  the  privilege  of  having  duplicat 
samples  of  his  own  to  be  analyzed  for  check  purposes.    To 


accomplish  an  equitable  division  of  a  sample,  three  con- 
tainers should  be  filled — one  to  be  analyzed  by  a  non- 
interested  chemist,  the  second  to  be  delivered  to  the  coal 
company  and  the  third  to  be  held  for  check  purposes  if 
necessary. 

Summarizing,  the  application  of  the  purchase  of  coal 
upon  the  B.t.u.  basis  would   be  as  follows: 

1.  The  purchase  of  coal  upon  the  B.t.u.  basis  is  a  refine- 
ment of  the  "ordinary  price  per  ton  contract."  It  is 
simply  adding  to  the  price  of  the  coal  its  quality  'or  future 
identification. 

2.  Secure  t'le  proposals  on  coal,  asking  for  a  represent- 
ative analysis  of  the  coal. 

3.  Run  evaporative  tests  on  the  best  coal  from  its 
respective  field  or  seam. 

4.  Use  the  cost  of  evaporating  1,000  lb.  of  water  from 
and  at  212  deg.  F.  as  a  guide  in  awarding  a  contract. 

5.  Order  enough  coal  to  demonstrate  its  adaptability  to 
the  plant  conditions. 

6.  Sample  and  analyze  all  the  coal  deliveries  so  as  to 
establish  its  grade  or  quality. 

7.  See  that  the  sampling  is  in  the  hands  of  well-trained 
men  who  understand  its  importance. 

i<.  The  analyses  mu.st  be  made  by  chemists  thoroughly 
experienced  in  coal  work,  using  equipment  of  the  highest 
possible   standard. 

9.     Make  the  contract  equitable. 

What  Constitutes  Proper  Elevator 
Inspection  ?  * 

By  D.  J.  GiTTof 

Elevators  should  be  thoroughly  inspected  on  every  visit 
of  the  Inspector.  This  means  that  no  part  should  be  passed 
because  it  was  in  apparent  good  condition  at  a  previous 
inspection,  but  that  a  thorough  inspection  should  be  made 
of  all  parts,  because  a  defect  may  have  developed  since  the 
last  inspection.  Preparatory  to  performing  the  duties  of 
an  inspection,  the  inspector  should  properly  begin  with  the 
elevator  machine,  in  order  to  make  sure  that  it  is  in  a  safe 
condition  before  exposing  himself  to  the  hazards  so  often 
resulting  from  riding  on  top  of  the  car  or  performing  the 
necessary  inspection  under  it. 

Brake  leathers  should  be  examined  to  see  that  they  have 
not  worn  down  to  the  rivets,  for  if  the  up  or  the  down  motion 
shoes,  or  both,  should  loosen  the  leathers,  a  serious  acci- 
dent would  result,  there  being  nothing  to  stop  the  elevator 
or  check  the  counterweights  in  their  course  of  travel. 
Make  sure  that  the  shoes  properly  grip  the  brake  pulley. 
Inspect  tlie  worm  screw  and  motor  shafting  to  see  that  it 
is  securely  keyed  to  the  coupling.  Loose  keys  become  worn 
and  are  liable  to  shear  off.  It  i*;  essential  that  all  pin  bolts 
have  cotter  pins  in  them,  as  thtse  bolts  are  liable  to  work 
out.  Examine  the  slack  cable  apron  as  to  proper  adjust- 
ment; also  see  that  the  slack  cable  collar  is  not  cracked, 
that  it  engages  the  operating  camwheel  and  that  the 
slack  cable  apron  pulls  the  switch,  both  operations  setting 
the  brakes. 

Look  over  the  bolts  in  the  drum  spider  and  mako  sure 
that  they  are  all  tight  and  that  none  are  missing.  Examine 
all  the  spokes  of  the  winding  drum  for  cri^cks  and  watch 
closely  tlie  secondary  sheaves  of  traction  elevators.  Remove 
the  oil  cap  on  the  gear  housing  to  see  the  condition  of  the 
gear.  See  that  the  stop  limits  and  the  traveling  limit  nuts 
are  in  good  condition.  Try  out  both  top  and  bottom  limit 
stops  before  leaving  the  machine  room;  also  see  that  the 
contacts  are  making  properly  so  that  no  arc  or  flame  is 
formed  while  running.  Arcing  at  the  contacts  is  liable  to 
burn  them  together  and  make  the  limit  cutouts  of  no  use 
in  stopping  the  elevator,  resulting  in  the  car  hitting  the 
overhead   work    or   bumpers    and    causing    damage   to    the 

*This  paper  Vi,-Hs  pre.<entet1  before  a  meeting  of  the  American 
Society  of  Safety  Engineers,  held  in  the  Kngineerin!<  Societies  Build- 
i;  g.  INlarch  19,  1920.  -Vlthough  written  primarily  as  a  giiide  to  the 
proper  procedure  for  making  an  insurance  inspection  of  elevators, 
it  is  al.^o  an  excellent  guide  for  everyone  who  has  to  do  with  the 
inspection  and  maintenance  of  this  type  of  equipnioni. — Kditor. 

t Inspector,  Aetna  Life   Insurance  Co. 
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machinery  and  perhaps  loss   of  life.     Watch   for  cracked 
arms  in  the  operating  camwheel  on  the  machine. 

Thoroughly  examine  the  cables  on  the  machine  drum. 
Hoisting  cables  of  overhead  machines  should  be  examined 
when  the  car  is  descending;  do  not  rely  entirely  on  feel- 
ing; have  the  car  stopped  at  frequent  intervals,  and  by 
the  use  of  a  small  mirror  you  can  better  assure  yourself 
of  the  condition  of  the  cables.  During  the  examination 
of  the  cables  it  is  quite  important  that  your  hands  should 
be  kept  clear  of  them  in  case  the  operator  should  reverse 
the  motion  of  the  machine.  It  is  my  opinion  that  too  much 
care  cannot  be  exercised  at  this  point  of  an  inspection. 

Look  over  the  vibrating  sheaves,  if  any,  to  see  that  they 
vibrate  freely  and  do  not  lag  too  much;  also  make  sure 
that  the  main-line  switches  are  properly  fused  and  inclosed 
and  that  the  operating  control  boards  of  overhead  machines 
are  equipped  with  pans  to  catch  any  arcing  material  that 
falls,  thus  avoiding  possible  fires. 

Ride  up  in  the  car,  trying  every  landing  door,  and  see 
that  the  door  locks  and  contacts,  if  any,  are  in  proper 
working  order.  Examine  car-operating  control  switch  and 
see  that  the  switch  handle  centers  properly;  then  make  a 
thorough  inspection  of  the  overhead  work,  looking  for  loose 
or  worn  shafts,  missing  or  loose  setscrews  in  sheaveri, 
cracked  sheaves,  worn-out  bushings  of  loose  sheaves,  good 
lead  of  cables  to  groove  of  sheaves  and  worn-out  babbitt 
in  bearing  boxes.  Examine  the  governor;  try  the  tension 
of  the  spring  to  determine  if  it  will  readily  act  in  case 
the  car  should  drop  or  race;  throw  the  clutch  and  see  that 
it  grips  the  cable  properly.  All  parts  should  be  oiled  and 
grease  provided  where  necessary. 

Enter  the  shaft  on  top  of  the  car  at  the  top  floor  and, 
while  riding  down,  carefully  inspect  all  cables,  cable 
sockets  or  thimbles.  In  examining  the  cables,  do  not  rely 
on  feeling  while  a  car  is  in  motion,  but  have  the  car 
stopped  occasionally,  so  as  to  detect  any  place  where  the 
cables  may  have  worn  flat,  in  which  case  three-quarters 
of  the  strength  of  the  cable  has  worn  away.  In  such  a 
condition  these  cables  do  not  give  any  warning,  but  are 
quite  likely  to  snap  in  case  of  a  sudden  strain.  Do  not 
overlook  the  cables  where  they  enter  the  sockets,  as  this 
is  one  of  the  weakest  points,  if  not  properly  attached. 
Watch  for  loose  brackets  and  bolts.  See  that  the  rails  are 
properly  lined  up,  examine  the  governor  cable  socket  clutch 
at  the  top  of  the  car  to  ascertain  if  it  would  release  when 
needed.  Watch  the  wear  of  the  guide  shoes;  try  out  the 
hatchway  limits,  top  and  bottom,  as  they  sometimes  be- 
come grounded,  in  which  event  they  would  be  useless  for 
any  emergency.  Look  over  counterweights  for  defects  and 
chafed  cables;  see  that  tubing  is  provided  for  cables  where 
they  pass  through  the  car  counterweights;  watch  the  wear 
of  guide  weights  or  shoes  and  see  that  the  car  and  weights 
have  proper  clearance. 

Examine  the  operating-cable  device  on  the  car  for  wear; 
see  that  the  car  gate  is  in  proper  working  order;  try  out 
the  safety  device  under  the  car  and  see  that  the  jaws  on 
both  sides  have  equal  and  sufficient  tension  to  do  their 
required  work.  Experience  has  shown  that  this  has  often 
been  the  cause  of  the  safety  not  holding  when  a  car  has 
fallen.  At  times  only  one  jaw  has  set  and,  for  lack  of 
strength,  has  broken.  This  operation  causes  slackened  car 
cables,  and  when  the  safety  jaws  let  go,  the  cables  are 
snapped  and  the  car  falls  to  the  bottom  of  the  hoistway 
with  very  serious  and  sometimes  fatal  results.  Although 
it  is  not  customary  for  inspectors  to  set  the  safety  while 
a  car  is  in  motion,  other  than  the  testing  after  the  instal- 
lation, unless  specifically  called  for,  it  is  my  opinion  that 
every  Inspector  should  convince  himself  that  the  safety 
and  all  appliances  are  properly  adjusted  to  act  when  neces- 
sary. Having  tested  out  the  appliances,  the  application 
of  safeties  can  be  done  by  hand  from  under  the  car — ^both 
instantaneous  and  friction-grip  types.  See  that  the  gov- 
ernor cable  on  the  drum  is  not  jammed,  as  is  so  often  the 
case.  Examine  compensating  cable  sheaves  and  tension 
weight  at  the  bottom  of  the  hoistway;  make  sure  that  they 
have  not  bottomed  from  stretched  cables  and  see  that  elec- 
tric cutouts  are  provided  for  the  top  of  the  frame  to  shut 
off  the  current  in  case  a  cable  jumps  off  and  jams.  This 
would  prevent  the   possibility  of  the  sheaves  and  tension 


weight  being  carried  up  with  the  car,  without  the  knowledge 
of  the  operator,  and  probably  resulting  in  serious  damage. 
See  that  necessary  protection  is  taken  by  the  installation 
of  counterweight  shield  covers,  overhead  grating  and  in- 
closed machine  rooms. 

Hydraulic  elevators  generally  require  the  same  sort  of 
inspection  as  already  mentioned.  They  differ,  however,  in 
such  particulars  as  pressure  tanks,  steam  or  electrically 
driven  pumps,  vertical  and  horizontal  cylinders  and 
plungers. 

The  pressure  tanks  should  be  watched  for  leaks,  pre- 
caution being  taken  that  the  proper  amount  of  water  and; 
air  is  carried,  the  standard  being  about  three-quarters 
water  and  one-quarter  air.  Watch  the  operation  of  pumps 
and  note  if  the  regulating  valves  function  properly  for 
the  pump  to  keep  the  require  .  amount  of  water  in  the 
tank.  Examine  the  operating  cable  lever  in  the  car  to 
see  that  it  centers  when  the  valve  is  closed;  this,  I  would 
say,  is  very  essential.  Watch  traveling  sheaves  closely 
as  the  bushings  are  inclined  to  wear;  the  sheaves  in  this 
case  would  have  a  tendency  to  lean,  thus  making  slack 
cable  which  oftentimes  jumps  off. 

Do  not  pass  an  elevator  where  the  valve  cups  are  leak- 
ing badly,  as  a  serious  accident  might  result  from  such  an 
oversight.  Great  care  should  be  taken  while  inspecting 
cables  on  vertical  hydraulic  elevators,  especially  where 
a  series  of  cylinders  are  in  a  blind  shaftway.  Always  keep 
yourself  clear  at  all  times  and  be  prepared,  in  case  the 
operator  forgets  himself  and  reverses  the  motion  of  the 
elevator.  Learn  to  keep  your  hands  well  above  or  below 
where  the  cables  come  off  the  sheave.  While  inspecting 
this  kind  of  a  risk,  do  not  allow  the  other  elevators  to  be 
operated. 

Always  have  your  flashlight  in  good  working  order  and 
carry  it  with  you  at  all  times.  Do  not  use  candles  or  strike 
matches  in  hoistways.  Be  sure  of  your  operator;  note  his 
efficiency  and  give  him  implicit  instructions  as  to  how  you 
want  the  car  operated.  It  is  my  opinion  that  a  car  should 
never  be  operated  and  inspected  by  the  same  person.  To 
be  thoroughly  and  properly  inspected,  an  operator  should 
be  provided. 

Beating  the  Coal  Famine 

About  70  per  cent  of  the  power  required  to  operate  the 
Nordyke  &  Marmon  Co.  plant,  Indianapolis,  Ind.,  was  pro- 
duced during  the  coal  famine  of  the  strike  by  Marmon  34 
automobile  engines,  Fordson  tractors  and  Delco  lighting 
systems.  Thus  the  plant  carried  on  and  kept  its  thousands 
of  people  employed,  says  the  Boston  News  Bureau.  Thirty 
of  the  standard  Marmon  34  engines  drove  electrical  gener- 
ators in  the  dynamometer  room  of  the  big  plant  all  day  long 
and  produced  about  1,000  hp.  In  other  parts  of  the  factory 
other  Marmon  34  motors  were  directly  connected  to  the  line 
shafts  and  operated  machine  tools.  Aside  from  this,  more 
than  a  score  of  Fordson  farm  tractors  were  directly  con- 
nected to  the  lineshafts  in  various  parts  of  the  plant  and 
helped  to  produce  power  by  gasoline,  enabling  the  company 
to  save  more  than  the  50  per  cent  of  coal-produced  electrical 
current  used  in  the  plant.  Delco  lighting  sets  were  distrib- 
uted throughout  the  plant. 


A  report  just  issued  by  the  Department  of  Commerce, 
Bureau  of  Foreign  and  Domestic  Commerce,  Washington, 
D.  C,  shows  exports  of  electrical  machinery  and  appliances 
during  the  month  of  January,  1920.  The  value  of  battery 
exports  totaled  $374,730;  carbons,  $139,640;  dynamos  and 
generators,  $413,293;  electric  fans,  $29,587;  insulated  wire 
and  cables,  $661,842;  meters  and  measuring  instruments, 
$188,123;  motors,  $733,872;  rheostats  and  controllers,  $18,- 
558;  switches  and  accessories,  $294,036;  transformers,  $350,- 
364;  and  miscellaneous  items  amounted  to  $1,966,672.  In 
general  electric  equipment  Canada  leads  all  other  nations 
in  its  imports;  China  leads  in  the  purchase  of  dynamos  and 
generators;  Japan  comes  first  in  the  importation  of  motors 
which  cost  $213,924,  while  Norway  leads  in  the  purchase 
of  transformers,  costing  $175,449. 
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Petroleum  Production  in  the 
United  States 

Figures  given  in  Table  I,  based  on  reports  filed  with  the 
United  States  Geological  Survey,  show  the  quantity  of  oil 
received  from  producers.  The  production  reported  for  Cali- 
fornia is  estimated  from  figures  and  data  collected  by  the 
Standard  Oil  Co.  and  the  Independent  Oil  Producers' 
Agency. 


TABLE  I.    PRODUCTION  OF  PETROLEUM  IN  THE  UNITED  STATES 
IN  BARRELS 

^January,    1920  (a)->  —January,  1918  — 

Daily  Daily 

State                               Total          Average  Total  Average 

California 8.488,000        273,806  8, 1 54,000  263,032 

Oklahoma 7,958,000        256,710  8,049,000  259,645 

Te  TLB.3 '                                                                      ,                              

Central  and  Northern 5,778,000        186,387  1,034,000  33,355 

Coastal 1,441,000          46,484  1,695,000  54,677 

Total  Texas 7,219,000        232,871  2,729,000  88,032 

Kansas 3,338,000        107,678  3,855,000  124.355 

Louisiana:                                             

Northern 2,400,000          77,419  570,000  18,387 

Coastal 167,000           5,387  211,000  6,806 

Total  Louisiana 2,567,000          82,806  781.000  25,194 

Wyoming 1,171,000          37,774  840,000  27,097 

Illinois 887,000          28,613  1,005,000  32,419 

West  Virginia 678,000          21,871  589,000  19,000 

Pennsylvania 534,000          17,226  502,000  16,194 

Ohio:                                                  

Central  and  Southeastern 396,000          12,774  325,000  10,484 

Lima 135,000           4,355  120,000  3,871 

Total  Ohio 531,000          17,129  445,000  14,355 

Kentucky 475,000          15,323  '265,000  8,548 

Indiana 67,000           2,161  49,000  1,581 

New  York 56,000            1,806  49,000  1,581 

Colorado 9,600              310  10,000  322 

Tennessee 1,400                45  1,000  32 

Montana b     7,000  226 

Total 33,980,000     1,096,129  27,330,000  881,613 

A  record  of  imports  and  exports  of  mineral  crude  oil 
compiled  by  the  Bureau  of  Foreign  and  Domestic  Commerce 
is  given  in  Table  II. 


TABLE  II.    REPORT  OF  U.  S.  IMPORTS  AND  EXPORTS  OF  MINERAL 
CRUDE  OIL,  IN  BARRELS 

January,  1920    December,  1919  January,  1919 
Imports: 

Mexico 6,293,353              4,330,576  3,899,376 

Other  countries 626                    1 4,796  25 

6,293,979              4,345,372  3,899,401 
Exports: 

Canada 421,618                 868,673  270,553 

Other  countries 7,068                  156,829  68,468 

428,686               1,025,502  339,021 

Excess  of  imports  over  exports      5,865,293              3,319,370  3,560,380 


The  petroleum  produced  in  Alaska  is  from  a  single  pat- 
ented claim  in  the  Katalla  oil  field,  according  to  the  United 
States  Geological  Survey.  The  old  wells  on  this  claim  and 
the  refinery  were  operated  as  usual  in  1918.  Two  new  pro- 
ductive wells  were  also  drilled  in  the  Katalla  field.  The 
total  production  in  1918  was  larger  than  in  1917.  There  has 
been  a  revival  of  interest  in  the  potential  Alaskan  oil  fields 
in  anticipation  of  a  law  for  the  leasing  of  oil  lands. 


N.  E.  L.  A.  Convention 

Important  changes  in  the  constitution  and  by-laws  of 
the  National  Electric  Light  Association  will  be  given  a 
hearing  at  the  convention  in  Pasadena  next  month.  The 
proposed  changes  will  enable  the  association  to  function 
for  the  greater  benefit  of  all  classes  of  members.  For  the 
first  time  in  the  history  of  the  association,  members  of 
the  state  regulatory  bodies  will  be  given  the  privilege  of 
addressing  the  convention. 

Chairman  Call  Jackson  of  the  Wisconsin  Railroad  Com- 
mission will  present  a  paper  on  "The  Trend  of  Regulation" 
and  E.  0.  Edgerton,  chairman  of  the  California  Railroad 
Commission,  will  speak  on  "The  Reward  of  Efficiency." 


Explosion  Hazard  from    Partly 
Consumed  Coal  Dust* 

Where  pulverized  coal  is  used,  large  quantities  of  fine  dust 
will  accumulate  on  platforms,  roof  trusses,  the  outside  of 
pipe  lines,  electric  cables  and  even  on  the  roofs  of  the  build- 
ings. The  increased  use  of  this  fuel  has  led  the  Bureau  of 
Mines  to  make  investigations  as  to  the  liability  of  explosion 
from  the  resulting  dust. 

^^  The  Bureau  of  Mines  collected  samples  of  this  so  called 
"mill  dust"  and  submitted  them  to  chemical  analyses,  mi- 
croscopic examination  and  flame  and  explosion  tests.  From 
the  chemical  analysis  the  volatile  matter  was  found  to 
range  from  6.3  per  cent  to  23.54  per  cent,  fixed  carbon  from 
50.88  to  67.08  per  cent  and  ash  from  22.29  *o  32.16  per  cent. 
Samples  of  the  pure  coal  dust,  before  passing  to  the  fur- 
naces, v/ere  found  to  range  in  volatile  matter  from  30.50  to 
36.81  per  cent,  fixed  carbon  46.86  to  52.48  per  cent  and  ash 
9.26  to  21.84  per  cent. 

Under  the  microscope  a  sample  of  mill  dust  (which 
showed  23.5  per  cent  volatile  matter  by  chemical  analysis) 
was  found  to  contain  a  large  proportion  of  very  fine  partly 
cok^d  coal  dust,  a  small  proportion  of  fine  or  medium  fine 
partly  coked  coal  dust  and  some  dust  thoroughly  coked. 
From  this  and  other  examinations  it  would  seem  that  some 
pulverized  coal  was  being  blown  out  of  the  combustion 
chambers  before  it  had  been  thoroughly  consumed. 

Seve>-al  samples  were  tested  to  compare  the  pressure 
that  might  be  exerted  by  explosion  of  the  dust  with  similar 
explosion  of  pure  coal  dust.  In  these  tests  about  0.003  oz. 
of  the  sample  was  blown  over  a  heated  coil  in  a  glass  globe 
and  the  pressure  of  the  resulting  explosion  measured.  Under 
these  conditions  pure  coal  dust  gave  a  pressure  of  14.5  lb. 
per  sq.in.,  mill  dust  with  23.54  per  cent  volatile  matter  gave 
10.21  lb.  pressure,  with  20.6  per  cent  volatile,  8.7  lb.,  and 
with  15.91  per  cent  volatile,  4.6  lb.  per  sq.in.  Considering 
the  small  quantities  of  dust  in  these  samples,  it  will  be  evi- 
dent that  large  quantites  would  give  much  higher  pressures, 
especially  if  confined. 

Further  explosion  tests  were  made  in  the  Bureau  of  Mines 
explosion  gallery.  Inflammability  tests  were  made  by  drop- 
ping small  clouds  of  dust  into  a  clay  roasting  dish  which 
had  been  heated  to  a  temperature  of  about  2,000  deg.  F. 
and  also  by  blowing  a  small  amount  of  dust  over  the  flame 
of  a  Meker  burner. 

From  all  these  tests  it  has  been  fairly  well  demonstrated 
that  the  line  of  division  between  mill  dust  which  will  ex- 
plode and  that  which  will  not  explode  is  reached  when  the 
dust  contains  about  11  per  cent  of  volatile  matter.  Also, 
the  higher  the  volatile  matter  the  more  violent  will  be  the 
explosion,  with  the  higher  values  not  much  below  the  pres- 
sures generated  by  a  pure  coal-flust  explosion, 

A  fire  that  occurred  several  years  ago  illustrates  some 
of  the  dangers  of  mill  dust.  A  draft  of  air  blew  some  of 
the  dust  over  some  red-hot  iron,  and  the  dust  immediately 
took  fire.  The  flames  were  communicated  to  the  dust  lying 
on  roof  trusses  and  spread  so  rapidly  that  the  workmen  in 
the  mill  barely  escaped  m  safety. 

Suggestions  for  safety  from  dust  explosions  include  the 
following: 

Fans  driving  the  pulverized  coal  from  storage  bins  to 
the  furnaces  should  be  run,  after  the  fuel  is  shut  off,  until 
coal  in  the  line  is  blown  out.  This  is  to  avoid  leaving 
smoldering  sparks  in  the  line  from  back  draft.  All  places 
where  dust  might  accumulate  should  be  kept  thoroughly 
■leaned  and  no  open  flames  used  while  cleaning.  All  elec- 
tric apparatus  and  wir«s  should  be  kept  clear  of  dust.  Pro- 
vision should  be  made  to  prevent  static  electric  discharges 
in  the  pulverizing  apparatus. 


Manufacturers  of  Trenton  who  use  fuel  oil  have  been 
notified  by  the  Standard  Oil  Co.  that  no  more  fuel  oil  will 
be  shipped  to  Trenton  after  April  1  because  of  the  great 
scarcity  of  t!-e  product.  This  will  mean  a  loss  to  the  manu- 
facturers who  use  the  oil  and  will  result  in  considerable 
expense  in  changing  back  to  coal  burning. 

♦From  tho  Bureau  of  Mines  Monthly  Report  of  Investigations. 
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Color  Schemes  for  Plant  Piping* 

By  H.  L.  Wilkinson 

The  importance  of  some  definite  and  unmistakable  means 
of  readily  distinguishing  between  the  various  pipe  and  con- 
duit lines  and  systems  in  the  power  plant  has  long  been 
recognized  by  both  designing  and  operating  engineers.  Par- 
ticularly in  large  power  plants  is  this  question  of  vital 
importance,  and  it  should  be  stated  that  in  some  of  the 
well-ordered  large  power  plants  reasonably  satisfactory 
systems  have  been  installed.  Also  there  has  been  some 
effort  made  to  standardize  this  practice,  a  committee  ap- 
pointed by  the  American  Society  of  Mechanical  Engineers 
to  investigate  the  question  having  reported  upon  the  prefer- 
able distinguishing  colors  for  the  various  divisions  of  piping 
systems  in  the  usual  power  plant.  (See  Tra^isacUons  of 
the  American  Society  of  Mechanical  Engineers,  vol.  33, 
1911,  p.  17.) 

Importance  of  Standardization  Has  Been  Neglected 

While  the  importance  of  standardization  in  this  detail 
of  our  power  plants  has  been  recognized,  too  little  atten- 
tion has  been  given  to  the  matter  of  late,  and  the  MTiter 
believes  that  its  importance  should  not  be  overlooked.  It 
is  therefore  suggested  that  the  members  of  this  society 
consider  the  plan  shown  in  the  table  and  designed  to  apply 
to  all  piping  systems. 

It  will  be  noted  that  the  recommendation  involves,  in 
addition  to  piping  lines,  color  schemes  for  machinery, 
motors,  hand  rails,  dadoes,  waste  pails,  elevator  cages, 
etc.,  thus  extending  the  usefulness  of  this  distinguishing 
system  to  all  parts  of  the  industrial  plant.  It  has  been 
a  revelation  to  the  writer  to  find  the  cordial  reception 
which  this  proposed  color  scheme  has  received  in  many 
industries  and  concerns  of  national  prominence,  and  the 
result  ia  that  new  industries  and  concerns  are  taking  it 
up  continually.  The  application  of  this  standardization 
might  well  be  extended  to  the  designating  by  distinguishing 
colors  the  tools  used  in  various  departments  of  a  plant. 
This  would  bring  about  several  benefits.  In  the  first  place, 
it  would  enable  managers  to  hold  each  department  of  a 
plant  responsible  for  its  own  tools.  Then,  because  of  the 
improved  appearance  of  the  tools  it  would  create  more 
interest  in  their  care  on  the  part  of  mechanics.  Last,  and 
not  least,  it  would  surely  be  an  insurance  against  tools 
being  carried  out  of  factories. 

While  this  scheme  designates  definite  colors  for  certain 
pipes,  it  is  of  course  unnecessary  to  apply  any  one  par- 
ticular color  on  any  one  pipe,  the  arrangement  being 
flexible  so  that  an  engineer  may  determine  for  himself  his 
own  design.  In  some  cases,  where  there  are  as  many  as 
fifteen  to  twenty-five  various  pipe  lines,  it  is  necessary  to 
use  combination  colors  on  some  pipes,  painting  the  sti'aight 
pipe  one  color  and  the  joints,  valves,  elbows,  etc.,  the  alter- 
nating color.  Of  course,  some  exceptions  to  personal 
selection  will  be  found  where  an  established  custom  has 
been  in  effect  for  some  time,  as  in  the  case  of  sprinkler 
pipes  and  all  fire  lines,  where  vermillion  is  the  logical  color. 

Illustrations  of  the  Advantages  of  Standard 
Color  Schemes 

The  advantage  of  this  standardization  will  become  readily 
apparent  from  the  case  of  a  certain  plant  whera  there  was 
a  stoppage  or  break  in  one  of  the  pipe  lines.  The  work- 
men carefully  followed  the  line  to  the  side  wall  where  the 
trouble  apparently  existed  and  opened  up  the  wall  for  a 
considerable  area,  only  to  be  confronted  with  everything 
but  the  line  they  sought.  Of  course  the  expense  of  ripping 
out  the  wall  was  nothing  compared  to  the  inconvenience 
and  loss  sustained,  due  to  the  suspension  of  operation  until 
this  repair  was  made,  if  this  pipe  line  had  been  painted 
with  a  distinguishing  color  and  a  small  arrow  placed  on 
the  wall  where  the  pipe  entered,  indicating  the  direction 
the  pipe  took  after  entering  the  wall,  all  this  difficulty 
would  have  been  obviated. 


♦Abstract  of  a  paper  presented  at  the  annual  meeting  of  the 
American  Society  of  Heating  and  Ventilating  Engineers.  New 
York,   January,   1920. 


Another  condition  that  often  arises  is  the  leaking  of  a 
pipe  on  the  third,  fourth  or  some  upper  floor  of  a  building. 
The  engineers,  usually  on  duty  on  the  first  floor  or  in  the 
basement,  would  naturally  be  informed  of  the  leak  by  the 
person  discovering  it,  but  without  a  doubt  in  the  majority 
of  cases  the  person  reporting  would  be  unable  to  tell  the 
engineer  which  line  of  pipe  was  at  fault,  thus  necessitat- 
ing a  journey  from  the  basement  to  the  floor  in  question. 
Furthermore,  while  it  might  be  possible  to  shut  off  the 
pipe  at  a  point  convenient  to  the  leak,  probably  it  would 
be  necessary  for  him  to  go  back  to  the  engine  room  and 
shut  off  the  main  valve.  If,  on  the  other  hand,  the  indi- 
vidual discovering  the  leak  could  immediately  telephone 
to  the  engineer  that  the  blue,  green,  yellow,  brown  or  black 
pipe  was  leaking,  it  would  be  possible  at  the  main  valve 
to  instantly  stop  further  leakage. 

Another  instance  recently  brought  to  the  writer's  atten- 
tion is  pertinent  in  showing  vividly  the  value  of  standard- 
ization. One  Sunday  the  watchman  in  a  dye  plant  dis- 
covered "that  a  pipe  carrying  a  valuable  liquid  was  leak- 
ing. The  engineer  was  cut  of  the  city,  which  necessitated 
the  watchman  calling  the  manager.  The  manager  was 
unfamiliar  with  the  beginnings  and  endings  of  the  maze 
of  pipes,  and  it  was  only  after  considerable  time  that  he 
was  able  to  locate  the  proper  valve  to  shut  off.  In  the 
meantime  considerable  damage  had  been  done,  to  say  noth- 
ing of  the  loss  of  a  large  quantity  of  valuable  acid.  How 
easily  the  watchman  could  have  stopped  the  leaking  and 
prevented  the  damage  if  he  had  been  guided  immediately 
to  the  correct  valve  by  following  the  color  of  the  leaking 
pipe  to  the  first  valve  of  the  same  color. 

Such  a  distinguishing  system  would  appear  to  be  indis- 
pensable in  a  plant  with  pipe  lines  carrying  oil  for  auto- 
matic lubrication  and  acids  for  the  treatment  of  goods  in 
manufacture.  A  break  in  an  acid  pipe  line,  if  not  imme- 
diately shut  off,  may  cause  great  damage. 

A  Color  Scheme  Will  Result  in  All  Pipes  Being 

Protected  by  Paint 
These  simple  illustrations  have  shown  only  one  phase 
of  the  advantage  of  standardization.  It  will  be  readily 
recognized  that  the  adoption  of  the  standardization  method 
in  many  plants  will  often  carry  with  it  the  painting  of 
pipes  that  heretofore  have  gone  unprotected.  Special 
paints  are  obtainable  for  these  purposes,  which  possess 
the    qualities    of   remaining   uncracked   under    extremes    of 

COLOR   designations   FOR   DIFFERENT   CLASSES 
OF    PIPING 

Class  of  Piping  Color 

Sprinkler  pipes.  Are  pails,  etc Vermilion 

Compressed-air  pipes    Dark  gray 

Oil  pipes    Brown 

Electric-light   and   power  conduits Black 

Steam-power  lines Blue 

Steam-exhaust  lines    Buff 

Hot-water  pipes   Bright-red  oxide 

Cold-water  pipes Yellow 

Motors    and    machinery Bright  green 

Refrigerating  lines    Maroon 

Elevator   cages,   fire-doors,  waste  cans,  rail- 
ings, shelves,   etc Bronze,  green  or  black 

Steam  heating  lines  and  radiators Aluminum  gray 

temperature,  withstanding  corrosion  and  affording  superior 
protection  against  rust.  An  enamel  paint  is  most  suitable 
for  general  piping,  but  for  power-house  and  other  canvas- 
covered  pipes  a  high-grade  linseed-oil  paint  in  white  and 
colors  should  be  used.  The  greatest  benefits  from  the 
adoption  of  a  method  of  standardization  will  accrue  where 
careful  thought  is  used  in  the  selection  of  paints  especially 
designed  for  this  purpose.  In  cases  where  the  surfaces 
to  be  painted  are  subject  to  unusually  severe  conditions 
of  exposure  to  corrosion,  a  rust-preventive  paint  of  estab- 
lished merit  should  be  used  for  the  first  coat,  followed  with 
the  standardization  paint  in  the  colors  selected. 

In  discussing  the  likelihood  of  steam  turbines  with  out- 
puts far  in  excess  of  current  practice  being  installed  in 
power  stations  of  the  future,  I.  V.  Robinson  says,  in  the 
B.  E.  A.  M.  A.  Jouriml,  that  the  chief  limitation  is  that 
imposed  by  transport  facilities,  and  suggests,  as  a  remedy, 
that  large  machine  tools  should  be  installed  in  power- 
houses, so  that  the  turbines  could  be  partially  constructed 
on  the  site. 


April  13,  1920 
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Engineers'  Influence  in  Public  Utilities 

On  April  2  the  Western  Society  of  Engineers  inaugurated 
a  new  society  activity  consisting  of  a  series  of  monthly 
noonday  luncheon  meetings  at  which  it  is  the  plan  to  have 
short  up-to-the-minute  talks  by  prominent  men  on  .current 
topics  of  general  public  interest.  The  idea  is  to  get  the 
engineer  away  from  the  slide  rule  for  a  time  and  to  give 
him  an  insight  into  big  business  and  public  affairs.  The 
first  meeting  was  a  great  success.  Fully  600  attended. 
The  speaker  was  Samuel  Insull,  president  of  the  Common- 
wealth Edison  Co.,  and  the  topic,  "The  Engineers'  Influence 
in  Public  Utilities." 

In  his  introductory  remarks  Mr.  Insull  referred  to  the 
need  of  exact  knowledge  on  the  public  questions  of  the  day. 
An  engineer's  training  and  his  daily  work  are  conducive 
to  exact  reasoning  and  logical,  straight  thinking.  It  is 
time  that  such  men  took  their  place  in  public  affairs.  The 
average  politician  is  inclined  to  make  the  wildest  claims 
imaginable,  which  seldom  if  ever  approach  the  facts.  If 
the  engineer  would  apply  his  power  of  reasoning  and  pre- 
sent to  his  community  the  exact  facts  concerning  the  oper- 
ation of  public  utilities,  how  different  the  impression  that 
would  be  conveyed  to  the  public  mind. 

Interests  and  Services  of  the  Public  Utilities 
No  Longer  Local 

As  far  as  the  great  public  utilities  were  concerned,  the 
average  poltician  and  municipal  officer,  in  seeking  for  power 
and  patronage,  insisted  that  their  relation  to  the  public 
was  a  question  for  home  rule,  when  as  a  matter  of  fact 
the  affairs  of  the  utilities  should  be  settled  only  on  a  state 
or  interstate  basis.  Their  interests  and  the  services  ren- 
dered were  no  longer  local  and  the  whole  tendency  was 
to  make  them  less  local.  From  the  city,  service  has  ex- 
tended to  outlying  suburbs  and  half  way  across  the  state, 
and  future  power  developments  at  the  mines  and  water- 
falls must  of  necessity  be  outside  the  city.  In  building 
up  these  institutions  by  combining  and  tying  together 
numerous  interests  to  effect  economies  in  the  service  to 
the  public,  there  had  been  nothing  but  criticism  from  the 
politicians  and  the  public   generally. 

On  subjects  of  this  nature,  primarily  engineering  in  their 
character,  the  engineer  should  be  a  leader  of  thought.  He 
should  become  posted  on  subjects  that  his  specific  training 
makes  him  capable  of  understanding  and  his  next  duty 
was  to  pass  it  along  to  the  public,  using  his  influence  to 
protect  the  interests  of  the  state  in  these  great  develop- 
ments. The  treatment  and  the  general  credit  of  the  utili- 
ties were  of  far  greater  consequence  to  the  community  than 
to  the  owners  themselves,  as  the  latter  generally  have  their 
eggs  in  more  than  one  basket  and  the  community  has  but 
one  public  utility  in  each  class  of  service.  Consequently, 
the  prosperity  of  the  utility,  making  development  and  ex- 
tension possible,  and  the  efficiency  of  service  rendered,  are 
matters  of  prime  importance  to  the  community.  Inci- 
dentally, Mr.  Insull  gave  some  Chicago  figures  that  were 
interesting.  He  said  that  with  2i  to  3  per  cent  of  the 
population  of  the  United  States,  Chicago  central-station 
interests  had  produced  5  per'  cent  of  the  total  electrical 
energy  distributed.  From  this,  6  per  cent  of  the  gross 
income  of  the  public  utilities  of  the  country  had  been  pro- 
duced on  an  investment  amounting  to  3  per  cent  of  the 
total  capitalization.  In  other  words,  the  Chicago  company 
was  doing  business  on  50  per  cent  less  capital  than  the 
average  throughout  the  United  States.  This  was  mainly 
the  result  of  efficiency  in  sales  engineering. 

Possibilities  and  Advantages  of  Extension  and 
Combination 

To  show  the  possibility  in  efficiency  and  conservation  by 
extension  and  combination  of  public  utilities,  the  speaker 
referred  to.  the  power  survey  of  the  Atlantic  Coast  section 
extending  from  Boston  to  Washington  and  sweeping  in  a 
semicircle  150  miles  back  from  the  coast,  in  which  one- 
qua!rter  of  the  entire  generating  capacity  of  the  country 
is  concentrated.  By  tying  together  the  great  transmission 
systems  and  supplying  them  with  all  available  energy  from 
\vater  power  and  stations  at  the  mouth  of  mines  contiguous 


to  this  section,  it  had  been  estimated  that  a  total  capacity 
of  17,000,000  hp.  could  be  replaced  by  5,500,000  hp.  The 
load  factor  would  be  increased  from  an  average  of  15  to 
60  per  cent,  and  half  the  coal  formerly  required  (30,000,000 
tons,  worth  $150,000,000)  would  be  saved.  In  other  oper- 
ating expenses  there  could  be  saved  another  $150,000,000, 
making  a  total  possible  saving  for  the  section  of  $300,000,- 
000  per  year. 

It  was  the  mission  of  the  engineer  to  bring  home  to  the 
public  the  possibilities  and  the  great  advantages  of  such 
a  plan.  With  a  saving  of  such  magnitude  in  a  small  sec- 
tion of  the  country,  it  might  be  imagined  what  it  would 
mean  if  the  same  principles  were  carried  out  throughout 
the  entire  country.  Mr.  Insull  referred  to  the  fact  that 
if  all  the  available  water  powers  of  the  country  were  de- 
veloped, they  would  not  come  anywhere  near  taking  care 
of  the  power  demand  at  the  present  time.  As  power-plant 
fuels,  oil  and  natural  gas  were  of  minor  importance,  so 
that  the  future  welfare  of  the  country  turned  to  the  coal 
supply  of  this  continent.  The  coal  consumption  of  the 
country  was  already  approaching  700,000,000  tons  per 
year,  with  every  prospect  that  it  would  increase  by  leaps 
and  bounds,  so  that  unless  the  greatest  economy  was  ob- 
ta'ned,  future  generations  must  suffer.  The  Atlantic  Coast 
Survey  gave  an  idea  of  what  was  possible  in  the  way  of 
coal  conservation,  and  if  the  same  plan  were  applied 
throughout  the  country,  the  saving  would  be  enormous. 
It  would  take  generations  to  accomplish,  but  could  be 
immediately  applied  in  sections  where  conditions  were 
favorable. 

With  Government  operation  of  utilities,  lacking  incentive 
and  initiative,  money  would  not  be  forthcoming  for  such 
great  developments.  In  the  interest  of  economy  and  con- 
servation it  was  of  the  greatest  importance,  then,  not  to 
destroy  the  present  value  of  these  utilities  and  rob  them 
by  arbitrary  action.  Under  such  conditions  it  would  be 
impossible  for  them  to  maintain  their  credit,  to  invest  and 
stimulate  development.  Nothing  would  stop  development 
more  than  interfering  with  transportation  interests,  and 
nothing  would  affect  business  interests  more  than  mistreat- 
ing the  great  local  public  utilities. 

The  engineer,  then,  should  not  confine  himself  to  technical 
questions  alone.  He  should  become  familiar  with  the  facts 
and  details  of  operation  of  the  public  utilities.  By  so 
doing  he  would  comply  with  his  duties  as  a  citizen  and  con- 
tribute to  the  interests  of  the  community  and  the  country. 

N.A.S.E.  National  Convention  Committee 

National  President  John  J.  Calahan  has  appointed 
Charles  W.  Bindrich,  John  A.  Wickert  and  Thomas  W. 
Armer  as  committeemen  in  charge  of  the  coming  national 
convention  of  the  National  Association  of  Stationary  Engi- 
neers to  be  held  in  Milwaukee,  Wis.,  Sept.  13  to  18.  The 
executive  committee  is  made  up  of  the  following:  Program, 
Charles  W.  Bindrich,  562  W.  36th  St.,  Milwaukee;  publicity, 
John  A.  Wickert;  halls  and  hotels,  Thomas  W.  Armer, 
133  Martin  St.,  Milwaukee;  reception,  Henry  J.  Mustele; 
entertainment,  J.  A.  Prudell;  finance,  Charles  A.  Cahill; 
transportation,  Harry  E.  Fritz.  Frank  Cleveland,  secre- 
tary of  the  convention  bureau  of  the  Milwaukee  Chamber 
of  Commerce,  is  chairman  of  the  local  exhibitors'  committee. 
Headquarters  will  be  in  the  Hotel  Wisconsin.  Thomas 
Green,  Garlock  Packing  Co.,  Pittsburgh,  Pa.,  is  secretary  of 
the  National  Exhibitors'  Association. 


Norway  lacks  coal  but  it  has  an  abundance  of  water- 
power.  The  power  available  for  development  in  Norway 
is  estimated  at  from  10,000,000  to  15,000,000  hp.,  and  1,300,- 
000  hp.  is  now  being  used.  In  1917  more  than  forty  miles 
of  the  state  railways  had  been  electrified,  and  since  that 
time  the  electrification  of  numerous  short  lines  has  been 
under  way.  Through  the  utilization  of  its  enormous  water- 
power  in  transportation  and  manufacturing — thus  overcom- 
ing the  handicap  of  a  shortage  of  domestic  coal — Norway, 
it  is  believed,  will  show  marked  industrial  progress  in  the 
future. — Pacific  Power  and  Light  Coinpani/s  BuUetiiu 
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Waterwheels  Used  for  Braking  and 
Initial  Power 

An  unusual  use  of  watcrwheels  has  been  made  at  the 
plant  of  the  Spanish  Peak  Lumber  Co.,  Plumas  County, 
Cal.  Two  24-in.  Pelton  waterwheels,  set  in  opposition, 
have  been  adapted  to  an  aerial  gravity  tramway  control 
to  furnish  power  and  braking  effort  as  well  as  to  drive 
a  generator  for  lighting  purposes,  says  the  Jounml  of 
Electricity. 

A  braking  effort  to  absorb  a  maximum  excess  of  12  hp. 
is  necessary  when  ^he  way  is  fully  loaded,  and  a  torque 
of  20  hp  is  required  when  the  cable  is  not  loaded.  The 
two  waterwheels  are  rigidly  connected  in  opposition  through 
a  solid  coupling,  making  up  the  driving  and  braking  unit. 
They  are  controlled  by  needle  nozzles,  actuated  by  oil  gov- 
ernors, in  regulating  the  cable  speed,  the  regulation  being 
to  hold  the  speed  constant.  The  governors  are  so  adjusted 
that  when  the  cable  slows  down  below  normal  speed,  due 
to  a  light  load,  water  is  admitted  to  the  driving  motor  and 
power  is  generated  to  hold  the  speed  constant.     When  the 


cable  is  leaded  and  the  speed  tends  to  increase,  the  water 
is  shut  off  the  driving  motor  and  is  admitted  to  the  braking 
motor.  The  impact  of  the  buckets  of  the  braking  motor 
rotating  against  the  jet  develops  the  requisite  braking  effect 
and  holds  the  speed  normal. 

Economy  of  Electric  Drive         I: 

A  comparison  of  performance  of  the  motive  power  of 
the  "New  Mexico"  with  that  of  other  battleships  shows 
marked  economy  in  favor  of  the  electric  drive.  Thus,  at 
twelve  knots'  speed  the  consumption  in  tons  of  oil  per  day 
was  for  the  "New  Mexico"  (electric  drive)  75  tons,  as  com- 
pared with  the  "Arizona"  for  her  cruising  turbines,  100  tons 
and  main  turbines,  118,  and  the  "Mississippi"  for  her  cruis- 
ing turbines,  99  tons,  and  for  her  main  turbines  115  tons 
of  oil  per  day.  At  nineteen  knots  the  consumption  of  the 
"New  Mexico"  was  263  tons,  of  the  "Mississippi"  main 
turbines  305  tons,  and  of  the  "Idaho"  main  turbines,  310 
tons  per  day.  Similar  economy  was  shown  by  the  electric 
drive  at  the  intermediate  speeds. — Scientific  American. 
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!  New  Publications  j 

HYDRAULIC  TURBINES  Third  Edition 
Bv  R.  Lr-  Daugiierty,  A.  B.,  M.  K  .  x'vo- 
fessor  of  Mechanical  and  Hyrlraulic 
Kiieineering-,      California      Institute      ot 

Hill  Book  Co.,  Inc.,  ^ew  -^ork  Cloth, 
6  X  9  in.  ;  280  pages.  Fnce,  $3. 
O-ie-inallv  intended  as  a  b-'°f  outline 
of  thf  general  principle  of .  hydraulic-tur- 
hine  de-ign,  the  present  edition  has  been 
'  rlelv  rewrittc-n  to  conform  to  the  changes 
nraclice.  The  presentation  of  the  theory 
rU  been  considered  and  changes  in  its 
form  made  to  make  it  more  effective.  It  is 
r^Iuz«l  thr.t  hydraulic-turbine  design  is  a 
Hghly  specialized  industry,  but  the  buyer 
and  user  of  such  machines  shou  d  have 
some  knowledge  of  their  princ.pk-s  and 
characteristics.  It  is  to  furnish  such  need- 
ed information  that  the  book  wan  produced. 
The  first  part  is  given  up  to  |}istory  Classi- 
fication and  description  of  hydraulic  tur- 
lines,  with  a  chapter  on  water  as  a  source 
of  power  The  theory  of  turbines,  methods 
of  testing  and  turbine  charact.-ristics  are 
given  considerable  space.  A  chapter  on  Se- 
lection of  Type  of  Turbine  and  one  on 
Costs  of  Turbines  and  Water  Power  should 
iirove  of  especial  interest  to  hydraulic 
power-plant  men.  The  mathematical  por 
lions  of  the  book  assume  a  knowledge  of 
trigonometry  and  calculus. 

ARMATURE  WINDING-  AND  MOTOR 
REPAIR.  By  Daniel  H.  Braymer. 
Published  bv  McGraw-Hill  Book  Co., 
Inc.,  New  York,  1920.  Cloth;  8  x  5| 
in  ;  515  pages;  298  illustrations. 
Price,  $3. 
This  book  is  a  collection  of  practical  in- 
formation and  data  covering  winding  and 
reconnecting  procedure  for  direct  and  al- 
ternating-current machines,  compiled  for 
electrical  men  responsible  for  the  operation 
and  repair  of  motors  and  for  the  operation 
of  generators  in  indiis'rial  plants  and  for 
repairmen  and  armature  winders  in  electri- 
cal shops.  No  attempt  has  been  made  to 
discuss  the  subject  of  armature  winding 
from  the  theoretical  and  design  stand- 
Ijoints.  Mathematics  has  been  made  use  of 
in  a  very  few  cases,  thus  making  the  book 
easily  read  by  those  with  a  limited  techni- 
cal training.  The  book  is  divided  into  17 
chapters  and  an  appendix :  Direct-Current 
Windings;  Alternating-Current  Windings; 
Repair-Shop  Methods  for  Rewinding  Di- 
rect-Current Armatures;  Making  Connec- 
tions to  the  Commutator;  Testing  Direct- 
Current  Armature  Windings;  Operations 
Before  and  After  Winding  Direct-Current 
.Armatures ;  Insulating  Coils  and  Slots  for 
Direct-Current  and  Alternating-Current 
Windings;  Repair-Shon  IVU^'thods  for  Re- 
winding Alternating-Current  Machines ; 
Testing  Induction-Motor  Windings  for  Mis- 
takes and  Faults  ;  Adapting  Direct-Current 
Motors  to  Changed  Operating  Conditions: 
Practical  Ways  for  Reconnecting  Induction 
Motors  ;  Commutator  Repairs  ;  Adjusting 
Brushes  and  Correcting  Brush  Troubles ; 
Inspection  and  Repair  of  Motor  Starters, 
Motors  and  Generators ;  Diagnosis  of  Mo- 
tor and  Generator  Troubles  ;  Methods  Used 
by  Electrical  Repairmen  to  Solve  Special 
Troubles ;    Machine    Equipment    and    Tools 


Needed  in  a  Repair  Shop  ;  Appendix,  Data 
and   Reference  Tables. 

In  all  these  the  practical  man  has  been 
kept  in  mind  and  the  story  of  his  problem;- 
is  told  in  a  clear  and  easily  understood 
way.  Although  the  number  of  subjects 
covered  has  made  it  necessary  to  limit  the 
treatment  of  them  to  a  considerable  extent, 
those  who  have  electrical  repair  problems 
to  contend  with  will  find  much  in  this  book 
that  will  assist  them  in  the  solution  of 
these  problems. 
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Charles  E.  Barber,  formerly  of  Water- 
town,  N.  Y.,  died  at  his  home  in  Liverpool, 
March  22,  at  the  age  of  70  years.  Mr.  Bar- 
ber, who  was  the  brother  of  the  late  Henry 
A.  Barber,  the  inventor  of  the  Barber 
centrifugal  pump,  at  one  time  manufac- 
tured and  sold  steam  engines  in  Syracuse, 
N.  Y.  He  was  also  the  inventor  of  the 
Barber  marine  engine.  He  is  survived  by  a 
widow,  a  brother,  two  sons,  a  daughter  and 
two    nephews. 
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Society  Affairs 
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The  National  Association  of  Stationary 
Eng-ineers,  Texas  State  Association,  will 
hold  its  annual  convention  at  San  Antonio, 
Texas,  April  19-21. 

The  American  Chemical  Society  Will  hold 
its  spring  meeting  at  St.  Louis  April  12-16. 
The  general  meeting  and  all  divisional  meet- 
ings will  be  held   at  the  Hotel   Statler. 

Tlie  American  Societ.y  of  Mechanical  En- 
gineers, St.  Louis  Section,  will  hold  a  meet- 
ing April  30.  H.  F.  Gauss,  engineer,  Il- 
linois Stoker  Co..  will  speak  on  "Develop- 
ment   in    Chain-Grate    Stokers." 

The  Philadelphia  Section  of  the  A.  S. 
M.  E.  will  meet  at  the  Engineering  Club. 
Philadelphia,  Pa.,  on  April  27.  Colonel  W. 
P.  Barba  will  discuss  "The  Modern  Prac- 
tice in  the  Manufacture  of  Steel." 

The  National  Electric  Light  Association, 
Meter  Committee,  Technical  and  Hydro- 
Electric  Section  and  the  Ohio  Electric 
Light  Association,  Columbus,  Ohio,  will 
hold  a  joint  meeting  at  Columbus  on  April 
22. 

The  American  Society  of  Chemical  Engi- 
neers, Eastern  New  York  Section,  will  hold 
a  meeting  at  the  Edison  Club.  Schenectady. 
April  23.  C.  H.  Bierbaum,  consulting  engi- 
neer will  present  a  paper  on  "Bearing 
Metals." 

The  New  York  Section  of  the  A.  S.  M.  E. 
will  moet  at  its  headquarters,  33  West 
39th  St.,  April  13.  The  plans  include  the 
arrangement  of  a  joint  meeting  with  the 
Welding  Societies.  Subject,  "Symposium 
on  Welding." 

National    Electric    Light    Association — In 

a  report  by  Harry  M.  Sessions,  chairman 
of  the  Pacific  Coast  Section  Membership 
Committee  of  the  N.  E.  L.  A.,  it  was  shown 
that  nore  than  two  thousand  new  meniber.T 
have  been  added  to  the  organization  sinc^ 
last   November. 


The  New  Haven  Branch,  Connecticut 
Section  of  the  A.  S.  M.  E.,  will  meet  on 
April  16  at  the  Mason  Laboratory  of  the 
Sheffield  Scientific  School.  Arthur  M. 
Greene,  Jr.,  chairman  of  the  research  com- 
mittee of  the  A.  S.  M.  E.  will  present  a 
i)aper  entitled   "Research." 

The  Detroit  Engineering  Society,  De- 
troit, ^lich..  will  hold  its  twenty-sixth  an- 
nual banquet,  Friday  evening,  April  23.  at 
the  Hotel  Cadillac.  Previous  to  the  ban- 
quet a  business  meeting  will  be  held  at 
which  the  election  of  officers  for  the  ensu- 
ing year  will  be  announced. 


Miscellaneous  News 
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The  Supreme  Court  recently  dismissed 
the  petition  to  rehear  the  appeal  in  the 
case  of  the  North  Carolina  Public  Service 
Co.,  and  the  Spencer  Railway  Co.,  vs.  the 
Southern  Power  Co.  The  North  Carolina 
Public  Service  Co.  and  the  Spencer  Rail- 
way Co.  charge  that  discrimination  was  be- 
ing shown  by  the  Southern  Power  Co.,  in 
that  they  formerly  furnished  power  to  them 
at  the  rate  of  eleven  mills  per  kilowatt, 
which  they  increased  to  eighteen  mills, 
while  it  was  furnishing  its  own  subsidiary 
corporations  power  at  the  eleven-mill  rate. 


Business  Items 
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The  BoUer-Smith  Co.,  New  York  City, 
announces  the  appointment  of  Hammond 
D.  Baker  as  manager  of  its  branch  office 
in  Detroit. 

The  Pioneer  Rubber  MiUs,  of  San  Fran- 
cisco, have  sent  D.  D.  Tripp,  vice-president, 
on  a  trip  to  the  Orient  to  observe  the  trade 
]5ossibilities. 

The  Homestead  Valve  Manufacturing 
Co.,  Inc.,  of  Homestead.  Pa.,  announces  the 
removal  of  its  New  York  oflSce  to  242 
I.,afayette    St.,    New    York   City. 

The  Niagara  Falls  Power  Co.,  at  its 
annual  election  of  officers  on  March  36. 
elected  Paul  A.  Schoellkorf,  president,  and 
Morris  Cohn,  Jr.,  John  L.  Harper  and  A. 
H.    Schoellkorf,    vice   presidents. 

The  American  Steam  Conveyor  Corp., 
Chicago,  111.,  announces  that  the  Kin-Wald 
Engineering  Co.,  Mutual  Life  Building, 
Buffalo,  N.  Y..  will  act  as  its  representa- 
tive in  Buffalo  and  western  New  York. 

Tlie  American  Sugar  Refining  Co.  has 
awarded  a  contract  for  the  construction  of 
a  sugar  refinery  at  Baltimore.  Md..  to 
Stone  &  Webster.  It  is  intended  to  begin 
work  early  in  June.  Estimated  total  cost. 
$10,000,000. 

Tlie  Yarnall- Waring  Co.,  manufacturers 
of  power-iilant  devices  in  Philadelphia.  Pa., 
has  opened  an  office  in  Atlanta,  Ga.  D.  T. 
Newman,  formerly  connected  with  the 
Philadelphia  sales  office,  will  assume 
charge   of  the  new  branch. 

The  Chicago  Pneumatic  Tool  Co.,  an-  j 
nounces  the  removal  of  its  general  offices  ' 
from  Chicago  to  New  York  City,  where  it 
will  occupy  a  new  ten-story  building.  The 
district  sales  branch  of  Chicago  has  moved 
to  new  quarters  at  300  North  Michigan 
Boiilevnrd. 
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I    THE    COAL   MARKET 

BOSTON — Current  prices  per  Eross  ton  f.o.b.  New- 
York  loading  ports: 

Anthracite 

Company 
Coal 

■  Egg $8  20(<j-$8.  65 

Stove 8  45(«    9.05 

Chestnut 8   55(f'    9.05 

Pea 7  05((i    7 .  40 

Buckwheat 3  60("    3.80 

Rice 2   30(«    2.50 

Barley 1  .25 

Bituminous 

Canil)rias  and 
Clearfield^  8oinersets 

F.o.b.  mines,  net  toii^        $2  85(f/  $3   35   $3    1 5(o  $3  60 
F.O.b.  Philadelphia,  gro.su 

tons 5  05(a    5  60     5   35(«    5   90 

F.o.b.   New  York,  gross 

tons 5  40f(/    5  95     5  75(«    6  25 

Alongside  Boston  (water 

ooal) ,  gro.ss  tons  7  00(((    7   75     7   60(r'    8  00 

Pocahontas  and  \cvv  Hivcr  are  practically  off  the 
market  for  coastwise  shipment,  hut  are  quoted  at 
$6.25C<'$7.00. 

NEVV  YORK — Current  qnotations,  White  Ash,  per 
gross  tons,  f.o.b.  Tidewater,  at  the  lower  ports  are  as 
follows: 

Anthracite  Conjpanv 

Coal 

Broken .$7   80(('$8.25 

Egg 8  20f'/    8.65 

Stove 8  45("    9.05 

Chestnut 8  55("    9.05 

Pea 7  05(ai   7 .  40 

Buckwheat 5.15 

Rice 4.50 

Barley 4.85 

Boiler 4.85 

Bituminous 

Government  prices  at  mines:  Spot 

South  Fork  (best) $3  25(5;  $3 .  50 

Cambria  (best) 3  .00(5,>    3 .  25 

Cambria  (ordinary) 2 .  60(o;    2 .  90 

Clearfield  (best) 3.00(a    3.25 

Clearfield  (ordinary) 2.60(&    2.90 

Reynoldsville X.  85^    2 .  90 

Quemahoning 3 .  25(5'    3 .  50 

Somerset  (medium) 3  00^    3 .  25 

Somerset  (poor) 2 .  50(a    2 .  75 

Western  Maryland    2.50^    2.75 

Fairmont 2.25(3    2   50 

Latrobe 2 .  60^    2 .  90 

Greensburg 2 .  75^    3 .  00 

Westmoreland  J  in 3  .  40^    3 .  50 

Westmoreland  run-of-mine 2 .  75fe    3 .  00 

PHILADELPHIA — Bituminous  coal  prices  vary 
according  to  district  from  which  they  are  mined.  For 
ordinary  slack  the  price  is  $2.45(rt$2.55:  lump, 
$3.35,  at  the  mines. 

BUFFALO— 

Anthracite 

On  Cars,      At  Curb, 
Gross  Ton      Net  Ton 

Grate $8  55  $10.80 

Egg 8.80  10.65 

Stove 9  00  10.85 

Chestnut 9.10  10.85 

Pea 7.75  9.30 

Buckwheat 5.70  7.75 

Bituminous 

Allegheny  Valley $4.80 

Pittsburgh 4.65 

No.  8  Lump 4.65 

Mine-run 4 ,  80 

Slack 4.10 

Smokeless 4 .  60 

Pennsylvania  Smithing 5.70 

CLEVELAND — Prices  of  coal  per  net  ton  delivered 
in  Cleveland  are: 

Anthracite 

Egg $I2.25((?$I2.40 

Chestnut 12.50(S    12.70 

Grate I2.25(«    12.40 

Stove 12  40(S>    12  60 

Pocahontas 

Nine-run $7  50 

Domestic  Bituminous 

West  Virginia  split $8  50 

No.  8  Pittsburgh $6.60("    6  90 

Massillon  lump 8.25(<'    8.50 

Coshocton  lump    ■  ■    -^ 7.15 

STeam  Coal 

No.  6  slack $5.  25(0^ $5.  50 

No.  8  slack 5.IO(o:    5.50 

Youghiogheny  slack 5 .  25(<''    5.50 

No.  8  J  in 5 .  70("    6 .  60 

No.  6  mine-run 5 .  25fe'    5 .  50 

No.  8  mine-run 5.75 

Only  coal  available  is  mine-run  Pocahontas. 

MIDDLE  WEST — Chicago  quotations,  f .  o.  b.  cars 
at  mine: 

Springfield, 
Carterville. 

Williamson,  Grundy, 

Franklin.  La  Salle, 

Saline,  Fulton,  Bureau. 

Harrisburg  Peoria  W'ill 

Lump $2.55(o$2.70  $2.95@$3.I0  $3  25(S$3.40 

Washed..    2  75(c»   2.90   3.45(®    3.60 

Mine-run    2  35((i'    2.50     2.75@   2.90     3  00(3)    3.15 
Screen-gs    2  05(n    2.20     2.35(31   2.50     2  75(0:    2.90 


New  Construction 
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MaHH..  Cambridge — The  Barnard  Coiistr. 
Co.,  17sa  Mas.sachuscll.s  .We.,  will  c:lKuif?e 
the  '>  .story,  50  x  2.'.0  ft.  dormitory  building 
on  Harvard  St.,  into  a  Motel.  A  steam  heat- 
ing .system  will  be  in.stalled  in  same.  Work 
will  he  (lone   hy  day  labor. 

lVIas8.,  Camltridge — The  E.  K.  Gray  Co. 
i.s  having  plans  prepared  for  the  construc- 
tion of  a  2  story,  140  x  2:iO  ft.  store  .  ouse 
and  refrig-ei-^ting-  plant  on  Albany  St. 
Total  estimated  cost,  $2. 5  0,0  no.  F.  F. 
.lonsherg-  Co.,  16  Central  St.,  Boston,  archi. 
and  engr. 

N.  v.,  Addison — The  Addison  Electric 
l..ight  &  Power  Co.  is  in  the  market  for  a 
100  hp.  heavy  duty  r.li.  automatic  belted 
steam  engine  and  a  100  hp.  high  pressure 
return    tubular   steam    boiler. 

N.  Y.,  Antwerp — The  F.  X.  Baumert  Co. 
is  in  the  market  for  milk  handling  machin- 
ery, equipment  and  cold  storage  installa- 
tion in   its  plant  at  Evans  Mills. 

N.  Y.,  Attica — The  Don  Co.  is  in  the  mar- 
ket for  one  100  Ih.  pressure  8  to  10  hp 
vertical  boiler. 

N.  Y.,  Buffalo— The  ci*y  is  having  pkuis 
prepared  by  George  H.  Norton,  City  Engr., 
for  installation  of  galvanized  piping  and 
the  construction  of  an  extension  to  the  re- 
frigeration system  at  the  Washington  mar- 
ket,   here.      Total   estimated   cost,    $30,000. 

N.  Y.,  Oowanda— The  Iroquois  TTtilities 
Corp.,  39  West  Main  St.,  had  plans  pre- 
pared for  the  construction  of  a  power  house 
at  Cattaragus  Creek.  Three  500  h)).  gen- 
erating units  will  be  installed  in  same. 
Total  estimated  cost,  $150,000.  Charles  E. 
Eaton,  Sherman  BIdg.,  Watertown.  Con.sult. 
Engr. 

N.  Y.,  Hamburg: — The  Depe'^'  &  Lan- 
caster Light,  Power  &  Conduit  Co.,  Lan- 
caster, plans  to  build  an  electric  plant, 
here. 

N.  Y.,  New  York — IR.  C.  P.  Boehler,  Archt. 
and  Engr.,  38  West  32nd  St.,  will  soon 
award  the  contract  for  the  construction  of 
a  12  storv  loft  building  at  146  West  26th 
St.  for  the  Leopold  Realty  Co.  A  steam 
heating  system  will  he  installed  in  same. 

N.  Y.,  New  York — The  New  York  Tele- 
phone Co.,  15  Dey  St..  is  having-  plans  pre- 
pared for  the  construction  of  a  telephone 
building  on  Vesey.  Barclay  and  West  Wash- 
ington Sts.  A  steam  heating  system  will  be 
in.stalled  in  same.  Total  estimated  cost. 
$750,000,  McKenzie.  Voorhies  &  Grelin. 
1123    B'way,    Archts.    and    Engrs. 

N.  Y.,  New  York — W.  Whitehall.  Archt. 
and  Engr.,  32  Union  Sq.,  will  soon  award 
the  contract  for  the  construction  of  a  3 
story,  45  x  75  ft.  transformer  station  on 
East  6th  St.,  for  the  New  York  Edison 
Co.,  Irving  PI.  and  15th  St.  Estimated 
cost,   $60,000.     Noted  Feb.   9. 

N.  J.,  Asburv  Park — Froliiig  &  Holler. 
Archts.  and  Engrs..  150  Na.ssau  St..  New 
Y'ork  City,  are  having  plans  for  the  con- 
struction "of  a  12  story  hotel  on  Ocean  .\ve.. 
between  2nd  and  3rd  Sts.  A  steam  heatmg 
system  will  be  installed  in  same.  Total 
estimated  cost,  $1,000,000.  Owner's  name 
withheld. 

N.  .1.  Kast  Orange — The  city  plans  to 
build  a  community  building.  A  steatn  heat- 
ing .svstem  will  be  installed  in  same.  Total 
estimated  cost,   $500,000. 

N.  .1..  IrvinKtou  (Newark  P.  O.) — The 
Vreeland  Motor  Co.,  107  Elizabeth  Ave.. 
Newark  will  soon  award  the  contract  for 
the  construction  of  a  1  and  2  story.  28- 
X  600  ft  factory,  a  200  x  250  ft.  office 
building  and  a  50  x  160  ft.  machine  shop 
on  Cort  St.  A  steam  heating  sf>'stem  will 
be  installed  in  same.  Total  estimated  cost. 
$300,000.  .John  T.  Simpson.  Essex  Bldg., 
Newark,    .^rcht. 

N  .1  Jersey  Citv  —  Francisco -Jacobus 
511  5th  Ave..  "New  York  City,  engineers 
for  the  proposed  power  house,  here,  for  the 
Continental  Candy  Co.,  are  in  the  market 
for  2  generators,  3  boilers  and  two  200  kw. 
engines. 

N  .1  ,  Newark — Jarvis  Hunt,  Archt.,  30 
North  Michigan  Ave.,  Chicago,  will  soon 
award  the  contract  for  the  construction 
of  a  25  storv  addition  to  the  Department 
store  on  Market  St.,  for  the  I-  Bamberger 
&  Co:,  Market  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $2,000,000. 

Pa.,  Harrisburg — The  Water  D-pt.  plans 
to  construct  a  25,000.000  la  30.000,000 
gal  reservoir  and  install  u  40  hp.  boiler 
and  pump,  etc  at  the  pumping  station, 
liere.     S.   F.   Hassler.   Comr. 


I'a..  Marcus  Hook  —  IJallinger  Perrot, 
Archts.  and  Kimrs..  32!t  South  Broad  St.. 
Will  .soon  aw-ard  the  contract  for  th-  con- 
struction of  a  3  story,  6  x  110  ft.  boiler 
hou.se  for  the  Visco.se  (U>.  A  steam  heat- 
ing .system  will  be  installed  in  same  Total 
estimal<d    cost.    $100,000. 

I'a..  Philadelphia — The  Bd.  Educ,  Key- 
.slone  Bldg,  plans  to  rebuild  3  story  school 
bulldirlg  on  7th  and  .Vorris  Sts.  A  steam 
healing  s.vstem  will  be  installed  in  same 
lotal    .stimated    cost,    $400,o(iO. 

Pa.,  Philadelpliia— The  Bd.  Educ,  Key- 
stone i:|(lg..  plans  to  rel.uihl  3  story  school 
l.uil.liiiK  on  6lli  St.  aiirl  Fairmount  Ave 
A  steam  heating  system  will  be  Installed 
in    same.      Total    estimal.d    cost     $400,000. 

Aid..  Kaltiniore — O.  O.  Simonson.  Archt.. 
will  so(Hi  award  the  contract  for  the  con- 
struct i.m  of  a  3  storv.  300  x  300  ft 
administration  buildmji.  garage,  power 
house,  and  printing  shoj).  |  .storv.  60  x  122 
ft,  ,<uh  for  the  Maiyland  Casualty  Co., 
HaltiiMore  St.  and  Guilford  Ave  Total 
estimated   cost,    |3.ooo,0i'ni       Noted    Sept.    9. 

I).  <•.,  Washiiisrton — The  Bureau  of  Yards 
&  noek.-.  Navy  Dejii..  received  bids  March 
^1  tor  installing  mechanicful  equipment 
and  piping  at  the  boiler  and  power  plant 
for  work  comi)lete,  from  .1.  W.  Danforth. 
2  lOllieott  St..  Buffalo,  .V.  Y.  (1)  $218 
?""  ^200  da.vs)  (2)  add  $8,500  (30  days)! 
(3)  add  $10,000  (30  days).  (4)  add  $13.- 
OOO.  (5)  add  $12,300  (30  days),  (6)  $8,950 
(30  days)  ;  S.  W.  Tiittenhou.se.  1316  Harvard 
St..  (1)  $227,853  (190  davs),  (2)  $9  946 
(3)  $12,762.  (1)  $3,900,  '(5,  $5,266  (30 
days)  ;  W.  G.  Cornell  Co.  9  23  I'th  St 
M;.F-  ^'^  $232,800  (200  days),  (2)  $8,360 
(200  days),  (3)  add  $8,512  (30  davs)  (5) 
$7,350   (30  da.vs).      Noted  Sept.  2.  ■    ^    ' 

\a.,  Kieiiniond  —  Miller  &  Rhoads,  c/o 
Starrett    &    Van    Vied,    Archts.    and    Engrs., 

8  Mest  40th  St.,  New  York  Citv,  are  having 
plans  prepared  for  the  con.struction  of  a  5 
and  6  story  260  x  300  ft.  office  building 
consisting  of  a  ho.spital  roof  garden,  cafe 
etc.  A  steam  heating  .s^-.stem  will  be  In- 
^^■?-}}^l\     '"      «'iii*--       Total      estimated      cost, 

M.  Va.,  riiarleston  —  Tlie  Bureau  of 
^'ards  &  Docks,  N;i\  y  Dept.,  Wash.  D.  C. 
received  bids  for  the  construction'  of  an 
outdoor  electric  .substation  at  the  Navai 
Ordnance  plant,  here,  from  the  Eng.  Serve 
Co.,  411  Odd  Fellows  Bide.,  $41,250,  (150 
da.vs).      Noted    March   16. 

Ga.,  I.aKrantfe — The  Lagrange  Hotel  Co.. 
c/o     W.     L.     Stoddard,     .\rcht.     and     Engr.. 

9  East  40th  St..  New  York  Citv.  is  havhig 
plans  prepared  for  the  construction  of  a 
100  \  100  ft.  hotel  and  theatre  building. 
A  steam  heating  system  will  be  installed 
in    same.       Total    estimated    cost,     $500,000. 

Teun.,  Knoxv'ile  —  Tin  Holston  Box  & 
Lumber  Co,  Mitchell  St.,  will  rebuild  the 
150  X  225  ft.  box  factory  recently  destroyed 
by  fire  and  will  be  in  the  market  for  3<' 
motors.      Work    will    be    done    by    day    labor. 

O..  Cleveland — The  T:d.  Educ.  East  6th 
St.  and  Rockwell  Ave.,  received  bids  for 
the  installation  of  a  heating  and  ventilat- 
ing system  in  the  Warner  Rd.  School,  from 
W.  B.  Van  Sickle,  701  Frankfort  Ave., 
$119,590;  Chappell  Warren  Co..  1838  St. 
Clair  Ave..   $125,808. 

<).,  Cleveland — The  Bd.  Educ,  East  6th 
St.  and  Rockwell  Ave..  ])lans  to  build  a  3 
stoo'  high  school  at  Cniversity  Circle. 
A  steam  heatiii,g  system  will  be  histalled 
in  same.  Total  estimated  cost,  $5,000,000. 
F.  G.  Hogan.  Dir.  A\'.  R.  McCormack. 
A.cht. 

O.,  Cleveland — The  city  i)lans  to  construct 
a  pumping  station,  reservoir,  etc.  at  Bald- 
win. Total  estimated  cost,  $2,000,000. 
A.   V.    Ruggles.   City  Ha',.    Engr. 

<)..  Cleveland — The  eii.v  plans  to  con- 
struct a  filter  i)laiit  with  pumping  units 
■and  equipment.  inehnling  a  reservoir, 
pumping  station,  etc.,  in  the  eastern  section 
of  the  citv.  Total  estimated  cost.  $5,000.- 
000.      A.    V.    Ruggles.    City    HaL.    Engr. 

O..  Cleveland — The  Kayner  Co.  plans  to 
construct  a  5  story,  factory  addition  on 
B'way  and  Aetna  Rd.  .\n  extensioii  to  the 
steam  heating  svstem  will  be  installed  in 
same.  Total  estimated  cost.  $250,000.  E. 
C.  Seitz,  B'wav  and  .\etna  Rd.,  Secy. 
Chri.stian-Schwartzenberg  &  Gaede  Co..  1900 
Euclid   .\ve..  Engrs. 

O.,  Cleveland  lleiKhts  ( Warrensville  P, 
O.) — The  Cleveland  Heights  Methodist  Epis- 
copal Church,  c'o  \Y.  H.  Nickles.  archt.. 
1900  lOuclid  Bldg..  Cleveland,  is  having 
plans  prei)ared  for  the  construolion  of  a  1 
storv  140  X  180  ft.  church  on  Euclid  Blvd. 
A  steam  heating  -system  will  be  installed 
in    same       Total    e«?timated    cost,     $250,000 
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O.,  Fairview — The  Bd.  Educ.  plans  to 
build  a  2  story  school  building.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $100,000.  L.  E. 
Garnett,   Pres. 

O..  Lake  wood  (Cleveland  P.  O.) — The 
Bd.  of  Co.  Comrs.,  c/o  Joseph  Menning, 
Court  House,  Cleveland,  plans  to  build 
a  1  story  market  house.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $300,000. 

O.,  licbanon — The  Bd.  of  Trustees  of 
Pub.  Affairs  will  receive  bids  until  April 
27  for  the  construction  of  a  light  plant 
and  the  installation  of  corrtplate  light, 
power  and  pumping  equipn^ent.  Total 
estimated  cost,  $135,000.  E.  M.  Choce, 
Union     Central     Bldg.,     Cincinnati,     Engr. 

O.,  liondon — The  Ohio  Bd.  of  Administra- 
tion plans  to  build  a  power  house,  etc. 
Total  estimated  cost,   $100,000. 

O.,  Loveland — Frank  Chase,  Engr.,  will 
receive  bids  until  April  27  for  the  con- 
struction of  an  electric  light  plant,  for  the 
city.     Estimated  cost,  $125,000. 

O.,  Sidne.v — The  Bennett  Bull  Packing 
Co.  will  soon  award  the  contract  for  the 
construction  of  a  3  story,  40  x  81  ft.  pack- 
ing plant.  Ice  machinery  will  be  installed 
in  same.  Total  estimated  cost,  $75,000. 
Anders  &  Reimers,  430  Erie  Bldg.,  Cleve- 
land,  Archts.    and   Engrs. 

Mich.,  Detroit — The  Bd.  of  Water  Comrs., 
232  Jefferson  Ave.,  is  in  the  market  for  a 
400  hp.  horizontal  water  tube  type  boiler 
and  an  under  feed  gravity  stoker. 

Mich.,  Detro;t — The  Church  of  the  Vis- 
itation Parish,  c/o  Donaldson  &  Meier, 
Archts.,  1314  Penobscot  Bldg.,  plans  a  2 
story  church  and  school  building  on  12th 
St.  and  Lawrence  Ave.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,   $300,000. 

Mich..  Detroit — The  Ewing  Bolt  &  Screw 
Co.,  403  Farwell  Bldg.,  plans  to  build  a 
1  story  factory  for  the  manufacture  of 
bolts,  screws,  nuts  and  rivets.  Steam  heat- 
ing equipment  will  be  installed  in  same. 
Total   estimated   cost,    $350,000. 

Mich.,  Nortbville — The  Bd.  of  Health,  233 
St.  Antoine  St.,  Detroit,  received  bids  for 
the  construction  of  a  1  story,  48  x  87  ft. 
power  house  and  a  40  x  120  ft.  laundry, 
in  connection  with  the  group  of  buildings 
to  be  constructed  at  the  proposed  Detroit 
Municipal  Tuberculosis  Sanitarium,  from 
John  Finn  &  Co.,  234  East  Fort  St..  Detroit. 
$66,570  ;  George  A.  Fuller  Co.,  540  Penobscot 
Bldg.,  Detroit,  $95,500.     Noted  March  3. 

III.,  Ch'cagro — The  if'ecleral  Reserve  Bank, 
79  West  Monroe  St.,  is  having  plans  pre- 
pared for  the  construction  of  a  14  story, 
160  X  165  ft.  bank  and  office  building  on 
Jackson  Blvd.  and  La  Salle  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $3,000,000.  Graham 
Anderson  Probst  &  White,  Ry.  Exch. 
Bldg.,    Archts. 

Minn.,  HibbinK — T.  J.  Godfrey,  Clk.,  will 
receive  bids  until  April  27  for  the  con- 
struction of  a  2  story,  62  x  400  ft  high 
school  on  Mesaba  St.,  for  the  Bd.  Educ. 
A  steam  heating  and  ventilating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $500,000.  W.  T.  Bray.  Torrey  Bldg., 
Duluth,  Archt.   and  Engr. 

Minn.,  Minneapolis — The  Bd.  Educ,  City 
Hall,  will  soon  award  the  contract  for  the 
'•onstruction  of  a  2  story,  75  x  200  ft. 
.school  building  to  be  known  as  the  Miles 
Standish    School   on    22iid    Ave.,    S.    E.    and 


40th  St.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$250,000.     E.  H.  Enger,  Archt. 

Kan.,  Cimarron — The  city  is  having  plans 
prepared  to  improve  the  waterworks  system 
including  tower,  tank,  pumping  equipment 
and  new  well.  Total  estimated  cost,  $30,- 
000.  W.  B.  Rollins  &  Co.,  209  Ry.  Exch. 
Bldg.,  Kansas  City,  Mo.,  Engr. 

Kan.,  Protection — The  city  is  receiving 
bids  for  the  construction  of  a  pumping 
plant,  etc.  Total  estimated  cost,  $50,000. 
W.  B.  Rollins  &  Co..  209  Ry.  Exch.  Bldg., 
Kansas    City,    Mo.,    Engr. 

Tex.,  Itrownwood — The  city  has  voted 
$150,000  bonds  to  improve  streets,  construct 
sewer  extensions  and  a  municipally-owned 
electric  lighting  plant. 

Tex..  Dallas — The  city  plans  co  install 
a  pumping  plant  at  Record  Crossing  on  the 
Trinity  River  to  pump  water  into  the 
Bachman  reservoir.  An  electrically  driven 
rotary  pump  will  be  installed  in  same. 
Estimated  cost,  $10,000.  George  Fairtrace, 
City    Engr. 

Tex.,  Dallas — The  Silvers  Box  Corp..  317 
Bourbon  St..  is  having  plans  prepared  for 
the  construction  of  a  box  factory  including 
six  1  story,  60  x  200  ft.  buildings  to  house 
six  units.  Motors  will  be  installed  in  same. 
Total  estimated  coSl  $250,000.  J.  C. 
Silvers,  Clarence  and  Latimore  Sts.,  Engrs. 
Tex.,  Liberty — The  Liberty  Light  &  Power 
Co.  plans  to  build  an  electric  lighting  and 
power  plant,  here.     Address,  A.  J.  Rivierre. 

Tex.,  Newcastle — The  Newcastle  Light, 
Power  and  lee  Co.  plans  to  install  an 
electric  light  and  power  plant  with  an  ice 
plant  to  be  operated  in  connection  with 
same.     Address   W.   F.    Nance. 

Tex.,  Tulia  —  The  citizens  will  install  a 
municipally-owned  electric  light  and  water 
plant  to  give  current  for  24  hours  of  the 
day. 

Okla.,  Claremore  —  The  citizens  voted 
$75,000  bonds  to  improve  light  and  water 
systems.  The  proceeds  of  the  bonds  are  to 
be  used  to  increase  the  facilities  of  the 
electric  power  plant. 

N.  M.,  Mogrollon — The  Mogollon  Mines 
Co.  plans  to  install  hydro-electric  etiuipment 
to  furnish  power  for  its  silver  mines.  S.  J. 
Kidder,    Mgr. 

AVash.,  Spokane — John  G.  P.  Hieber,  2011 
1st  Ave.,  will  build  a  fruit  juice  plant  in- 
cluding three  3  story,  73  x  110  ft.  buildings. 
A  furnace  for  drying  pulp,  small  boiler, 
motor  pumps,  conveyors,  etc.,  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$100,000.  H.  E  Smith,  1211  Old  Natl. 
Bank   Bldg.,  Engr. 

Ore.,  Roseburg  —  The  citizens  plan  an 
election  in  May  to  vote  on  $500,000  bonds 
to  construct  a  power  plant  and  water 
system. 

Cal.,  Ontario — The  city  voted  $40,000 
bonds  to  sink  well  and  install  pump. 

Ont.,  Kitchener  —  The  Young  Business 
Men's  Association  plans  to  build  a  1  story 
hockey  and  skating  arena.  Machinery  for 
making  an  artificial  ice  surface  and  an  arti- 
ficial ice  plant  will  be  installed  in  same. 
Total  estimated  cost,   $250,000. 

Ont.,  St.  Catherine  —  The  Niagara  St. 
Catharine  &  Toronto  Ry.  Co.  plans  to  make 
road  improvements  which  will  include  the 
increase  of  power  substation  facilities  and 
centralization  of  control,  etc.  Total  esti- 
mated co!;t,  $500,000.  E.  W.  Oliver.  Genl. 
Supt. 


B.  C,  VaneouTcr — The  British  Columbia 
Electric  Ry.  Co.,  425  Carroll  St.,  is  sub- 
mitting estimates  of  the  cost  to  change  the 
voltage  on  the  Frazer  Line  from  600  to 
1.200  and  for  substation  equipment.  J.  I. 
Newell,    Engr. 

PRICES     AND     CONTRACTS     AWARDED 

N.  Y.,  Brooklyn — The  Bd.  Educ,  500  Park 
Ave.,  New  York  City,  has  awarded  the  con- 
tract for  installing  heating,  ventilating  and 
temperature  systems  in  P.  S.  80,  to  E. 
Rutzler  Co..  409  East  49th  St.,  New  York  \ 
City.     Estimated  cost,  $90,000. 

N.  Y.,  Churchville — The  Village  Bd.  has 
awarded  the  contract  for  the  installation  of 
overhead  municipal  lighting  system  and  50 
kw.  transformers,  to  the  O'Connell  Contg. 
Co.,  859  Hudson  Ave.,  Rochester.  Total 
estimated  cost,  $25,000. 

N.  Y'.,  Long  Island  Cit.v — The  Bd.  Educ, 
500  Park  Ave.,  has  awarded  the  contract 
for  the  installation  of  heating  and  ventilat- 
ing equipment  in  P.  S.  3,  Queens,  to  Philip 
&  Paul,  174  East  119th  St..  New  York  City. 
Total  estimated  cost,  $50,000. 

N.  Y.,  Watertown — The  Beebes  Island 
Corp.  lias  awarded  the  contract  for  in- 
stalling hydraulic  turbine  equipment  to  the 
Wellmari  Seaver  Morgan  Co.,  7000  Central 
Ave..  S.  E..  Cleveland.  Ohio,  and  for  elec- 
tric generator  (^quii)ment,  to  the  General 
Electric  Co-,  River  Rd.,  Schenectady.  Total 
estimated   cost.    $250,000. 

Pa.,  Jahnstown — The  Women's  Memorial 
Ho.spital  Association  has  awarded  the  con- 
tract for  the  construction  of  a  power  plant 
and  laundry  on  Franklin  St.,  to  Charles 
Schenkemeyer   &   Son,   at   $40,000. 

Md..  Baltimore — The  Columbia  Grapho- 
phone  Mfg.  Co.,  16  South  Howard  St.,  has 
awarded  the  contract  for  the  construction 
of  a  plant  and  an  85  x  100  ft.  power  house, 
etc.,  to  the  M.  A.  Long  Co.,  Munsey  Bldg. 
Total  estimated  cost,  $2,500,000. 

O.,  Cleveland — The  city  has  awarded  the 
contract  for  furnishing  2  steam  turbine 
driven  centrifugal  feed  pumps,  to  the  J.  L. 
Skeldon   Co.,    Rockefeller   Bldg.,    at   $13,320. 

111.,  Chicago — The  Amer.  Glue  Co.,  123 
West  Kinzie  St.,  has  awarded  the  contract 
for  the  construction  of  a  3  story,  100  x  112 
ft.  factory  at  3640  Iron  St.,  to  E.  W.  Sproul 
Co.,  2001  West  39th  St.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated    cost,    $175,000. 

Wis.,  St.  Francis  (Milwaukee  P.  O.)  — 
The  Milwaukee  Electric  Ry.  &  Light  Co., 
Pub.  Serv.  Bldg.,  has  awarded  the  contract 
for  the  construction  of  a  power  plant,  to 
the  Dahlman  Constr.  Co.,  Majestic  Bldg., 
Milwaukee.  Estimated  cost.  $500,000. 
Noted   Feb.    16. 

Kan.,  lola — The  city  has  awarded  the 
contract  for  furnishing  and  installing  a 
turbo  generator  unit  to  AUis  Chalmers,  West 
Allis  St.,  Milwaukee,  Wis..  $26,710  ;  con- 
denser, to  H.  R.  Worthington  Co.,  824  Scar- 
ritt   Bldg.,    Kansas    City,    Mo.,    $10,528. 

Ore.,  Portland — The  Comn.  of  Pub. 
Docks,  foot  of  Stark  St.,  has  awarded  the 
contract  for  furnishing  and  installing  elec- 
trical equipment  for  light  and  power  at  the 
St.  John's  Terminal,  to  the  Natl.  Electric 
Co.,  Railway  Exch.  Bldg.,  at  $16,311. 
Noted    Sept.    23. 

B.  C.  New  Westminster — The  Imperial 
Oil  Co.,  Cambie  and  Smith  Sts.,  Vancouver, 
has  awarded  the  contract  for  the  construc- 
tion of  a  distributing  plant  consisting  of 
wharf,  storage  house,  pump  house,  etc.,  to 
the  Dominion  Constr.  Co.,  509  Richards  St., 
Vancouver,    at   $24,500. 
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Do  Your  Own  Thinking! 


FOR  fifteen  years  old  Tom  Smith  had 
been   running   the   pumping  engine   at 
Brown's  Falls.     For  fifteen  years  old 
Tom  climbed  up  twelve  feet  on  a  ladder 
every  day  to  squirt  oil  in  a  little  hole  in  a 
valve-motion  rockshaft. 

One  day  he  slipped  and  nearly  fell.  The 
Super  saw  it  and  investigated.  "What  were 
you  doing  up  there?"  the  Super  asked. 

"Shot  a  little  oil  into  that  hole  up  there." 

"What  hole?"  returned  the  Super. 

Tom  showed  him. 

"Why  man!"  exclaimed  the  Super, 
"that's  no  oil  hole;  that's  only  a  lathe  center 
— what  they  turned  the  shaft  on  when  they 
made  it!" 

So  it  was.    We  all  know  how  old  Tom 


felt  when  he  found  out  that  the  hole  he  had 
faithfully  oiled  so  long  was  only  a  blind 
alley.  That's  the  difference  between  men — 
some  use  their  brains  and  some  don't.  That's 
the  difference  between  the  Tom  Smith  and 
the  Tom  Edison  type  of  man.  The  fellow 
that  does  his  own  thinking  gets  paid  for  it. 

Did  it  ever  occur  to  you  that  the  man  who 
needs  much  supervision  pays  for  it  ?  He  cer- 
tainly does.  He  pays  the  difference  between 
what  he  might  be  getting  and  what  he  is 
getting  paid  for  his  work.  The  more  you 
know  and  the  more  thinking  you  can  do  for 
your  work,  the  more  you  are  eventually  going 
to  be  paid.  Then,  too,  the  more  you  know 
and  the  more  thinking  you  can  do  for  the 
boss,  the  sooner  will  he  put  you  where  you 
can  supervise  the  work  of  oth<?rs  and  be 
paid  accordingly.  DO  YOUR  OWN 
THINKING! 


Contributed  by  John  S.  Carpenter. 
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Composition  and  Use  of  Babbitt  Metals 


By  B.  H.  JARVIS 


Desirable  qiwlities  of  babbitt  metals,  changes  in 
manufacture  that  have  taken  place  recently  and 
the  probable  future  of  these  metals  as  applied 
to  the  industries. 


WHEN  years  ago  the  first  anti-friction  metal 
was  produced  and  patented  as  "babbitt  metal" 
a  great  impetus  was  given  to  the  mechanical 
industries  by  the  fact  that  such  a  metal  permitted 
gains  in  speed,  weight,  complexity  and  efficiency,  all 
with  greater  production  possibilities.  Babbitt  metal 
was  the  forerunner  of  a  seemingly  endless  procession 
of  alloys,  many  of  which  possessed  merit  and  have 
thereby  remained  in  use,  while  many  others,  after  at- 
tracting some  notice,  were  disqualified  and  dropped  into 
disuse. 

Bearing  metals  of  the  babbitt  or  white-metal  class 
with  few  exceptions  have  been  of  tin  or  lead  base. 


bearing"  readily,  and  as  the  metal  wears  this  wear  will 
be  uniform.  A  metal  not  homogeneous  in  structure  and 
containing  abrasive  material  would  not  satisfy  this 
qualification. 

4.  Should  be  of  low  friction.  The  word  "antifric- 
tion" is  common  in  usage  but  conveys  various  meanings. 
While  in  properly  designed  and  finished  bearings  a 
film  of  oil  should  separate  the  journal  and  bearing,  it 
is  a  certainty  that  under  extreme  conditions  of  load  or 
in  case  of  insufficient  lubrication  metallic  friction  does 
occur  with  subsequent  heating  and  loss  of  power 
through  friction,  and  accompanied  by  danger  of  the 
shaft  being  scored  or  of  the  loss  of  the  bearing.  Con- 
sidering the  fact  that  when  examined  under  the  micro- 
scope the  surface  of  a  highly  polished  shaft  is  extremely 
rough,  it  is  evident  that  truly  antifriction  metal  would 
be  necessarily  of  such  material  as  to  offer  little  resist- 
ance to  the  movement  of  the  rough  shaft,  for  friction 
is  the  direct  measure  and  result  of  this  resistance.  This 
leads  to  the  conviction  that  the  easier  the  babbitt  metal 


FIG.  1.     BABBITT  METAL  CONTAIN- 
ING TIN,  ANTIMONY  AND  COPPER 


FIG.    2.      BEARING   METAL   CONTAIN- 
ING LEAD,  ANTIMONY  AND  TIN 


i'lG. 


3.  ALLOY  CONTAINING  TIN, 
COPPER  AND  SPELTER 


hardened  by  the  addition  of  antimony  and  also  copper, 
nickel,  zinc  or  some  other  hard  metal.  While  many 
refiners  and  founders  have,  through  skill  or  fortune, 
produced  alloys  that  have  given  highly  satisfactory 
results  as  antifriction  metals,  few  have  realized  the 
underlying  fundamental  reasons  for  the  success  of  their 
particular  products  of  manufacture.  Before  expressing 
opinions  as  to  merit,  it  is  necessary  to  know  how  to 
judge.  Following  are  listed  the  important  qualifications 
of  a  babbitt  metal : 

1.  Must  have  a  strength  in  compression  considerably 
in  excess  of  the  heaviest  load  the  bearing  is  to  support 
at  the  working  temperature. 

2.  Must  possess  sufficient  plasticity,  without  the 
quality  of  brittleness.  to  adjust  its  surface  to  an 
irregularly  applied  load,  thus  distributing  load  over 
the  bearing.  In  bearings  subject  to  severe  impact, 
this  property  in  the  metal  would  necessarily  have  to  be 
curtailed. 

3.  Should  present  to  the  journal  a  surface  void  of 
hard  spots.  This  in  connection  with  the  elasticity  of 
the   metal,    will    allow   the   journal   to    form    a    "true 


is  cut,  the  more  antifriction  qualities  it  would  possess, 
and  consistent  with  the  qualification,  listed  previously, 
the  more  desirable  the  metal  would  be. 

5.  Must  be  tight  to  the  shell  in  which  it  is  poured. 
Either  it  must  possess  little  or  no  shrinkage  in  passing 
from  the  liquid  to  the  solid  state  and  in  later  cooling, 
or,  owing  to  peculiarities  of  the  metal  that  allow  it  to 
be  peened,  it  can  be  forced  tightly  against  the  shell. 
The  common  method  for  small  bearings  has  been  to 
form  an  excellent  bond  between  the  bronze  back  and 
the  babbitt  metal  by  first  tinning  the  shell.  Attention 
should  here  be  called  to  the  almost  universal  use  of 
antimony  in  alloying  babbitt  metals,  due  in  part  to  the 
peculiarity  of  this  metal  to  expand  instead  of  shrink 
on  cooling,  so  that  mixed  in  proper  proportion  with 
tin  or  lead,  an  alloy  possessing  little  or  no  shrinkage 
could  be  produced.  Oil  is  a  poor  conductor  of  heat,  and 
should  even  a  thin  layer  be  able  to  get  between  the  bab- 
bitt metal  and  shell  of  a  high-speed  bearing,  the  conduc- 
tion of  heat  away  from  the  babbitt  that  is  developed 
by  friction  would  be  insufficient  and  the  accumulation 
of  heat  would  mean  a  hot  bearing.     One  reason  for 
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babbitt  metals  cracking  in  service,  provided  they  are 
not  of  the  brittle  type,  is  that  insufficient  care  had  been 
taken  to  make  certain  that  the  babbitt  was  tight  to 
the  shell. 

6.  For  the  work  at  hand  the  metal  must  be  easily 
melted,  poured  and  machined.  To  meet  this  require- 
ment, only  a  skillfully  alloyed  metal  can  be  expected  to 
give  the  desired  results,  for,  as  metals  possess  various 
densities,  unless  properly  alloyed,  upon  being  melted 
the  heavier  metals  present  would  sink  to  the  bottom. 
Especially  in  bearings  where  the  lining  of  the  shell  is 
quite  thin,  this  qualification  is  exceedingly  important. 

7.  It  must  possess  good  wearing  qualities.  While 
there  are  ways  of  relatively  comparing  the  wearing 
qualities  of  babbitt  metals,  as  will  be  touched  on  later, 
the  only  certain  way  to  determine  the  service  value 
of  a  metal  for  a  particular  work  is  to  make  a  service 
trial. 

8.  It  should  not  cause  excessive  wear  of  the  shaft. 
Lignum-vitse    and    other    wood    preparation    bearings 


MAIN  JOURNAL  5EARING 
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FIG.  4.   TYPES  OF  ANCHORAGES  IN  BEARING  SHELLS 


would  long  ago  have  received  more  attention  had  it  not 
been  for  their  excessive  wear  on  the  shaft. 

With  the  qualifications  enumerated  in  mind,  it  would 
be  of  advantage  to  consider  some  of  the  most  common 
types  of  babbitt.  Experience  has  proved  that  tin-base, 
antimony-hardened  babbitts  have  greater  wearing 
qualities  than  the  lead-base,  antimony-hardened  metals. 

Tin,  possessing  an  initial  resistance  to  pressure  of 
about  3,000  lb.  per  sq.in.,  needs  only  a  little  antimony 
to  counteract  its  shrinkage  and  the  aid  of  a  little  copper 
to  produce  an  alloy  possessing  an  initial  strength  in 
compression  of  8,000  lb.  per  sq.in.,  of  admirable  tough- 
ness, low  in  friction,  easily  worked  and  of  high  en- 
durance. 

Lead,  a  metal  of  much  lower  friction  than  tin, 
possesses  only  600  lb.  per  sq.in.  initial  resistance  to 
pressure.  Having  considerable  shrinkage,  it  requires 
a  large  amount  of  antimony  to  counteract  this  shrink- 
age and  even  with  the  proper  addition  of  copper,  a 


strength  of  5,500  lb.  per  sq.in.  in  compression  canno- 
be  obtained  without  producing  an  alloy  so  brittle  as  to 
be  almost  worthless. 

To  both  types  of  babbitt,  and  in  the  many  combin- 
ations of  both  in  order  to  gain  strength  and  eliminate 
shrinkage,  there  have  been  added  materials  both  hard 
and  abrasive,  curtailing  certain  desirable  qualifications 
for  the  necessary  increase  in  other  essentials.  Anti- 
mony, of  itself  able  to  score  steel  because  of  its  hard 
crystalline  structure,  has  been  alloyed  with  either  lead 
or  tin,  and  while  affording  advantages  as  regards 
shrinkage  and  increase  in  strength,  introduces  into 
the  mixture  a  high-friction,  abrasive  material. 

To  a  marked  degree  the  relative  wearing  qualities 
of  two  babbitt  alloys,  hardened  by  the  addition  of  the 
same  metals,  will  be  found  directly  related  to  the 
strength  of  the  alloys,  as  indicated  by  a  compression 
test  or  a  Brinell  test  for  hardness.  Experienced  me- 
chanics know  that  a  bearing  made  by  pouring  a  tin-base 
babbitt  around  a  crankpin  or  journal  will  wear  much 

longer  than  if  the  pouring  is 
done  around  a  smaller  man- 
drel and  the  bearing  is 
bored  to  size.  This  is  due 
to  the  slight  hardening  effect 
on  the  surface  of  the  tin- 
base  metal  or  coming  in  con- 
tact with  a  cold  surface.  To 
some  degree,  therefore,  the 
wearing  or  service  value  of 
an  alloy  can  be  ascertained 
by  measuring  its  hardness. 

In  the  accompanying  table 
a  list  is  given  of  the  com- 
positions of  the  most  com- 
mon alloys  on  the  market 
today,  including  two  metals 
comparatively  new  but  pos- 
sessing high  qualifications. 

Arsenic  makes  it  difficult 
to  tin  or  solder  babbitt  to 
a  bronze  shell,  so  the  best 
grade  of  copper  should  be 
used.  Only  with  pure  metals 
and  with  proper  alloying 
methods  can  the  desired 
alloys  be  produced.  Judg- 
ing the  alloys  in  the  table  by 
the  qualifications  previously 
presented  would  ^ead  to  the  following  suggestions  as 
to  their  use: 

a.  For  the  maximum  of  service  under  excellent  oper- 
ating conditions  and  regardless  of  cost,  high-speed 
work  as  in  turbine,  generator  and  motor  bearing,  allov 
No.  1. 

b.  For  resistance  to  heavy  loads  and  impacts  as  in 
large  crankpin  bearings,  alloys  Nos.  2,  17  and  18.  When 
thin  liners  are  employed,  as  in  small  crankpins  or  auto- 
mobile-motor work,  t^Uoy  No.  2. 

c.  For  resistance  to  extreme  loads  and  impacts,  such 
as  in  the  piston-pin  bearings  of  Diesel  engines,  alloy 
No.  3.    For  small  engines,  alloy  No.  16  or  bronze. 

d.  Where  cost  requires  the  use  of  a  good  but  cMeapei 
metal  for  general  use  in  high-speed  bearings  sucla  as 
motors,  fanj,  etc.,  alloys  Nos.  4,  5  and  6. 

e.  For  all  classes  of  service  where  conditions  art 
not  severe  as  to  load  or  speed,  such  as  the  main  journal 
bearings  of  large  engines,  alloys  Nos.  7,  17  and  18. 
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f.  Low  speeds,  light  loads,  as  in  lineshaftmg  bear 
ings,  alloys  Nos.  10,  11,  12,  17  and  18. 

For  poor  operating  conditions  as  regards  the  upkeep 
and  alignment  of  shafting,  and  dirty  operating  condi- 
tions with  poor  lubrication,  the  following  recommenda- 
tions are  made: 

g.  Slow-speed,  heavy-pressure  bearings,  alloys  Nos. 

13,  15,  17  and  18.  ,  .    .  .    • 

h.     High  or  low-speed,  moderate  load,  subject  to  im- 
pact, alloys  Nos.  15,  17  and  18.  ,,.,,,      ,      ,, 
i.     For  high  speeds,  well  lubricated,  light  load,  alloy 

No.  14. 

Alloys  Nos.  17  and  18  in  the  foregomg  list  are  com- 
paratively new  metals  on  the  market.  They  are  the 
results  of  attempts  made  to  harden  lead  without  the 
addition  of  abrasive  material,  and  in  this  respect  they 

COMPOSITIONS  OF  A.  S.  T.  M.  TENTATIVE  STANDARD  ALLOYS 

\llov            Tin,        Antimony,       Lead,          Copper  Iron,  ^'^'-senic 

Grade  No      Pf-rCent     Per  Cent      Per  Cent     Per  Cent  Per  Cent  Per  Cent 

4  5  0  08  0.10 

3  5  0  08  0   10 

8  3  0.08  0   10 

3  0 . 08  0   15 

2  0.08  0   15 

63  3               1.5  0.08  0.15 


1  91 

2  89 
i  83 

4  75 

5  65 

6  20 

7  10 

8  5 

9  5 
10  2 
II 

12 


4  5 

7  5 

8  3 
12 
15 
15 
15 
15 
10 
15 
15 
10 


0.35-! 
0.35* 
0  35* 
10 


75 
80 
85 
83 
85 
90 


0.50* 
0.50* 
0.50* 
0.50* 
0.50* 
0.50* 


0  20 
0.20 
0  20 
0  20 
0.25 
0.25 


Alloy 


Alkali  metal 
Alkali  earth  metal 


SUPPLEMENTARY    LIST    OP    ALLOYS 

.luuv  Tin,       Antimony,     Lead,         Copper,  Zinc,  .^^^^f 

Grade  No.  Per  Cent  Per  Cent  Per  Cent    Per  Cent       Per  Cent  Metals 

13  70  15  10,5  4.5 

14  25  75 

15  6  18  74  6.0 

16  65  5.0  30 

17  1.5  97 

18  98 
*  Maximum. 

are  successful.  Experience  has  shown  that  these  metals 
are  of  great  value  for  classes  of  service  such  as  b,  e, 
f,  g,  and  h  listed  in  the  foregoing,  and  the  reason  is 
evident  on  considering  their  properties  relative  to  the 
qualifications  of  babbitt  metals. 

They  possess  strength  in  compression  equal  or  greater 
than  the  highest  grades  of  genuine  babbitt,  plasticity 
without  brittleness,  they  contain  no  abrasive  material 
and  are  homogeneous  in  structure,  they  have  the  lowest 
co-efficient  of  friction  of  any  anti-friction  alloys,  they 
are  easily  poured  and  machined,  they  wear  well,  espe- 
cially with  good  operating  conditions,  and  they  cause 
the  minimum  wear  of  any  alloys  on  the  journals. 

Containing  no  antimony,  they  do  possess  one  char- 
acteristic that  must  be  carefully  taken  care  of  for  jani- 
form  success,  and  that  is  shrinkage.  Frequently,  these 
metals  have  been  applied  successfully  in  a  manner 
similar  to  the  babbitts  and  without  consideration  of 
the  shrinkage,  but  this  success  has  been  due  largely  to 
the  plasticity  of  the  metals.  To  take  care  of  the  shrink- 
age, the  following  changes  in  design  of  shells  or  of 
methods  of  pouring  are  recommended,  which,  if  fol- 
lowed, will  enable  these  alloys  to  successfully  replace 
babbitt  metals  to  some  degree. 

As  illustrated  in  Fig.  4,  the  shells  should  have  plenty 
of  undercut  anchorage  of  the  checkerboard  type.  The 
grooves  should  be  undercut  and  not  over  A  in.  wide. 
The  shells  should  be  heated  before  pouring,  that  they 
may  contract  in  cooling  with  the  bearing  metal. 

When  possible,  all  bearings,  and  most  certainly  those 
for  high  speed,  should  be  peened  after  pouring,  and 
the  peening  should  be  sufficient  to  force  the  metal 
right  to  the  shell.  These  metals  are  very  plastic  im- 
mediately after  solidifying,  and  with  little  effort  can 


at  this  time  be  peened  back  to  the  shell.  Due  to  the 
anchorage  a  perfect  bond  between  the  bearing  metal  and 
shell  will  be  formed. 

Where  the  metal  is  poured  to  size  in  a  half-bearing 
and  cannot  be  machined,  it  will  be  advantageous  to 
peen  the  edges  of  the  bearing,  which  will  both  help  to 
increase  the  bond  and  relieve  the  bearing. 

It  is  of  importance  that  all  bearings  be  properly 
relieved,  or  else  the  lubricant  will  be  scraped  off  the 
revolving  journal  by  the  sharp  edge,  and  a  hot  bearing 
will  result. 

Do  not  attempt  methods  of  securing  tight  bearings 
such  as  the  use  of  expanding  mandrels  or  by  immersion 
of  the  shell  in  water  after  pouring. 

Do  not  cut  oil  grooves  in  the  bearing  metal  except 
on  the  portion  of  the  bearing  where  there  is  little  or 
no  pressure.  This  applies  to  all  babbitts  and  bearing 
metals,  for  frequently  sources  of  trouble  have  been 
traced  back  to  the  oil  grooves,  which,  instead  of  help- 
ing to  maintain  an  oil  film,  afforded  a  means  of  exit 
for  the  oil  and  excessive  friction  resulted. 

Absolute  confidence  in  materials  used  is  a  mighty 
good  restraint  on  an  engine  builder  who  is  tempted 
to  change  from  a  metal  he  has  used  successfully  to  one 
of  which  he  knows  little.  But  where  the  fundamental 
principles  have  been  applied  and  experience  sustains 
the  application,  conservatism  should  bend  to  progress. 

Where  the  Ammonia  Charge  Goes 

By  J.  E.  Porter 

In  any  ice  or  refrigerating  plant  the  ammonia  charge 
is  the  most  important  item  with  which  the  engineer  has 
to  deal.  It  is  the  one  big  individual  thing  that  really 
produces  results,  and  it  is  probably  safe  to  say  that  it 
receives  the  least  attention.  This  is  not  true  in  all 
plants,  but  will  hold  good  for  the  large  majority. 

The  initial  charge  of  ammonia  comes  to  a  plant  in 
drums  and  is  chemically  pure.  The  ammonia  manu- 
facturers are  careful  about  keeping  their  ammonia 
drums  clean  and  free  from  any  foreign  substance,  so 
that  it  is  fairly  safe  to  assume  that  when  a  charge  goes 
wrong,  the  trouble  develops  at  the  plant.  Theoretically, 
the  initial  charge  of  ammonia  should  last  indefinitely, 
but  practically  there  is  continual  loss.  Let  us  see  what 
happens  to  a  perfectly  good  charge  after  being  intro- 
duced into  a  new  system. 

Starting    from   the   liquid    receiver,    the   liquid   am- 
monia  passes   through   the   expansion   valve   into   the 
evaporating  or  refrigerating  coils,  from  whence  it  is 
drawn  into  the  compressor  and  forced  through  the  con- 
denser and  back  to  the  receiver  again,  making  a  com- 
plete cycle.     If  there  happens  to  be  a  leak  in  any  part 
of  the  system,  some  ammonia  will  be  lost.     While  the 
peculiar  odor  of  ammonia  makes  it  easy  to  detect  out- 
side leaks,  there  are  two  places  where  serious  leaks  can    M 
develop  and  not  be  detected  for  some  time ;  namely,  the    \ 
brine  tank  and  the  condenser.     A  small  leak  in  the  ex- 
pansion coils,  with  the  brine  absorbing  the  ammonia,     _ 
will  cause  a  lot  of  wastage  in  the  course  of  a  season's  '1 
run.     There   is  an  equal   opportunity  for  loss   of  the 
charge  in  the  condenser  as  the  ammonia  is  absorbed 
and  carried  away  by  the  cooling  water.     Another  place 
around  which  the  ammonia  slips  away  into  the  atmo- 
sphere is  the  packing.    This  is  due  largely  to  the  severe 
conditions  under  which  the  packing  is  required  to  func- 
tion.   Relatively,  it  is  burning  up  one  minute  and  freez- 
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ing  the  next.  In  a  great  many  machines  it  is  difficult 
to  adjust  the  packing  so  there  is  no  leakage  and  still 
keep  the  running  parts  cool.  While  the  oil  seals  at 
these  points  help  to  keep  down  leakage,  there,  is,  never- 
theless, considerable  ammonia  lost  around  the  packing. 

It  is  impossible  to  operate  a  plant  and  not  lose  some 
ammonia.  Every  engineer  should  be  persistent  in  his 
efforts  to  keep  these  losses  as  low  as  possible  per  ton 
of  ice  manufactured.  Based  on  this  unit  the  average 
cost  of  ammonia  seems  to  range  from  I  to  20c.,  10c. 
being  a  fair  average  and  about  6c.  a  good  mark  to 
work  for.  As  intimated  previously,  the  only  way  am- 
monia is  lost  is  by  leakage.  It  does  not  deteriorate. 
The  charge,  however,  can  get  into  a  most  deplorable 
condition  if  not  handled  properly,  by  allowing  it  to  be- 
come polluted  with  brine,  oil  or  air. 

When  the  pressure  on  the  ammonia  is  reduced  to  or 
near  atmospheric,  brine  will  be  drawn  into  the  system 
if  a  leak  exists  in  the  evaporating  coils.  Air  is  drawn 
in  under  the  same  conditions,  where  leaks  are  exposed 
to  the  atmosphere.  Oil  enters  the  system  from  the 
compressor  lubrication,  and  it  gets  in  there  regardless 
of  the  fact  that  a  perfectly  good  oil  intercepter  is  placed 
in  the  discharge  line  to  prevent  it  from  doing  so.  The 
reason  for  this  is  that  the  oil,  caught  in  the  heat  of 
compression,  is  partly  vaporized  and  slips  by  the  inter- 
cepter along  with  the  ammonia  vapor  to  the  condenser 
and  the  receiver.  If  not  removed  at  this  point,  it  finally 
winds  up  in  the  expansion  ■  coils,  where  it  does  its 
share  in  the  way  of  cutting  down  capacity. 

To  maintain  ammonia  sharp  and  snappy,  keep  it 
clean.  This  can  be  accomplished  by  installing  a  good 
ammonia  regenerator,  connecting  it  to  a  low  point  on 
the  receiver  and  then  using  it  at  frequent  intervals. 
If  this  plan  is  followed,  there  will  be  no  trouble  from 


oil  in  the  expansion  coils,  because  to  get  there  it  will 
first  have  to  work  its  way  through  the  entire  high  side. 

Air  in  the  system  will  cause  excessive  head  pres- 
sure and  can  be  removed  only  by  purging.  The  purge 
line  should  be  connected  to  the  highe.st  point  on  the 
condenser  and  led  into  an  open  vessel  containing  water. 
The  compressor  is  usually  stopped  during  the  purging 
operation  and  condenser  sections  allowed  to  stand  for 
a  short  while  with  the  water  running  over  them,  giv- 
ing the  noncondensable  gases  a  chance  to  collect  at  the 
top.  The  purge  valve  is  then  opened  slightly  and  kept 
open  as  long  as  bubbles  appear  in  the  water.  The  purge 
valve  should  be  closed  when  the  bubbles  disappear,  fol- 
lowed by  a  popping  and  cracking  sound,  which  indi- 
cates that  ammonia  vapor  is  entering  the  water.  The 
machine  is  then  started  and  run  until  all  is  ready  to 
repeat  the  operation.  It  usually  requires  several  purg- 
ings  to  rid  the  system  of  air. 

The  ammonia  charge  never  should  be  entrusted  to 
other  than  competent  hands,  for  outside  of  being  ex- 
pensive to  lose,  it  is  dangerous  if  not  handled  properly. 
No  leak  is  so  small  that  it  should  not  receive  attention, 
for  a  small  constant  leak  will  eventually  get  away  with 
as  much  ammonia  as  a  larger  leak  which  usually 
requires  immediate  attention. 

Fifteen  Thousand-Gallon  Concrete 
Fuel-Oil  Tank 

The  illustration  at  the  bottom  of  this  page  is  a 
working  drawing  for  a  concrete  tank  of  15,000  gal. 
capacity.  With  slight  modifications  to  meet  local  re- 
quirements and  individual  tastes,  it  should  be  suitable 
for  the  storage  of  fuel  oil.  The  drawing  was  furnished 
by  the  Alpha  Portland  Cement  Company. 
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Explanation  and  Measurement  of  Reactive  Factor 


By  victor  H.  TODD 


FOR  purposes  of  calculation,  all 
alternating  current  not  in 
phase  with  the  voltage,  may  be 
said  to  be  made  up  of  two  fictitious 
components,  one  in  phase  with  the 
voltage  called  the  "in-phase"  or  ac- 
tive component  and  one  at  right 
"angles  to  this  component  called  the 
"out-of-phase"  or  reactive  compo- 
nent. The  terms  "energy"  component 
and  "wattless"  component  are  often 
applied,  but  their  use  is  disapproved 
by  the  A.I.E.E.  The  vector  diagram 
in  Fig,  1  shows  the  current  and  volt- 
age relation  more  clearly.  Line  OE 
represents  an  alternating  voltage  and 
line  OJ  represents  an  alternating  current  lagging  be- 
hind the  voltage  by  angle  0.  Line  Oh  represents  the  in- 
phase  or  active  component  and  line  01,-  represents  the 
out-of-phase  or  reactive  component.  The  cosine  of  the 
angle  0  is  the  "power  factor"  and  the  sine  of  the  angle  0 
will  be  the  "reactive  factor."  The  pi-oduct  of  OE  X  Oh 
(or  OE  X  ^^  X  cos  0  will  give  the  watts  in  the  circuit 
while  the  product  of  OE  X  Oh  (or  OE  X  01  X  sin  0) 


To  check  the  calibration  it  is  nec- 
essary to  note  the  simultaneous  read- 
ings of  volts,  amperes  and  watts. 
The  reactive  factor  is  calculated  from 
the  formula: 


I 


Reactive 
Factor  = 


<^-{ 


watts 


volt-amperes/ 


FIG.  2.     REACTIVE-FACTOR  METER 


FIG. 


1.      DIAGRAM    REPRESENTING    RELATION    BETWEEN 
VOLTS  AND  AMPERES  IN  AN  A.-C.  CIRCUIT 


will  give  the  "reactive  volt-amperes."  When  integrated, 
these  two  terms  become  respectively  "watt-hours"  or 
"kilowatt-hours"  and  "reactive  volt-ampere-hours"  or 
"reactive  kilovolt-ampere-hours." 

The  simplest  means  of  indicating  the  reactive  factor 
of  a  single-phase  or  polyphase  circuit  is  by  a  meter 
similar  to  Fig.  2.  The  instrument  indicates  directly 
without  constants  or  other  calculations,  the  sine  of  the 
angle  of  phase  difference  between  the  current  and  volt- 
age (reactive  factor)  and  shows  if  the  current  is  lead- 
ing or  lagging.  This  is  of  great  importance  in  reducing 
the  reactive  factor  of  a  synchronous  converter  to  zero, 
that  is,  adjusting  the  power  factor  to  unity. 

In  the  three-phase  meter,  there  are  three  coils  wound 
60  deg.  apart,  which  produce  a  rotating  magnetic  field. 
Pivoted  within  this  field  is  a  soft  iron  vane,  magnetized 
with  the  current  in  one  phase.  The  vane  is  without  re- 
straining springs,  and  so  r.ssumes  a  position  where  its 
magnetic  axis,  at  the  instant  of  maximum  flux,  coincides 
with  the  position  of  the  rotating  magnetic  field  axis  at 
that  instant.  In  the  single-phase  instrument,  there  are 
two  coils,  energized  through  a  phase-splitting  device. 

To  obtain  the  highest  accuracy,  the  current  trans- 
formers should  give  between  2  and  5  amxperes  and  the 
voltage  be  between  75  and  125  per  cent  of  normal.  The 
instruments  are  designed  only  for  balanced  loads  and 
their  indications  on  an  unbalanced  polyphase  load  are 
not  easily  interpreted. 


On  a  three-phase  circuit,  the  watts 
are  measured  by  a  polyphase  or  two 
single-phase     wattmeters,     and     the 
volt-amperes   equal  the   sum  of  the 
three  products — the  current  in  each 
of    the    three    wires    multiplied    by 
the  voltage  between  that  wire  and 
an  artificial  neutral.    Or  the  reactive  factor  may  be  cal- 
culated by  the  two  polyphase  wattmeter  method  as  here-  | 
after  described. 

Since  a  wattmeter  indicated  watts,  the  product  of 
volts  times  in-phase  current  component,  it  is  evident  that 
if  we  can  excite  the  potential  coil  of  the  wattmeter  from 
a  voltage  which  is  90  deg.  out-of-t»hase  from  the  origi- 
nal voltage,  then  it  will  indicate  the  product  of  volts 
times  out-of-phase  current  component,  or  reactive  volt-j 
amperes.  Referring  to  Fig.  1,  if  the  wattmeter  is  con- 
nected so  hs  potential  coil  receives  voltage  OE,  and  its 
current  coil  receives  current  07,  then  the  meter  will 
read  watts.  But  if  the  potential  coil  connections  are 
shifted  to  receive  a  voltage  OEo  then  the  meter  will 
read  reactive  volt-amperes. 

On  a  single-phase  circuit,  there  is  no  practical  way  of 
obtaining  this  90-deg.  out-of-phase  voltage.  But  on  a 
two-phase  circuit,  it  is  only  necessary  to  shift  the  po- 
tential connections  to  the  opposite  phases.  For  in- 
stance, in  Fig.  3  the  diagram  shows  a  polyphase  watt- 
meter connected  to  read  watts,  while  in  Fig.  4  the  po- 


To  Line 

Phase      Phase 

B  i       i  A 


To  Line 
Phase       Phase 


Load 

FiG.    3.      WATTMETER   CON- 
NECTED  TO   A'  FOUR-WIRE 
TWO-PHASE      CIRCUIT      TO 
READ  WATTS 


To  Load 

FIG.    4.      W^ATTMETER  CON- 
NECTED TO   A  TWO-PHASE 
CIRCUIT    TO    READ    REAC- 
TIVE VOLT-AMPERES 


tential  coils   are   crossed   to   the   opposite  phase,   thus 
making  the  meter  read  reactive  volt-amperes. 

In  a  three-phase  circuit,  the  probleui  is  not  to  supply 
a  voltage  90  deg.  away  from  the  current  at  100  per  cent 
power  factor,  but  to  supply  a  voltage  90  deg.  away  from 
the  normal  voltage.    This  distinction  is  necessary,  as  it 
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will  be  remembered  that  at  100  per  cent  power  factor, 
there  is  a  normal  phase  displacement  of  30  deg.  between 
current  and  voltage.  In  Fig.  5,  AB,  BC  and  AC  repre- 
sent the  three-phase  voltage  vectors.  If  the  current 
coil  of  the  wattmeter  is  inserted  in  the  line  connected 
to  point  A,  as  shown,  then  the  voltage  would  normally 
be  taken  between  lines  connected  to  points  AC.  But  to 
obtain  a  voltage  at  right  angles  to  this,  it  is  necessary 
to  take  it  between  two  points,  one  midway  between  AC, 


Current  Cqi/ 


FIG.   5.     DIAGRAM 


REPRESENTING 
VOLTAGES 


THREE-PHASE 


The  two 


and  the  other  at  B.  This  midpoint  may  be  obtained 
from  the  middle-point  tap  on  a  transformer  or  between 
lamps  connected  across  the  phases.  The  connections 
for  a  polyphase  wattmeter  are  shown  in  Fig.  6,  to  meas- 
ure reactive  volt-amperes  on  a  three-phase  circuit.  It 
will  be  noticed  that  the  line  BD  in  Fig.  5  is  not  equal 
in  magnitude  to  the  normal  voltage  AC,  but  is  only 
about  86.6  per  cent  of  it.  Consequently,  with  the  con- 
nections of  Fig.  6,  it  is  necessary  to  multiply  the  read- 
ing by  1.155  in  order  to  arrive  at  the  true  reactive  volt- 
amperes. 

When  a  meter  is  permanently  used  to  measure  reac- 
tive volt-amperes,  it  is  usually  supplied  with  special 
voltage  transformers  having  57.8,  100  and  115.5  per 
cent  taps,  as  shown  to  the  right  of  Fig.  7 
potential  transformers  are  connected 
in  open  delta.  For  the  measurement 
of  watts,  the  voltage  is  taken  from  0 
to  En,  but  for  measuring  the  reac- 
tive volt-amperes  the  voltage  is  taken 
from  Eh  to  Em  and  from  Eh  to  En. 
It  will  be  noted  that  the  voltage  from 
Eh  to  Em  and  from  Eh  to  Em  is  equal 
to  and  also  at  right  angles  to  the 
voltage  from  0  to  E,,.  Oftentimes,  a 
four-pole  double-throw  knife  is  used 
to  allow  measurement  of  watts  or  re- 
active volt-amperes,  by  using  con- 
nections as  shown  in  Fig.  7,  throw- 
ing the  switch  to  the  left  for  reading 
watts  and  to  the  right  for  reactive 
volt-amperes. 

The  foregoing  connections  can  be 
used  with  watt-hour  meters,  maxi- 
mum-demand meter?  and  graphic 
meters.  Usually,  two  meters  are 
used,  one  to  measure  the  watts  and 
one,  reactive  volt-amperes.  In  some 
cases,  the  consumer's  bill  is  based  on  two  rates,  the  oper- 
ating company  charging  one  rate  per  kilowatt-hour  and 
another  per  reactive  kilovolt-ampere-hour.  The  cus- 
tomer is  informed  that  the  one  meter  records  waste  cur- 
rent which  may  be  largely  eliminated  by  a  proper 
manipulation  of  his  power  load.  Maximum-demand  rec- 
ords of  watts  and  reactive  volt-amperes  are  very  valu- 
able, since  the  power  factor,  and  reactive  factor,  as  well 


as  the  time  of  occurrence  may  be  determined  from  these 
readings. 

By  referring  to  Fig.  1,  it  is  evident  that  the  tangent 
of  the  angle  is  equal  to  the  ratio  of  reactive  volt-amperes 
to  watts,  that  is,  reactive  volt-amperes  divided  by  watts. 
Consequently,  if  these  two  quantities  are  known,  their 
ratio  can  be  found  and  from  this  the  phase  angle  be- 
tween the  current  and  volts  determined  from  a  table  o^ 
natural  tangents.  The  cosine  of  this  angle  is  the  cor- 
rect power  factor  and  the  sine  is  the  reactive  factor 
For  instance,  if  the  watts  in  a  circuit  are  1,500  and  thfe 
reactive  volt-amperes  are  1,089,  then  their  ratio  reactive 
volt-amperes  -^  watts  =  1,089  -4-  1,500  =  0.726,  which 
is  the  tangent  of  the  angle  of  phase  displacement.  Lo- 
cating this  value  in  a  table  of  natural  tangents,  we  find 
the  angle  to  be  36  deg.  The  cosine  of  this  angle  is 
0.80,  which  is  the  power  factor;  the  sine  equals  0.588, 
and  is  the  reactive  factor.  By  using  the  kilowatt-hour 
and  the  reactive  kilowatt-amperes-hour  readings,  in  the 
same  manner,  the  average  power  factor  or  reactive  fac- 
tor over  a  monthly  period  may  be  determined.  Or  if 
maximum-demand  meters  are  used,  the  power  factor  and 
reactive  factor  at  the  time  of  maximum  demand  may  be 
calculated.  This  is  often  of  value  in  making  a  power- 
factor  penalty  charge. 

In  contradistinction  to  the  two  single-phase  watt-hour 
meter  method  of  determining  power  factor,  which  is  ap- 
plicable only  to  balanced  circuits,  the  two  polyphase  watt- 
hour  method  will  give  a  correctly  weighted  power  factor 
regardless  of  any  unbalancing  in  load. 


There  are,  according  to  the  Electrical  Review,  seven- 
teen plants  in  operation  in  the  Whittier  district  of  Cali- 
fornia which  remove  water  from  crude  petroleum  by  an 
electric  process.  The  electrical  dehydrator  usually  oper- 
ates with  single-phase  alternating  current  at  11,000  volts. 
The  emulsion  of  oil  and  water  is  passed  between  elec- 


ro  Load 
FIG.     C.       WATTMETER    CON- 
NECTED  TO  A  THREE-PHASE 
CIRCUIT   TO   MEASURE   RE- 
ACTIVE  VOLT-AMPERES 


To  Load 
FIG.      7.      WATTMETER     CONNECTED     THROUGH 
TRANSFORMER   TO   A   THREE-PHASE   CIR- 
CUIT TO  MEASURE  REACTIVE 
VOLT-AMPERES 


trodes,  and  the  effect  of  the  electrostatic  field  is  sepa- 
rately to  coalesce  the  particles  of  water  and  oil.  The 
water  then  settles  readily  by  gravity.  The  average 
maximum  demand  per  dehydrator  is  4  kilowatts,  the 
average  load  factor  50  per  cent,  and  the  average  power 
factor  98  per  cent  leading.  The  oil  treated  ranges  from 
15  to  50  per  cent  of  water,  and  the  consumption  of  elec- 
trical energ>'  is  aboMt  1  kw.-hr.  per  18  bbl.  of  dn-  nil. 
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POWER  DRIVES  FOR 
ROLLING  MILLS 


Slide-valve,  Corliss,  poppet  valve,  tandem-com- 
pound and  Cross-compound  engines  are  used  for 
driving  rolling  mills,  and  in  one  instance  a  mixed- 
pressure  turbine  was  found  in  use.  Some  of 
these  engines  drive  the  rolls  by  means  of  belts, 
others  through  a  train  of  gearing,  and  still  others 
are  directly  connected  to  the  rolls. 


ROLLING-MILL  engines  are  of  various  designs 
and  cover  the  range  from  slide-valve  units  to 
.Corliss,  poppet-valve  engines,  and  mixed-pressure 
turbines.  A  surprisingly  large  number  of  compound 
slide-valve  engines  were  found,  mostly  ir  the  smaller 
mills  and  operating  rolls  that  revolve  in  one  direction 
only.  Fig.  1  shows  a  Tod  16  and  30  x  30-in.  tandem- 
compound  engine,  belt-driving  an  8-in.  mill  at  the 
Sharon  Steel  Hoop  Co.  The  24-in.  wide  belt  drives  a 
shaft  that  is  connected  to  the  bottom  roll  of  the  mill 
by  a  flexible  coupling.  The  Tod  engine  has  been  quite 
popular  around  the  Youngstown  district,  and  many  of 
them  are  in  daily  use  at  the  present  time.  The  smaller 
engines  are  fitted  with  flat  valves  as  shown  in  Fig.  2. 
A  peculiarity  of  the  engine  shown  in  Fig.  1  is  the 
construction  of  the  high-pressure  cylinder.  It  is  of  the 
overhang  type  and  is  supported  by  the  distance  piece 
between  it  and  the  low-pressure  cylinder,  heavy  ribs 
being  cast  on  the  flange  and  the  cylinder  to  stiffen  it. 
A   shaft  governor   regulates   the  valve   cutoff.     These 


engines  are  generally  equipped  with  a  detachable  reach 
rod  for  stopping  and  starting;  the  engines  are  of  the 
side-crank  type. 

Various  forms  of  drive  between  the  engines  and 
the  mills  are  used.  For  instance,  the  engine  shown 
in  Fig.  1  drives  the  mill  by  means  of  a  belt ;  the  engine 
shown  in  Fig.  2  is  directly  connected  to  the  rolls  by 
means  of  a  flexible  coupling.  Fig.  3  shows  a  36  and 
50  X  42-in,  tamden-compound  engine,  fitted  with  piston 
valve.  It  is  gear-connected  to  the  rolls  of  a  four-stand 
mill  and  also  to  a  four-stand  finishing  mill  by  means  of 
a  belt. 

On  the  engine  shaft  is  a  large  gear  which  meshes 
with  a  smaller  one  in  line  with  it  and  which  drives  one 
stand.  The  engine  shaft  drives  a  second  stand,  and  a 
small  gear  on  the  engine  shaft  meshes  with  a  large  gear 
on  a  third  shaft,  which  drives  a  third  stand.  This 
third-stand  shaft  also  carries  a  small  gear  which  meshes 
with  a  larger  one  on  a  fourth  shaft,  and  this  drives  the 
fourth  stand  of  rolls.  In  other  words,  the  engine  shaft 
is  so  geared  that  it  drives  not  only  its  own  stand  of  rolls 
but  three  other  stands. 

The  steel  bar  enters  the  first  set  of  rolls  and  the  end 
is  brought  around  to  the  second  stand,  the  rolls  of 
which  run  in  a  reverse  direction,  then  through  the 
third  stand  and  finally  through  the  fourth  set  of  rolls. 
As  every  other  set  of  rolls  revolves  in  a  different  direc- 
tion, the  passage  of  the  bar  through  the  mill  stands 
is  in  an  opposite  direction  to  the  passage  through  the 
preceding  set  of  rolls. 


r\r,.  1. 


TOD  TANDEM  COMPOUND  ENGINE  DRIVING 
8-IN.    MILL 


FIG.    2. 


VALVE   SIDE   OF   A  TOD   ROLLING-MILL 
ENGINE 
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It  looks  simple  to  see  the  operator  grab  a  moving 
mass  of  narrow  sheet  metal  cr  a  snake-like  rod  and  steer 
it  into  its  proper  stand,  but  there  is  a  knack  in  doing 
this  work.  The  skilled  operator  does  not  attempt  to 
pull  the  ends  of  the  band  or  rod  around  in  fiont  of  the 
stand,  but  grabs  it  with  a  pair  of  tongs  and,  as  it  comes 
through  the  preceding  roll,  simply  arrests  the  end  move- 
ment by  drawing  it  ^o  one  side.  When  sufficient  metal 
has  passed  through  the  roll  to  make  a  large  U-shape, 


the  end  is  directed  to  the  stand  to  reduce  the  metal  to 
a  thinner  piece,  elongation  taking  place  during  the  pro- 
cess. The  man  on  the  next  stand  performs  the  same 
trick  and  so  on  until  the  metal  has  been  rolled  to  the 
required  shape.  An  inexperienced  man  would  make  a 
sorry  mess  of  the  job,  let  alone  the  chances  that  he 
would  be  taken  to  a  hospital  for  burn  treatment. 

At  the  Republic  company's  plant  a  tandem-compound 
Tod  engine,  Fig.  4,  is  used  to  drive  a  90-in.  plate  mill, 


Fipr.  3 — A  Tod  tandem-compound 
anving  an  18-21-in.  billet  mill.     1  .„.   .     .. 
compound  engine 


FIGS.   3  TO  7.      SHOWING  VARIOUS    TYPES   OP  ROLLIXG-MILL  ENGINES 


'oun<3'  piston-valve  engine  direct-  and  bolt-connected  to  mill  stands.  Fig.  4— Tod  tandem-compound  engine 
111.  Fig.  5— A  6.nop-hp.  Mesta  cro-.<?-compound  engine  driving  a  four-stand  mill.  Fig.  6— Another  tandem- 
ipound  engine  driving  ten  sheet  mills.     Fig.   7— A  rope-drive  unit,   ncwlv  erected       ^    "     "^ 
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FIG    8    GEAR  ARRANGEMENT  FOR  DRIVING  A  FOUR- 
■  STAND   MILL 

but  at  the  openhearth  18-21-in.  billet  mill  a  48  and  84  x 
60-in  6  000-hp.  Mesta  cross-compound  Corliss  engine 
is  used.  '  This  is  shown  in  Fig.  5.  A  single  eccentric 
operates  on  the  high-pressure  side,  but  two  eccentrics 
are  used  on  the  low-pressure  cylinder.  The  engine  is 
coupled  to  a  shaft  on  which  beveled  gears  are  secured, 
and  these  mesh  with  larger  gears  mounted  on  shafts 
that  run  at  right  angles  to  it  and  drive  four  stands  of 
rolls.     The  gearing  arrangement  is  shown  m  tig.  «. 

One  of  the  largest  engines  I  saw  was  at  the  Republic 
works.  It  was  a  twin-tandem-compound  reversing  en- 
gine of  25,000-hp.  capacity.  Another  engine  of  the 
same  capacity  was  found  at  the  main  plant  of  the 
Youngstown  company,  where  a  Mesta  twin-tandem- 
compound  engine  (Fig.  11)  is  operating.  It  is,  as 
shown,  of  extremely  sturdy  construction  with  a  simple 
valve  gear  and  a  single  lever  control.  The  man  stand- 
ing by  the  engine  gives  some  idea  of  the  immense  size 
of  this  unit.  It  drives  a  44-in.  blooming  mill  and  has 
46-  and  76  x  60-in.  cylinders.    It  has  a  maximum  speed 

of  110  r.p.m.  .  ,  , 

The  service  of  rolling-mill  engines  is  most  severe,  and 

the  spectator  wonders  how  a  machine  can  be  made  to 

operate  without  being  disabled  a  dozen  times  a  day. 


FIG. 


GEAR  REDUCTION   BETWEEN  ENGINE  AND  TIN- 
SHEET   MILLS 


The  full  load  comes  on  suddenly  when  the  chunk  of 
metal  enters  the  roll  and  then  leaves  just  as  suddenly. 
One  method  of  relieving  the  engine  of  the  sudden  strain 
and  equalizing  the  variation  of  power  is  to  use  a  heavy 
flywheel  having  a  high  rim  speed  and  a  sensitive  gov- 
ernor on  the  engine.  The  flywheel  is  usually  placed  on 
the  crankshaft  to  which  the  roll  train  is  directly  coupled. 
The  weight  of  the  flywheel  depends,  of  course,  on  the 
size  of  the  engine,  but  they  will  weigh  up  to  100  tons  or 
more  A  number  of  Porter-Allen  engines  were  seen  at 
various  plants,  and  this  engine  is  much  used  m  the 

steel  industry.  .      ,     ,       mi. 

Reversing  engines  do  not  carry  flywheels.  They  are 
compound  units  and  are  generally  fitted  with  piston 
valves  The  engine  is  directly  coupled  from  the  crank- 
shaft to  the  roll  train,  but  it  is  sometimes  geared  down 
to  allow  the  engine  to  run  at  a  higher  speed  than  re- 
quired by  the  rolls.  Fig.  12  is  a  good  illustration  of 
a  blooming  mill  and  reversing  engine.  As  will  be  seen 
no  flywheel  is  provided.  The  massive  construction  of 
the  engine,  coupling  and  mill  gives  at  least  a  vague 
idea  of  the  rough  usage  that  is  imposed  on  the  machine 
but  one  must  observe  the  work  in  order  to  obtain  a 
clear  idea  of  the  tremendous  shock  to  which  the  engine, 


FIG.  10.     STEEPl'S-COMPOUND  ENGINE  DRIVING  A  16-IN. 


ROD  MILL  BY  MEANS  OF  FOUR  48-IN.  BELTS 
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mill  and  bearing-s  are  subjected  when  in  operation. 
Belt  drives  are  not  uncommon  in  the  older  and 
smaller  mills.  Fig.  10  shows  an  interesting  installation 
and  is  out  of  the  ordinary.  The  engine  is  a  34  and 
64  X  48-in.  steeple  compound,  rated  at  2,500  hp.  at 
110  r.p.m.  It  is  at  the  Struthers  plant  of  the  Youngs- 
town  Sheet  and  Tube  Co.,  and  operates  a  16-stand  rod 
mill  by  means  of  four  48-in.  belts  passing  over  the 
flywheel  to  as  many  driven  pulleys.  The  engine  also 
drives  an  air  compressor.  The  path  of  the  belts  over 
the  pulleys  is  easily  traced. 

The  engine  shown  in  Fig.  6  is  a  34  and  68  x  60-in. 
tamden-compound  Tod  Corliss  of  3,500-hp.  capacity.  It 
operates  ten  sheet  mills  at  the  Trumbull  Steel  Co.'s 


Rope  drive  is  sometimes  used.  Fig.  7  is  a  view  of 
a  Tod  16  and  34  x  30-in.  side-crank  tandem-compound 
engine  that  has  just  been  placed  in  position  to  be  used 
in  driving  a  14-in.  bar  mill  by  means  of  a  rope  drive  in 
conjunction  with  a  28i  and  54  x  40-in.  Buckeye  engine. 
The  Tod  engine  will  be  belted  to  an  idler  shaft  carrying 
a  sheave  wheel,  and  from  there  to  the  mill  shaft,  which 
carries  a  28-ft.  grooved  flywheel.  The  large  engine 
also  belts  to  this  wheel  and  runs  over,  the  smaller 
engine  running  under.  This  arrangement  was  made 
because  the  larger  engine  was  not  of  sufficient  capacity 
for  doing  the  work  demanded  of  it. 

It  is  not  often  that  a  direct-connected  turbine  is 
used  for  driving  rolling  mills,  but  this  has  been  running 


FIG.  11. 


MBSTA  46  AND  76  BY  60-IN.  TWIN-TANDEM-COMPOUND  REVERSING  ENGINE  DRIVING  A  44-IN. 

BLOOMING    MILL 


plant,  Warren,  Ohio.  Engines  engaged  in  operating 
sheet  mills  have  a  flywheel,  but  are  geared  to  the  mill 
so  as  to  obtain  the  proper  roll  speed  with  the  engine 
running  at  normal.  A  common  method  of  reduction  is 
shown  in  Fig.  9.  A  spur  gear  on  the  engine  shaft 
meshes  with  a  larger  gear  on  the  mill  train.  These 
mills  run  continuously  in  one  direction  and  the  pass- 
age of  the  sheets  of  metal  on  the  return  after  passing 
through  the  rolls  is  either  over  the  top  roll  or  through 
the  three-high  stands.  In  the  latter  case  the  plate  is 
rolled  while  going  in  both  directions,  whereas  in  the 
two-high  stand  mill  the  rolling  process  is  in  but  one 
direction. 


for  about  five  years  in  the  plant  of  the  Carpenter  Steel 
Co.,  Reading,  Pa.  This  unit  is  a  350-hp.  mixed- 
pressure  turbine  and  drives  the  mills  through  a  double- 
reduction  gear,  the  mill  having  two  three-high  18-in. 
stands.  This  roughing  mill  was  formerly  driven  by 
a  36  X  36-in.  simple  slide-valve  engine.  The  turbine 
operates  on  exhaust  steam  from  a  22  and  40  x  48-in. 
compound  unit  that  formerly  exhausted  into  a  con- 
denser. The  original  engine  shaft  and  flywheel  of  the 
slide  valve  engine  are  used  and  the  turbine  speed 
of  5,000  r.p.m.  is  reduced  by  means  of  double-helical 
involute  gears,  first  to  600  and  then  to  100  r.n.m.  The 
speed  of  the  rolls  can  be  varied  from  100  to  70  r.p  m. 
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by  means  of  a  turbine  governor  that  can  be  adjusted 
while  the  turbine  is  in  operation. 

The  turbine  operates  normally  at  3  lb.  gage  pres- 
sure at  the  throttle,  and  with  3  lb.  absolute  pressure 
in  the  turbine  at  the  exhaust  end,  and  under  these 
conditions  will  carry  its  load  of  358  hp.  with  a  steam 
consumption  of  about  26  lb,  per  horsepower.  The  tur- 
bine can  be  run  low-pressure  condensing,  mixed-pres- 
sure condensing,  high-pressure  condensing,  or  high- 
pressure  noncondensing.  Formerly,  1,000  hp.  in  boilers 
were  necessary  to  operate  the  mill;  with  the  turbine 
the  boiler  capacity  has  been  cut  to  600  boiler  horse- 
power. 

This  is       notable  example  of  how  increased  power 


of  dam  may  be  expected  to  be  used  extensively.  One  of 
the  troubles  encountered  with  rock-filled  dams,  and  more 
particularly  with  the  older  ones  of  industrial  plants,  is 
leakage.  As  this  leakage  may  represent  a  large  loss  of 
water  at  a  time  when  water  should  be  conserved,  and 
also  somewhat  of  a  danger,  it  is  well  to  be  able  to  locate 
and  stop  it. 

Rock-filled  dams  are  usually  sheeted  on  the  upstream 
side  to  make  the  dam  free  of  leakage  when  first  built, 
protect  the  filling  or  grout  between  rocks  and  reduce 
attrition  and  erosion  due  to  the  motion  of  the  water. 
In  course  of  time,  this  sheeting  deteriorates  and  leak- 
age through  the  dams  finally  takes  place.  This  becomes 
worse  and  worse  with  time,  as  the  water  works  a  larger 


FIG.  12.     COMPLETE  BLOOMING  MILL  AND  REVERSING  ENGINE,  OPERATING  WITHOUT  A   FTL WHEEL 


can  be  had  with  the  reduction  of  steam  consumption. 
This  De  Laval  installation  was  the  first  in  this  country 
and  the  second  in  the  world  to  apply  a  steam  turbine 
for  driving  a  rolling  mill  by  means  of  reduction  gears. 
Another  interesting  mill  drive  was  found  in  a  uniflow- 
engine  installation,  which  will  be  described  in  the  next 
article. 

The  Location  and  Remedy  of  Leaks  in 
Rock-Filled  Dams 

By  Roland  V.  McDonald 

While  there  are  many  water-power  resources  of  large 
amounts  of  power,  potentially,  there  are  vastly  more 
cases  where  the  power  is  but  small.  Throughout  Wis- 
consin and  near-by  s'ates  especially,  the  rock-filled  dam 
is  used  to  a  considerable  extent  for  the  smaller  hydro- 
electric and  hydraulic  plants  for  paper  mills,  etc., 
because  it  is  easily  built  at  low  cost  from  materials 
near  at  hand.  As  more  and  more  small  hydro-electric 
plants  spring  up,  utilizing  a  head  of  from  a  few  to 
perhaps  fifty  feet  and  representing  a  canacity  of  from 
one  hundred  to  several  hundred  horsepower,  this  type 


channel  through  the  dam,  carrying  away  filling  and 
even  the  rocks  them.selves.    ^ 

The  remedy  ordinarily  is  resheeting.  If,  however,  the 
original  sheeting  was  not  driven  down  to  hardpan  or 
solid  rock,  leakage  may  seriously  undermine  the  dam, 
the  rate  at  which  this  occurs  depending,  of  course,  upon 
the  foundation.  The  way  to  prevent  or  overcome  this 
is  to  install  an  extra  trench  with  a  double  row  of 
sheeting  driven  well  down  so  as  to  preclude  leakage. 

Leakage  does  not  always  occur  at  the  dam,  but, 
instead,  may  be  discovered  some  distance  away.  Such 
leaks  may  form  a  regular  subterranean  tunnel  and 
pass  considerable  quantities  of  water  so  that  during 
periods  when  there  is  a  shortage  of  water,  the  output 
of  the  plant  may  be  threatened.  The  methods  of 
locating  depend  upon  the  condition  of  the  water  above 
the  dam,  whether  it  is  clear  or  turbid,  smooth  or  rough. 
In  all  instances,  however,  some  method  of  inspection 
and  exploration  is  employed. 

Where  the  velocity  of  the  water  is  not  high,  the  water 
smooth  and  clear,  and  not  so  deep  but  that  the  bottom 
of  the  stream  can  be  seen,  such  holes  can  often  be  seen 
with  the  naked  eye  on  a  clear  day.  Sometimes  a  whirl- 
pool action  on  the  surface  of  smooth  and  comparatively 
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still  water  is  the  telltale.  Conditions  are  rarely  so 
favorable  as  this,  however,  and  it  is  necessary  to 
explore  the  bed  of  the  river  very  carefully  with  an  arti- 
ficial light.  This  is  best  done  by  working  the  river  trans- 
versely, back  and  forth  as  follows: 

Sufficiently  strong  stakes  are  set  in  the  ground,  one 
on  each  side  of  the  stream.  To  these  a  rope  or  cable 
is  fastened.  Two  men  in  a  boat  hitch  to  the  cross-river 
rope  and  work  their  way  across  the  river  from  one  bank 
to  the  other.  The  stakes  and  rope  are  then  moved 
eight  to  ten  feet  up  or  down  stream,  and  the  boat  is 
worked  back  to  the  other  bank.  This  procedure  is 
repeated  until  the  entire  river  bottom  for  several 
hundred  feet  above  the  dam  has  been  explored. 

For  the  exploration  the  boat  is  equipped  with  an 
electric  light  of  about  200  watts,  obtaining  its  current 
from  the  station  by  flexible  leads  or  from  a  storage 
battery.  This  lamp  is,  of  course,  inserted  in  a  water- 
proof or  marine  socket  fastened  to  the  e  id  of  a  rod  of 
such  length  that  it  is  capable  of  reaching  the  bottom  of 
the  river.  One  man  then  moves  along  the  side  of  the 
boat  with  the  light  close  to  the  river  bed,  while  the 
other  watches  for  eddy  currents  and  signs  of  a  suck- 
hole.  The  process  is  somewhat  tedious  where  a  large 
surface  of  river  bed  has  to  be  explored,  but  it  is  very 
simple.  As  a  precaution  in  case  the  lamp  should  be 
drawn  into  a  suck-hole,  a  means  should  be  provided  for 
quickly  disconnecting  the  lamp  and  feed  wires.  An 
ordinary  bayonet  plug  fastened  at  the  top  end  of  the 
pole  offers  such  a  safeguard. 

Where  the  water  is  turbulent  and  muddy,  and  too 
deep  to  permit  the  river  bed  being  seen,  a  pole  similar 
to  the  one  already  mentioned  can  be  used,  but  instead 
of  having  a  lamp  fastened  at  the  end,  it  will  have  a 
float  or  some  object  of  such  surface  that  the  current 
of  water  pouring  through  the  leak  will  suck  it  dovm 
into  the  hole.  In  this  way  the  leak  can  be  discovered 
without  being  seen.  With  the  leak  found,  it  then 
remains  to  determine  its  extent  and  shape,  which  can 
be  accomplished  by  feeling  it  out  with  the  light  or 
float,  as  the  case  may  be,  the  man  who  is  watching 
making  a  mental  note  so  as  to  determine  the  area  of 
the  opening. 

With  an  idea  formed  as  to  the  location  and  probable 
size  of  the  leak,  it  is  then  feasible  to  prepare  for  filling 
in.  The  material  used  for  filling  depends  upon  the  size 
of  the  subterranean  tunnel.  For  a  small  channel  sm.all 
boulders  suffice,  and  even  bottles,  while  for  larger 
channels  sacks  of  cinders  or  concrete  may  be  required. 
The  best  way  of  doing  a  good  job  and  a  permanent  one 
is  to  start  filling  up  with  small  stones,  loaded  tin  cans, 
etc.,  until  exploration  with  light  or  float  shows  that 
these  obstructions  are  actually  lodging  and  obstructing 
the  flow.  Then,  a  few  sacks  of  cement  or  cinders  can 
be  let  dovm  on  top  until  the  suction  has.  been  practically 
eliminated. 

A  suck-hole  or  leak  is  always  largest  at  its  entrance. 
In  filling  it  up,  a  space  should  be  left  on  the  river  bed 
to  permit  sealing  up  with  a  good  thick  covering  of  con- 
crete. This  covering  should  be  not  less  than  two  and 
preferably  three  feet  thick,  should  cover  a  suface  at 
least  twice  that  of  the  leak  and  should  be  placed  through 
a  spot  in  the  ordinary  way. 

Were  a  survey  of  river  beds  made  as  described,  many 
of  the  older  hydro-electric  plants  that  now  suffer  from 
a  water  shortage  seasonally,  would  probably  find  that 
they  are   losing  considerable  water   through   leakage. 


Three  Power-Planl  Leaks  That  Waste  Coal 

By  George  H.  Smith 

Leaking  steam  traps,  leaks  at  pipe  points  and 
uncovered  steam  pipes  are  three  causes  of  wasted  fuel 
that  are  often  neglected.  It  needs  only  a  few  calcula- 
tions to  show  how  serious  they  usually  are. 

One  way  to  test  a  trap  for  leakage  is  to  open  the 
discharge  lii.e  near  thje  trap.  Any  steam  passing  can 
then  be  easily  detected.  This  test  is  not  entirely  satis- 
factory as  the  release  of  pressure  will  cause  some  of 
the  water  to  flash  into  steam,  thus  making  a  perfectly 
tight  trap  appear  to  be  leaking.  A  better  test  is  to  note 
whether  the  water  in  the  gage-glass  is  always  high 
enough  to  seal  the  discharge  opening. 

To  form  an  idea  of  the  loss  from  a  leaking  trap, 
assume  that  it  is  passing  steam  through  an  opening 
equal  to  a  hole  I  in.  diameter  and  that  the  steam 
pressure  is  80  lb.  per  sq.in.  gage.  The  steam  lost  may 
bt  computed  by  Napier's  formula, 

^~70 
in  which  G  =  pounds  of  steam  per  second,  p  -^  absolute 
pressure  in  pounds  per  square  inch  and  a  ^^  area  of 
the  opening  in  square  inches. 

rru      n       (80  +  14.7)  X  0.25  X  0.25  X  0.7854  _  ^  ,,^ 
Then  G  = ^q =  0.0664 

lb.  per  sec,  which  is  equal  to  0.0664  X  3,600  = 
239  lb.  per  hour.  Assume  a  boiler  pressure  of  90  lb. 
per  sq.in.,  gage,  a  feed-water  temperature  of  120  deg. 
F.,  an  over-all  boiler  efficiency  of  70  per  cent  and  that 
the  coal  has  a  heating  value  of  11,500  B.t.u.  per  lb. 
The  heat  lost  per  pound  of  steam  is  given  by  H  —  t  -\- 
32,  in  which  H  is  the  heat  in  the  steam  above  water  at 
32  6eg.  F.  and  t  is  the  temperature  of  feed  water  in 
degrees  F.  Then,  since  from  the  steam  tables  H  at  90 
lb.  gage  =  1,187.1,  the  heat  lost  per  hour  is  239  (1,187.1 
—  120  +  32)  =  239  X  1,099.1  =  262,685  B.t.u. 

The  coal  required  per  hour  to  furnish  this  wasted 
262,685 


heat  will  be 


=  32.6  lb.     If  there  are  ten 


0.70  X  11,500 

such  traps,  the  total  coal  wasted  would  be  326  lb.  per 
hour,  or  326  X  24  =  7,284  lb.  per  day  of  24  hours. 

To  get  an  idea  of  the  loss  from  leaks  at  pipe  joints 
assume  a  4 -in.  line  with  the  gasket  blown  out  one- 
quarter  way  around  a  flange  joint  where  the  flanges  are 
Vs  in.  apart.  With  the  same  pressure  as  before 
Napier's  formula  will  give 
^'   4X3.1416X0.25X0.0625X94.7 


70 


=  0.264  lb.  Der  sec. 


Using  the  same  methods  as  above,  the  cv/al  wasted  by 
this  one  leak  will  be  3,110  lb.  per  day. 

Now  assume  that  there  is  a  20-ft.  length  of  this  4-in. 
pipe  uncovered.    The  area  of  radiating  surface  will  be 

^•^  ^19      ~  X  20  =  23.55  sq.ft.  The  temperature  of 

the  steam  will  be  324  deg.  F.,  the  room  temperature 
may  be  assumed  as  70  deg.  F.  and  a  heat  loss  of  3 
B.t.u.  per  sq.ft.  of  surface  per  degree  difference  in  tem- 
perature per  hour  is  a  reasonable  value.  The  heat  loss 
per  hour  from  this  bare  pipe  then  will  be  23.55  X  3  X 
(324  —  70)  =r  179,500  B.t.u.  Reducing  this  to  coal 
per  day  gives  53.6  lb.  from  only  20  ft.  of  bare  4-in.  pipe. 
Larger  pipe  and  longer  uncovered  lengths  will  of 
course  give  correspondingly  greater  losses.  A  good 
pipe  covering  will  save  at  least  five-sixths  of  this  loss. 
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Investigating  Failure  of  Direct-Current 

Motors  to  Start 


By  E.  C.  PARHAM 


Detailed  explanation  is  given  on  how  to  make 
the  tests  necessary  to  treat  the  troubles  in  a 
direct-current  motor  that  fails  to  start. 


THE  routine  for  locating  trouble  on  a  direct-cur- 
rent motor  that  fails  to  start,  depends  on  the 
action  of  the  motor  up  to  the  time  of  failure.  It 
may  be  a  new  motor,  or  it  may  be  a  second-hand 
machine  of  unknown  history.  It  m,ay  have  given  much 
trouble,  or  it  may  have  given  none  at  all;  ultimate  fail- 
ure may  have  been  suggested  by  gradual  changes  of 
speed,  starting  characteristics,  sparking,  heating  or 
all  of  these  combined;  or  failure  apparently  may  have 


Assume  the  main  circuit  to  be  alive,  as  evidenced  by 
th'=!  operating  of  other  motors  or  of  lamps  from  the 
same  service.  First  look  for  a  blo^ni  or  otherwise 
defectWe  fuse;  an  open  or  defective  switch  or  circuit- 
breaker;  poor  contact  of  starter  handle  with  the  con- 
tact buttons.  An  open-circuit  due  to  a  fuse,  a  switch 
or  a  breaker  may  easily  be  located  by  means  of  a  test- 
lamp  circuit,  as  follows: 

Fig.  1  shows  the  circuit  in  which  the  open  is  to  be 
located.  On  holding  the  test  lamp  across  1  and  2  as 
indicated,  the  lamp  should  glow  if  the  circuit  is  com- 
plete up  to  the  fuses.  This  being  so,  on  applying  the 
lamp  to  3  and  4  it  will  glow  if  the  fuses  or  switch  are 
not  defective.  Should  3  and  4  fail  to  light  out,  test 
across  5  and  6;  glowing  of  the  lamp  means  that  the 
fuses  are  all  right.      If  no  light  is  obtained,  test  from 


PIG- 3  Fie.  4 

FIGS.  1  TO  4.     CONNECTIONS  FOR  LOCATING  FAULTS  ON  DIRECT-CURRENT    MOTORS 


developed  overnight  and  without  demonstration.  The 
location,  duty  or  connections  of  the  motor  may  have 
been  changed,  or  the  starter  or  some  part  of  the  motor 
may  have  been  replaced.  In  many  instances  the  trouble 
is  not  in  the  motor  circuit,  but  is  in  the  main  circuit 
or  in  the  connected  mechanical  load.  This  list  of  modi- 
fying influences  suggests  how  helpful  must  be  a 
knowledge  of  how  the  motor  behaved  before  and  when 
it  failed.  Such  information,  however,  often  is  not 
available  or  is  unreliable,  therefore  in  this  attempt  to 
give  a  logical  routine  of  procedure  past  actions  will  be 
disregarded  and  the  history  of  the  motor  will  begin 
with  its  failure.  The  starter  will  be  assumed  to  be 
of  the  hand-operated  type. 


1  <^o  6  and  from  2  to  5.  If  both  tests  fail  to  light  out, 
both  fuses  are  defective;  when  one  test  fails  to  light 
the  lamp,  the  test  lead  that  is  on  the  motor  side  of  the 
fuse  will  point  to  the  defective  fuse.  After  power  has 
been  found  up  to  the  switch,  next  test  from  3  to  4. 
When  light  is  obtained,  the  switch  is  all  right. 

Note  the  nameplate  of  the  motor  and  starter  to  See  '' 
if  they  are  adapted  to  each  other  and  to  existing  line  ' 
conditions.  Inspect  the  motor,  starter  and  connected 
load  to  see  if  the  trouble  may  not  be  due  to  broken, 
burned  off,  pulled  out,  missing  or  wrong  connection; 
missing,  broken  or  tight,  brushes,  brush  fingers  rest- 
ing on  the  holders  instead  of  on  the  brushes;  loose 
brush-holder  yoke;  grounded  brush-holder  studs;  high 
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mica,  worn  bearings,  obstruetion  in  air-gap,  armature 
rubbing  polepieces,  loose  polepieces,  loose  bearing  caps, 
or  jamming  of  the  connected  mechanical  load.  Open 
the  main  switch  and  with  a  lamp-test  circuit  test  the 
motor  and  starter  for  grounds,  as  follows: 

Connect  one  end  of  the  lamp  circuit  to  one  side  of 
the  line  above  the  open  switch,  at  1  in  Fig.  2,  and 
touch  the  other  end  of  the  lamp  circuit  to  ground — a 
conduit  pipe,  that  is  grounded,  a  steam  pipe  or  a  water 


FIG.   b. 


CONNECTION.S   FOR  TESTING  CONTINUITY    OF 
STARTING-liOX   AND  MOTOR   CIRCUITS 


pipe.  The  lamps  should  not  glow  unless  the  circuit 
has  a  ground  return  and  the  lamp  is  connected  to  the 
ungrounded  side.  Next  connect  the  lamp  to  the  other 
side  of  the  switch,  as  at  2,  ^nd  repeat  the  test ;  if  no 
light  is  obtained  on  either  test,  it  means  that  the  line 
itself  is  free  of  grounds.  If  one  of  the  tests  lights  the 
lamp,  however,  it  means  that  the  opposite  side  of  the 
line  is  grounded  and  the  line  end  of  the  lamp  circuit 
m.ust  remain  connected  to  the  side  of  the  line  that  lights 
the  lamps,  when  the  other  end  of  the  lamp  circuit  is 
touched  to  ground.  The  other  test  lead  is  then  con- 
nected to  the  other  side  of  the  line  above  the  switch, 
thereby  giving  the  complete  connections  of  Fig.  3, 
which  SJ7.0WS  the  starter  and  motor  connections  as  well. 
In  Fig.  3  the  test  circuit  is  properly  connected  for  test- 
ing the  starting  box  and  motor,  where  the  positive  side 
of  the  line  is  grounded.  With  No.  2  test  lead  on  the 
starting-box  metal  case,  touch  No.  1  lead  to  the  starter 
handle  and  contacts;  if  the  lamp  glows,  disconnect  the 
motor  from  the  starter  and  test  again.  A  ground  in 
the  starter  will  be  indicated  by  the  lamp  lighting;  if  it 
does  not  glow,  the  ground  is  in  the  motor  circuit. 

Assuming  that  the  ground  is  in  the  motor  circuit, 
raise  the  motor's  brushes  off  the  commutator  and  test 
the  armature  alone  by  touching  No.  1  lead  to  the  commu- 
tator and  No.  2  lead  to  the  frame,  as  in  Fig.  4.  If  the 
armature  is  clear  of  grounds,  disconnect  the  brush- 
holders,  shunt-,  series-  and  commutating-field  circuits 
one  at  a  time  and  test  each  separately.  When  a 
grounded  field  circuit  is  indicated,  disconnect  the  coils 
and  test  one  at  a  time  to  locate  the  grounded  one.  The 
same  procedure  must  be  observed  in  regard  to  the 
brush-holders.  In  the  case  of  a  compound  machine 
test  for  a  short-circuit  between  shunt-  and  series-field 
windings  by  first  opening  the  normal  connection 
between  them,  then  hold  No.  1  test  lead  on  one  terminal 
of  one  of  the  windings  and  No.  2  test  lead  on  one  term- 
inal of  the  other  winding.  If  the  lamp  lights,  isolate 
the  spools  and  test  them  one  at  a  time. 

Having  failed  to  indicate  a  ground,  restore  all  con- 
nections at  the  motor  and  open  the  field  connection  at 
the  starter  as  in  Fig.  5.     With  the  starter  in  the  off 


position  terminal  lug.s  F  and  A  should  light  out  through 
the  starting  resistance  and  no-voltage  release  coil,  as 
also  should  the  armature  and  shunt  field  when  the  test 
lamp  is  connected  as  indicated  in  Fig.  5.  If  no  light 
is  obtained,  each  of  these  windings  and  its  connecting 
wires  must  be  isolated  and  tested  alone.  When  in 
doubt  in  regard  to  the  starting  box  raise  the  panel  and 
inspect  the  internal  connections.  Remember  that  a 
shunt  on  the  series  winding  or  on  the  commutating 
winding  of  the  motor  will  make  these  circuits  appear 
to  be  intact  when  in  fact  they  may  be  open.  Each  pair 
of  the  starter  contact  buttons  should  light  out  except- 
ing, in  some  cases,  where  several  buttons  on  the  "off" 
position  end  of  the  dial  may  not  be  used.  In  nine  out 
of  ten  cases,  inspection  and  lamp  testing  will  locate  the 
source  of  trouble.  Where  information  is  unreliable  or 
unavailable,  the  preliminary  tests  are  necessary;  in  all 
cases  they  are  desirable,  because  they  avoid  abuse  inci- 
dent to  the  slam-bang  method  of  trying  the  motor  in 
order  to  see  what  happens.  Another  procedure  that 
may  be  followed  is: 

Open  the  armature  circuit  at  the  starting  box,  as  in 
Fig.  6.  Then  close  the  switch  and  jog  the  starter  on 
and  off;  if  there  is  no  arc,  there  is  an  open  either 
in  the  shunt-field  circuit  or  in  the  main  circuit  which 
includes  the  fuses,  the  switch  and  the  circuit-breaker 
and  the  starter  handle  and  contacts.  Look  for  poor  or 
no  contact  between  the  handle  and  the  buttons:  the 
handle  contact  may  have  burned  or  may  be  missing 
entirely.  If  jogging  the  arm  on  and  off  the  start  position 
draws  an  arc,  it  indicates  that  the  shunt-field  circuit  is 
intact.  In  order  to  be  certain  of  this,  however,  tie  the 
starter  handle  on  the  first  notch,  then  feel  the  motor 
polepieces  with  a  piece  of  iron  to  see  if  they  are  mag- 
netized. If  current  is  flowing  in  the  field  coils,  all  poles 
should  attract  the  piece  of  iron  with  equal  strength. 

Next  open  the  switch,  throw  the  starter  to  the  off 
position,  restore  the  armature  circuit   to   its  original 


FIG.    6.     CONNECTIONS    OF   COMPOUND    MOTOR.   WITH 
ARMATURE    DISCONNECTED   FROM    ST/ .^TING   BOX 

condition  and  disconnect  the  mechanical  load  by  remov- 
ing the  belt,  pinion  or  coupling,  as  the  case  may  be. 
See  if  the  armature  can  be  turned  freely  by  hand  and 
inspect  tiie  commutator  for  evidence  of  open-circuits 
or  of  short-circuits,.  Assuming  that  the  commutator 
is  normal,  close  the  switch  and  jog  the  starter;  if  the 
arcing  is  no  heavier  than  before,  it  means  that  the 
armature  circuit  is  open :  such  an  open  may  be  readily 
located  by  the  lamp  test  described  in  the  foregoing.  If, 
however,  the  arcing  is  much  heavier  than  that  due  to 
opening  t'.ie  shunt-field  circuit  alone,  it  indicates  the 
existence  of  motor  trouble  that  the  inspection  and  the 
lamp  tests  were  not  qualified  to  indicate,  such  as  a 
reversed  field  coil  or  short-circuited  armature. 
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Turn  the  armature  a  few  degrees  and  again  jog  tha 
starter;  repeat  it  for  several  positions  of  the  arma- 
ture; if  the  armature  will  start  from  one  position  but 
not  from  others,  indications  point  to  internal  faults. 
Next,  repeat  the  test,  but  instead  of  shifting  the  arma- 
ture, shift  the  brushes  a  few  bars  at  a  time  until  a 
whole  pole-pitch  has  been  traversed  around  the  comr 
mutator.  A  loose  brush-holder  yoke  will  be  dragged 
around  by  the  commutator  until  the  brushes  reach  a 
position  in  which  the  armature  cannot  be  started. 

Assuming  the  tests  and  trials  to  have  resulted  in 
starting  the  motor  free,  then,  if  the  machine  is  com- 
pound wound,  try  starting  the  motor  on  the  shunt  field 
alone  with  the  series  winding  short-circuited.  Then 
try  starting  the  motor  on  the  series  field  alone  with  the 
shunt  connection  open  at  the  starting  box,  in  order  to 
insure  that  the  two  fields  are  so  connected  as  to  turn 
the  armature  in  the  same  direction.  Opposition  of  the 
fields  would  not  prevent  starting  the  motor  under  no 
load,  but  it  would  prevent  many  motors  from  starting 
a  connected  load.  Open  the  switch,  connect  the  motor 
to  its  load,  close  the  switch  and  start  in  the  regular 
manner.  If  the  motor  starts,  accelerates  and  operates 
without  excessive  sparking,  after  the  best  position  of 


the  brushes  has  been  determined  by  trial,  there  will  be 
nothing  further  to  do.  But  if  the  brushes  spark  badly 
and  it  can  be  ascertained  that  the  connected  load  is 
not  too  heavy  for  the  motor  to  handle,  the  condition  of 
the  insulation  of  the  wires  of  the  field  coils  and  of  the 
armature  should  be  thoroughly  investigated.  Espe- 
cially is  it  important  to  do  this  if  the  motor  is  found 
to  have  been  operating  with  the  shunt  windings  and 
series  windings  opposed,  because  this  condition  results 
in  a  weakened  field,  an  increased  armature  current  and 
a  consequent  probability  that  the  load  has  been  suffi- 
cient to  injure  the  insulation  of  all  the  windings. 

In  the  large  majority  of  cases  the  procedure  outlined 
will  result  in  the  locating  of  the  trouble.  In  an  actual 
case  of  motor  trouble,  suggestive  conditions  will  pre- 
sent themselves  simultaneously  and  in  almost  every 
instance  will  obviate  the  necessity  of  doing  a  great 
deal  of  the  work  indicated.  In  exceptional  cases  fail- 
ure may  date  from  the  installing  of  a  new  or  a  repaired 
armature,  the  winding  or  connections  of  which  may  be 
wrong.  This  should  not  be  so  puzzling,  however, 
because  in  all  cases  where  trouble  dates  from  changes 
of  any  kind,  the  parts  involved  in  the  changes  are  a 
legitimate  field  of  suspicion. 


Refrigeration  Study  Course — VII.     Insulation 


By  H.  J.  MACINTIRE 


IN  THE  other  parts  of  this  study  course  the  purpose 
has  been  to  show  the  cycle  used,  the  meaning  of  each 
part  of  the  apparatus  and  its  function  in  the  cycle 
and  the  construction  of  the  high-  and  low-pressure  sides 
of  the  system.  In  other  words,  the  production  of  refrig- 
eration only  has  been  considered.  It  is  now  appropri- 
ate that  some  time  be  devoted  to  the  conservation  of 
what  has  been  produced  by  preventing,  as  far  as  pos- 
sible, any  leakage  losses. 

In  general,  it  may  be  said  that  if  two  adjacent  bodies 
have  different  temperatures,  the  tendency  is  for  an  aver- 
age temperature  to  be  formed.  For  example,  the  hot- 
ter substance  tends  to  become  cooler  and  the  colder  one 
to  become  M^armer.  The  method  by  which  this  may  be 
accomplished  may  be  by  radiation,  convection  or  by  con- 
duction. Radiation  is  the  method  by  which  the  sun's 
rays  reach  the  earth  or  by  which  one  receives  the  sen- 
sation of  heat  from  an  intense  fire  perhaps  some  distance 
away.  Convection  is  the  method  by  which  heat  is  con- 
veyed by  a  moving  substance,  like  hot-air  or  hot-water 
heating  in  the  factory  or  house.  Finally,  conduction  is 
the  manner  in  which  heat  is  carried  along  by  the 
particles  (molecules)  of  a  solid,  as  in  the  case  of  a  hot 
slicing  bar.  In  the  case  of  refrigeration  the  heat  comes 
from  the  atmospheric  air  as  a  rule,  and  passes  into  the 
rooms  which  are  refrigerated  or  the  insulated  tanks  or 
pipes. 

The  reason  for  the  passage  of  heat  from  the  air  to 
the  refrigerated  pipes^  is  self-evident  on  consideration 
of  the  conditions  that  prevail.  Heat  cannot  run  uphill. 
It  passes,  like  water,  from  a  condition  of  higher  level  to 
a  lower  one.  The  heat  in  the  combustion  chamber  of  a 
boiler  passes  through  the  tubes  and  shell  into  the  (rela- 
tively) Cold  water  in  the  boiler,  and  the  flue  gases  are 
lowered  in  temperature  and  the  water  in  the  boiler  is 
heated  and  evaporated  into  steam.  And  so  it  is  that  we 
try  to  protect  the  refrigerated  system  by  insulation,  as 
in  the  case  of  steam  pipes  or  a  boiler  setting. 


However,  it  is  impossible  to  secure  a  perfect  insula- 
tion, just  as  it  is  impossible  to  get  perpetual  motion  or 
a  100  per  cent  conversion  of  energy.  This  is  because  we 
cannot  find  any  substance  that  is  a  nonconductor  of 
heat  or  that  will  entirely  eliminate  radiation  and  convec- 
tion. So  it  is  that  the  problem  of  insulation  is  one  of 
securing  a  substance  that  is  practical  for  our  use,  as 
regards  price,  ease  of  application  and  long  life  under 
working  conditions,  one  that  will  decrease  the  losses  to 
a  minimum,  remembering  that  the  initial  cost  of  the 
insulation  varies  directly  with  the  thickness  of  the  mate- 
rial, whereas  the  losses  due  to  lack  of  more  or  less  mate- 
rial are  a  maximum  of  the  summer  months  only. 

From  the  foregoing  it  may  be  seen  that  the  problem 
narrows  dovvm  to  the  following:  To  conserve  refrigera- 
tion, insulation  of  a  suitable  material  must  be  provided 
on  all  sides  of  the  cold-storage  room  and  on  the  brine 
and  return  ammonia  pipe  lines.  Also  that  perfect  insu- 
lation is  impossible  and  that  the  proper  amount  and 
the  kind  of  material  to  be  used  are  dependent  on  condi- 
tions that  prevail.  These  conditions  vary  with  the  aver- 
age summer  temperatures,  with  the  kind  of  cold  storage 
or  refrigerating  duty  performed  (and  the  length  of  this 
service)  and  the  cost  of  a  ton  of  refrigeration. 

The  Choice  of  an  Insulating  Material 

The  insulation  material  is  really  a  part  of  the  build- 
ing construction,  and  it  must  therefore  be  on  a  par  with 
the  rest  of  the  building.  It  must  be  capable  of  with- 
standing deterioration  or  rotting,  and,  in  addition, 
should  be  free  of  odor  of  any  sort.  It  should  be 
capable  of  maintaining  itself  in  position  and  not  settle 
in  places  to  leave  pockets  or  air  spaces.  It  must  be 
waterproof  so  that  moisture  may  not  collect,  thus  tend- 
ing to  mold  and  to  diminish  its  ability  to  insulate,  and 
it  must  be  verminproof.  Finally,  the  insulator  must  be 
of  a  high  degree  of  perfection  and  must  be  capable  of 
reducing  the  heat  losses. 
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The  problem  of  insulation  is  much  more  difficult  so 
far  as  moisture  is  concerned  than  is  the  case  with  steam. 
With  steam  the  tendency  is  to  dry  out  the  covering  and 
to  maintain  this  dryness  as  long  as  the  temperature  of 
the  steam  is  maintained  inside  the  boiler  or  vessel.  In 
refrigeration  the  opposite  is  true  and  moisture  has  a 
tendency  to  travel  toward  the  coldest  surfaces  and  to 
keep  collecting  as  time  elapses.  In  this  case  also  it  is 
possible  to  have  ice  form,  which  may  loosen  or  disin- 
tegrate the  insulation. 

Theory  of  Insulation 

The  theory  of  insulation  is  somewhat  difficult  to  under- 
stand at  first.  According  to  this  theory  there  is  no 
material  that  resists  heat  perfectly.  RememlDer  that 
insulating    for    refrigeration    purposes    is    preventing 
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SHOVV^ING   AIR   CURRENTS   AND   INSULATION 

heat  from  coming  inward  from  the  atmosphere  to  the 
region  maintained  at  a  temperature  which  is  below  its 
surroundings.  However,  it  is  found  that  air  pockets  of 
extremely  small  size  are  an  insulation,  and  any  mate- 
rial which  has  the  greatest  number  of  these  pockets  is 
the  best  insulation,  but  each  pocket  must  be  separated 
from  its  neighbor.  If  the  pockets  were  connected,  then 
convection  could  take  place  as  in  the  case  of  a  hot-air 
furnace.  From  this  it  would  naturally  follow  that  the 
material  that  ih  the  best  insulator  is  also  the  lightest 
in  point  of  weight,  as  a  large  amount  of  its  volume  is 
air.  This  is  the  reason  that  substances  like  mineral 
and  animal  wool,  corkboard,  balsa  wood,  shavings  and 
sawdust  have  insulation  values. 

The  use  of  air  spaces  naturally  follows  from  what 
has  just  been  said.  However,  it  can  be  proved  that 
large  air  spaces  have  little  value.  The  reason  is  self- 
evident  from  Fig.  1,  which  shows  the  flow  of  currents 
of  air  from  the  colder  to  the  warmer  side  of  the  insula- 
tion. Therefore,  a  partition  made  up  of  alternate 
courses  of  lumber  and  air  spaces  is  uneconomical  of 
building  space. 

Sawdust  and  shavings  were  used  extensively  at  one 
time  and  still  have  certain  advantages.  They  are  not 
waterproof  nor  are  they  vermin-  or  fire-proof.  They 
lend  themselves  to  cheap  temporary  construction,  such 
as  ice  storage  buildings  or  wooden  buildings  put  up 
for  a  short  life  or  for  short  refrigerating  periods.  The 
work  should  be  carefully  performed,  and  the  shavings 
or  sawdust  should  be  carefully  packed  and  a  water- 
proof paper  very  carefully  secured  in  place.  Sawdust 
is  likely  to  settle  and  leave  a  space  in  the  upper  part 
of  the  wall,  so  shavings,  dried  before  using,  are  pre- 
ferred. 

Lately,  for  second-class  construction,  a  large  num- 
ber of  special  materials  have  appeared  in  the  form  of 


convenient-sized  boards.  These  are  compressed  wood 
and  vegetable  fibers  so  devised  that  the  board  may  be 
erected  like  lumber  and  nailed  into  place.  Being  com- 
pressed, it  has  the  characteristics  of  shavings  and  has 
the  advantage  of  more  efficient  insulation  and  being 
able  to  retain  its  position.  It  is  not  vermin-,  fire-  or 
water-proof,  and  so  it  would  generally  be  used  only  in 
wooden  constructions. 

Some  success  has  been  achieved  in  the  use  of  min- 
eral wool,  tliG  product  of  blast-furnace  slag  or  of  spe- 
cial mineral  earths.  These  are  made  up  in  the  form  of 
boards  and  attempts  are  made  to  waterproof  the  mate- 
rial in  the  process  of  manufacture.  When  so  done,  it  is 
easily  erected  in  place,  is  fireproof  and  a  good  insulator. 
It  is  used  in  permanent  construction  and  should  main- 
tain itself  for  years. 

By  far  the  most  successful  and  popular  insulating 
material  is  cork,  obtained  from  the  bark  of  trees  found 
principally  in  Spain  and  Portugal.  This  bark  has  the 
air-cell  construction  which  is  necessary  for  the  use  we 
dtsire  of  it.  For  refrigeration  use  is  made  of  the 
wastage  in  the  manufacture  of  cork  stoppers,  etc.  The 
cork  particles  are  compressed  and  heated  so  that  they 
adhere  together  and  are  made  up  into  boards  of  con- 
venient sizes  or  in  forms  to  fit  standard  pipes  or  tanks. 
The  cork  is  inherently  waterproof,  and  in  erecting  the 
joints  and  courses  are  made  up  in  asphalt  pitch.  In 
building  construction  there  is  also  a  final  coat,  as  a 
rule,  of  cement  plaster,  which  protects  the  corkboard 
and  gives  a  smooth  surface  for  suitable  cleaning. 

Special  kinds  of  work  also  use  granulated  or  pulver- 
ized cork,  as  in  insulating  the  sides  of  ice-making 
tanks  or  the  ends  of  cylindrical  tanks.    Usually,  granu- 


FIG.  4.     SHOWING  THE  VARIOUS  SUMMER-TEMPERATURE 
BELTS   IN   THE   UNITED   STATi^S 

lated  cork  should  be  used  only  where  access  is  readily 
obtained  to  repack  from  time  to  time  should  settle- 
ment occur. 

Insulation  Values  of  Building  Materials 

Lately,  numerous  attempts  have  been  made  to  find 
a  suitable  and  correct  method  of  figuring  the  insulat- 
ing value  of  building  materials.  Elaborate  experi- 
ments have  been  made,  both  with  simple  materials  and 
with  built-up  construction.  In  these  experiments  it 
has  been  shown  that  there  is  on  all  material  a  "skin 
effect"  which  increases  the  insulating  value.  However, 
this  is  a  matter  that  affects  only  the  ou'^ide  material, 
which  for  good  insulation  is  usually  cement  mortar,  or 
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otherwise,  perhaps,  tongued-and-grooved  lumber  or 
brick.  The  real  insulating  material  is  neither  of  these. 
Neglecting  the  skin  effect,  the  insulating  value  of  the 
material  used  is  dependent  on  its  conductivity.  By 
this  is  meant  the  number  of  heat  units  that  will  pass 
through  it,  usually  rated  on  each  square  foot,  one  inch 
thick,  per  hour  or  per  24  hours  with  a  difference  in 
temperature  on  each  side  of  the  insulation  of  1  deg.  F. 
If  this  "leakage"  is  known  for  1  deg.  difference,  then 
the  leakage  loss  will  be  proportionately  greater  for  25, 
50,  75  or  100  deg.  F.  difference  in  temperature.  Like- 
wise, if  a  material  1  in.  thick  will  give  a  certain  leak- 
age loss,  then  one  2  or  6  in.  will  give  proportionately 
less  loss.    This  can  be  expressed  in  the  formula: 

Q  =^  A   y(.  K  y^    {timtside  —  tinside) 

where  A  equals  area  of  wall  or  pipe  surface  in  square 
feet,  K  equals  conductivity,  and  t  equals  temperature 
in  degrees  F. 

The  value  of  K  is  obtained  from  tables  of  experi- 
mental values,  as  given  below,  or  if  use  is  made  of 
several   substances  by   the   formula, 

I 


K 


C 1        C2        C3 


^  ETC. 


where  Tj,  T,,  etc.,  equal  thickness  of  each  material  in 
inches,  and  C„  C,,  etc.,  represent  conductivity  as  given 
in  the  tables  for  standard  conditions. 

Calculations:  As  an  example  of  the  use  of  the  for- 
mulas, suppose  a  v/all  composed  of  8  in.  of  brick,  2  in. 
board  and  I  in.  mortar  is  exposed  to  temperatures  of 
75  deg.  and  zero  degree  F.  on  the  two  sides  and  it  is 
desired  to  find  the  leakage  per  twenty-four  hours  for 
a  total  surface  of  700  sq.ft. 

The  value  of  K  becomes   (see  values  in  table) 

=  0.111  B.t.u.  per  hour 


K^ 


0.31  ^  0.63 


8 

4.66 

and  the  leakage  is 
Q  =  700  X  0.111  X  (70  —  0)  =  5,400  B.t.u.  per  hour. 

Whereas  the  skin  effect  would  tend  to  reduce  the 
value  of  K  and  Q,  yet  the  factor  which  is  important 
is  the  perfection  of  the  erection,  which  is  subject  to 
wide  variations.  Unless  the  joints  are  carefully  made 
and  air-tight,  moisture  will  get  in  and  freeze,  causing 
the  ultimate  deterioration  of  the  insulation.  This  Is 
probably  the  factor  most  responsible  for  the  fact  that 
the  laboratory  results  and  the  practical  results  do  not 
agree,  and  we  are  justified  in  adding  a  liberal  factor  of 
safety  to  insure  good  operating  results.  For  these 
reasons  and  for  simplicity  of  calculation  it  is  recom- 
mended that  use  be  made  of  the  method  of  calculation 
as  given. 

As  regards  the  maximum  temperature  to  be  used  in 
the  calculation  of  leakage  losses,  it  is  customary  to 
assume  an  average  maximum  temperature  during  the 
period  of  peak  refrigerating  loads.  Some  idea  otf 
average  temperatures  in  the  United  States  may  be 
obtained  from  the  map  taken  from  United  States  Gov- 
ernment reports.  Fig.  4.  It  is  not  recommended  that 
the  highest  local  temperatures  be  taken,  but  the  aver- 
age temperature  experienced  during  the  twenty-four 
hours  for  conditions  that  are  likely  to  prevail  for  a 
period  of  days  or  a  week  or  more.  Of  course  the  actual 
choice  of  the  thickness  of  insulation  for  any  particular 
case  will  be  decided  by  the  relative  costs  of  the  insula- 
tion itself  and  the  book  value  of  a  ton  of  refrigeration. 
If  the  time  of  operation,  days  per  year,  is  small,  then 


one  cannot  economically  install  heavy  first-cost  con- 
struction. It  would  be  too  much  like  spending  two 
dollars  to   save  one  dollar. 

In  conclusion,  it  is  worth  while  putting  special  stress 
on  the  fact  that  the  insulation  must  be  kept  dry,  it 
must  be  kept  in  place  and  should  be  odorless.  It  should 
be  easily  placed  in  position  and  be  of  a  material  of 
economical  insulating  value. 


REPORT  OF  TESTS  CONDUCTED  BY  THE  UNITED  STATES  BUREAU 

OF  STANDARDS,  WASHINGTON,  D.  C,  COVERING  THERMAL 

CONDUCTIVniES  OP   VARIOUS  INSULATING  MATERIALS 

*  Conductivity 

24-Hr.  Ft.-Sq. 
In.  Thick 
Material  Deg.  F.      Density  Nature  of  Material 

Air 4  0  .    Horiz.    layer   heated    from   above 

radiation 
Colorax 53  0  064  Fluffy  finely  divided  mineral  mat- 

ter (elim.) 

Hair  felt. 5  9  0  27 

Keystone  iiair 6  5  0.30     Hairfelt   confined   between   layers 

•-       •  building  paper 

Pure  wool 5  8  0   107  Firmly  packed 

Pure  wool 5  8  0   102  Firmly  packed 

Pure  wool. ; 6  3  0  061    I.oosely  packed 

Pure  wool 70  0  039  ^>ry  loosely  packed 

Cotton  wool 7  0  0  000  Firmly  packed 

Insulite   71  019     Tressed    wood    pulp — rigid,  fairly 

strong 

Linofelt 72  0    18     Vegetable  fiber  confined  between 

layers  paper — soft  and   flexible 

Corkboard  (pure) 74  018 

Eelgrass 7  7  0  25     Inclosed  in  burlap 

Flaxlinum 7  <*  0   18     Vegetable  fibers — firm  and  flexible 

Fibrofelt 79  018     Vegetable  fibers— firm  and  flexible 

Rock  cork 8  3  0  33     Prest  rock  wool  with  binder — rigid 

Balsa  wood    .  ,  8   3  0   12     Very  light  and  soft 

Waterproof  lith        9  8  0  27     Rock    wool,    vegetable    fiber    and 

binder,  not  flexed 

Pulp  board 10  4  Stiff  pasteboard 

Air  cell  j-inch 107  0    14     Corrugated  asbestos  paper,  inclos- 

ing air  spaces 
Air  cell  1-inch  115  014     Corrugated  asbestos  paper,  inclos- 

ing air  spaces 

Asbestos  paper 118  0  50     Fairly  firm  but  easily  broken 

Infusorial  earth 13  9  0  69     (Block) 

Fire  felt  (sheet) 14  3  0  42     Asbestos    sheet    coated    with    ce- 

ment— rigid 

Fire  felt  (roll) 15   3  0  68     Soft,  flexible  asbestos 

3-ply  Regal  roofing  16   7  0  88     Flexible  tar  roofing 

Asbestos  mill  board 20  2  0  97     Prest  asbestos,  fairly  firm,  easily 

broken 
Woods — Kiln  Dried 

Cypress 16.0  0  46 

White  pine 19  0  p50 

Mahogany 22.0  0   55 

Virginia  pine 23.0      '     0   55 

Oak .,..,:..■ 24.0  0  61 

Ilardmaple ' 27.0  0  71 

Asbestos  wood  (sanded) . .        65  0  1  97     .\sbestos  and  cement — very  haid 

and  rigid 

Note. — The  findings  of  the  Bureau  as  outlined 
above  were  recommended  for  the  guidance  of  the  mem- 
bers of  the  American  Society  of  Refrigerating  Engi- 
neers by  its  Insulation  Committee. 


Statistics  of  petroleum  production  in  states  east  of 
California  during  January  and  February,  1920,  collected 
from  data  on  file  with  the  United  States  Geological 
Survey,  show  the  quantity  of  oil  received  from  producers 
by  pipe  lines  and  by  refineries  that  receive  petroleum 
directly  from  the  well.  In  January  Oklahoma  led 
with  a  total  production  of  7,958,000  bbl.,  and  in  February 
7,942  000  bbl.  was  produced.  The  daily  average  produc- 
tion in  January  was  256,710  bbl.  and  in  February 
273,862  bbl.  Texas  is  second  in  petroleum  production, 
followed  by  Kansas,  Louisiana  and  Wyoming. 


Geologists  in  the  service  of  the  United  States  Geo- 
logical Survey,  Department  of  the  Interior,  during  the 
last  four  years  have  been  investigating  the  geologic 
structure  of  parts  of  New  Mexico  with  a  view  tc  deter- 
mining the  possibility  of  oil  and  gas  reservoirs  in  these 
regions.  While  little  evidence  of  oil  and  gas  has  been 
discovered,  indications  are  favorable  and  geological  ex- 
perts are  of  the  opinion  that  if  wells  were  sunk  deep 
enough  (2,000  to  3,000  ft.)  oil  might  be  found. 
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Details  of  the  Waierbury  Turbine  Explosion 


POWER  is  indebted  to  the  Travelers  Standard  of 
Tanuary  for  further  particulars  about  the  steam- 
turbine  explosion  in  Waterbury,  Conn.,  briefly 
reported  in  the  issue  of  Oct.  28 — Nov.  4,  1919,  p.  682. 
The  explosion  occurred  at  the  power  station  of  the 
Connecticut  Light  and  Power  Co.  Two  men  were  killed, 
one  of  them  instantly,  and  ten  others  were  more  or 
less  seriously  injured.  The  property  damage  was  large, 
and  an  unofficial  estimate  placed  it  at  $100,000.  Fig.  1 
shows  the  generator  end  of  the  damaged  turbine. 

The  power-generating  equipment  of  this  station  con- 
sists of  six  direct-connected,  turbine-driven,  three- 
phase  generators  of  various  types  and  capacities,  all 


diameter,  were  keyed  to  the  shaft  (see  Figs.  3  and  4). 
The  outer  face  of  each  wheel  was  about  5i  in.  wide  and 
carried  two  rows  of  buckets.  The  turbine  was  equipped 
with  a  governor  of  the  centrifugal  type,  which  trans- 
mitted its  motion  by  means  of  a  connecting-rod  to  the 
valve  mechanism,  which  in  turn  actuated  ten  steam 
valves.  An  emergency  stop  was  also  provided,  and 
this  was  arranged  to  operate  at  about  8  per  cent  above 
normal  speed,  or  at  1,944  r.p.m.  This  emergency  stop 
was  mounted  on  the  turbine  shaft  and  consisted  of  an 
unbalanced  ring  which  revolved  with  the  shaft.  At 
normal  speed  the  ring  was  held  concentric  with  the 
shaft  by  means  of  springs,  but  in  case  of  excessive 


PIG.  1.     THE  jGrBNERATOR  END  OP  THE  DAMAGED  TURBINE  AT  WATERBURY,  CONN. 


generating  current  at  2,300  volts  and  60  cycles.  Steam 
is  supplied  by  twenty-two  water-tube  boilers.  The  usual 
operating  steam  pressure  is  190  lb.,  and  the  safety- 
valves  are  set  at  200  lb.  All  the  boilers  are  provided 
with  nonreturn  valves.  At  the  time  of  the  accident 
fourteen  boilers  were  on  the  line  and  three  others  were 
carrying  banked  fires,  but  were  not  furnishing  steam. 
Four  of  the  six  turbines  were  in  operation,  two  being 
shut  down.  The  exploded  turbine  had  been  in  regular 
operation  since  its  installation  some  eight  or  nine  years 
ago.  It  was  known  as  "No.  3"  and  drove  a  generator 
having  a  capacity  of  3,000  kw.  Its  normal  speed  was 
1,800  revolutions  per  minute. 

The  main-turbine  shaft  was  13  in.  in  diameter  and 
was  turned  down  to  7  in.  in  diameter  at  the  governor 
end    (see   Fig.   5).     Six  steel  wheels,   each  48   in.   in 


speed  the  spring  tension  would  be  oveicome  by  the 
centrifugal  force  of  the  unbalanced  weight.  This  would 
result  in  closing  the  8-in.  main  throttle  valve.  The 
generator  was  direct-connected  to  the  turbine,  the 
shafts  of  the  tnrbine  and  generator  being  joined 
together  by  a  coupling  bolted  with  ten  2-in.  bolts. 

The  turbine  shaft  was  broken  in  two  places,  and  the 
bolts  of  the  coupling  also  failed,  permitting  the  two 
parts  of  the  shaft  to  separate  at  this  point,  as  shown 
in  Fig.  2.  This  part  of  the  shaft  is  13  in.  in  diameter 
and  about  6  ft.  long  and  weighs  approximately  2,700  lb. 
It  was  hurled  over  three  of  the  turbines  and,  after 
passing  through  a  window,  came  to  rest  in  the  yard 
outside  of  the  power  station,  about  one  hundred  feet 
from  its  original  position.  It  will  be  seen  that  this  part 
of  the  shaft  wa^  bent  to   an   angle   of   about   thirty 
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FIG.  2.     PIECE  OF  THE  TURBINE  SHAFT 

The  piece  is  13  in.  in  diameter  and  6  ft.  long  and  weighs  about 
2,700  lb.  It  was  found  100  ft.  from  the  damaged  turbine.  The 
piece  is  bent  and  the  coupling  bolts  are  bent  and  sheared. 


large  disc  coming  through  the  roof.  He  failed  to  see 
where  the  disc  landed,  however,  because  he  started  to 
run  from  the  vicinity,  believing  that  the  entire  power 
house  was  about  to  be  blovm  up.  Many  other  heavy 
parts  were  thrown  in  all  directions,  and  some  of  them 
disabled  the  delicate  mechanism  of  the  other  turbines 
and  made  it  necessary  to  shut  down  the  entire  plant 
temporarily.  The  throttle  valve  of  the  damaged  turbine 
is  shown  in  Fig.  6. 

Soon  after  the  explosion  an  investigation  was  started 
to  determine  the  cause  of  the  accident.  As  usual  in 
cases  of  this  kind,  various  theories  have  been  advanced, 
in  support  of  each  of  which  certain  more  or  less  impor- 
tant facts  have  been  cited  or  suppositions  made;  never- 
theless no  one  theory  that  has  yet  been  offered  appears 
to  harmonize  with  all  the  known  data.  It  is  gen- 
erally admitted,  it  is  believed,  that  the  exciting  coils 
on  all  the  four  turbines  that  were  in  operation  at  the 
time   became   "dead"   from   some   cause   or   other   im- 


PIG.  3.    THE  BUCKETS  M^ERE  STRIPPED  FROM  THE 
WHEELS 


FIG.  4. 


A  WHEEL*  APPARENTLY  UNDAMAGED  BY  THE 
EXPLOSION 


degrees.  Another  section  of  this  shaft  6  ft.  4  in.  long 
and  13  in.  in  diameter  dropped  below  the  floor  of  the 
turbine  room.  The  piece  here  shown  is  3  ft.  long  and 
7  in.  in  diameter,  and  the  break  occurred  at  the  point 
where  the  diameter  of  the  shaft  was  reduced 
from  13  to  7  inches. 

The  wheels  were  thrown  in  all  directions. 
Fig.  3  shows  one  of  them  from  which  the 
peripheral  buckets  were  entirely  stripped. 
Another  wheel,  shown  in  Fig,  4,  is  apparently 
intact.  One  of  the  wheels  is  supposed  to 
have  passed  through  the  roof  of  the  build- 
ing and  probably  fell  into  the  river  near-by. 
This  theory  is  based  on  the  fact  that  only 
five  wheels  were  found  after  the  accident, 
although  there  had  originally  been  six  in  the 
turbine,  and  that  an  eye  witness,  who  was 
about  300  ft.  from  the  power  station  when  pjQ  5 
the  explosion  occurred,  said  that  he  saw  a  At  this 


mediately  before  the  explosion.  The  consequent  loss 
of  magnetism  in  the  armature  fields  would  prevent  the 
machines  from  generating  current  and  would  there- 
fore remove  the  load  from  the  turbines  and  allow  them 


PART  OF  THE  GOVERNOR  END  OF  THE  TURBINE  SHAFT 
end  the  shaft  is  7   in.   in  diameter.     This  broken  piece  is  3  ft.  long. 
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to  run  free,  subject  to  no  restraint  except  the  normal 
friction  at  the  bearings  and  elsewhere.  Increase  of 
speed  would  be  the  immediate  result,  and  it  is  evident 
that  such  an  increase  did  actually  occur,  because  three 
of  the  four  machines  running  were  shut  down  auto- 
matically by  the  operation  of  the  emergency  stops  with 
which  they  were  provided.  The  emergency  stop  on  the 
machine  that  exploded  also  appears  to  have  operated, 
and  it  happens  that  that  particular  stop  had  been  tested 
only  the  day  before  and  found  to  be  in  working  con- 
dition. There  is  considerable  difference  of  opinion,  how- 
ever, as  to  the  extent  to  which  the  overspeeding  of  No. 
3  turbine  had  progressed  when  the  accident  occurred, 
and  it  does  not  appear  possible  to  decide  this  point  in 
any  definite  and  satisfactory  way.  The  steam  valve  on 
No.  3  was  found  to  be  nearly  closed  after  the  accident, 
but  for  some  reason  or  other  it  was  not  closed  tightly. 
Possibly  something  had  become  lodged  upon  its  seat. 
The  theory  that  it  stuck  from  some  other  cause  appears 
to  be  almost  disproved  by  the  fact  that  it  had  worked 
freely  and  satisfactorily  when  it  was  tested,  only 
twenty-four  hours  before.  Whatever  the  real  cause  of 
the  accident  may  have  been,  there  is  no  evidence  that 
can  properly  be  construed  as  reflecting  in  any  way  upon 


FIG.  6. 


THE  THROTTLE  VALVE  OF  THE  EXPLODED 
TURBINE 


the  Connecticut  Light  and  Power  Co.,  or  upon  the 
builders  of  the  machine.  It  is  hoped  that  further  inves- 
tigations will  be  made  and  the  facts  disclosed  published, 
that  appropriate  measures  may  be  taken  to  'Prevent 
similar  accidents  in  the  future. 

The  explosion  resulted  in  the  temporary  suspension 
of  power  and  lighting  service  in  Waterbury  and 
vicinity.  Street  cars  were  stalled,  industrial  plants 
were  obliged  to  close  down,  and  business  houses,  places 
of  amusement  and  private  homes  were  left  in  darkness. 


Local  manufacturing  plants  and  power  stations  in 
near-by  cities  were,  fortunately,  able  to  make  emergency 
connections,  so  that  the  inconvenience  to  the  public  was 
of  comparatively  short  duration.  Furthermore,  the  dam- 
age to  some  of  the  remaining  generating  units  was  quite 
limited,  and  within  a  few  days  chese  had  been  repaired 
so  that  they  could  carry  a  considerable  portion  of 
the  load. 

Templet  for  Cutting  Commutator 
Mica  Segments 

By  W.  a.  Harris. 

Commutator  micas  are  usually  cut  by  first  laying 
one  of  the  segments  on  a  sheet  of  mica  and  marking  out 
the  desired  form,  after  which  the  segment  is  cut  out 


^^^.-l 


COMMUTATOR  INSULATION  SEGMENT  TEMPLET 

with  a  pair  of  shears.  This  method,  even  at  the  very 
best,  does  not  produce  segments  that  are  of  uniform 
shape.  If  a  rigid  construction  of  the  commutator  is 
to  be  obtained,  not  only  must  the  insulating  segments 
be  of  the  proper  thickness,  but  the  V's  in  them  must 
be  uniform  in  shape  and  size  as  also  the  part  of  the 
segment  on  the  inside  of  the  commutator. 

To  obtain  uniformity  a  templet,  similar  to  that  shovioi 
in  the  figure,  may  be  used  as  a  guide  in  cutting  the 
segments.  It  is  made  of  a  piece  of  I'e  in.  iron  bent  in 
the  shape  indicated.  After  this  has  been  done  the  two 
sides  of  the  templet  are  gripped  in  a  vise  and  the  V's 
cut  the  exact  shape  of  those  in  the  commutator  for 
which  the  insulator  is  being  cut.  A  notch  is  cut  at  .4 
to  indicate  the  maximum  width  of  the  mica  and  another 
at  B  to  give  the  minimum  width.  The  mica  is  cut  to 
the  approximate  width  of  the  segments,  and  then  the 
templet  is  filled  tight  with  these  strips.  While  being 
held  in  a  vise,  the  insulating  segments  are  cut  to  the 
required  shape  wii^h  a  hacksaw.  A  notch  is  cut  in  the 
mica  at  A  and  B  to  give  the  maximum  and  minimum 
width,  so  that  after  the  segments  are  removed  from  the 
templet  the  excess  material  can  be  cut  off  \vith  a  pair  of 
shears.  The  outside  dimensions  of  the  segments  need 
only  be  appioximate,  since  the  excess  material  can  be 
removed  when  the  commutator  is  turned  down. 


The  Board  of  Trade  of  Great  Britain  in  a  recent  re- 
port shows  that  during  1919  approximately  104,000,000 
gal.  of  petrol  (gasoline)  was  imported  from  the  United 
States.  The  report  says  that  before  the  war  the  pro- 
duction of  benzol  was  about  17,000,000  gal.  per  annum, 
and  during  the  war  it  was  increased  to  about  42,000,000 
gal.  of  which  some  32,000,000  gal.  was  produced  by 
coke  ovens  and  10,000,000  gal.  by  gas  works  and  tar 
distilleries.  Since  the  war  the  output  has  fallen  to 
about  25,000,000  gal.  per  annum. 
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A  Veteran  Engineering  Research  Worker 


John  R.  Allen 


A  life  dedicated  to  the  investigation  of 
heating  and  ventilating  engineering 
problems.   A  successful  organizer 
and  teacher.     Director  of  the 
Bureau  of  Research  of  the 
American  Society  of  Heat- 
ing and  Ventilating 
Engineers 


IT  IS  said  that  to  few  men  are  given  the  golden  op- 
portunity and  ability  to  aid  in  the  advancement  of 
the  human  race  through  knowledge.  Among  these 
few  will  rank  John  R.  Allen,  of  Pittsburgh,  Pa.,  Di- 
rector of  the  Research  Bureau  of  the  American  Society 
of  Heating  and  Ventilating  Engineers.  His  life-work 
has  been  and  is  the  advancement  of  engineering  sciences 
through  research  and  the  promotion  of  engineering  edu- 
cation. His  efforts  in  this  direction  have  yielded 
much  that  is  proving  beneficial,  and  his  work  is  fol- 
lowed with  keen  interest  by  engineers  and  students 
of  engineering  alike. 

Heating  and  ventilating  engineering  is  comparatively 
young  when  measured  by  progress  in  other  engineering 
lines,  and  modern  heating  and  ventilating  equipment 
is  still  far  from  perfect.  A  careful  and  exhaustive 
system  of  research  might  prove  effective  in  clearing 
up  some  of  the  problems  involved.  Professor  Allen,  in 
his  investigations  at  the  University  of  Michigan  and 
the  University  of  Minnesota  during  the  last  fifteen 
years  has  done  much  for  the  advancement  of  this  phase 
of  engineering. 

The  United  States  Bureau  of  Mines,  in  a  desire  to 
cooperate  with  the  Research  Bureau,  has  placed  at  the 
disposal  of  Professor  Allen  and  his  assistants  a  portion 
of  the  magnificent  laboratories  at  Pittsburgh,  Pa.,  with 
their  extensive  equipment,  and  interesting  develop- 
ments which  will  prove  of  value  to  manufacturers  and 
users  of  heating  and  ventilating  apparatus  are  expected. 
Some  of  the  first  things  on  which  the  efforts  of 
the  bureau  will  be  centered  are:    The  physical  condi- 


tion of  the  atmosphere  which  must  be  produced  in  order 
to  maintain  the  same  healthful  effects  as  are  obtained 
in  pure  fresh  outdoor  air;  the  scientific  determination 
of  heat  losses  by  the  use  of  various  kinds  of  materials 
generally  employed  in  building  construction;  the  effi- 
ciency of  various  kinds  of  radiation;  the  most  efficient 
methods  of  burning  different  kinds  of  coal,  etc.  This 
is  only  an  outline  of  the  questions  that  will  be  given 
immediate  attention. 

Many  yf^ars  of  Professor  Allen's  life  have  been  spent 
in  teaching.  His  broad  views  and  intensely  human 
instincts,  combined  with  a  pleasing  personality  and  un- 
bounded enthusiasm  for  his  work,  have  made  him  one  of 
the  most  popular  and  successful  teachers  of  engineering 
science  in  the  country.  Since  his  resignation  from  the 
University  of  Minnesota  to  take  charge  of  the  Research 
Bureau,  students  of  the  university  have  done  every- 
thing in  their  power  to  induce  him  to  return.  Besides 
being  i  successful  engineer  and  teacher,  he  is  also  a 
skilled  organizer.  During  the  years  spent  as  research 
worker  and  teacher  he  has  given  to  the  profession  two 
books — "Notes  on  Heating  and  Ventilating"  and  "Heat- 
ing and  Ventilation."  These  books  contain  a  compre- 
hensive account  of  heating  and  ventilating  problems, 
experiments  and  discoveries. 

Professor  Allen  was  born  in  Milwaukee,  July  23, 
1869.  He  received  a  preparatory  education  at  Mil- 
waukee and  at  the  Ann  Arbor,  Mich.,  High  School, 
following  which  he  entered  the  University  of  Michigan. 
In  1892  he  graduated  with  the  degree  of  B.  S.  and 
in  1896  he  received  his  master's  degree. 
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Following  his  graduation.  Professor  Allen  took  up 
his  first  position  with  the  L.  K.  Comstock  Construction 
Co.,  with  which  he  remained  for  two  years,  and  then 
he  received  an  appointment  as  instructor  in  the  Mech- 
anical Engineering  Department,  University  of  Michi- 
gan. He  was  with  the  university  from  1896  until  1911. 
His  popularity  with  the  students  became  so  great  and 
his  ability  as  a  teacher  was  so  pronounced  that  he 
quickly  advanced  to  assistant  professor,  junior  profes- 
sor and  professor  of  mechanical  engineering.  In  1911 
he  resigned  to  carry  out  his  plans  for  the  construc- 
tion and  organization  of  Robert  College,  Constantinople, 
and  until  1913  he  was  Dean  of  the  Engineering  De- 
partment. He  returned  to  the  University  of  Michigan 
after  the  completion  of  his  work  in  Turkey,  and  for 
four  years  .he  was  head  of  the  mechanical  engineering 
department. 

In  1917  Professor  Allen  became  Dean  of  the  College 
of  Engineering  and  Architecture,  University  of  Minne- 


sota, and  remained  there  until  1919,  when  he  was 
selected  as  director  of  the  Bureau  of  Research  of  the 
American  Society  of  Heating  and  Ventilating  Engi- 
neers in  cooperation  with  the  United  States  Bureau 
of  Mines. 

He  is  an  active  member  of  many  of  the  national 
engineering  societies;  past  president  of  the  American 
Society  of  Heating  and  Ventilating  Engineers;  past 
president  of  the  Michigan  Engineering  Society;  past 
president  Michigan  Chapter,  American  Society  of  Heat- 
ing and  Ventilating  Engineers;  president  of  the  Min- 
nesota Chapter  of  the  American  Society  of  Heating  and 
Ventilating  Engineers;  honorary  member  of  the  Na- 
tional District  Heating  Association ;  member  of  the 
British  Institute  of  Heating  and  Ventilating  Engineers, 
of  the  American  Society  of  Mechanical  Engineers,  the 
Society  for  the  Promotion  of  Engineering  Education 
and  of  the  honorary  societies,  Tau  Beta  Pi  and  Sig- 
ma Psi. 


Relative  Value  of  Coal  and  Oil  Fuel 

Some  Important  Facts  To  Be  Considered  on  the  Advisability  of  Converting  a  Coal- 
Burning  Power  Plant  to  Fuel  Oil 

By  GEORGE  A.  EVANS* 


AT  THE  present  time,  ow^ing  to  coal  shortages  and 
l\  increasing  prices  of  coal,  a  great  deal  of  con- 
X  jL  sideration  is  being  given  to  fuel-oil  burning. 
Notices  are  constantly  appearing  in  the  daily  press  of 
this  or  that  plant  having  installed  fuel-oil  burning 
equipment  In  place  of  coal,  and  several  articles  have 
appeared  in  the  technical  press  on  the  burning  of  fuel 
oil.  It  is  the  purpose  of  this  article  to  analyze  the 
various  items  that  should  be  considered  before  such  an 
important  step  is  taken  as  changing  from  coal  to  oil 
fuel.  The  changing  of  ships  from  coal  to  oil  is  not 
considered  here  for  the  reason  that  conditions  are  so 
dissimilar  that  an  entirely  different  analysis  M^ould  be 
necessary. 

Upon  returning  to  the  East  coast  recently,  after 
having  had  the  experience  of  operating  with  a  fuel-oil 
plant  in  California,  the  writer  was  very  enthusiastic 
on  the  subject  of  oil-fired  boilers,  owing  to  the  great 
cleanliness  of  the  fireroom,  the  absence  of  all  coal- 
handling  equipment  with  the  accompanying  dust  or 
dirt,  also  the  expense  and  disagreeable  necessity  of 
removing  ashes.  An  investigation  was  made  to  deter- 
mine and  make  recommendations  as  to  the  advisability 
of  converting  a  certain  plant  from  coal  to  oil  fuel, 
and  when  all  the  facts  of  the  case  were  carefully 
weighed,  it  was  found  that  from  an  economical  point 
of  view  oil  could  not  be  considered.  This  plant  was 
equipped  with  six  hand-fired-boilers,  having  a  total 
boiler  capacity  of  2,250  rated  boiler-horsepower,  with 
a  maximum  station  capacity  of  4,200  kw.  and  the  aver- 
age output  per  month  amounted  to  about  one  million 
kilowatt-hours. 

On  the  accompanying  chart  is  indicated  the  solution 
of  a  concrete  problem  according  to  the  following 
assumptions:  Efficiency  of  the  boilers  with  coal,  65 
per  cent;  oil,  75-  per  cent;  the  B.t.u.  per  pound  of  coal, 
13,500;  oil,  18,500. 


•Assistant  to  Mechanical  Engineer,  Public  Service  Electric  Co., 
Newark,  N.  J.    ' 


Starting  in  the  upper  left-hand  corner  of  the  chart 
at  a  point  indicating  18,500  B.t.u.  per  pound  of  oil,  a  line 
is  drawn  dov^mward  until  it  intercepts  the  diagonal 
line  representing  13,500  B.t.u.  per  pound  of  coal.  From 
this  point  the  line  is  drawn  to  the  upper  right-hand 
chart  intercepting  the  line  representing  75  per  cent 
boiler  efficiency  with  fuel  oil;  from  this  point  the  line 
is  drawn  to  the  lower  right-hand  chart  to  the  line 
representing  65  per  cent  boiler  efficiency  with  coal,  from 
which  it  is  carried  to  the  lower  left-hand  chart  to  a 
line  marked  $6  per  long  ton  of  coal.  Continuing  this 
line  downward,  it  is  found  that  the  equivalent  cost  of 
oil  in  cents  per  gallon  is  3.35c.  That  is,  oil  has  to 
be  purchased  at  3.35c.  per  gallon,  or  $1.41  per  barrel 
of  42  gallons,  to  be  the  equal  in  price  of  coal  at  $6 
a  long  ton  with  the  heating  values  and  boiler  efficiencies 
that  have  been  assumed.  By  means  of  this  chart  any 
problem  can  readily  be  worked  out  to  obtain  the  equiv- 
alent value  of  oil  in  cenls  per  gallon  for  any  price 
of  coal  for  any  combination  of  boiler  efficiencies  and 
heating  values  of  coal  and  oil. 

The  chart  makes  no  allowance  whatever  for  the  labor 
saving  by  using  oil  as  a  fuel.  This  saving  is  sometimes 
greatly  exaggerated,  and  the  small  amount  saved  in 
labor  is  more  than  offset  by  the  higher  cost  of  oil.  The 
saving  in  labor  must  be  estimated  for  each  individual 
plant,  taking  into  consideration  local  conditions,  cost  of 
labor,  etc.  As  a  rule,  higher-class  firemen,  which  means 
higher  wages,  will  be  required  to  attend  oil  furnaces. 
In  hand-fired  boilers  more  labor  can  be  saved,  of  course, 
than  where  the  boilers  are  operated  with  stokers.  It 
is  doubtful  if  any  reduction  in  the  number  of  men  can 
be  made  in  a  plant  operating  with  stokers,  nor  can  any 
reduction  be  made  in  a  plant  of  one  or  two  boilers 
employing  one  fireman  for  each  watch.  ^Vhere  a  battery 
of  six  or  eight  hand-fired  boilers  are  converted  to  oil, 
the  number  of  firemen  could  be  reduced  to  one  per 
watch,  but  no  reduction  in  the  watertenders  or  engi- 
neers of  the  plant  should  be  figured  on. 
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The  chart  also  makes  no  allowance  for  banking  fires 
required  with  coal-burning  boilers,  an  item  not  required 
with  oil.  The  amount  of  coal  used  in  banking  must 
a'so  be  worked  out  for  every  plant,  depending  on  its 
load  conditions.  Some  plants  operating  twenty-four 
hours  a  day  would  use  comparatively  little  coal  for 
banking,  while  others  operating  with  a  day  load  would 
use   a    considerable    amount. 

Another  factor  often  lost  sight  of  in  figuring  on  oil 
fuel  is  the  amount  of  steam  required  for  atomizing 
ar.d  heating  the  oil.  A  great  majority  of  the  power 
plants  would  undoubtedly  use  steam  for  atomizing  in 
place  of  mechanical  mixers.  The  amount  of  steam 
required  for  atomizing  would  be  about  li  per  cent  of 
the  total  amount  of  steam  generated  under  daily  aver- 
age operating  conditions  and  with  a  poor  fireman  might 
go  to  4  or  5  per  cent.  With  mechanical  atomizing 
burners  a  higher  efficiency  can  be  obtained  than  with 
steam  atomizers,  but  it  often  becomes  necessary  to 
change  the  boiler  fronts  and   install  blowers  and   air 
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ducts  for  forced  draft.  This,  of  course,  would  not  be 
such  a  great  item  in  a  plant  operating  with  stokers 
and  forced  draft,  but  as  a  modern  power  plant  equipped 
with  stokers  operates  at  a  boiler  efficiency  of  from  70 
to  75  per  cent,  very  little  can  be  gained  by  changing 
over  to  fuel  oil. 

If  the  furnace  is  not  suitable,  oil  cannot  be  burned 
economically.  On  converting  from  coal  to  oil,  in  most 
boilers  it  will  be  necessary  to  set  the  bridge-wall  back 
far  enough  so  that  the  flame  does  not  impinge  on  the 
wall  of  the  furnace.  The  setting  must  also  be  high 
enough  to  give  a  good  combustion  space  and  to  prevent 
the  flame  from  impinging  on  the  boiler  tubes. 

The  question  of  the  storage  of  oil  must  also  be  care- 
fully looked  into.  It  will  likely  be  found  that  if  a  plant 
is  in  a  congested  locality  only  a  limited  amount  of  oil 
ran  be  stored,  and  that  in  a  tank  placed  underground 
or  in  a  concrete  pit.  The  capacity  of  this  tank  will 
depend  on  local  conditions.  Where  there  is  room  for 
outside  storage  if  the  tanks  are  placed  underground 
50  ft.  away  from  a  building,  there  can  generally  be 
unlimited  storage  capacity.  If  the  tanks  are  placed 
above  ground,  the  storage  capacity  is  liinited  by  the 
distance  which  the  tanks  can  be  placed  away  from  the 


adjacent  building.  Starting  with  a  minimum  of  50 
ft.,  the  greater  the  distance  the  tanks  can  be  placed 
from  any  building  the  larger  the  storage  capacity  al- 
lowed, depending  on  local  laws  and  insurance  rules. 

The  amount  of  storage  capacity  that  can  be  made 
available  is  considered  very  important.  Operating  with 
coal,  it  has  become  the  custom  to  have  on  hand  anywhere 
from  three  to  six  months'  supply.  To  store  enough 
oil  to  operate  a  plant  of  any  size  from  three  to  six 
months  would  take  a  considerable  number  of  large  oil 
tanks,  create  an  extra  fire  hazard,  also  adding  to  the 
installation  cost  of  the  fuel-oil  system.  A  fuel-oil  plant 
v/ill  probably  have  to  cut  down  its  available  fuel  in 
storage  to  a  month's  or  six  weeks'  supply.  This  point 
is  important,  as  from  past  experience  with  car  shortages 
and  railroad  delays  it  is  not  probable  that  a  plant  will 
have  any  more  success  in  getting  tank  cars  with  fuel  oil 
delivered  to  them  than  they  have  at  present  with  coal 
cars.  A  plant  situated  on  tidewater  where  oil  can  be 
delivered  in  tankers  or  bargeload  lots  would  be  more 
fortunate  and  also  could  get  the  lowest  rate  of  oil.  A 
plant  that  has  to  depend  on  tank  cars  pays  a  considerably 
higher  rate  than  those  on  tidewater. 

Referring  again  to  the  question  of  deliveries,  there 
arc  comparatively  few  oil  companies  that  can  furnish 
oil  in  quantities  to  consumers,  owing  to  the  expensive 
equipment  necessary,  such  as  tankers,  barges,  tank  cars 
r.nd  storage  tanks.  On  the  other  hand,  there  are 
hundreds  of  coal  mines  within  five  hundred  miles  of 
this  locality  that  can  furnish  coal. 

Before  an  intelligent  decision  can  be  made  on  the 
question  of  installing  oil  in  place  of  coal,  the  operating 
record  of  the  plant  for  at  least  six  months  (a  year 
would  be  better)  should  be  known.  The  record  should 
show  the  amount  of  coal  consumed,  heat  units  in  the 
coal,  pounds  of  water  evaporated,  the  maximum  load 
and  the  average  load,  as  the  results  obtained  in  one 
plant  cannot  be  used  for  comparison  with  another,  since 
each   plant   presents   problems   of   its   own. 

In  conclusion  the  pertinent  facts  to  be  determined 
as  to  the  advisability  of  making  a  change  to  fuel  oil 
are  results  with  coal,  cost  of  installation,  saving  in 
labor,  coal  used  in  banking,  steam  used  for  auxiliaries 
as  pumps,  atomizing,  heating,  etc.,  suitability  of  fur- 
nace, means  for  storage  and  receiving  of  oil,  and  the 
price  of  coal  and  oil  delivered  to  the  plant,  and  the 
heat  units  in  each. 


In  a  series  of  tests  to  determine  the  steaming  value 
of  Alaska  lignite  and  spruce  wood  and  the  resistance 
of  lignite  to  weathering  when  stored  in  piles  in  the 
open,  by  the  Fairbanks,  Alaska,  Station  of  the  Bureau 
of  Mines,  the  results  showed  that  a  cord  of  wood  is 
equivalent  to  more  than  a  ton  of  lignite.  In  the  weath- 
ering test,  which  lasted  fourteen  months,  that  portion 
of  the  pile  immediately  exposed  to  the  atmosphere  was 
entirely  disintegrated,  while  that  farthest  from  the 
surface  was  only  partly  disintegrated. 


It  is  necessary  to  properly  pitch  and  drain 
pressure  pipe  lines  with  pipes  of  ample  size  to  take 
care  of  the  rapid  condensation  of  the  steam  when  first 
turned  into  the  line.  If  traps  are  used,  they  should 
be  located  below  the  line  to  drain  it  dry  when  steam  is 
shut  off.  It  is  good  practice  to  put  a  bleeder  on  the 
end  of  the  line  farthest  from  the  steam  inlet  to  help  re- 
move the  rapid  condensation  which  is  bound  to  take 
place  when  the  steam  is  first  turned  on. 
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Hazards  of  the  Human  Element 

HOW  many,  who  are  trusted  with  the  operation  of 
boilers,  are  in  the  habit  of  taking  them  out  of  serv- 
ice, washing,  changing  tubes  and  in  other  ways  making 
repairs,  and  then  placing  them,  back  in  service  and 
without  watching  the  water  column,  taking  heed  of 
the  pressure  gage  or  determining  the  working  of  the 
safety  valve?  It  would  seem  that  under  all  conditions 
a  boiler  that  has  been  out  of  service  for  any  purpose 
should  be  blown  down  or  in  other  ways  treated  to  indi- 
cate the  accuracy  or  at  least  the  functioning  of  the 
water  column  and  the  pressure  gage.  Every  engineer 
has  some  idea  as  to  how  long  it  takes  any  of  his  boilers 
to  come  up  to  normal  pressure,  and  failure  of  the  gage 
to  register  with  the  lapse  of  time  should  immediately 
lead  to  an  investigation. 

The  incidents  connected  with  the  recent  East  Chi- 
cago fatality  emphasize  that  external  conditions  may 
affect  the  safety  of  a  boiler  as  much  as  the  internal 
conditions — a  fact  well  known  but,  unfortunately,  not 
always  appreciated.  It  was  an  external,  even  an  extra- 
neous, form  of  trouble  that  was  directly  responsible  for 
the  explosion,  yet  apparently  this  very  potential  danger 
had  not  been  taken  into  consideration.  Pressure  gages 
had  frozen  before  and  at  the  time  of  the  accident  the 
temperature  was  about  zero.  Per  twelve  years  these 
boilers  apparently  had  been  exposed  to  the  danger  that 
finally  wrecked  the  boiler  house,  killed  three  men  and 
maimed  a  dozen.  The  danger  was,  therefore,  an  old 
one — it  was  only  the  materialization  of  this  danger 
that  was  new. 

The  only  conclusion  possible  is  that  the  human  ele- 
ment remains  the  least  known  quantity,  the  greatest 
variable  and  the  most  unreliable  factor.  The  materials 
failed,  but  it  was  only  after  men  had  failed.  The  human 
element  failed  when  safety  valves  and  pressure  gages 
were  permitted  to  become  frozen.  The  human  element 
failed  again  when  it  was  possible  to  continue  firing  up 
a  boiler  from  nine  in  the  evening  until  four-thirty  in 
the  morning,  or  seven  and  a  half  hours,  when  the 
behavior  of  the  pressure  gage  should  have  made  it  con- 
spicuously obvious  that  condition^  were  not  as  they 
should  have  been. 

Materials  and  structures  can  be  protected  by  ample 
factors  of  safety,  but  we  can  only  alleviate,  never  elim- 
inate, the  vicissitudes  and  sporadic  failures  of  the 
human  element  by  proper  training,  wise  education  and 
,  ceaseless  reiteration  of  the  gospel  of  safety.  Nowhere 
is  this  more  true  than  in  the  boiler  room.  Do  we  not 
know  of  men  who  do  not  think?  Of  boiler-room  in- 
struments that  are  not  earning  dividends,  because 
the  men  do  not  know  how  to  use  them?  Where  waste 
j  and  loss  and  failures  are  rife  because  nobody  cares  or 
1    nobody  remembers? 

The  responsibility  for  this  rests,  not  upon  the  boiler- 
room  force  alone,  but  with  those  higher  up,  with  civic 
authorities  that  permit  stored  energy  comparable  with 
dynamite  to  be  housed  unsafely  and  operated  unwisely ; 
with  the  insurance   interests  that  sometimes  arc  able 


to  see  only  one  side  of  the  question;  with  the  plant 
owner  who  so  often  can  see  neither  side.  S-tate  laws, 
boiler  codes  and  civic  statutes  have  gone  a  long  way 
toward  improving  matters.  But  it  requires  tragedies 
like  that  at  East  Chicago  to  remind  us  that  we  have 
a  long  way  to  go  yet  to  protect  boilers  from  without 
as  well  as  from  within  and  to  make  working  conditions 
safer  for  those  within  as  well  as  those  without. 

Measuring  Reactive  Factor 

MUCH  has  been  written  concerning  the  explanation 
and  measurement  of  power  factor  and  the  dele- 
terious effect  of  low  power  factor  on  an  electric  system. 
It  is  general  practice  to  supply  machines  such  as  syn- 
chronous motors  with  power-factor  meters  so  that  their 
power  factor  may  be  adjusted  to  the  desired  value.  Any 
deviation  from  unity  power  factor  results  in  increased 
heating,  but  this  heating  is  not  proportional  to  the 
power  factor;  it  is  a  function  of  the  reactive  factor, 
which  is  a  ratio  indicating  more  directly  the  heating 
effect  to  be  expected.  The  power  factor  is  the  cosine 
of  the  phase  angle  between  the  current  and  voltage 
where  the  reactive  factor  is  the  sine  of  this  angle. 

Although  a  power-factor  meter  indicates  the  devia- 
tion from  unity,  and  indirectly  the  excess  heating,  yet 
the  psychological  effect  of  using  a  reactive-factor  meter 
is  considerable  on  the  machine  atteiidant.  For  instance, 
if  a  synchronous  motor  is  operating  at  ninety-five  per 
cent  power  factor,  the  attendant  may  think  this  is  only 
five  per  cent  "away  from  unity,  and  consequently  good 
enough.  But  ninecy-five  per  cent  power  factor  is  equal 
to  thirty-one  and  five-tenths  per  cent  reactive  factor, 
and  the  attendant,  seeing  a  reactive  factor  of  thirty-one 
and  five-tenths  per  cent  on  the  meter,  will  usually  make 
an  effort  to  better  conditions,  although  it  is  exactly  the 
same  in  both  cases,  called  by  a  different  name. 

A  wattmeter,  when  conne.  '^ed  into  an  alternating- 
current  circuit,  indicates  watts,  the  product  of  the  volts 
and  energy  component  of  the  current.  If  the  potential 
coil  of  the  meter  is  excited  with  a  voltage  ninetj'-  degrees 
out  of  phase  with  the  original  volts,  the  meter  will  indi- 
cate the  wattless  or  reactive-volt-ampere  component. 
An  important  reason  for  measuring  reactive  volt- 
amperes  is  that  the  weighted  power  facto"  of  an  unbal- 
anced three-phase  circuit  may  be  easily  determined  fix)m 
the  wattmeter  and  reactive  volt-ampere  meter  readings. 
The  cosine  of  the  average  angle  of  phase  difference  or 
the  average  power  factor  has  very  little  meaning  when 
a  three-phase  circuit  becomes  unbalanced  unless,  in  the 
calculation,  each  pha^e  is  given  a  weight  proportional 
to  its  load.  The  power  factor  determined  by  the  fore- 
going method  is  this  desired  weighted  value. 

In  an  article  entitled  "Explanation  and  Measurement 
of  Reactive  Factor."  in  this  issue  the  method  of  meas- 
uring reactive  factor  and  also  how  to  measure  reactive 
volt-ampere^  are  explained.  Although  this  is  not  a  new 
subject,  it  is  only  comparatively  recently  that  the  mat- 
ter has  been  given  much  attention.  As  state'^  before, 
one  of  the  reasons  that  attention  i.^  being  focused  on  it 
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at  this  time  is  that  it  provides  a  means  of  obtaining 
the  weighted  power  factor  on  an  unbalanced  polyphase 
circuit.  It  is  becoming  general  practice  for  power  com- 
panies to  penalize  their  customers  for  power  factors 
below  a  given  value;  integrating  the  reactive  kilovolt- 
amperes  as  well  as  the  kilowatts  is  one  of  the  means 
employed  to  arrive  at  the  average  power  factor  over  a 
given  period,  consequently  it  is  of  interest  to  the 
operating  engineer  that  he  become  familiar  with  what 
reactive  factor  and  reactive  volt-amperes  are  and  how 
these  elements  affect  the  operation  of  the  power  systems 
in  their  charge. 

Not  So  Badly  Off 
As  We  Might  Be 

WE  are  prone  to  complain  of  the  lack  of  standard- 
ization in  our  electrical  power  systems,  especially 
when  the  subject  of  interconnecting  these  systems  is 
discussed.  However,  sixty  and  twenty-five  cycles  have 
become  standard  to  a  very  large  degree  throughout  this 
country,  with  some  few  exceptions  where  fifty  or  forty- 
cycle  systems  and  other  frequencies  are  in  use.  In  few 
cases  will  more  than  two  frequencies  be  found  in  the 
same  locality.  The  power  systems  of  the  large  cities  are 
in  general  either  sixty  or  twenty-five  cycles,  or  both 
systems  are  used. 

According  to  a  report  issued  recently  by  the  "Bureau 
of  Foreign  and  Domestic  Commerce,  Department  of  Com- 
merce," on  the  "British  Industrial  Reconstruction  and 
Commercial  Policies,"  there  are  seventy  operating  com- 
panies supplying  power  to  the  City  of  London,  owming 
seventy  different  power  plants,  operating  fifty  different 
types  of  systems,  having  ten  different  frequencies  and 
twenty-four  different  voltages.  The  electrical  industry 
throughout  England  is  so  unorganized,  according  to  this 
report,  that  one  cannot  purchase  a  simple  lamp  bulb 
without  specifying  the  type  of  socket  in  which  it  is 
to  be  used.  When  the  conditions  existing  in  this 
country  are  compared  with  those  in  England,  have  we 
not  good  reason  to  consider  ourselves  fortunate? 

Increasing  Boiler  Output 

MANY  operating  engineers  will  be  confronted  next 
fall  with  a  demand  for  greater  capacity  from 
their  hand-fired  boilers.  Owners  are  reluctant  to 
purchase  new  equipment  at  the  present  high  prices, 
and  an  effort  will  therefore  have  to  be  made  to  obtain 
greater  output  from  the  boilers  already  installed.  This 
will  require  the  burning  of  more  coal,  but  the  chimney 
draft  may  not  be  sufficient  to  do  this  on  the  present 
grates,  and  the  chimney  may  not  be  large  enough  to 
carry  away  the  increased  products  of  combustion  with 
the  draft  that  it  is  able  of  itself  to  create. 

The  real  way  to  deal  permanently  with  the  situation 
is  to  install  forced-draft  mechanical  stokers.  A  less 
expensive  expedient,  and  one  that  may  be  practicable 
in  cases  where  the  stoker  would  not,  is  the  installa- 
tion of  some  sort  of  device  or  apparatus  for  increasing 
the  draft.  This  may  vary  from  jets  of  steam  blown 
into  the  chimney,  furnace  or  ashpit,  to  large  and 
elaborate  fan  systems  for  forced  or  induced  draft. 
One  such  device,  capable  of  general  application  to 
existing  plants  without  material  modification  and  at 
small  expense,  is  the  turbine-driven  undergrate  blower. 
Several  reliable  makes  are  on  the  market.  With  a  closed 
ashpit  they  can  produce  drafts  up  to  four  inches  of 


water.  Such  a  draft  would  allow  the  use  of  small  andiow- 
grade  fuels  or  the  combustion  of  a  much  greater 
amount  of  coal  per  square  foot  of  grate  than  would 
be  possible  with  natural  draft.  If  the  blower  is  oper- 
ated to  produce  a  balanced  draft  over  the  fire,  the 
capacity  of  the  chimney  will  be  increased,  for  the 
natural  draft  will  be  available  for  carrying  off  the 
greater  volume  of  waste  gases.  These  blowers  are 
substantially  made  with  turbines,  the  nozzles  of  which 
are  adapted  to  the  conditions  and  may  be  automati- 
cally controlled  to  maintain  a  constant  boiler  pressure. 
The  steam  is  used  to  advantage,  and  the  exhaust  is 
availaole  for  heating  feed  water  and  similar  uses.  The 
equipment  is  not  expensive  and  can  be  installed  in  the 
average  plant  without  difficulty  and  with  little  inter- 
ruption to  regular  operation.  Its  use  is  suggested  as 
a  means  of  getting  increased  work  out  of  existing 
equipment  with  little  additional  investment  and  with 
a  moderate  cost  of  maintenance. 


We  sympathize  with  the  writer  of  "Random  Reflec- 
tions" in  The  Engineer  (London)  in  his  lament  from 
a  purely  sentimental  point  of  view  at  the  substitution 
of  steam  turbines  for  reciprocating  engines.  Senti- 
ment that  interferes  with  progress  has  no  place  in 
engineering,  but  no  one  can  say  that  the  man  who 
feels  the  fascination  in  watching  the  regular  motion  of 
a  reciprocating  engine  is  any  poorer  engineer  because 
he  regrets  its  passing.  The  turbine  is  a  wonderful 
machine,  but  who  would  spends  hours  "watching  its 
still  casing  or  listening  to  its  monotonous  hum"?  The 
big  reciprocating  engine  is  giving  way  to  the  turbine, 
but  it  will  always  leave  a  tender  spot  in  the  memory 
of  the  men  who  knevj  it. 


\ 


Carbon  tetrachloride  has  been  suggested  as  a  pos- 
sible substitute  for  oil  in  high-voltage  switches  for  a 
number  of  years  past.  However,  its  use  has  not  met 
with  much  favor.  It  is  understood  that  one  large  operat- 
ing company  is  investigating  the  possibility  of  this 
substitute  for  oil  in  switches  at  the  present  time,  the 
results  of  which  will  be  looked  forward  to  with  much 
interest.  Wherever  oil  is  used,  there  is  always  a  fire 
hazard.  On  the  other  hand,  although  carbon  tetra- 
chloride is  not  inflammable,  it  evaporates  rapidly,  is  an 
anesthetic  and  a  solvent  of  rubber.  Any  of  these  prop- 
erties under  certain  conditions  may  be  as  objectionable 
as  the  inflammability  of  oil. 


Isn't  it  about  time  to  hear  again  from  the  man 
with  the  little  bottle  of  green — or  is  it  yellow? — liquid, 
one  teaspoonful  of  which  will  make  a  gallon  of  water 
do  more  work  than  a  gallon  of  gasoline.  The  price 
of  gasoline  is  still  going  up,  and  the  man  who  controls 
any  of  these  wonderful  substitutes  should  come  to  the 
rescue  of  the  long-suffering  public. 


With  the  coming  of  warm  weather  it  will  be  worth 
while  to  occasionally  check  up  the  viscosity  of  the  oil 
in  plants  subject  to  hot  bearings  in  summer. 


Between  silt  and  floating  debris  coming  down  with 
the  flood  waters  hydro-electric  plant  engineers  now  have 
their  hands  full. 


Unless  it  soon  stops  the  price  of  rice  coal  will  be  j 
as  high  as  that  of  the  cereal. 
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What  Does  the  Meter  Read? 

I  have  read  the  various  solutions  of  A.  A.  Fredericks' 
meter  problem,   "What  does  the  meter  read?"   in  the 
Dec.  9,  1919,  issue  of  Power,  with  much  interest,  and 
the  majority  of  readings  M^ould  indicate  that  the  cor- 
rect answer  is  0,091,000.     However,  this  is  only  half 
the  story,  for  in  the  case  of  mis- 
placed pointers  on  the  dial  the  only 
proof  of  the  case  is  to  remove  the 
dials  from  the  meter  and  run  the 
pointers  back  to  zero  and  in  this 
way  find  the  actual  misplacement. 
I    herewith    present    a    series    of 
meter  dials  which  show  the  il^arious 
steps  tried  with 
a  dial  and  which 
will  be  of  inter- 
est   to    those 
who  do  not  hap- 
pen   to    have    a 
dial     at     hand. 
The  location   of 
the       pointers. 
Figs.     2    to     4, 
proves  0,091,000 
to  be  the  correct 
solution    of    the 
problem  given  to 
Mr.    Fredericks. 
Figs.  5  to  7  show 
pointers  proving 
my  solution 
0,121,000    to    be 
correct,  with  the 
pointer  also 
placed  as  given 
in    Mr.     Frede- 
ricks'  dial.      In 
Fig.  1  all  point- 
•  ers  are  on  0  and 
correctly  placed. 
The  dial.  Fig.  3, 
gives     0,091,000 
as   the   reading 
with  hands  cor- 
rectly  located.     Fig.    6   shows   0,121,000   on   this   dial, 
with  the  pointers  in  the  correct  position.     Now  sup- 
pose we  take  Fig.  3  and  move  Nos.  2  and  3  pointers, 
from  the  left,  ahead  to  the  positions  in  Fig.  4;  then 
we  get  the  position  of  the  pointers  on  Mr.  Fredericks' 
dial.     This  shows  two  misplaced  hands,  and  if  we  run 
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the  pointers  back  by  actual  count  0,091,000,  all  hands 
come  to  0  except  Nos.  2  and  3.  as  in  Fig.  2.  which  are 
misplaced  by  the  same  amount  as  shown  in  Fig.  4.  This 
condition  therefore  proves  the  solution  to  be  0,091,000. 
Fig.  6  shows  0,121,000  as  the  reading  with  all  pointers 
correct  as  in  Fig.  1.  Taking  Fig.  6  and  moving  No.  3 
pointer  back  to  the  position  in  Fig.  7,  we  again  have  the 
arrangement  of  Mr.  Fredericks' 
dial  and  have  misplaced  only  one 
hand  to  get  it.  If  now  this  dial 
is  run  back  by  actual  count,  0,121,- 
000  all  pointers  come  to  0  except 
No.  3,  Fig.  5,  which  shows  the  same 
error  as  in  Fig.  7.  This  series 
therefore  proves  my  solution  of 
0,121,000  as  the 
correct  reading. 
These  dials 
bring  out  inter- 
esting c  0  n  d  i- 
tions  of  which 
I,  and  no  doubt 
others  also,  have 
not  before  con- 
sidered; namely, 
two  perfect  solu- 
tions of  one 
problem.  The 
two  readings 
give  a  differ- 
ence of  30  kw.- 
h  r.  Although 
this  would 
amount  to  con- 
siderable where 
the  regular 
monthly  con- 
sumption is 
small  and  would 
be  a  fairly  ac- 
curate ruide  as 
to  just  what 
the  actual  mis- 
placement was, 
when  the 

monthly  c  o  n- 
sumption  is  large,  30  kw-hr.  one  way  or  the  other  is 
not  sufficient  difference  to  give  a  correct  indication  as 
to  what  the  errors  in  the  meter  dials  are 

It  would  be  interesting  to  hear  from  Mr.  Fredericks 
as  to  what  he  found  the  correct  reading  to  be. 

Patchogue,  N.  Y.  Harry  Ml'lford. 


1.000,000     100.000       ID.QQO 


10,000.000 


I.DDO 


ARRANGEMENT  Of  METER  DIALS  TO  GIVE  TWO 
DIFFERENT  READINGS 


642 


POWER 


Vol.  51,  No.  16 


Getting  Pressure  on  a  Bit  Brace 

A.  short  time  ago  I  had  to  drill  a  hole  through  a  ]-in. 
iron  casting.  I  had  but  an  ordinary  bit  brace  and  a 
bit-stock  drill,  and  could  not  bring  enough  pressure 
to  bear  on  the  drill  in  the  ordinary  way,  so  I  devised 
the  following  method: 

In  the  first  place  I  secured  a  piece  of  heavy  iron 
wire  and  gave  it  a  turn  around  the  brace  in  such  a 


GETTING    A   PURCHASE    ON    A    BIT    BRACE 

way  that  it  would  not  interfere  with  its  working.  I 
then  wound  the  wire  around  an  iron  bar  and  used  it  as 
a  lever,  as  shown  in  the  sketch. 

With  this  simple  contrivance  the  hole  was  easily  and 
quickly  drilled,  my  helper  pulling  down  on  the  lever 
while  I  turned  the  drill.  W.  W.  Parker. 

Firestone,  Col. 

Why  Does  the  Water  in  a  Boiler  Lift 
Wlien  Safety  Valve  Blows? 

A  boiler  under  pressure  and  generating  steam  faster 
than  the  demand  must  find  an  outlet  through  the  safety 
valve,  the  area  of  which  is  increased  when  once  raised 
from  its  seat,  and  consequently,  the  valve  opens  wider 
than  is  necessary  for  that  given  pressure. 

As  the  pressure  in  the  boiler  is  increasing  and  press- 
ing harder  against  the  safety  valve  to  open  it,  when 
blowing  off,  an  instantaneous  release  of  steam  from 
the  steam  space  of  the  boiler  is  the  result.  This 
sudden  release  of  pressure  creates  a  disturbance 
throughout  the  body  of  water  in  the  boiler,  the  violence 
of  which  depends  on  existing  conditions.  If  the  valve 
opens  wider  than  the  pressure  demands,  the  pressure 
falls  back  on  the  boiler.     A  drop  in  p'.essure  causes 


all  the  water  in  the  boiler  to  have  a  tendency  to  flash 
into  steam,  by  reason  of  the  so-called  latent  energy  of 
heat.  Particles  of  steam  mingling  with  the  water  will 
rush  toward  this  outlet  of  receding  pressure,  carrying 
water  with  them,  the  amount  depending  on  the  con- 
dition existing  at  the  time.  WiLLiAM  Tompkins. 
Philadelphia,  Pa. 


My  opinion  is  that  as  the  pressure  is  increased,  the 
boiling  point  of  the  water  also  increases,  and  if  this 
pressure  is  suddenly  lowered  the  boiling  point  is  also 
lowered.  This  would  cause  a  relatively  large  amount  of 
water  to  flash  into  steam,  which  causes  the  water  to 
increase  the  violent  motion  that  takes  place  under  ordi- 
nary conditions.  This  motion,  however,  becomes  so 
violent  that  the  disengagement  space  in  the  boiler  is  not 
large  enough  to  permit  of  the  separation  of  the  water 
and  steam,  consequently  the  result  is  that  the  water  level 
rises. 

If  the  pressure  were  suddenly  reduced  low'  enough,  it 
would,  without  doubt,  cause  an  explosion. 

Van  Buren,  Me.  William  B.  Smith. 

Tool  for  Pulling  Worn  Hydraulic 
Valve  Seats 

For  pulling  out  worn  hydraulic-valve  seats,  the  tool 
shown  herewith  is  a  time  and  labor  saver.  To  make, 
turn  down  a  piece  of  round  stock  long  enough  to  be 
used  on  the  pump,  as  shown  at  A,  and  threaded  for  a 
»-in.  nut,  providing  enough  stock  at  the  other  end  to 
turn  a  30-deg.  taper  and  of  a  diameter  to  make  a  slid- 
ing fit  through  the  valve  seat.    Make  a  bushing  C  to  fit 


HOW  THE  VAI.VE-SEAT  PTJLLER  IS  APPLIED 

halfway  down  on  the  taper  of  the  puller,  the  bottom 
end  of  the  bushing  having  a  slight  lip.  Then  split  the 
bushing  with  a  hacksaw  and  the  tool  is  made. 

To  use,  push  the  puller  through  the  valve  seat  and 
then  put  the  bushing  on  the  puller,  holding  it  together 
with  a  rubber  band.  Next  push  the  bushing  down  over 
the  taper  of  the  puller  until  a  good  hold  is  obtained  on 
the  valve  seat;  then  put  the  iron  clamp  D  over  the 
puller  and  jack  the  seat  out  with  the  nut. 

Trenton,  N.  J.  John  F.  Lockett. 
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■  Maximum  Length  of  Longitudinal  Joints 
for  Boilers 

Reverting  to  the  discussion  regarding  the  maximum 
length  of  longitudinal  joints  for  steam  boilers  published 
in  Poiver  during  the  last  six  months,  all  of  which  is 
very  interesting,  it  appears  that  the  various  writers 
have  confined  themselves  principally  to  expressions  of 
opinion  from  the  constructional  point  of  view  only.  In 
addition  to  this,  there  is  much  to  be  said  from  the 
operators',  owners'  and  underwriters'  standpoint. 

The  Massachusetts  rules  do  not  allow  a  boiler  of  the 
horizontal  return-tubular,  vertical-tubular  or  locomotive 
type  to  be  constructed  with  longitudinal  joints  over 
12  ft.  in  length.  The  A.  S.  M.  E.  Code  prohibits  a 
joint  of  the  lap-seam  type  in  a  horizontal  return-tubular 
boiler  over  12  ft.  in  length,  and  with  butt-  and  double- 
strap  construction  a  joint  of  any  length  may  be  used 
in  any  type  of  boiler.  Why  does  the  A.  S.  M.  E.  Code 
limit  the  length  of  a  lap  joint  in  horizontal  return- 
tubular  boilers  only? 

From  my  viewpoint,  fire-tube  boilers,  if  constructed 
under  either  of  the  codes  mentioned,  which  require  a 
good  quality  of  material  and  good  workmanship,  would 
be  practically  immune  from  explosion  provided  all  the 
requirements  are  faithfully  complied  with  and  the  boil- 
ers are  operated  under  proper  conditions. 

It  would  appear  that  both  of  the  codes  referred  to 
could  be  altered  with  safety  to  meet  all  conditions  and  I 
favor  a  rule  leaving  the  length  of  the  butt-  and  double- 
strapped  joint  optional  on  internally  fired  boilers,  such 
as  the  vertical  or  locomotive  types,  or  in  the  drums  of 
water-tube  boilers  or  other  types  of  boilers  where  the 
shell  plates  are  not  in  direct  contact  with  the  products 
of  combustion. 

I  believe  it  would  be  unwise  to  change  the  Massa- 
chusetts rules  so  far  as  they  apply  to  the  maximum 
length  of  joints  for  horizontal  return-tubular  boilers, 
and  if  possible ;  in  fact  I  would  prefer  that  the  length  be 
limited  to  nine  or  ten  feet  for  the  following  reasons: 
Distress  at  the  girth  seams  of  horizontal-tubular 
boilers  is  first  evident  at  the  bottom  of  the  course 
and  directly  over  the  fire,  and  leakage  from  this  point 
is  invariably  an  early  indication  of  trouble,  due  to 
internal  conditions. 

A  leaky  girth  seam  has  frequently  been  the  cause 
of  preventing  extensive  repairs,  serious  accident  and 
possible  explosion,  and  is  a  warning  to  the  attendant 
in  charge.  It  is  usually  a  result  of  an  accumulation 
of  grease  or  scale  on  the  fire  sheets,  which,  but  for 
this  warning,  may  have  resulted  in  further  overheating 
of  the  material,  causing  serious  bulges  and  other  defects. 
For  this  reason  I  believe  the  girth  seam  has  a  strength- 
ening effect  on  the  plate  and  also  that  it  is  more  effec- 
tive when  the  plate  is  overheated,  distorted  and  de- 
teriorated. 

In  over  thirty  years'  experience  I  have  had  occasions 

to  examine  and   note  the   effect   of  overheating   in  a 

large  number  of  horizontal-tubular  boilers,  all  of  which 

I    were    constructed    with    two   or    more    courses,    and    I 

\    am  firmly  of  the  opinion  that  in  some  instances  serious 

)    explosions  would  have  resulted  if  the  boilers  had  been 

I    built    with    one    continuous    course    and    without    the 

!    strengthening  effect  of  the  circumferential  joint. 

1        If   the   girth    seam    is    eliminated    and    overheating 

occurs,  the  bulges  would  be  of  larger  area,  the  depres- 

„    sion  greater   and   the   possibility   of   serious   rupture 


considerable  increased.  With  a  long  .sheet,  bulging, 
due  to  overheating,  is  more  likely  to  occur  from  lack 
of  notice  through  leakage  at  the  girth  seam. 

The  rupture  of  tubes  in  water-tube  boilers  is  due 
either  to  the  quality  of  the  material  and  gage,  poor 
workmanship,  or  overheating,  and  without  the  strength- 
ening effect  of  a  roundabout  joint  they  frequently  open 
lengthwise  ^.  distance  of  six  or  seven  feet,  resulting 
often  in  loss  of  life  or  serious  accident  to  persons  as 
well  as  extensive  damage  to  property.  Similar  acci- 
dents could  happen  in  vessels  of  greater  diameter  than 
tubes,   such   as   one-course    boilers. 

Frequently  it  becomes  necessary  to  replace  an  entire 
course  in  a  horizontal-tubular  boiler  when  the  plate  has 
been  badly  distorted.  This  would  be  a  very  expensive 
operation  if  the  boiler  was  built  in  one  course,  and 
might  necessitate  the  construction  of  a  new  boiler. 

I  have  had  occasion  to  examine  a  large  number  of 
h.  rizontal-tubular  boilers,  many  of  which  have  been 
operated  for  a  number  of  years  under  rather  severe 
conditions  externally.  Where  the  internal  conditions 
and  material  are  good  and  the  girth  seams  properly 
constructed,  trouble  from  leakage  at  the  seams  does 
not  occur. 

In  my  opinion  neither  the  Massachusetts  Rules  nor 
the  A.  S.  M.  E.  Code  .should  permit  the  construction 
of  horizontal  return-tubular  boilers  with  a  longitudinal 
joint  of  greater  length  than  twelve  feet.  To  bring  about 
uniformity,  it  would  appear  to  be  necessary  to  make 
changes  in  both  the  A.  S.  M.  E.  code  and  the  Massachu- 
setts rules.  J.  Francis. 

Boston,  Mass. 


Anent  the  discussion  regarding  the  maximum  length 
of  longitudinal  joints,  the  A.  S.  M..E.  Code  specifies 
that  in  a  horizontal  return-tubular  boiler  with  lap  joints 
no  course  shall  be  over  12  ft.  long.  Provisions  have 
been  made  for  the  use  of  courses  of  any  length  in  a 
horizontal  return-tubular  boiler  with  longitudinal  joint 
of  the  butt-  and  double-strap  construction. 

The  Code  is  then  very  explicit  on  the  length  of 
course  for  one  type  of  boiler  and  especially  for  one 
form  of  construction.  The  reason  for  demarcation  so 
sharp  is  not  readily  apparent,  for  it  would  seem  that 
if  several  short  courses  would  give  greater  .strength 
than  one  long  course  in  lap-seam  construction,  the 
same  would  hold  true  with  butt-  and  double-strap  con- 
struction. 

If,  too,  it  is  desirable  that  the  direction  o'  the 
longitudinal  seam  should  bear  a  certain  relation  to  the 
direction  in  which  the  tension-test  specimen  was  taken 
in  a  long  course  for  a  horizontal  return-tubular  boiler, 
why  is  it  not  advisable  to  require  a  similar  tension 
test  in  a  continuous  course  for  a  drum  boiler? 

Regardless  of  the  type  of  boiler,  a  limitation  on  the 
iength  of  course  would  be  desirable,  and  12  ft.  is  none 
too  short.  If  a  study  is  made  of  the  lap-seam  failures 
and  these  are  not  confined  to  any  one  type  of  boiler. 
it  will  be  found  that  almost  invariably  the  ruptures 
started  at  or  near  the  middle  of  the  joints  and  tore 
toward  the  girth  seams.  Again,  in  the  event  of  over- 
heating of  the  sheets  of  an  externally  fired  boiler,  the 
plates  will  often  be  badly  distorted  both  sides  of  the 
girth  seam.  Rarely  will  the  seam  be  affected  other 
than  to  show  leakage,  and  the  leakage  is  often  the 
first  inkling  the  attendant  has  that  something  is  wrong 
with  the  boiler  and  that  it  should  be  shut  down. 
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In  laying  out  a  boiler  made  in  courses,  it  is  almost 
universal  practice  to  break  joints;  that  is,  the  longi- 
tudinal joints  are  not  in  a  continuous  line.  Advantage 
of  the  strengthening  effect  of  the  girth  seams  is  taken 
in  this  way.  If  courses  of  unlimited  length  were  per- 
mitted and  a  boiler  should  be  built  in  one  course,  the 
stiffening  effect  of  the  girth  seams  would  be  lost. 

South  Boston,  Mass.  J.  C.  Craffey. 


Possible  Causes  of  Boiler  Explosions 

In  recent  issues  of  Power  there  have  been  published 
accounts  of  two  boiler  explosions.  In  both  cases  the 
boilers  had  been  cut  out  and  the  night  crew  was  getting 
up  steam  to  put  them  in  service  again  when  the  explo- 
sion followed.  In  the  last  few  years  I  have  been  roaming 
from  one  plant  to  another,  and  in  that  time  have  had 
many  types  of  boilers  under  observance.  Perhaps  the 
following  may  add  some  information  to  what  has  already 
been  published. 

In  one  instance  the  safety-valve  stem  was  found  to  be 
so  corroded  that  the  explosion  was  laid  to  that.  The 
fireman  was  on  top  of  the  boiler  prior  to  the  explosion. 
What  was  he  doing  up  there?  Trying  to  loosen  up  the 
safety  valve  so  that  it  would  blow  in  order  to  release 
some  of  the  excessive  pressure?  That  is  a  conjecture 
that  I  do  not  place  any  stock  in.  Any  fireman,  irre- 
spective of  his  mental  caliber,  knows  whether  his  safety 
valve  blows  off  at  the  required  pressure.  He  does  not 
work  long  before  he  makes  sure  of  that  one  thing.  The 
fireman  in  that  plant  knew  as  well  as  the  investiga- 
tion brought  out  that  the  safety  valve  was  not  working. 
Knowing  this  condition,  he  would  not  go  up  on  top 
Df  the  boiler  to  tinker  with  a  safety  valve. 

I  was  working  in  a  plant  containing  three  return 
fire-tubular  boilers  carrying  105  lb.  pressure,  and  the 
safety  opened  at  that  pressure.  A  few  nights  after 
taking  charge,  while  I  was  talking  with  the  night  fire- 
man in  the  boiler  room,  he  asked  if  I  knew  what  to  do 
if  the  safety  valve  did  not  blow  at  the  required  pressure. 

After  explaining  to  him  the  safe  course  to  take  in 
a  case  like  that,  he  proceeded  to  put  me  "wise"  as  he 
termed  it,  to  the  following:  On  top  of  the  boiler  and 
direct  to  the  boiler  shell  there  was  connected  a  short 
1-in.  nipple  and  a  1-in.  valve,  and  in  case  the  safety 
valve  did  not  open  up  at  the  required  pressure,  he 
went  on  top  of  the  boiler,  opened  the  1-in.  valve  and 
allowed  the  boiler  to  relieve  itself. 

I  told  the  fireman  that  if  he  was  caught  trying  that 
stunt  he  would  be  thrown  down  from  the  top  of  the 
boiler.  He  was  completely  taken  aback  and  replied  that 
the  former  night  engineer  had  told  him  that  was  the 
correct  thing  to  do,  and  that  was  why  that  connection 
was  placed  there.  Can  it  be  possible  that  this  was  the 
reason  that  the  fireman  went  on  top  of  the  boiler  in 
the  case  of  explosion  under  discussion? 

The  other  boiler  explosion  was  laid  to  a  frozen  safety 
valve.  The  author  of  the  article  covered  the  field  very 
thoroughly.  Still  there  were  a  few  things  that  one  may 
comment  on.  It  is  my  experience  that  v/hen  the  con- 
r.ection  to  a  pressure  gage  is  frozen,  the  pressure  does 
not  have  a  tendency  to  remain  stationary,  but  the 
opposite.  During  the  last  cold  spell,  when  the  fireman 
was  cleaning  fires  I  heard  the  safety  valve  "pop." 
Shortly  after  I  became  aware  that  the  engine  was  slow- 
ing down.  At  the  same  time  the  fireman  called  for  me. 
Going  to  the  boiler  room  I  saw  that  the  gage  showed 


125  lb.  pressure  instead  of  between  90  and  100  lb. 
which  should  have  been  carried.  Looking  into  the  fur- 
nace, I  found  that  the  fire  was  nearly  out,  which,  of 
course,  accounted  for  the   slowing  down. 

In  order  to  check  up  my  suspicions,  I  went  into  the 
engine  room  and  looked  at  the  recording  pressure  gage, 
which  showed  that  the  steam  pressure  was  down.  Then 
there  was  no  more  doubt  as  to  the  trouble.  After  the 
«-in.  line  leading  to  the  pressure  gage  was  thawed, 
the  pressure  came  down  to  normal. 

The  foregoing  shows  in  a  way  that  a  recording"  pres- 
sure gage  ought  to  be  a  part  of  the  equipment  of  a 
power  plant.  If  there  had  been  one  gage  in  the  plant 
where  this  explosion  occurred,  the  unfortunate  incident 
might  have  been  avoided,  provided  the  instrument  was 
used  intelligently. 

Another  matter  that  those  in  charge  of  power  plants 
might  think  over  carefully:  Nightwork  and  daywork 
are  two  different  things.  The  man  who  works  nights 
has  a  much  harder  time  to  get  his  rest  than  the  one 
that  works  days.  There  are  too  many  unknown  condi- 
tions that  enter  in  the  problem  when  a  man  is  trying 
to  get  his  rest  after  working  nights.  There  are  times 
when  it  is  impossible  to  get  the  right  amount  of  rest, 
and  it  is  not  in  human  nature  to  be  efficient  during 
the  long  hours  of  the  morning.  Therefore  why  not 
have  all  the  important  work  of  a  power  plant  done  in 
the  day  under  the  watchful  eye  of  the  chief,  leaving 
only  the  routine  work  for  the  night  shift?  Of  course, 
this  is  not  always  possible,  as  there  are  times  when 
everyone  has  to  be  on  his  toes,  but  this  is  only  in 
exceptional  cases. 

It  is  a  fact  that  work  that  could  be  done  in  the 
daytime  is  given  over  to  a  night  shift  in  order  that 
the  men  will  have  something  to  do  besides  their  regular 
work.  Take  the  matter  of  getting  a  boiler  back  in 
service.  The  night  crew  is  told  to  get  up  steam  on 
the  boiler  and  have  it  ready  to  cut  in  service  by  the 
next  morning.  Nine  times  out  ten  that  boiler  is 
neglected  until  very  near  quitting  time,  and  then  it  is 
forced  in  order  to  raise  the  steam  pressure  as  quickly 
as  possible.  Is  it  any  wonder  that  with  the  conditions 
right  and  forcing  the  boiler  in  that  manner  explosions 
occur?  Thomas  Gray. 

Bayonne,  N.  J. 


Licensing  Steamfitters 

After  reading  the  correspondence  on  "Licensing 
Steamfitters,"  on  page  394  of  the  March  9  issue,  it 
appears  to  me  that  men  who  have  come  up  in  the 
ranks  by  the  old  method  of  learning  through  experience 
are  a  little  too  hard  on  the  men  who  have  technical 
training.  All  of  us  had  to  start  getting  experience  at 
some  time,  and  this  includes  both  the  man  with  and 
the  man  without  training.  I  will  venture  to  say  that 
of  two  men,  both  being  equally  interested  in  their 
work  in  the  beginning,  the  man  with  technical  train- 
ing will  advance  at  a  more  rapid  rate  than  the  one 
without  it. 

I  know  a  good  many  mechanics  who  cannot  write, 
and  these  men  are  slow  to  follow  the  rapid  strides  in 
engineering,  but  as  advancement  is  necessary  to  the 
welfare  of  all,  let  us  bury  the  hatchet  and  give  the 
man  with  training  the  same  deal  that  the  "old  fellows" 
gave  us  who  did  not  have  training  when  we  started. 

St.  Louis,  Mc.  F.  Klugmann,  Jr. 
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Electrical  Conductivity  of  Water — Is  water  a  good  or  a 
poor  conductor  of  electricity  ?  A.  J.  C. 

Chemically  pure  water  is  an  insulator  of  electricity,  but 
when  water  is  contaminated  with  almost  any  other  sub- 
stance it  becomes  a  conductor. 


Separate  Cold-Water  Feed"  Connection  for  Boiler — What 
is  the  advantage  of  supplying  a  boiler  with  a  separate  cold- 
water   feed    line?  R.    St.    T. 

A  separate  cold-water  feed  line  is  desirable  for  filling 
the  boiler  after  cleaning  and  for  testing  purposes,  and  also 
for  regular  feeding  during  such  emergencies  as  when  the 
feed-water  heater  lines  are  inoperative  from  corrosion  or 
incrustation  with  scale,  or  during  temporary  disuse  of  the 
heater. 


Angle  of  Advance  of  Eccentric — What  is  the  angle  of 
advance  of  the  eccentric  of  an  engine?  B.  R. 

It  is  the  angle  that  the  eccentric  is  placed  ahead  of  a 
line  which  is  at  right  angle  to  the  crank.  Where  the 
valve  is  moved  by  direct  connections  from  the  eccentric, 
the  angle  of  advance  is  the  number  of  degrees  the  eccentric 
is  set  more  than  90  degrees  ahead  of  the  crank.  Where  a 
reversing  rocker  is  used,  the  angle  of  advance  becomes  the 
number  of  degrees  the  eccentric  is  set  less  than  90  degrees 
behind  the  crank. 


Blowdown  of  Safety  Valve — What  is  meant  by  adjust- 
ment of  the  blowdown  of  a  safety  valve  ?  W.  G.  M. 

"Blowdown"  is  the  less  number  of  pounds  pressure  per 
square  inch  at  which  a  safety  valve  closes  than  the  pressure 
at  which  the  valve  is  set  to  pop  open.  In  most  forms  of 
spring  pop  safety  valves,  the  amount  of  blowdown  may  be 
varied  by  adjusting  the  position  of  a  ring,  called  the  blow- 
down  ring,  which  surrounds  the  valve  seat  and  deflects 
the  escaping  steam  in  such  a  manner  as  to  assist  in  holding 
the  valve  open  until  the  boiler  pressure  has  been  reduced 
by  the  amount  of  blowdown. 


Confining  Operations  to  a  Single  Boiler — We  must  renew 
our  boiler  plant,  consisting  of  two  75-hp.  boilers.  One  of 
the  old  boilers  is  sufficient  for  our  requirements  during  the 
summer  months,  but  to  supply  our  winter  requirements  for 
steam  it  is  necessary  to  operate  both  boilers.  Would  there 
be  better  operating  economy  to  replace  the  present  75-hp. 
boilers,  or  install  one  150-hp.  boiler  for  use  the  year 
around?  T.  B.  C. 

By  skillful  firing  and  reducing  the  grate  area  during  the 
summer  season,  employment  of  a  single  150-hp.  boiler  might 
effect  a  small  saving  of  fuel,  but  with  only  one  boiler  there 
would  be  fewer  opportunities  for  cleaning  and  making 
repairs  without  shuting  down  the  plant. 


Measuring  Amount  of  Blowoff — What  quantity  of  water 
will  be  discharged  from  a  boiler  under  160  lb.  gage  in  blow- 
ing off  to  the  atmosphere  through  a  2i-in.  blowoff  pipe 
that  discharges  to  the  atmosphere  ?  H.  L.  S. 

An  accurate  estimate  of  flow  could  not  be  based  on  simply 
the  boiler  pressure,  as  the  rate  of  discharge  would  depend 
on  the  pressure  obtained  in  the  discharge  end  of  the  blow- 
off  line  after  deducting  the  losses  of  pressure  in  the  line. 


The  best  method  of  estimating  the  amount  discharged  would 
be  to  mark  the  water  level  of  the  boiler  and,  after  blowing 
off  the  boiler  with  all  other  outlets  closed,  measure  the 
amount  of  feed  water  required  to  restore  the  water  level. 


Equal  Loads  and  Inequality  of  Cutoff — In  a  siide-valve 
engine,  where  the  valve  has  equal  laps  at  each  end,  will  the 
leads  and  cutoffs  be  equal  ?  R.  C. 

With  equal  laps  there  will  be  equal  leads,  but  on  account 
of  the  angularity  of  the  connecting-rod,  more  angular  rota- 
tion of  the  shaft  and  eccentric  is  accomplished  when  the 
piston  traverses  the  crank-end  half  than  when  it  traverses 
the  head-end  half  of  the  stroke,  and  consequently  the 
valve  will  be  closed  with  cutoff  accomplished  earlier  for  the 
stroke  from  the  crank  end  than  from  the  head  end.  By 
moving  the  valve  on  its  stem  toward  the  head  end,  the 
cutoff  of  that  end  will  be  made  earlier  and  cutoff  in  the 
crank  end  will  be  made  later,  but  the  lead  of  the  head  end 
will  thereby  be  reduced  and  lead  on  the  crank  end  increased. 


Discharge  of  Attached  Circulating  Pump — What  number 
of  British  gallons  per  minute  would  be  handled  by  an 
attached  double-acting  circulating  pump  15  in.  in  diameter 
by  21  in.  stroke,  with  2-in.  piston  rod,  driven  by  a  beam 
from  the  crosshead  of  an  engine  making  80  r.p.m.,  assum- 
ing that  the  pump  barrel  is  filled  80  per  cent  at  each  stroke  ? 

C.  E.  G. 

The  15-in.  diameter  piston  would  have  an  area  of  15  x 
15  X  0.7854  =  176.71  sq.in.,  and  with  a  2-in.  diameter  piston 
rod  the  net  area  of  the  piston  on  the  rod  side  would  be 
176.71  -  (2  X  2  X  0.7854)  =  173.57  sq.in.  For  a  21-in. 
stroke,  80  per  cent  of  the  pump  barrel  filled  at  each  stroke, 
and  for  80  r.p.m.  of  the  engine,  the  water  displacement  by 
the  pump  would  amount  to  (176.71  —  173.57)  21  x  80  per 
cent  x  80  =  470,776.322  cu.in.  per  min.  As  a  British  gallon 
is  277.274  cu.'n.  the  quantity  of  water  handled  would  be 
470,776  --  277.274  =  1,697.8  British  gallons  per  minute. 


Inverted  Converter — Can  a  rotary  converter  be  used  to 
tie  an  alternating-current  system  and  a  direct-current 
system  together  so  that  power  may  be  transferred  from  one 
system  to  the  other?  C.  M.  B. 

If  the  converter  is  shunt  wound,  it  may  be  used  for  this 
purpose,  but  means  must  be  provided  to  prevent  the  machine 
from  racing  in  case  it  is  supplying  power  to  an  alternating- 
current  load  of  low  lagging  power  factor.  A  wattless 
lagging  current  supplied  from  the  collector  rings  of  the  con- 
verter will  weaken  the  field  pole  and  cause  the  n.achine  to 
race  unlets  it  is  operating  in  parallel  with  other  alternating- 
current  machines.  Converters  operated  in  this  way  usually 
have  their  field  coils  excited  from  a  direct-current  generator 
driven  directly  from  the  converter's  armature  shaft.  Then, 
when  the  converter  attempts  to  race,  the  voltage  of  the 
exciter  is  increased  and  that,  in  turn,  increases  the  field 
current  and  neutralizes  the  demagnetizing  effect  of  the 
wattless  current  supplied  by  the  armature. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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Dr.  John  A.  Brashear,  Past  President  A.S.M.E.^  Dies 


DR.    JOHN    A.    BRASHEAR,    past    president    of    the 
American   Society  of   Mechanical    Engineers,  died   at 
his  home  in  Pittsburgh  on  April  8,  following  a  lin- 
gering illness.     Dr.  Brashear  was  an  astronomer  of  world- 
wide reputation  and  his  work  in  connection  with  the  design 
and  development  of  the  spectroscope  for  astronomical  uses, 
particularly  with  reference  to  accuracy  of  mechanical  and 
optical  features,  will  stand  as  his  most  notable  achievement. 
His  activities  were  not  confined  to  the  sciences  alone.     He 
was    intensely    interested    in    practical    engineering    affairs 
and  for  many  years  was  an  active  member  of  the  American 
Society  of  Mechanical  Engineers,  of  which  he  was  elected 
president  in   1915.     He 
was     first     elected     to 
membership  in  the  so- 
ciety   in    1891,    and    in 
1908      he      was      made 
an     honorary    member. 
From   1899  to   1902  he 
was   one   of   the   board 
of     managers     and     in 
1911    was    one    of    the 
representatives    on   the 
John    Fritz    Medal 
Board,    which    post    he 
held     for     four    years. 
Dr.  Brashear  was  born 
in   Brownsville,  Pa.,  in 
1840,   and   received   his 
education  in  the  public 
schools    of    that    town. 
From  the  public  schools 
his  desire  for  mechani- 
cal work  led  him  to  the 
rolling    mills    in    Pitts- 
burgh, where  he  worked 
as    a     machinist    from 
the  year  1860  to  1880. 
While  employed  in  the 
mills    he     devoted     his 
leisure     hours     to     the 
study  of  astronomy,  of 
which  he  was  passion- 
ately     fond.        As      a 
youngster   it  had   been 
his    ambition    to   study 
the    mysteries    of    the 
heavens,     and     as     he 
grew  older  his  hunger, 
for     a     knowledge     of 
astronomy   became 
stronger.     He  was  too 
poor    at    this    time    to 
purchase     a     telescope, 
so  he  and  his  wife  pro- 
ceeded    to    make    one. 

After  a  great  deal  of  planning  and  work,  a  shop  was 
finally  set  up  in  their  home,  containing  a  small  steam  engine, 
lathe  and  other  apparatus  necessary  for  the  construction 
of  the  telescope.  Here,  after  a  great  deal  of  laborious 
work,  the  tubes  were  made  and  the  lenses  for  a  five-inch 
telescope  were  ground.  The  instrument  was  three  years 
in  the  making  and  was  far  from  perfect,  but  it  served 
its  purpose  and  aroused  the  desire  for  a  larger  and  better 
one.  Work  was  immediately  started  on  a  twelve-inch  tele- 
scope. Luck  was  against  them,  however,  for  after  almost 
two  years  had  been  spent  on  grinding  the  lens,  it  broke. 
But,  nothing  daunted,  the  indomitable  man  and  his  wife 
began  work  on  a  new  lens,  which  was  successfully  com- 
pleted. The  late  Dr.  E.  C.  Langley,  former  head  of  the 
Smithsonian  Institution,  then  head  of  the  Allegheny  Observ- 
atory, noticed  the  young  chap's  enthusiasm  for  astronomical 
knowledge  and  placed  him  in  a  shop  in  Pittsburgh,  where 
he  was  assisted  by  his  wife.   Finally,  with  the  assistance  of 


William  Thaw,  one  of  the  obsex*vatory  patrons.  Dr.  Brashear 
set  up  a  small  plant  in  Allegheny  for  the  manufacture  of 
astronomical  instruments.  Many  of  the  spectroscopes  used 
in  the  principal  observatories  of  the  world  were  turned  out 
at  this  shop.  In  1888  he  completed  the  spectroscope  for 
the  thirty-six-inch  telescope  of  the  Lick  Observatory,  fur- 
nishing the  optical  and  mechanical  parts.  When  the 
international  body  on  astronomical  research  was  entrusted 
with  the  determination  of  a  scientific  standard  of  meas- 
urement fixed  upon  the  length  of  a  light  wave  as  the  most 
efficient  means  of  securing  uniformity,  Dr.  Brashear  was 
selected  from   all   the  instrument   makers   in   the   world   to 

do  the  important  work 
of    manufacturing    the 
apparatus.        The      in- 
struments   were    of    a 
delicate     and     accurate 
nature,  and  it  was  be- 
lieved    that    Dr.     Bra- 
shear,   with    his    wide 
experience,      was      the 
man  best  suited  for  the 
work.       Following    the 
opening  of  the  shop  at 
Allegheny,    his    son-in- 
law,  James  B.  McDow- 
ell,  joined    him    in    the 
work  and  Dr.  Brashear 
attributed  a  large  share 
of   the    success    of   the 
enterprise   to    Mr.   Mc- 
Dowell.      In     1898     he 
received     an     oppoint- 
ment  in  the  University 
of  Western  Pennsylva- 
nia, of  which  the  Alle- 
gheny Observatory  was 
a     department.       For 
twenty    years    he    was 
trustee  of  the  Carnegie 
Institute,     for     fifteen 
years   of  the   Carnegie 
Institute  of  Technology 
and    for    twenty    years 
of    the    University    of 
Pittsburgh,     which     he 
also    served    as    Chan- 
cellor.    Dr.   Brashear's 
work     in     connection 
with    the    advancement 
of  teachers  and  educa 
tion  in  the  public  school 
has  proved  of  inestima- 
ble  value.     An   endow- 
ment fund   of  $250,000 
was  placed  in  his  care 
by  a  friend  several  years  ago  to  be  used  for  the  advance- 
ment of  public-school  teachers  and  teaching,  as  a  result  of 
which  hundreds  of  teachers  were  sent  to  different  parts  of 
the  country  for  rest  and  study,  bringing  back  with  them 
new  ideas  and  greater  enthusiasm  for  their  work.    He  was 
honored  by  Washington  and  Jefferson  College  with  the  de- 
gree of  LL.D.  and  by  Princeton  University  and  the  Western 
University  of  Pennsylvania  with  the  degree  of  Sc.D.     He 
was  a  member  of  the  American  Association  for  the  Advance- 
ment  of   Science  and   the   Royal   Astronomical    Society   of 
Great  Britain;  past  president  of  the  Engineers  Society  of 
Western  Pennsylvania  and  the  Pittsburgh  Academy  of  Arts 
and  Sciences;  a  member  of  the  British  Astronomical  Asso- 
ciation, the  Societe  Astronomique  de  France,  the  Societe  de 
Belgique,  the  American  Philosophical  Society,  the  Astrophys- 
ical  Society  of  America,  the  National  Geographic  Society, 
Washington  Academy  of  Sciences  and  an  honorary  member 
of  the  Royal  Astronomical  Society  of  Canada. 


DR.  JOHN  A.  BRASHEAR 


April  20,  1920 
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Refrigerating-Machinery  Lubrication* 


,^T  THIS  season  manufacturers  of  ice  and  operators  of 
/-\  cold-storage  plants  are  overhaulinpr  their  machines 
■*-  ■»■  and  installing  new  equipment  in  anticipation  of  the 
demands  of  the  hot  weather  which  is  approaching.  Because 
of  the  plentiful  supply  of  natural  ice  recently  harvested  in 
many  parts  of  the  country,  makers  of  the  artificial  product 
will  find  competition  very  keen,  and  it  is  urgently  necessary 
that  they  operate  the  plants  at  the  highest  possible  state 
of  efficiency.  The  surest  way  to  obtain  maximum  produc- 
tion with  minimum  operating  expense  is  to  eliminate  fric- 
tion and  leakage  in  the  compressor  cylinders  and  to  provide 
against  the  fouling  of  the  refrigerating  coils  with  con- 
gealed oil. 

The  lubrication  of  refrigerating  machinery  is  peculiar  in 
that  the  choice  of  the  oils  to  be  used  is  influenced  by  the 
action  of  those  oils  upon  parts  of  the  apparatus  not  requir- 
ing lubrication.  The  lubrication  of  the  apparatus  employed 
in  air  refrigerating  systems  belongs  under  the  head  of  air- 
compressor  lubrication  and  will  not  be  discussed  here.  The 
absorption  process  is  chemical  rather  than  mechanical,  and 
the  only  parts  of  such  apparatus  requiring  lubrication  are 
the  pumps,  which,  however,  ofl'er  no  unusual  features.  In 
the  compression  process  the  i-efrigerating  agent  is  recovered 
by  means  of  mechanical  compression.  A  number  of  sub- 
stances have  been  used  as  the  heat-carrying  medium,  but 
anhydrous  ammonia  has  been  most  widely  adopted. 

Ammonia  is  compressed  in  one  of  two  ways — by  the 
wet  method  or  by  the  dry  method.  In  the  former  a  small 
amount  of  liquid  ammonia  is  allowed  to  enter  the  com- 
pressor and,  owing  to  its  evaporation,  serves  to  keep  the 
temperature  of  compression  down.  In  selecting  an  oil  for 
wet-compression  machines,  it  is  necessary  to  choose  one 
which  will  remain  a  fluid  at  the  minimum  temperature  in 
the  expansion  side  of  the  system,  and  of  sufficiently  high 
flash  point  to  prevent  distillation  at  the  discharge  tempera- 
ture. However,  as  the  discharge  temperature  is  compara- 
tively low,  the  cold  or  pour  test  and  viscosity  are  the  only 
important  factors. 

In  the  dry  method  vapor  alone  is  drawn  mto  the  machine; 
that  is,  the  ammonia  gas  entering  the  compressor  will  be 
slightly  superheated.  The  majority  of  machines  operating 
in  this  class  of  work  are  vertical,  single-acting  compressors 
with  water  jackets. 

An  oil  for  this  class  of  work  should  have  a  sufficiently 
low  pour  test  to  remain  a  fluid  at  the  minimum  tempera- 
ture in  the  evaporating  side  of  the  system,  a  flash  point 
high  enough  to  stand  the  discharge  temperatures  without 
distillation  and  enough  viscosity  to  lubricate  the  compressor 
parts  and  seal  the  piston  rings  and  compressor  valves.  As 
cylinder  temperatures  are  considerably  higher  in  dry  com- 
pression than  when  the  wet  method  is  employed,  it  is  de- 
sirable that  an  oil  having  a  higher  viscosity  be  used,  and 
in  addition  the  oil  should  have  a  flash  point  sufficiently 
high  to  prevent  distillation  or  cracking  at  the  discharge 
temperature.  A  good  ammonia  oil  should  have  a  flash  point 
at  least  25  deg.  F.  higher  <  than  the  average  discharge 
temperature. 

Four  Classes  of  Compressors 

We  may  divide  the  different  types  of  ammonia  com- 
pressors into  four  general  classes:  Vertical  single-acting 
compressors;  horizontal  double-acting  compressors;  inclosed 
high-speed  compressors;  rotary  compressors. 

Vertical  single-acting  compressors  are  built  in  various 
sizes  from  one-eighth  ton  capacity  upward.  The  smaller 
types  of  these  are  usually  lubricated  by  the  splash  system 
in  a  manner  similar  to  that  employed  in  automobile  engines. 
When  the  back  pressure  drops  below  atmospheric  in  this 
type  of  machine,  there  is  always  danger  of  oil  being  drawn 
into  the  cylinder,  but  this  will  never  occur  if  the  attendant 
watches  his  gages  closely  and  maintains  the  back  pressure 
at  the  proper  value.  The  ammonia  piston  used  in  a  great 
many  of  these  machines  is  of  the  double-trunk  type,  with 
the  charge  entering  between  the  upper  and  lower  sections. 

♦Abstract  of  an  article  published  In  Lubrication  for  March,  1920. 


The  upper  section  is  fitted  with  two  or  three  rings  anti 
also  contains  a  valve.  The-  lower  section  carries  one  ov 
two  rings  which  form  a  seal  between  the  crank  case^  dna 
the  suction  of  the  mac. line.  These  serve  to  prevent  excess 
oil  from  being  drawn  into  the  cylinder  when  the  back 
pressure  drops.  A  light  oil  gives  very  satisfactory  results 
on  this  type  of  compressor. 

In  machin  ^s  using  the  splash  system  it  is  important  that 
the  oil  level  in  the  crank  case  should  not  be  kept  too  high. 
A  high  oil  level  causes  excessive  churning  and  is  likely  to 
lead  to  the  introduction  of  oil  into  the  refrigerating  system. 
In  the  larger  sizes  of  vertical  machines  the  lubrication  is 
accomplished  through  the  use  of  a  force  feed. 

Some  double-acting  compressors  are  lubricated  by  intro- 
ducing the  oil  at  the  piston-rod  stuffing-box,  which  is  fitted 
with  an  oil  lantern.  The  small  amount  of  oil  working  into 
the  cylinder  past  the  packing  is  found  to  aff'ord  ample  lubri- 
cation. When  this  method  is  employed,  it  is  found  that 
the  oil  protects  the  packing  from  the  very  injurious  action 
of  the  hot  ammonia  gas. 

Avoid  Copper  or  Its  Alloys 

Other  compressors  are  lubricated  through  the  use  of 
positive  force-feed  lubricators,  but  where  these  are  used 
precautions  should  be  taken  to  see  that  they  are  constructed 
entirely  of  iron  or  steel.  No  copper  or  copper  alloys  should 
be  used  about  an  ammonia  compress-^r.  These  lubricators 
assure  efficient  lubrication,  in  that  they  put  the  right 
amount  of  oil  in  the  right  place  at  the  right  time,  and  do  this 
at  the  minimum  cost.  Oil  is  sometimes  introduced  into  the 
cylinder  through  the  intake  line,  but  this  method  is  becoming 
obsolete. 

The  lubrication  of  the  bearings  of  a  compressor  presents 
no  unusual  difficulties.  When  the  splash  method  of  lubri- 
cation is  employed  and  one  oil  is  used  for  both  the  cylinder 
and  the  bearings,  an  ammonia  oil  of  some  type  must  be 
used,  but  when  the  oil  is  not  used  in  the  cylinder  any  high- 
grade  non-emulsifying  oil  may  be  employed.  The  same 
grade  of  oil  may  also  be  used  when  a  circulating  system 
is  employed.  When  the  oil  is  fed  from  cups  or  a  force- 
feed  lubricator,  any  high-grade  engine  oil  will  prove  satis- 
factory, the  viscosity,  of  course,  being  suitable  for  the 
weight  and  speed  of  the  machine  in  question. 

The  selection  and  proper  application  of  a  suitable  lubri- 
cating oil  for  the  ammonia  compressor  is  one  of  the  duties 
of  the  lubricating  engineer  and  a  question  of  much  im- 
portance to  the  engineer  operating  a  refrigerating  plant. 
In  selecting  an  oil  the  character  of  friction,  pressure,  tem- 
perature and  velocity  and  position  of  the  moving  parts, 
as  well  as  the  chemical  nature  and  the  composition  of  the 
lubricating  oil,  must  all  be  considered.  Some  attention  must 
also  be  devoted  to  the  chemical  properties  and  temperature 
of  the  materials  with  which  the  oil  may  come  in  contact 

It  should  be  noted  that  only  pure  mineral  oils  of  at  least 
zero  pour  test  should  be  used  in  the  cylinders  of  an  ammonia 
compressor.  These  oils  can  be  obtained  with  a  sufficient 
range  of  physical  properties  to  lubricate  satisfactorily  and 
efficiently  all  such  compressors  working  under  reasonable 
conditions.  Mineral  oils  are  the  most  neutral,  and  a  pure 
straight  mineral  oil  well  refined  has  been  found  to  be  the 
most  suitable  for  this  class  of  work.  Compounded  oils  of 
any  kind  should  be  avoided  because  of  the  tendency  of 
animal  and  vegetable  oils  to  solidify  at  comparatively  high 
temperatures.  Acids  which  develop  in  compounded  oils 
also  attack  the  waPs  of  the  compressor  cylinder  and  have 
a  detrimental  effect  upon  the  ammonia  gas. 

In  so  far  as  the  lubrication  of  the  compressors  themselves 
is  concerned,  viscosity  is  of  primary  importance.  The  con- 
dition of  the  cylinder,  piston  rings  and  valves  determines 
the  viscosity  of  the  oil  that  should  be  used,  as  it  is  essen- 
tial that  the  oil  should  form  a  seal  and  maintain  perfect 
compression.  For  cylinders  that  are  in  good  condition  a 
light-bodied  oil  will  prove  satisfactory.  Where  the  cylinders 
are  somewhat  worn  or  scored,  a  medium-bodied  oil  will 
usually"  maintain  the  required   seal.     In  cases  where  the 
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rings  and  cylinder  are  badly  worn  or  scored,  it  may  hi 
necessary  to  use  a  heavy-bodied  oil  to  insure  efficient 
operation.  Generally  speaking,  horizontal  machines,  owing 
to  the  position  and  weight  of  the  piston,  require  an  oil  of 
heavier  viscosity  than  the  vertical  type,  and  as  most  of 
the  horizontal  compressors  are  double-acting,  the  lubrication 
of  the  piston  rod  should  be  taken  into  consideration. 

As  was  mentioned  before,  it  is  doubtful  if  the  tempera- 
ture of  the  oil  in  the  compressor  is  ever  raised  much  above 
250  deg.  F.  As  all  high-quality  oils  have  flash  points  well 
above  300  deg.  F.,  it  would  seem  that  the  question  of  flash 
point  might  safely  be  disregarded  in  selecting  oils  for 
compressor  lubrication. 

While  oils  having  the  characteristics  just  discussed  will 
satisfactorily  lubricate  the  compressor  cylinder,  require- 
ments of  other  parts  of  the  plant  frequently  make  neces- 
sary the  use  of  an  oil  having  other  physical  characteristics. 
There  will  always  be  some  vaporization  of  oil  due  to  the 
heat  of  compression,  no  matter  how  high  the  flash  point 
may  be,  and  this  vapor  will  be  carried  out  of  the  cylinder 
with  the  compressed  gas.  As  refrigerating  systems  are 
closed  cycles,  this  oil  is  bound  to  condense  and  accumulate 
upon  the  colder  parts  of  the  system,  which  are  the  condenser 
and  expansion  coils. 

Oil  Accumulations  on  Coils  Detrimental 

Probaoly  no  other  item  in  the  operation  of  a  refrigera- 
tion plant  so  vitally  affects  economy  as  the  accumulation 
of  oil  upon  the  coils,  and  yet  it  is  amazing  how  few  oper- 
ating engineers  take  this  problem  seriously.  A  prominent 
authority  has  asserted  that  a  film  of  oil  one  one-hundredth 
of  an  inch  thick  has  the  same  heat-resisting  properties  as 
a  layer  of  boiler  scale  one-tenth  of  an  inch  thick  and  a 
steel  plate  ten  inches  thick.  All  oils,  when  sufficiently 
cooled,  become  thick  and  at  certain  temperatures  cease  to 
flow.  Unless  the  oil  reaching  the  condenser  and  refriger- 
ating coil  has  an  extremely  low  pour  test,  it  is  bound  to 
accumulate  on  the  walls  of  the  coils  and  prevent  the  effec- 
tive transfer  of  heat. 

To  prevent  this  condition,  an  oil  used  in  a  refrigeration 
compressor  should  have  at  least  a  zero  pour  test,  so  that 
any  oil  getting  into  the  coils  may  be  carried  along  with 
the  ammonia  without  congealing  upon  the  walls  and 
seriously  affecting  the  efficiency  and  capacity  of  the  plant. 
Natural  low-pour-test  oils  contain  no  paraffin  wax,  and 
consequently  no  trouble  from  this  source  will  be  experienced 
when  they  are  used.  Before  the  oils  made  from  wax- 
bearing  crudes  are  used  on  an  ammonia  compressor,  it 
should  be  determined  that  the  wax  has  been  removed  to 
such  an  extent  that  no  evidence  of  its  presence  is  seen  after 
the  oil  has  been  exposed  to  the  lowest  temperature  in  the 
system.  Any  operator  can  make  a  test  to  determine  the 
suitability  of  an  oil  for  his  particular  work  by  immersing 
it  in  the  brine  for  some  time.  If  it  flows  readily  upon 
removal,  it  is  quite  suitable;  if  not,  it  should  be  rejected. 

Proper  Location  of  Extractor 

An  essential  appliance  in  any  refrigeration  plant  is  the 
oil  extractor,  of  which  there  may  be  several.  The  prin- 
cipal extractor  should  be  placed  between  the  compressor 
and  the  condenser,  although  advantages  will  be  secured  by 
inserting  smaller  extractors  at  the  lowest  points  of  the  con- 
densing and  refrigerating  coils.  Efficiency  wi)l  always  be 
promoted  by  the  use  of  oil  extractors,  no  matter  how  high 
the  quality  of  the  lubricant  may  be.  Complaints  are  fre- 
quently made  that  the  extractor  does  not  function  properly, 
and  very  often  extractor  troubles  are  charged  to  the  oil 
being  used.  In  nine  cases  out  of  ten,  when  the  oil  is  not 
removed  by  the  extractor,  the  difficulty  is  due  to  the  ex- 
tractor being  placed  too  close  to  the  compressor,  at  which 
point  the  gases  are  too  hot  to  permit  the  oil  to  condense. 
When  the  extractor  is  located  close  to  the  condenser,  the 
oil  will  reach  it  in  a  condensed  form  and  as  a  result, 
can  be  more  easily  removed.  Oil  extractors  should  be  of 
ample  size  so  that  the  velocity  of  the  gas  through  them 
shall  not  be  too  high  to  permit  of  complete  separation. 

The  location  of  the  oil  extractor  between  the  compressor 
and  condenser  and  the  efficiency  of  its  operption  have  an 
important  bearing  upon  the  character  of  the  oil  selected. 


If  conditions  make  it  necessary  to  place  the  extractor  near 
the  compressor,  an  oil  giving  little  evaporation — that  is, 
a  high-viscosity  oil — should  be  used.  On  the  other  hand, 
owing  to  the  opportunity  which  the  vapor  has  to  condense, 
a  lower-viscosity  oil  may  be  used  successfully  when  the 
extractor  is  placed  some  distance  from  the  compressor. 
Provision  should  always  be  made  to  draw  oil  from  the  bot- 
tom of  the  liquid  receiver  in  which  it  frequently  accumu- 
lates in  considerable  quantities.  As  the  oil  has  a  higher 
specific  gravity  than  liquid  ammonia,  it  naturally  settles 
to  the  bottom  of  the  receiver  from  whence  it  may  be  drawn 
and  passed  through  purifying  devices. 

Oil  taken  from  the  extractors  and  receiver  may  be  re- 
covered by  installing  an  ammonia-distilling  apparatus, 
which  has  the  dual  advantage  of  purifying  the  charge  of 
ammonia  and  of  recovering  the  lubricating  oil  without  in- 
terfering with  the  continuous  operation  of  the  plant.  The 
operation  of  these  ammonia  stills  is  so  simple  and  well 
known  to  engineers  in  refrigerating  work  that  it  will  not 
be  necessary  to  go  into  details.  Care  should  be  taken  in 
handling  the  still  to  prevent  too  rapid  evaporation,  as  this 
causes  boiling  over  and  the  loss  of  a  large  proportion  of  oil 
back  to  the  suction  line.  After  all  the  liquid  ammonia  has 
been  evaporated  and  returned  to  the  suction  line  of  the 
compressors,  the  oil  can  be  drawn  from  the  bottom  of  the 
still,  using  suction  pressure  for  the  purpose.  The  oil  re- 
moved will  contain  some  water  vapor  and  should  be  put 
aside  until  this  has  freed  itself  from  the  oil.  Maintaining 
the  oil  at  about  150  deg.  F.  will  assi.st  this  operation  mate- 
rially.   The  oil  is  then  ready  to  be  filtered. 

It  is  advisable  to  use  a  separate  filter  for  this  work,  the 
size  and  type  of  filter  to  be  used  depending  upon  the  size 
of  the  plant  and  the  amount  of  oil  to  be  handled.  The  oil 
recovered  from  the  still,  after  careful  filtering,  will  again 
be  suitable  for  the  lubrication  of  the  ammonia  compressors 
provided  the  original  oil  used  on  the  compressors  is  of  good 
quality  and  properly  selected. 

Filtering  Oil  Through  Water 

Some  engineers  are  opposed  to  filtering  compressor  oils 
through  water  because  of  the  danger  of  moisture  retained 
by  the  oil  being  introduced  into  the  cylinder  upon  the  re-use 
of  the  oil.  On  the  other  hand,  a  great  many  engineers 
have  never  experienced  any  difficulty  through  water  getting 
into  the  system  with  oil.  In  any  case  this  difficulty  may 
easily  be  circumvented  by  allowing  the  oil  to  stand  a  day 
or  so  before  again  placing  it  in  the  lubricating  system.  In 
a  large  number  of  plants  the  oil  recovered  is  used  for  ex- 
ternal lubrication  only  and  new  oil  used  for  the  lubrication 
of  the  ammonia  compressors.  This  is  safe  practice,  as 
there  is  then  positive  assurance  that  the  oil  used  on  the 
ammonia  compressors  is  perfectly  clean  and  up  to 
specifications. 

A  record  should  always  be  kept  of  the  quantity  of  oil 
taken  from  the  extractor,  and  this  should  be  compared  at 
regular  intervals  with  the  amount  of  oil  fed  to  the  com- 
pressor. Any  great  difference  should  be  investigated  at 
once.  The  film  of  lubricating  oil  can  always  be  removed 
from  the  condenser  coils  by  discontinuing  the  cooling  water 
from  one  strand  at  a  time.  When  the  pipes  become  hot,  the 
oil  will  thin  down  and  run  off  into  the  receiver.  When 
the  refrigerating  coils  become  fouled  with  congealed  oil, 
the  accumulation  may  be  removed  by  reversing  the  system 
and  forcing  hot  gas  through  the  coils.  The  same  result 
may  also  be  obtained  by  blowing  out  the  coils  with  steam, 
followed  by  air  to  remove  the  moisture. 

Temperatures  play  an  important  part  in  the  efficient 
operation  of  any  refrigerating  plant,  and  to  get  the  highest 
efficiency  it  is  necessary  to  know  what  the  temperatures 
are  in  the  different  parts  of  the  system.  This  is  also  the 
most  important  consideration  in  selecting  a  lubricating  oil 
for  this  class  of  work.  Where  thermometers  are  installed 
in  both  the  suction  and  discharge  sides  of  ammonia  com- 
pressors, the  selection  of  a  lubricating  oil  becomes  a  very 
simple  matter. 

The  ideal  refrigeration  oil  should  remain  a  fluid  at  the 
minimum  temperature  in  the  evaporating  side  of  the  system 
and  not  undergo  any  chemical  change  at  the  maximum 
temperature  of  the  conpressor   discharge.     It  should   also 
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have  sufficient  viscosity  at  the  working  temperature  of  the 
compressor  parts  to  lubricate  properly  and  to  form  a  seal 
for  the  piston  rings  and  valves. 

The  importance  of  a  suitable  and  efficient  lubricant  for 
the  ammonia  compressor  in  many  instances  is  overlooked 
and  an  oil  "just  as  good,"  selling  for  a  few  cents  per 
gallon  less,  is  installed  in  the  plant.  When  we  consider 
that  the  average  100-ton  modern  ice  plant  will  not  use 
more  than  fifty  or  sixty  gallons  of  ammonia  oil  per  season, 
the  difference  in  price  between  the  best  grade  procurable 
for  this  purpose  and  the  cheapest  oil  sold,  would  not  pay 
one  per  cent  on  the  difference  in  cost  of  repairs,  to  say 
nothing  of  the  possibility  of  a  loss  in  capacity  due  to  the 
excessive  wear  of  the  compressor  parts.  Better  lubrica- 
tion will  have  a  very  large  influence  on  operating  costs. 

Revision  of  National  Electrical  Code 

On  March  23,  in  New  York  City,  the  Electrical  Committee 
of  the  National  Fire  Protective  Association  held  a  public 
hearing  on  the  recommended  changes  in  the  National 
Electrical  Code  as  published  in  a  bulletin  issued  some  time 
ago.  After  the  public  hearing  the  electrical  committee 
held  a  closed  meeting  at  which  the  recommended  changes 
as  published  in  the  bulletin  were  adopted  with  some  few 
exceptions. 

The  limit  of  low  potential  systems  was  fixed  at  600  volts 
instead  of  750  volts  as  recommended  in  various  sections  of 
the  bulletin  discussed  at  the  meeting.  The  proposal  to 
require  polarity  identification  in  all  wires  installed  on  and 
after  Jan.  1,  1921,  was  modified  to  require  that  beginning 
July  1,  1921,  twin  wires  for  conduit  work  and  twisted-pair 
wires  for  armored  cable,  in  sizes  Nos.  12  and  14  B.  &  S. 
gage,  provide  a  means  for  continuous  identification  as  pro- 
posed in  the  bulletin  for  Rule  26a.  Rule  77  on  fixtures 
is  to  be  revised  to  require  identification  marking  by  the 
fixture  manufacturers  of  the  wire  connected  to  the  screw 
shells  of  the  socket. 

A  committee  is  to  be  appointed  to  consider  requirements 
for  the  installation  of  concealed  extensions  from  existing 
wiring  in  buildings  of  fire-resistive  construction. 

The  report  on  rubber-covered  wire  was  adopted  essen- 
tially as  printed.  In  this  report  a  greater  thickness  of 
rubber  insulation  is  required  on  1,500-,  2,500-  and  3,500- 
volt  cables.  A  standard  for  the  stranding  of  wires  in 
building  up  stranded  conductors  for  wires  and  cables  is 
given.  Allowable  carrying  capacities  of  the  conductor  sizes 
secured  under  this  program  are  to  appear  as  a  new  section 
of  Rule  18.  The  general  use  of  varnished  cloth  cables  was 
approved  for  sizes  of  No.  6  B.  &  S.  gage  and  larger. 

The  generator  and  substation  report  was  adopted  as 
printed.  In  addition  the  committee  was  asked  to  consider 
amendments  to  Rule  12  to  exclude  from  its  application, 
equipment  of  public  utilities.  The  frames  of  generators 
are  now  required  to  be  grounded  when  operating  at  a 
potential  in  excess  of  750  volts,  except  where  this  is  im- 
practical or  where  operating  conditions  require  their  insu- 
lation. The  grounding  of  generator  and  motor  frames  oper- 
ating on  150  volts  or  less  and  accessible  to  only  qualified 
operators  is  not  to  be  required.  Rule  7  has  been  changed 
to  read:  "Each  distribution  system  originating  in  a  station 
under  attendance  must  be  providea  with  a  reliable  ground 
detector  unless  permanently  grounded  as  provided  in 
Rule  15-A." 

The  report  on  the  overload  protection  of  motors  was 
referred  back  with  power  to  the  Committee  on  Overload 
Protection  for  conference  with  industries  and  those  in- 
terested. One  of  the  recommendations  contained  in  the 
report  was,  "Except  on  main  switchboard  or  when  other- 
wise subject  to  competent  supervision,  an  approved  fuse 
must  be  provided  in  each  conductor  of  motor  circuits 
whether  an  automatic  circuit-breaker  is  installed  or  not. 
Circuit-breakers  may  be  approved  for  circuits  having  a 
maximum  capacity  gi-eater  than  that  for  which  approved 
inclosed  fuses  are  rated." 

Recommendations  for  size  and  protection  of  conductors 
for  motor  circuits  were  also  referred  back  to  the  committee 
with  power  and  instructions  to  continue  the  last  paragraph 


of  present  Rule  8c.  Recommendation?  under  the  heading 
of  motor  switches  were  approved,  but  the  report  was  re- 
ferred back  to  the  committee  with  power  for  rewording  after 
considering  the  problem  of  large  switches.  The  recom- 
mendation to  require  the  externally  operated  inclosed  type 
of  switch  for  motor  circuits  was  not  adopted. 

The  report  recommending  not  to  require  special  per- 
mission for  1,320  watts  on  circuits  wich  medium  base  sockets 
was  not  adopted,  nor  was  the  recommendation  to  change 
1,320  to  1,500  watts.  Provisions  were  made  for  the  use 
of  circuits  up  to  4,000  watts  when  Mogul  sockets  are  used, 
but  special  permission  will  be  required. 

Spring  Meeting  of  the  A.  S.  M.  E. 

The  American  Society  of  Mechanical  Engineers  vnU 
hold  its  spring  meeting  in  St.  Louis,  May  24  to  27,  with 
headquarters  at  the  Hotel  Statler.  A  group  of  papers  of 
general  interest  to  the  profession  has  been  arranged  by 
the  committee  on  meetings  and  program. 

Many  features  for  the  entertainment  of  members  are 
being  planned.  This  city  is  unsurpassed  for  its  places  of 
rmusement.  Special  entertainment  features  have  been 
arranged  for  the  ladies  by  the  Ladies'  Committee,  including 
an  automobile  trip  to  Forest  Park  and  a  visit  to  the  Art 
Museum  in  the  park.  A  trip  through  the  residential  and 
.shopping  districts  will  also  be  made. 

The  meeting  will  open  at  the  Hotel  Statler  on  the  after- 
noon of  Monday,  May  24.  Registration  will  be  made  at 
this  time  and  council  and  committee  meetings  will  be  held. 
In  the  evening  at  a  reception  the  governor  of  Missouri 
and  the  mayor  of  St.  Louis  will  deliver  addresses  of 
welcome. 

At  the  Tuesday  morning  session  the  business  meeting 
will  be  followed  by  the  rendition  of  papers  of  local  interest 
on  Mississippi  River  transportation  and  on  housing  prob- 
lems, and  in  the  afternoon  there  will  be  excursions  to  the 
plants  of  a  number  of  industrial  projects.  The  evening 
will  be  made  jolly  by  a  banquet  and  addresses.  Lantern 
slides  and  moving  pictures  of  the  German  fortifications  on 
the  coast  of  Belgium  and  of  the  transcontinental  trip  made 
in  this  country  by  Army  motor  lorries  will  be  shown  on 
this  occasion  or  at  some  other  time  to  be  determined. 

Wednesday  will  be  the  busiest  day  of  the  entire  meet- 
ing. The  morning  will  be  taken  up  with  simultaneous 
sessions  on  aeronautics  and  foundry  practice,  with  papers 
on  the  following  subjects:  Aeronautic  Session — "Air  Flow 
Past  an  Airplane  Wing,"  "Use  of  Turbo-Compressors  for 
Increasing  Power  of  Airplanes  at  High  Altitudes,"  "Air- 
plane Instruments,"  "Experiments  on  New  Type  of 
Airplane."  Foundry  Session — "Malleable  Castings,"  "Die 
Castings,"  "Gray-Iron  Castings,"  "Aluminum  Castings," 
"Steel  Castings,"  "Brass  and  Bronze  Castings." 

The  afternoon  session  will  be  devoted  to  discussion  on 
"Appraisal  and  Valuation"  and  excursions  to  various  in- 
dustrial plants,  including  the  Busch-Sulzer  Diesel  Engine 
Co.,  the  Mississippi  Valley  Iron  Co.  and  the  new  Bevo  plant. 
A  special  entertainment  at  the  municipal  open-air  theater 
at  Forest  Park  has  been  arranged  for  the  evening. 

Thursday,  the  closing  day  of  the  meeting,  will  begin 
with  the  presentation  of  papers  on  "Wei^-  for  Gaging  the 
Flow  of  Water  in  Open  Channels,"  "Simplification  of  Ven- 
turi-Meter  Calculations,"  "Flow  of  Air,"  "Dissipation  of 
Heat  by  Various  Surfaces,"  "Pulverized  Coal  at  the  Cerro 
de  Pasco  Copper  Corporation,"  "Method  of  Separation  of 
Dissolved  Gases  From  Water  and  Some  of  Its  Uses,"  "Flow 
of  Air  Tnrough  Small  Brass  Tubes." 

A  boat  trip  on  the  river  is  scheduled  for  the  afternoon, 
with  a  landing  at  the  Chain  of  Rocks,  where  the  filtering 
basin  and  pumping  plant  of  the  city  will  be  inspected. 


Inquiries  have  led  us  to  infer  that  the  title  of  the  leading 
article  in  the  April  6  issue:  "Gas-Steam  Unit  Shows  72.4 
Per  Cent  Thermal  Efficiency  at  Ford  Works,"  m?y  be  con- 
strued to  apply  to  the  engine  cylinders  only.  However,  as 
is  explained  in  the  article  and  synopsis,  the  72.4  per  cent 
includes  the  heat  recovered  from  the  jackets  and  the  exhaust 
and  represents  that  made  available  for  power  and  heating 
purposes. 
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Personals 


iiiitttiiiiiiittiiiiiiiiiM'iif: 


li.  E.  Gebhard,  formerly  connected  with 
the  Philadelphia  sales  office  of  the  Yamall- 
Waring  Co.,  has  been  placed  in  charge  ot 
the  Pittsburgh  office. 

Bussel  P.  Askue,  formerly  connected  with 
the  publicity  department  of  the  National 
Lamp  Works,  has  resigned  to  go  into  agen- 
cy work,  with  headquarters  in  Cleveland, 
Ohio. 

C.  Thayer,  formerly  of  Raleigh.  N.  C, 
superintendent  of  the  Carolina  Light  and 
Power  Co.  in  Oxford,  has  been  transferred 
to  Henderson  as  superintendent  of  the  com- 
pany's interests  there. 

Albert  R.  Dismukes,  formerly  with  the 
Emerson  Company,  New  York,  has  become 
affiliated  with  .Joseph  E.  Lower,  Inc..  con- 
structing engineers,  Dayton,  Ohio,  in  the 
capacity  of  efficiency  engineer. 

Colonel  James  B.  Dillard.  formerly  chief 
of  the  Engineering  Division  of  the  Ordnance 
Department,  has  resigned  his  commission 
to  become  a  member  of  the  executive  stafr 
of  the  Cleveland  Twist  Drill  Co..  Cleveland, 
Ohio. 

G.  L,.  Behamon  has  resigned  as  chief  en- 
gineer and  assistant  general  manager  of 
the  Youngstown  Steel  Car  Co.,  Youngstown, 
Ohio,  and  is  now  affiliated  with  the  Thomaa 
Spacing  Machine  Co..  Pittsburgh,  Pa.,  as 
manager  of  its  Eastern  office  in  Philadel- 
phia,  Pa 

Edward  C.  Gaines,  formerly  engineer  of 
the  crane  and  conveying  machinery  depart- 
ment Dominion  Bridge  Co.,  Montreal,  Can- 
ada, has  joined  the  engineering  forces  of 
the  Mead-Morrison  Manufacturing  Co., 
Chicago,  111. 

Samuel  P.  Hall,  architect,  and  Harold  M. 
Bush,  mechanical  engineer,  announce  they 
have  formed  a  partnership  under  the  name 
of  Hall  and  Bush.  The  new  firm  will  prac- 
tice architecture  and  engineering  as  spec- 
cialists  and  consultants  in  industrial-plant 
operation   and   construction. 

Charles  T.  Main,  of  Boston,  Mass.,  an- 
nounces that  his  organization  has  been  en- 
larged to  undertake  engineering  work  for 
all  kinds  of  industries.  Colonel  F.  M. 
Gunby  who  resigned  to  head  the  engineer- 
ing branch  of  the  constructing  division  of 
the  United  States  Army,  has  returned  and 
has    been    appointed    engineering    manager. 

Professor  Albert  W.  Smith,  Dean  of  Sib- 
ley College  of  Mechanical  Engineering,  was 
appointed  temporary  successor  to  President 
Jacob  Gould  Schurman,  who  has  retired, 
by  the  trustees  of  Cornell  University  on 
April  ."?.  Professor  Smith  has  been  con- 
nected with  Cornell  University  since  1887, 
at  which  time  he  was  appointed  assistant 
professor  of  mechanical  engineering.  In 
1904  he  was  made  a  Director  in  Sibley 
College  and  in  1907  professor  of  power  en- 
gineering. He  is  an  active  member  of  the 
American  Society  of  Mechanical  Engineers. 
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Society  Affairs 
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iiitiiiiiiHiJiiiiiiiinii: 


The    National    Electric    Liight   Association 

Will  be  strongly  represented  at  the  annual 
convention  of  the  United  States  Chamber  of 
Commerce  at  Atlantic  City,  April  27  to  29. 

The  Cleveland  Section  of  the  American 
Society  of  Mechanical  Engineers  will  meet 
at  the  Hotel  Statler,  Cleveland,  in  the 
Cleveland  Engineering  Society  Rooms  on 
April  27. 

The  National  Association  of  Stationary 
Engineers  will  hold  its  twenty-fifth  annual 
New  York  State  Convention  at  the  Tem- 
perance House,  Niagara  Falls,  N.  Y.,  June 
10-12,   1920. 

The    Mid-Continent    Section    of    the    A.    S. 

M.  E.  will  meet  April  29  at  the  Chamber  of 
Commerce,  Tulsa,  Okla.  A  joint  meeting 
with  the  Oklahoma  Section  of  the  Ameri- 
can Chemical  Society  is  being  planned. 

nie     Illuminatihs:     Engineering     Society. 

Engineers'  Club  of  Philadelphia,  will  hold 
a  meeting  on  April  20,  at  Witherspoon  Hall. 
The  subject  of  the  meeting  will  be  "Labra- 
dor to  Alaska"  by  L.  O.  Arm'-trong. 


The  St.  Louis  Section,  American  Society 
of  Mechanical  Engineers,  will  meet  at  the 
Hotel  Statler  in  Cleveland  on  April  30.  H. 
P.  Gaum,  engineer  of  the  Illinois  Stoker 
Company,  will  present  a  paper  on  "Chain- 
Grate  Stokers." 

The  Society  of  Municipal  Engineers, 
affiliated  with  the  Engineers'  Club  of  Phil- 
adelphia will  meet  at  Witherspoon  Hall, 
April  28.  An  illustrated  lecture  on  "Health 
in  Relation  to  Water  Supply"  will  be  given 
by  John  A.   Vogleson. 

The  Cleveland  Engineering  Society,  Cleve- 
land, Ohio,  will  meet  on  Friday  evening, 
April  30.  Dr.  I.  N.  Hollis,  president  Wor- 
cester Polytechnic  Institute,  will  be  the 
speaker.  Subject:  "Does  Applied  Science 
Add  to  the  Satisfaction  of  Life?" 

The  Philadelphia  Section  of  th*-  Associa- 
tion of  Iron  and  Steel  Electrical  Engineers 
will  meet  at  its  headquarters,  Philadelphia 
on  May  1.  The  meeting  will  be  open  for 
general  discussion  on  the  application  of 
electricity  to  the  iron  and  steel  industry. 

The    American    Association    of    Engineers 

lias  been  appointed  the  official  representa- 
tive of  railroad  engineers  under  the  Trans- 
portation Act,  1920.  The  association  has 
a,  membership  of  4,250  railroad  engineers 
and  will  take  up  problems  of  railroad 
management. 

The  National  Safety  Council,  Engineering 
bection  will  hold  a  meeting  on  April  27, 
in  the  Engineering  Societies  Building,  New 
York  City.  Papers  on  "The  Relation  of 
Safety  to  E>ngineering  Efficiency,"  "Safety 
Education  in  Engineering  Colleges"  and 
■'Safety  Standards"  will  be  read. 

The  Birmingham   Section  of  the   A.   S.  M. 

E.  will  hold  a  joint  meeting  with  the  At- 
lanta Section  on  April  23,  in  Birmingham, 
Ala.,  at  the  Business  Mens'  Club  at  6:30 
p.m.  John  R.  Allen,  vice  president  of  the 
A.  S.  M.  E,  will  speak  on  "Theory  and 
Practice." 

The  Southwestern  Electrical  and  Gas  As- 
sociation will  hold  its  annual  convention 
in  Galveston,  Texas,  May  15.  The  action 
of  the  electrical  section  of  the  association 
on  the  question  of  joining  the  Southwestern 
Geographic  Division  of  the  National  Elec- 
tric Light  Association  will  come  up  at  that 
time. 

The    National    Electric    Light    Association 

national  headquarters  will  be  represented 
by  A.  Hardgrave,  chairman  of  the  Power 
and  Light  section  of  the  Southwestern 
Electrical  and  Gas  Association  at  the  meet- 
ing of  the  Arkansas  Public  Utility  Associa- 
tion, April  26.  Mr.  Hardgrave  will  out- 
line the  reorganization  plan  of  the  N.  E. 
L.   A. 

The  American  Society  of  Safety  Engineers 

will  hold  its  next  regular  meeting  at  head- 
quarters, Engineering  Societies  Building, 
New  York  City,  April  23,  at  8  p.m.  Sub- 
jects: "Ladders  and  Scaffolds  in  General 
Building  Construction"  ;  "Safety  As  Applied 
to  Ship  Staging"  ;  "The  Requirements  of  the 
Industrial  Code  Relating  to  Ladders  and 
Scaffolds." 

The  Pittsburgh  Chapter  of  the  American 
Association  of  EJngineers  recently  expelled 
one  of  its  members  because  of  his  con- 
nections with  the  draftsmen's  union.  The 
attitude  of  the  Pittsburgh  Chapter  was 
that  its  members  could  not  uphold  the 
ideas  of  trade  unionism  and  at  the  same 
time  live  up  to  the  ideals  of  the  association, 
which  believes  in  co-operation  between  labor 
and  employer. 

The     Society     of     Automotive     Engineers, 

Engineers'  Club,  Philadelphia,  will  hold 
a  special  meeting  at  Witherspoon  Hall  on 
April  22.  The  society  will  hold  a  smoker 
at  the  clubhouse,  Witherspoon  Hall,  on  April 
26.  An  illustrated  lecture  entitled  "Elim- 
inating the  Slums,"  will  be  given  by  Emile 
G.  Perrot.  On  April  27  a  hincheon  will 
be  held,  and  an  address  by  W.  D.  Lock- 
wood  on   "The  New  Army." 

The  Engineering  Section,  National  Safety 
Council,  will  hold  its  first  spring  meeting  in 
the  Engineering  Societies  Building,  New 
York  City  on  April  27.  The  entire  program 
will  be  taken  up  with  problems  of  engineer- 
ing safety  and  the  engineer's  status  in  the 
industrial  world.  L.  A.  De  Blois,  manager 
of  the  .safety  section,  E.  I.  du  Pont  de 
Nemours  &  Co.,  Wilmington,  Del.,  will  read 
a  paper  on  "The  Relation  of  Safety  to  En- 
gineering Efficiency."  A  paper  on  "Safety 
Instruction  in  Engineering  Colleges"  will 
be  presented  by  Bruce  W.  Benedict,  mana- 
ger of  shop  laboratories.  University  of 
Illinois.  Other  subjects  will  be:  "How 
to  Interest  Student  Engineers  in  Safety," 
Prof.  G.  S.  Blessing,  Swarthmore  College, 
Swarthmore.  Pa.  ;  "The  Movement  for  Uni- 
form Safety  Standards  and  the  Engineer- 
ing Sections  Part,"  David  S.  Beyer,  engi- 
neer,  Boston,    Mass. 
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The  Narragansett  Electric  Light  Com- 
pany, Providence,  R.  I.,  is  considering  the 
erection  of  an  addition  to  th«  South  Street 
Power  house  and  the  installation  of  eight 
new  boilers.     Total  cost  $750,000. 

The  Scottsville  Power  Corp.,  Scottsville, 
Pa.  is  completing  arrangements  for  the  de- 
velopment of  the  upper  James  River.  Sev- 
eral thousand  horsepower  will  be  generated 
and  distributed  to  towns  in  Pennsylvania 
and   Virginia. 

The  Central  Georgia  Power  Co.,  of  Macon, 
has  applied  to  the  'State  railroad  commis- 
sion for  an  approximate  increase  of  28  per 
cent  in  power  rates.  The  company  supplies 
power  for  the  operation  of  industries 
through  middle  Georgia. 

The  Columbus,  Delaware  and  Marion 
Electtric  Compan.v  is  planning  the  construc- 
tion of  a  large  power  plant  at  Newmans, 
Ohio.  The  plant  is  to  cost  approximately 
$1,000,000.  The  contemplated  improve- 
ments are  to  be  made  in  two  years. 

The     Municipal     Power     System    of    Los 

Angeles,  Cal.,  will  be  increased  to  produce 
300,000,000  kw.-hr.  of  electric  energy  per 
annum  according  to  a  recent  announcement 
of  the  Public  Service  Commission.  The 
present  output  of  the  system  is  170,000,000 
kw.-hr.  and  will  be  increased  by  the  erection 
of  another  plant. 

The    Carolina-Tennessee   Power   Company 

is  planning  hydro-electric  development  on 
the  Hiawassee  River,  power  thus  gained 
to  be  distributed  for  lighting  and  power 
purposes  in  North  Carolina  and  Tennessee. 
It  is  estimated  that  60,000  horsepower  will 
be  obtainable.  The  project  will  cost  in  the 
neighborhood  of  $10,000,000.  Two  150-ft. 
darns  are  to  be  built.  One  is  near  the 
Tennessee  border  while  the  other  is  located 
thirteen  miles  up  the  river  in  North 
Carolina. 

The  San  Joaquin  Light  and  Power  Corp.. 

of  Fresno,  California  has  completed  plans 
for  the  construction  of  a  natural  gas  burn- 
ing steam-generating  electric  plant.  The 
plant  will  be  built  in  units  at  a  total  cost 
of  $6,000,000.  The  first  unit  will  have  a 
capacity  of  17,500  horsepower,  part  of 
which  will  be  transmitted  to  nearby  oil 
companies.  This  will  be  the  second  steam 
plant  erected  by  the  San  Joaquin  Light 
and  Power  Corp.  in  Kern  County  during 
the  past  year. 


UHllWlllltlllllllllltllllltllllllllltllllllltllllllllllllllllltllllllllllltllMltlllMlltlllllltlMIHI* 

I  Business  Items  | 

flllMIIIIIIIIMIIIIIIIIMIIIIIIIIIMIIIIIIIMIMIIIIMIIIIIIIIIIIIIIIIIHMMIIIIllllHIMimilinmniA 


The     Fisher     Governor     Company,     Inc., 

Marshalltown,  Iowa,  manufacturer  of 
power-plant  specialties,  announces  the  re- 
moval of  its  New  York  office  to  242  Lafay- 
ette Street 

The  Westinghouse  Electric  and  Mannfac- 
taring  Co.  has  been  awarded  the  contract 
for  the  installation  of  an  automatic  electric 
substation  on  the  line  of  the  Seattle-Everett 
Interurban  Co.,  Seattle,  Wash.  Total 
cost,   $50,000. 

The  Pittsburgh  Engineering  Co.  will  move 
its  general  offices  to  Jeanette,  Pa.  The 
company  will  occupy  the  plant  of  the 
Greensburg  Foundry  and  Machine  Co.  at 
Jeannette.  Branch  offices  will  be  main- 
tained as  in  the  past. 

The  Cumberland  Railway  and  Power  Co., 

operating  electric  and  street-car  systems  in 
North  Carolina  and  West  "Virginia,  will 
move  its  general  offices  from  Norfolk,  Va., 
to  Raleigh  as  soon  as  the  new  Dortch 
Building,  now  being  erected,   is  completed. 

The  Puget  Sound  Traction,  Light  and 
Power  Co.,  Seattle,  Wash.,  has  changed  its 
name  to  the  Puget  Sound  Power  and  Light 
Co.  Since  the  sale  of  the  Seattle  Street 
railway  lines,  the  company  has  been  con- 
centrating on  power  and  light  business, 
hence  the  change  of  name. 

The     Schenectady    Illuminating    Co.    and 

the  Adirondack  Power  Corp.,  Schenectady. 
N.  Y.,  are  planning  a  merger  for  the  pur- 
pose of  acquiring  the  Brady  lighting  and 
power  interests  in  several  parts  of  the 
state,  including  the  Glens  Falls  Gas  and 
Electric  Light  Co.  and  the  United  Gas, 
Electric  Light  and  Power  Co.,  at  Hudson 
Falls. 
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COAL   PRICES 


New  Construction 


Prices  of  steam  coals  both  anthracite  and  bitu- 
ininous,  f.o.b.  mines,  unless  otherwise  stated,  are  as 
follows: 

ALANTU;  SKABOARD 

Anthracite — Coals  supplying  New  York,  Phila- 
delphia and  Boston: 

Mine 

Pea 5.30 

Uuckwheat $3.40(3i$3.  75 

Rice 2.75@   3.25 

Barley 2.25@   2  50 

Boiler 2.50 


Bitiimfnous — -Steam  sizes  supplying  |New  York, 
Philadelphia  and  Boston: 

Latrobe $4.25@$4.50 

Connellsville  coal 4.25(g>  4.  50 

Cambrias  and  Sunset 4 .  25®  4  ,§5 

Clcarfields 3.75®  4.50 

Pocahontas 6.50®  7.00 

New  River  6.  50®  7  00 


BUFFALO 

Bituminous — Prices  f.o.b.  Buffalo: 

Pittsburgh  slack $6.25@$6.50 

Mine-run 6.25 

Lump 6.25®  6.30 

Youghiogheny 6.25 

CLEVELAND 

Bituminous — Prices  f.o.b.  mines: 

No.  6  slack $5 .  25®  $4 .  00 

No.  8  slack • 3.50®  4.00 

No.  8— f-in 3.50®  4.00 

No.  6  mine  run 3 .  50®  4 .  00 

No.  8  mine  jun 3 .  25®   4 .  00 

Pocahontas — Mine-run 3 .  25®  4  .  00 


ST.   LOUIS 

Anthracite — Probably  not  more  than  20  per  cent 
of  the  demand  in  this  market  can  be  supplied.  Prices 
effective  Apr.  \  were  as  follows: 


Williamson 

and 

Franklin 

Counties 

Mine-run...  .    2. 65® 2. 80 

Screenings. .  .   2 .  50®  2.65 

Williamson-Franklin  rate  to  St 
Other  rates  95c. 


Mt.  Olive 

and 
Staunton         Standard 
2.65(p3  00     2. 65® 2. 80 
2.50@2.65     2.50 

Louis  is   $1.10; 


CHICAGO 

Pit  I  m"rous — Prices  f.o.b.  mines- 
Illinois 

Southern  Illinois  , 

Franklin,    Saline   and  Freight  rate 

Williamson  Counties  Chicago 

Mine-Run $3.00®$3.10  $1.55 

Screenings 2.60®  2.75  1.55 

Central  Illinois 

Springfield  District 

Mine-Run $2  75® $3. 00  $1.32 

Screenings 2.50®   2.60  1.32 

Northern  Illinois 

Mine-Run $3. 50® $3.  75  $1.24 

Screenings 3.00®   3.25  1.24 

Indiana 

Clinton  and  Linton 

Fourth  Vein 

Mine-Run $2  75®$2.90  $1.27 

Screenings 2.50®   2.65  1.27 

Knox  County  Field 

Fifth  Vein 

Mine-Run $2.75®$2.90  $1.37      . 

Screenitips 2  50(??    2  60  1.37       ' 

Brazil  Block $4  25(r$4.50  $1.27 


I'ROI'OSKD    WORK 

MaNN.,  New  Bedford — Mowll  &  Itanil 
Archt.s.,  50  Bromflfld  St.,  Bo.ston  will  soon 
award  the  contrao.L  for  tho  i;onstiuction 
of  a  2  .story,  ]4.*i  x  160  ft.  theatre  and 
office  building  on  Purcha.se  St.,  for  Oordan 
&  Schoolman.  18  lYemont  St.,  Boston  A 
.steam  heating  sy.stem  will  be  in.stalled  in 
same.     Total    estimated    co.st,    $500,000. 

MasH.,  Newton — (Boston  P.  O.) — Tfie 
city  will  .soon  award  the  contract  for  the 
eon.struction  of  a  4  storv  .school  bi  ilding 
on  Beacon  St.  A  .steam  heating  .systern 
will  be  installed  in  same.  Total  estimatecl 
cost,  $500,000.  W.  G.  Perry  and  J.  H. 
McNaughton.  19  Congress  St.,  Boston. 
Archts 

Conn.,  New  trfindon — The  tJnited  States 
Electric  Co.,  108  State  St.,  plans  to  build 
a    power    hou.se. 

Conn,,  WatertowM — Louis  'A-  Wplsh. 
Archt.,  51  Leavenworth  St..  will  .soon  re- 
ceive bids  for  the  construction  of  a  5  story 
60  X  132  ft  hospital  on  Franklin  St.,  for 
St.  Mary's  Hospital.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  estim- 
ated   cost,    $500,000. 

N.  Y.,  Malone — The  Kirk  Maher  Co.,  59 
West  Mam  St.,  is  in  the  market  for  ice 
cream  manufacturing  mchy.  to  have  a 
daily  capacity  of  7,500  ^al.,  and  .")5  tons 
refrigeration  equipment.  Address  Clarence 
E.    Kilburn. 

N.  Y.,  New  'York — The  Bd.  Educ,  500 
Park  Ave.,  will  soon  award  the  contract  for 
the  construction  of  a  school  building  at 
Crotona  Park  Ea.st  A  steam  heating 
system  will  be  Installed  in  same.  Total 
estimated  cost,  $900,000.  C.  B.  J.  Snyder, 
Municipal    Bldg.,    Archt     and    Engr. 

N.  Y.,  New  York — Deutsch  &  Poles, 
Archts.  and  Engrs.,  50  Church  St.,  will 
receive  bids  until  April  23  for  the  con- 
struction of  a  16  .story  office  building  at 
7-11  Water  St.,  for  the  Natl  Park  Real 
Estate  Corp..  32  Union  Square.  A  steam 
heating  system  will  be  installed  in  .same. 

N.  Y.,  Olean — The  taxpayers  voted  $200,- 
000  bonds  to  build  a  heating  plant  for  thei 
high  school  and  to  improve  the  heating 
systems  in  other  schools. 

N.  Y.,  Rome — The  Rome  Water  &  Sewer 
Bd.  has  had  plans  prepared  by  C.  W. 
Knight,  Engr.,  101  West  Liberty  St.,  for  the 
construction  of  a  350  hp.  hydro-electric 
plant  at  Ridge  Mills  on  the  Montawk 
River.     Estimated  cost,  $65,000. 

N.  Y.,  Sardinia — The  Holland  Sardinia 
Light  &  Power  Corp.  plans  to  construct  a 
hydro-electric  power  plant  including  power- 
house, dam,  etc.,  on  Sardinia  Creek,  here. 
The  powerhouse  will  be  equipped  with  one 
120  kva  water  wheel  generator,  one  96  kw. 
engine  type  generator,  engine  speed  276 
r.p.m.,  one  7  kw.  125  volt  compound  belt 
driven  exciter,  one  150  kva.  engine  type 
generator,  one  120  kva.  engine  type  geiier^ 
ator,  engine  speed  277  r.p  m.,  one  200  hp. 
type  "Y"  special  Pairbanks-Morse  engine, 
liquid  fuel  consumption  and  general  equip- 
ment. Total  estimated  cost,  $75,000.  Man- 
ford  L.   Harrington,  Pres. 

N.  Y.,  Theresa — The  Orleans  Four  Cor- 
ners Dairymen's  League  Co-operative  As- 
sociation, Inc..  is  in  the  market  for  milk 
handling  machinery,  refrigeration  system 
and  milk  testing  laboratory  equipment. 

N,  Y.,  Whitney  Point — L.  J.  White  US  in 
the  market  for  a   40   hp.  boiler. 

N.  .1..  Hoboken — The  Bd.  of  Educ,  Park 
Ave.,  will  soon  award  the  contract  for  the 
construction  of  a  4  story  school  building  on 
Ninth  St..  between  Garden  St.  and  Park 
Ave  A  steam  heating  svstem  will  he  in-, 
stalled  in  same.  Tt^tal  estimated  cost, 
$200,000.     Charles  F.  Dieffenbach,  Arch 

N.  .J.,  Trenton — J.  R.  Fell,  Engr.,  City 
Hall,  is  in  the  market  for  a  blower  to  elim- 
inate the  smoke  nuisance  at  the  city  pump- 
ing station  along  the  Delaware  River.  Es- 
timated  cost    $10,000. 

Md.,  Kaltfniore — The  Federal  Motor  & 
Sales  Co.,  803  Low  St.,  will  .soon  award  the 
contract  for  the  construction  of  a  3  story, 
106  .\  117  ft.  garage,  service  and  sales  sta- 
tion on  North  Ave.  and  I.,ord  St.  (Grasshop- 
per  Hill).  H.  A.  Loane.  Builders  Exch. 
Bldg.,  Archt. 

Md.,  Baltimore — The  Standard  Oil  Co., 
Pratt  and  South  Sts.,  is  having  plans  pre- 
nared  by  C  Tj.  Reader,  Con.sult  Engr.,  Park 
\ve.  and  Saratoga  St..  for  the  installation 
of  a  heating  and  ventilating  syst.ni,  etc., 
in  the  projiosed  6  story,  90  x  140  ft.  office 
building  on  Courtland  and  Franklin  Sts. 
Total  estimated   cost,    $500,000. 


""""""9  M.I..    Itultimore — Samu<  1   T.    Williams,   223 

I      N'octh    (lalveii    .Si.,    is    in    the    inarkei    for    a 
J      L'G   to  30  hp.   upright   boiler   with  or  without 
iHlUlluiiR     i^tiick    (used) 

Ca.,  AuKUHta — J.  E.  Slrrine.  Engr.,  Green- 
\llle,  S.  C,  will  soon  receive  bids  for  the 
construction  of  a  cotton  mill,  revamping 
water  |>ower  plant  and  dye  hous.-,  and  elec- 
trifying all  the  niachinerv  for  the  Sibley 
Mig.  Co.,  Goodrich  St. 

Tenii.,  Cleveland — The  city  is  in  the  mar- 
ket for  a  r'Ujnping  unit  to  have  a  5C0  gal. 
per  min.  capacity  and  an  electric  motor  for 
power. 

Tenn.,  Kiioxville — The  John  G.  Duncan 
Co.,  JVortheast  Corner  of  Central  and  Jack- 
.son  Sts.,  is  in  the  market  for  second  hand 
equipment,  including  one  3  hp.,  single  phase 
60  cycle,  1800  r  p.m.  motor  and  one  3  phase! 
60  cycle,    1800   r.p.m.   motor. 

C,  Cincinnati — The  United  States  Engi- 
neer's Office,  War  Dept..  Wash..  D.  C,  is  in 
the  market  for  power  house  equipment  to 
be  u.sed  in  connection  with  Dam  35  in  the 
Ohio   River. 

O.,  Cleveland — The  Cleveland  Ry.  Co., 
Leader  News  Bldg.,  is  having  plans  pre- 
pared for  the  eon.struction  of  three  1  story, 
46  X  60  ft  electric  sub-stations  at  West 
73d.  St.  and  St.  Clair  Ave.,  East  80th  St. 
and  St.  Clair  Ave.,  East  152d  St  and  St. 
Clair  Ave.  Two  1500  kw.  rotarv  convert- 
ers with  blowers  and  generator  sets  will 
be  Installed  in  each.  Total  estimated  cost 
$300,000.  L.  P  Crecelius,  650  Leader-News 
Bldg.,   Archt.   and   Engr. 

Ind„  Lebanon — The  Co.  Comrs.  plan  to 
build  a  2  .story.  70  x  120  ft.  jail  and  light- 
ing plant.  Two  60  hp.  horizontal  boilers 
automatic  stokers,  pumps  and  radial  brick 
stack  will  be  installed  in  same.  Total  es- 
timated cost,  $100,000.  John  Frost 
Lebanon,  and  I^yton  Allen,  406  Lombard 
Bldg,  Indianapolis,  Archts.  Ammerman  & 
McCall,  425  Occidental  Bldg.,  Indianapolis, 
Engrs. 

Mich.,  Milwaukee — The  Michigan  Light  & 
Consumers  Power  Co.,  Jackson,  plans  to 
build  a  2  story  power  station  along  the 
Saginaw  River,  here.  Plans  include  a  30,- 
Ono  kw.  .steam  generating  station.  Steam 
boilers  and  engines  to  operate  electric  gen- 
erating equipment  will  be  installed  in  same 
Total    estimated    cost,    $4,893,000. 

111..  Chicago— The  Bd.  of  Educ  ,  7  South 
Dearborn  St.,  received  bids  for  installing  a 
steam  heating  system  in  the  proposed  3 
story,  132  x  175  ft.  grade  school  on  Au- 
gusta St.,  near  Laramie  Ave.,  from  the 
Natl.  Steam  Heating  Co.,  1331  North  Clark 
gt  .  $39,423  ;  William  A.  Pope,  26  North 
Jefferson  St..  $41,790:  Kohlbrv  Hewlett 
Co.,  Ill  West  Wa.shington  St.,  $43,043. 
Noted  .Ian.  27. 

Minn,.  Bed  l,ake  Falls — Joseph  Perrault. 
City  Clk.,  will  receive  bids  until  April  26 
for  furnishing  one  6x8  single  acting  trip- 
lex plunger  pump  of  175  gal  per  min.  ca- 
pacity again.st  150  lb.  pressure  or  350  ft. 
elevation. 

Mo.,  St.  Xouis — Cornwell,  Higgs  &  Gray, 
La  Salle  Bldg.,  are  having  plans  prepared 
for  the  construction  of  a  theatre  and  of- 
fice building  on  Locust  Ave.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost.  $500,000  D-^  Rosa  &  Pere- 
ira,  110  West  40th  St,  .New  York  City., 
Archts.  and  Engrs. 

!>ro..  St.  Louis — C.  G.  and  P.  A.  Hugh 
10th  and  Walnut  Sts..  are  in  the  market  for 
two  530  hp.  type  P.,  Sterling  bollers>  to 
have  not  less  than  165  lb.  pressure. 

Tex.,  Bay  City — The  Texas  Pub.  Serve 
Comm.  plans  to  build  an  ice  plant.  Two 
large  boilers,  electric  generator  and  ma- 
chinery rfor  a  l?-ton  ice  plant  will  be  in- 
stalled in  .sanue.  Total  estimated  cost, 
$60,000. 

Te.v.,  Clarendon — The  Donlev  Co.  Comrs. 
will  soon  award  the  contract  for  furnishing 
equipment  and  installing  furnace  and  radia- 
tion for  steam  heating  system  at  the  cotm- 
ty  court  house  Estimated  cost.  $10,000. 
W.  T.   Link.  Co.  Judge. 

Tex.,  ClarkTille — The  city  pbns  to  in- 
stall an  oil  engine  to  take  the  place  of  the 
steam  plant  now  used  as  motive  power  for 
pumps  at   city  waterworks. 

Te.\.,  Columbus — The  Columbus  Electric 
Light  &  Power  Co.  plans  to  renew  its  poles 
on  all  lines  here,  install  additional  gener- 
ators, extend  a  transmission  line  from  here 
to  Glidden  and  furnish  current  for  lights 
and  power  there. 

Tex,.  I'errytown  (Rogerstown  P.  O.) 
The  Public  Htillties  Co.  plans  to  install 
an   electric   light   plant  here. 

Tex..  Texas  Cit.v — The  Vacuum  Oil  Co., 
Foster  Bldg..  Houston,  will  soon  award  the 
contract  for  the  construction  of  three  1 
story    buildings    including   40    x    64    ft.    and 
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40  X  50  ft.  engine  houses  and  a  40  x  56  ft. 
pipe  house.  Total  estimated  cost,  $30,000. 
Cal.,  Bakersfleld — The  School  Bd.  en- 
gag-ed  ('.  H.  Biggar  and  T.  B.  Wiseman, 
Archts.,  Morgan  BIdg.,  to  prepare  plans 
for  the  construcVtion  oif  additions  to  4 
schools,  etc.  Steam  heating  systems  will 
be  installed  in  same.  Bonds  amounting  to 
$."500,000  were  voted  upon  for  the  project 

Cal.,  Ii09  Angeles — The  Los  Angeles  Ry. 
Co.,  Pacific  Electric  Bldg.,  is  having  plans 
prepared  for  the  construction  of  a  10 
story,  65  x  176  ft.  office  building  on  11th 
St.  and  B'way.  A  steam  heating  system 
will  be  installed  in  same.  C.  E.  Norenberg, 
Archt. 

CaL,  Paradise — The  Paradise  Irrigation 
Dist,  voted  $140,000  bonds  to  replace  13,- 
000  ft.  of  open  canal  with  36-in.  pipe  line, 
complete  auxiliary  reservoir  system  for 
high  lands  of  district  and  complete  dis- 
tributing  system.   L.    M.    Edwards,    Engr. 

CaL,     San    Francisco — The    Bd.     of    Pub. 

Wks.  will  soon  award  the  contract  for  the 
construction  of  a  3  story,  82  x  98  ft.  school 
building  on  Harrison  St..  between  11th 
and  12th  Sts.  An  oil  burner  furnace,  low 
pressure  vacuum  steam  heating  system, 
electric  power  and  ^  motor  driven  vacuum 
pump  will  be  installed  in  same.  Total  es- 
timated cost,  $108,000.  John  Reid,  Jr.,  1st 
Natl.   Bank  Bldg.,  Archt. 

Cal.,  S/anta  IMonica — Columbus  Cheney  is 
having  plans  prepared  for  the  construction 
of  a  pumping  plant,  reservoir  and  water 
distributing  system,  etc.,  on  the  500  acre 
tract  about  8  miles  north  of  here.  Total 
estimated  cost,  $10,000.  C.  R.  Brawner, 
621  North  Vernon  Ave.,  Los  Angeles,  Engr. 

Cal.,  Sierra  Madre — The  City  Trustees 
voted  $60,000  bonds  to  construct  a.  pumping 
plant,  new  mains,  etc.  E.  F.  Ballon,  City 
Clk.     J.  E.  Mackerran,  Engr. 

N.  S.,  Bridgewater — The  town  plans  to 
improve  the  present  water  supply  system 
by  installing  a  new  pump  and  wheel  build- 
ing, etc.  Total  estimated  cost,  $50,000. 
C.  H.  and  P.  H.  Mitchell,  Traders  Bank 
Bldg.,  Bngrs. 

Que.,    Lake    Magrantre — The    municipality 

will  soon  receive  bids  for  the  construction 
of  a  dam  on  the  Chaudieve  River  capable 
of  furnishing  500  hp.  Estimated  cost. 
?225,000.     N.   A.  Girard,  Engr. 

Ont.,  London — The  Bd.  Bduc,  Dundas 
St.,  engaged  L.  V.  Carrothers,  Archt.. 
Hydro  Bldg.,  to  prepare  plans'  for  the  con- 
struction of  two  public  school  buildings 
and  one  collegiate  institute.  A  vacuum 
steam  heating  and  ventilating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$400,000. 

Ont.,  Oshawa — The  town  engaged  R.  W. 
Angus,  Engr.,  University  of  Toronto,  To- 
ronto, to  prepare  plans  for  the  construc- 
tion of  a  waterworks  system.  An  elec- 
trically driven,  centrifugal  pump  will  be 
installed  in  same.  Total  estimated  cost, 
$80,000. 

Ont.,  Sarnia — Martin  &  Sperrv  c/o  J.  B. 
Sperry,  Huron  Ave.,  Port  Huron,  have  pur- 
chased a  site  on  Front  St.,  and  plan  to  build 
a  4  story  mercantile  and  hotel  building  on 
same.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$200,000. 

CONTRACTS   AWARBED 

Mass.,  Oreendale — ("Worcester  P.  O.)  The 
Norton  Co.,  Bathers  Crossing,  has  awarded 
the    contract    for    the    construction    of    a    6 


story,  42  x  175  ft.  manufacturing  plant  ad- 
dition on  New  Bond  St.,  to  E.  J.  Cross  Co.. 
82  Foster  St.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$250,000. 

Mass.,  Holyoke — John  J.  Kirkpatrick  of 
the  Municipal  Lighting  Plant  has  awarded 
the  contract  for  the  installation  of  boilers 
in  plant,  to  the  Edgemoor  Co.,  E'dgemoor, 
Del.,  at  $39,972;  for  stokers,  to  the  West- 
inghouse  Co..  Chicopee  Falls,  at  $15,900  ; 
for  furnishing  superheaters,  to  the  Foster 
Specialty   Co.,   at   $7,560. 

Mass.,  West  Springrfleld — (Springfield  P. 
O.)  The  Gilbert  &  Barker  Mfg.  Co.,  Cold 
Springs  Ave.,  have  awarded  the  contract 
for  the  fcontruction  of  12  buildings,  includ- 
ing a  1  story,  50  x  92  ft.  power  house  ad- 
dition, 1  story,  35  x  50  ft.  stone  blast  build- 
ing, 1  story,  40  x  72  ft.  engine  house,  etc., 
to  Tucker  &  Lewis,  Inc.,  101  Park  Ave., 
New  York  City.  Total  estimated  cost.  $1,- 
000,000.      Noted  Feb.   2. 

N.  Y.,  Brooklyn — S.  Wi.sglass  &  Co.. 
manufacturers  of  brass  beds,  will  build  a 
1  story,  18  x  67  ft.  garage,  1  stor>-,  25  x 
15  ft.  boiler  house,  1  story.  25  x  50  ft. 
power  house  and  a  2  story,  44  x  100  ft.  ex- 
tension to  roof  of  existing  factory,  on  Mil- 
ford  St.  and  Atlantic  Ave.  A  steam  heat- 
ing system  will  be  installed  in  same.  Work 
will  be  done  by  day  labor- 

N.  Y.,  New  York — ^The  Battle  Iron  Truck 
Co.,  44  Court  St.,  Brooklyn,  has  awarded  the 
contract  for  the  construction  of  a  5  story, 
100  X  100  ft.  garage  on  57th  St.  and  11th 
Ave.,  to  Louis  Gold,  44  Court  St.,  Brooklyn. 
A  steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,   $250,000. 

N.  Y.,  New  York  —  Farquliarson  & 
Wheelock,  724  5th  Ave.,  will  build  a  12 
story  office  building  at  724-726  5th  Ave.  A 
steam  heating  system  will  be  installed  in 
."ame.  Total  estimated  cost.  $500,000.  Work 
will  be  done  by  day  labor. 

N.  Y..  New  York — The  Hide  &  Leather 
Realty  Co.  has  awarded  the  contract  for  the 
construction  of  an  18  story,  75  x  80  ft. 
office  building  on  Gold  St.,  to  Thompson  & 
Binger,  280  Madison  Ave.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $400,000. 

N.  J..  Newark  —  The  Bd.  Educ.  Essex 
Bldg.,  has  awarded  the  contract  for  the 
installation  of  a  steam  heating  system  in 
the  proposed  3  story,  70  x  86  ft.  addition 
to  the  Franklin  School,  to  John  H.  Cooney, 
210  North  4th  St.      Noted  April  6. 

N.  .J.,  Trenton — The  Nearfara  Rubber  Co., 
79  Prince  St.,  has  awarded  the  contract  for 
the  construction  of  a  1  story,  100  x  125 
ft.  rubber  plant,  to  the  Bethlehem  Constr. 
Co.,  Bethlehem  Tinist  Bldg.,  Bethlehem, 
Pa.  Plans  include  a  1  story,  30  x  30  ft. 
powerhouse.    Total  estimated  cost,  $150,000. 

Pa.,  Philadelphia — The  Bureau  of  Water 
Suppl>-,  City  Hall,  has  awarded  the  con- 
tract for  the  construction  of  a  super-struc- 
ture pumping  station  for  the  Lardners 
Point  Station,  to  Charles  H.  Dadney,  Belle- 
vue  Court  Bldg.,   at  $47,000. 

Pa..  Pittston — ^St.  John's  Catholic  As- 
sociation has  awarded  the  contract  for  the 
construction  of  a  3  story,  90  x  180  ft.  high 
school  on  Dock  St.,  to  John  Curtis  &  Co., 
Hickory  St.,  at  $250,000.  A  steam  heating 
system   will   be   installed    in   same. 

O.,  Cleveland — The  city  has  awarded  the 
contract  for  the  installation  of  a  heating 
system  in  a  bath  house,  here,  to  the  Chafer 
Co.,  4:U  Champlain  .\ve.,  at  $32,007.     Noted 

Feb.    t;. 


O.,  Cleveland — The  Langaneau  Mfg.  Co., 
S103  Franklin  Ave.,  has  awarded  the  con- 
tract for  the  construction  of  a  2  storv,  40 
X  50  ft.  boiler  house,  to  the  H.  G.  'siat- 
myer  &  Son  Co.,  203  Lakeside  Ave.  One 
boiler  will  be  installed  in  same.  Total  es- 
timated cost,    $50,000. 

O..  East  Cleveland  (Cleveland  P.  O.) — 
The  Natl.  Lamp  Co.  of  the  General  Electric 
Wks..  Nela  Park,  has  awaided  the  contract 
for  the  construction  of  a  1  story,  100  x  220 
ft.  laboratory  at  .\"ela  Park,  to  the  Austin 
Co.,  16112  Euclid  Ave.,  Cleveland.  A  steam 
heating  system  will  he  installed  in  same. 
Total  estimated  cost,   $100,000. 

Ind.,  Indianapolis — The  Bd.  Educ,  Meri- 
dian and  Ohio  Sts.,  has  awarded  the  con- 
tract for  the  installation  of  a  heating, 
ventilating  and  lighting  system  in  the  pro- 
posed 3  story,  90  x  194  ft.  high  school  on 
Merrill  St.,  to  Freyn  Bros.,  31  West  Michi- 
gan St.,  at  $62,571. 

Mich.,  Kalamazoo — The  Handling  Knight 
Co.,  c/o  J.  I.  Handley,  has  awarded  the 
contract  for  the  construction  of  a  3  storv, 
80  X  800  ft.  auto  factory  along  the  Lake 
Shore  and  Grand  Trunk  Rys.,  to  Henry  L. 
Van  der  Horst.  A  steam  heating  equip- 
ment will   be   installed   in  same. 

lU.,  Chicago — The  Troco  Nut  Butter  Co., 
30  North  Michigan  Ave,  has  awarded  the 
contract  for  the  construction  of  a  4  story, 
100  X  112  ft.  factory  on  37th  and  Iron  Sts., 
to  the  E.  W.  Sproul  Co.,  2001  West  39th 
St.  A  steam  heating  system  will  be  in- 
stalled in  same.  TcVtal  estimated  cost, 
$250,000 

Wis.,  Milwaukee — The  Federal  Cone  & 
Candy  Co.,  100  George  St.,  has  awarded  the 
contract  for  the  construction  of  3  story, 
50  X  60  ft.  candy  factorv  on  Holton  St.. 
to  W.  Tuckwell,  86  Michigan  St.  Motors 
will  be  installed  in  same. 

Minn.,  Virginia  —  St.  Louis  Co.,  Court 
House,  has  awarded  the  contract  for  the  in- 
stallation of  a  steam  heating  system  in  the 
proposed  2  story,  75  x  125  ft.  court  house  ad- 
dition on  Central  Ave.,  to  S  Farrell  Co.. 
West  1st  St.,  Duluth,  at  $22,222. 

Cal.,  San  Diego — The  Bureau  of  Yards  & 
Docks,  Navy  Dept.,  Wash.,  D  C,  has 
awarded  the  contract  ^or  furnishing  and 
installing  standard  electric  distribution 
systems  and  power  plant  equipment,  to 
the  Thomas  Haverty  Co.,  801  Maple  St., 
Los  Angeles,  at  $189,650.     Noted  March  23. 

Cal.,  Long  Beach — The  Halfhill  Tuna 
Packing  Co.  has  awarded  the  contract  for 
the  construction  of  a  refrigeration  plant, 
etc.,  at  Channel  3,  to  G.  D.  Sanford.  415 
East   17th  St.   Estimated   cost,   $40,000. 

Cal.,  Los  Angeles — King  W.  Vidor  has 
awarded  the  contract  for  the  construction 
of  seven  1  and  2  story  motion  picture  pro- 
ducing buildings  on  Santa  Monica  Blvd.. 
to  the  Milwaukee  Bldg.  Co.,  316  Wright 
and   Callender   Bldg.,   at   $100,000. 

Cal.,  Salinas — The  Trustees  of  the  Salinas 
Union  High  School  Dist.  has  awarded  the 
contract  for  the  construction  of  a  2  story 
high  school,  to  McLeran  &  Peterson,  Hearst 
Bldg.,  San  Francisco,  at  $235,400.  A  steam 
heating   system    will    be    installed    in    same. 

Cal.,    San    Francisco — The    Standard    Oil 

Co.,  200  Bush  St.,  has  awarded  the  contract 
for  the  construction  of  a  20  story.  137  x 
206  ft.  office  building  on  Bush  and  Sansonie 
Sts..  to  the  P.  J.  Walker  Co.,  Monadnock 
Bldg.  A  boiler  plant,  compressor,  motors, 
etc.,  will  be  installed  in  same.  Total  esti- 
mated cost,   $5,000,000. 
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Indispensability 

By  RUFUS  T.  STROHM 

A  gnat  upon  its  errant  way 

Flew  through  an  engine  room  one  day 

And  settled  on  the  flywheel, 
Which  weighed  some  twenty  tons  or  more 
And  stood  twelve  feet  above  the  floor — 

A  massive,  broad  and  high  wheel. 

But  scarcely  had  his  trotters  hit 
The  smoothly  polished  top  of  it, 

Than  off  it  started  whirling, 
While  on  its  speeding  rim  the  gnat 
In  happy  contemplation  sat, 

His  natty  mustache  twirling. 

"Hi,  people!   Turn  your  eyes  on  me!" 
He  cried  in  Lilliputian  glee. 

"Just  notice  what  I've  started. 
It's  plain  that  I'm  a  heavy-weight 
To  turn  this  thing  at  such  a  rate 

Of  speed  as  I've  imparted." 

"And  what  is  more,  I'll  have  you  know 
That  I'm  the  guy  that  makes  it  go" — 

He  said  it  very  loudly. 
And  thereupon,  to  prove  his  case, 
He  sprang  from  off  its  gleaming  face, 
His  chest  expanded  proudly. 

Gadzooks!   That  gnat  was  fairly  floored! 
The  throbbing  engine  quite  ignored 

Its  self-appointed  master; 
Not  for  a  second  did  it  stop 
Nor  let  its  speed  of  turning  drop; 

Instead,  it  ran  the  faster. 

You  doubtless  know  some  human  gnat 
Who  acts  as  foolishly  as  that. 

And  gets  the  silly  notion 
That  no  one  in  the  firm  but  he 
Provides  the  push  and  energy 

That  keeps  the  thing  in  motion. 

Less  learned  folks  to  us  may  bow 
And  subtle  flatterers  kowtow 

In  manner  deferential ; 
But  though  possessed  of  wit  and  brain. 
It's  downright  folly  to  be  vain — 

We're  none  of  us  essential. 

When  any  mortal  comes  to  think 
The  world  would  all  go  on  the  blink 

Were  he  assassinated. 
He's  on  the  old  toboggan  slide 
Whose  sloping  length  is  steep  and  wide 

And  smoothly  lubricated! 
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Coal  Consumption  in  Institutional 

Heating  Plants 

By  G.  B.  NICHOLS 

Chief  Engineer,  New  York  State  Dept.  of  Architecture 


FOR  the  last  ten  years,  in  state  and  municipal  work, 
a  great  deal  of  attention  has  been  given  to  the 
centralized  control  of  all  activities,  replacing  the 
local  controls  at  each  institution  to  a  greater  or  less 
extent.  This  has  been  forced  upon  the  state  on  account 
of  the  extensive  research  now  being  carried  on,  demand- 
ing specialized  control  in  each  branch  of  government. 
One  of  the  main  departments  of  centralized  control 
which  has  been  established  in  a  number  of  the  states  is 
the  Department  of  Architecture,  under  a  state  architect, 
which  department  can  be  divided  into  three  main  divi- 
sions— architectural,  administrative  and  engineering. 
This  article  will  deal  with  the  engineering  division  and 
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FIG.  1.   DIAGRAM  OF  ORGANIZATION  OF  THE  DEPART- 
MENT OF  ARCHITECTURE  AS  RELATING  TO  THE 
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its  relation  to  the  operating  conditions  at  the  various 
institutional  heating,  lighting  and  power  plants.  Such 
a  division  is  also  applicable  to  one  which  might  be  estab- 
lished in  a  large  corporation  operating  plants  scattered 
over  a  widely  distributed  area. 

Such  an  engineering  division,  or  department,  should 
be  under  the  direct  administration  of  a  headquarters 
chief  engineer,  two  distinct  divisions  reporting  to  him, 
the  first  of  which  would  be  the  headquarters  division, 
which  would  be  divided  into  three  bureaus,  each  under 
an  engineer,  in  charge,  namely,  the  division  of  design, 
the  division  of  inspection  and  the  division  in  charge  of 
power-plant  operation.    This  is  shown  in  Fig.  1. 

Each  of  those  divisions  would  require  specially  trained 
experts,  and  it  is  found  impossible  to  shift  employees 
between  these  divisions,  as  the  employees  of  each  class 
must  have  their  particular  training,  and  it  is  found  that 
a  good  designing  engineer  seldom  makes  a  good  in- 
spector. An  engineering  inspector  very  seldom  is  dis- 
posed to  draw  up  a  design  on  a  drafting  table,  as  he  soon 
gets  lost  in  the  details,  so  that  a  rule  can  be  laid  down 
that  each  division  must  train  its  own  employees. 


Acting  under  the  headquarters  chief  engineer,  at  the 
institution  and  local  plant,  is  a  local  chief  engineer,  and 
reporting  to  him  are  two  groups  of  employees,  one  group 
consisting  of  the  plant-operating  force  acting  under  an 
engineer  in  charge  of  operation,  and  the  other  group, 
the  mechanics  making  repairs  to  the  general  plant, 
under  a  mechanical  foreman.  The  same  condition  exists 
m  the  training  of  these  two  branches  of  employees,  as  a 
repair  man  seldom  makes  a  good  operating  engineer. 

All  these  divisions,  however,  must  act  as  a  unit,  each 
depending  upon  the  others  for  advice  and  guidance  in 
its  particular  branch  of  work,  the  headquarters  chief 
engineer  acting  as  an  administrator  to  the  entire  group, 
and  the  local  chief  engineer  and  headquarters  bureau 
engineers  each  realizing  that  they  are  units  of  a  large 
collective  body,  carrying  on  the  state  engineering  work. 
It  is  believed  at  the  present  time  that  to  a  greater  or 
less  extent  this  harmony  exists  in  the  various  institu- 
tional plants  and  headquarters  engineers  under  the  con- 
trol of  the  State  of  New  York,  and  that  the  foregoing 
outline  of  divisions  will  become  a  reality  as  time  goes 
on,  particularly  on  account  of  the  high  cost  of  material 
entering  into  the  operation  of  the  plants,  thereby  de- 
manding the  highest  efficiency  of  the  entire  engineering 
division  of  the  state,  which  is  impossible  with  local 
control.  The  medical  profession  and  local  institutional 
administrators  also  realize  that  the  functions  being  per- 
formed by  the  engineering  staff  are  wholly  outside  of 
their  training,  and  that  all  technical  problems  arising 
must  be  given  mature  engineering  consideration. 

Few  persons  outside  of  those  actively  engaged  in 
state  work  realize  to  what  extent  state  institutions  have 
grown.  In  New  York  State,  in  the  insane  hospitals 
alone,  there  are  now  housed  approximately  35,000 
patients.  Three  of  these  institutions  have  a  population 
of  approximately  5,500  inmates  each,  and  in  each  the 
maximum  coal  consumption  per  day  in  extreme  cold 
weather  is  about  90  tons. 

The  last  bureau  to  be  established  by  the  Engineering 
Division  of  the  New  York  State  Department  of  Archi- 
tecture is  the  headquarters  division  in  charge  of  operat- 
ing conditions  of  the  various  heating,  lighting  and  power 
plants  of  the  state.  This  bureau  has  been  actively 
engaged  for  a  considerable  period  in  studying  the  oper- 
ating and  apparatus  conditions  at  the  various  institu- 
tional plants  and  endeavoring  to  arouse  in  all  of  the 
operative  force  a  spirit  of  cooperation  and  a  study  of 
the  plant  condition,  with  the  idea  of  reducing  the  oper- 
ating cost,  particularly  the  annual  coal  consumption  and 
labor. 

The  first  work  of  the  bureau  in  charge  of  operation 
was  to  prepare  a  series  of  daily  log  sheets  applicable 
to  all  plants,  in  which  would  be  entered  all  the  instru- 
ment readings,  together  with  the  coal  and  ash  consump- 
tion and  the  amount  of  labor  required  for  each  shift. 
One  of  these  forms  is  shown  in  Fig.  2.  All  the  report 
sheets  can  be  bound  into  a  loose-leaf  post  binder  cover 
and  are  filled  out  by  the  local  operating  force  in  dui^i- 
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cate,  one  copy  to  be  bound  in  the  binder  and  kept  in  plain 
sight  in  the  engine  room  for  the  study  by  all  the  oper- 
ating force,  so  that  the  plant  condition  is  known  by  each 
individual  employed  and  he  can  definitely  see  his  rela- 
tion to  the  final  operating  costs. 

The  duplicate  copy  is  sent  to  the  headquarters  bureau 
and  is  bound  in  a  similar  loose-leaf  book  and  carefully 
observed  by  a  specially  trained  force  who  plot  curves 
showing  all  the  operating  conditions  about  the  plant 
and  make  a  summary  of  all  daily  reports  at  the  end  of 
each  month  at  which  time  the  local  chief  engineer  re- 


year  can  be  compared  with  those  of  a  previous  year  at 
the  same  date,  or  same  month.  It  can  also  be  seen  that 
the  headquarters  staff  act  as  bookkeepers  for  the  local 
operating  force. 

Can  Incre.\se  Coal  Consumption 

Although  a  plant  may  be  much  out  of  repair,  and 
wasting  steam  and  demanding  a  large  amount  of  coal 
to  run,  still  the  results  show  that  to  a  great  extent  the 
operating  fv.rce  can  by  inattention  or  neglect  of  their 
work    or    possibly    through    misunderstanding    of    the 


STATE  OF  NEW  YORK-_ 


.INSTITUTION 


LOG    READINGS       CENTRAL   HEATING  AND   LIGHTING    PLANT 

Date — /  _/ — Checked. Local  Chief  Engineer 


FIG.  2.   ONE  OF  THE  DAILY  LOG  SHEETS  THAT  IS  APPLICABLE  TO  ALL  STATE  PLANTS 


reives  a  summary  report  of  the  operating  conditions  for 
the  month,  in  total,  also  in  per  capita,  based  on  the  in- 
mates at  that  particular  institution.  Along  with  this 
report  is  sent  a  series  of  definite  recommendations  to  be 
tried  out  by  him  and  the  results  of  these  recommenda- 
tions reported  on  in  writing  to  headquarters  before 
the  first  of  the  next  month.  It  can,  therefore,  be  seen 
that  the  headquarters  engineering  force  in  charge  of 
operations  are  familiar  with  all  the  conditions  at  the 
plant  and  can  compare  one  plant's  operation  with  that 
of  a  similar  institution  at  another  locality,  and  if  there 
is  a  great  difference  in  final  per  capita  or  efficiency  re- 
sults, immediate  steps  can  be  taken  to  either  right  or 
account  for  this  difference. 
As  the  records  increase  in  number,  the  results  of  one 


proper  methods  to  be  employed  in  the  operation  of  a 
certain  piece  of  machi'iery,  materially  increase  the  coal 
consumption;  and  it  is  the  duty  of  every  engineer  to 
study  the  apparatus  under  his  control  and  to  make  it 
operate  at  its  g'  eatest  efficiency. 

In  1915  numerous  discussions  were  carried  on  by  the 
state  departments  regarding  the  condition  of  the  insti- 
tutional plants  and  their  operation,  and  numerous  cases 
were  pointed  out  in  which  the  annual  coal  bills  were 
continually  increasing  without  any  additional  building 
construction  being  carried  on  at  such  institutions.  Also 
that  by  simply  changing  a  local  chief  engineer,  the  coal 
bills  immediately  increased  or  decreased,  due  to  his  in- 
attention or  activity.  About  this  time  investigations 
wore  carried  on  by  several  engineers  and  a  report  was 
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made  by  John  A.  Hennessy  in  his  published  book  on  the 
conditions  in  New  York  State,  which  book  states  that 
as  a  result  of  three  investigations,  it  was  believed  that 
approximately  $300,000  a  year  spent  for  fuel  could  be 
saved  in  the  proper  operation  of  the  state  heating  and 
lighting  plants. 

On  account  of  war  conditions  and  the  reduction  of 
employees  in  the  various  state  institutions,  it  was  found 
impossible  to  carry  on  this  work  with  any  great  activity, 
but  it  was  not  altogether  dropped.  At  the  close  of  the 
war,  however,  it  was  believed  that  the  time  was  ripe 
for  the  undertaking  of  centralized  control  of  these  power 
houses,  to  a  greater  or  less  extent,  making  it  possible 
to  reduce  the  coal  bills  and  also  to  furnish  the  design 
department  with  the  actual  operating  conditions  at  the 
various  plants,  for  the  design  department  is  continually 
called  upon  to  make  additions,  alterations  or  repairs  to 
all  these  existing  plants.  These  operating  reports  also 
form  the  basis  of  new  designs,  and  it  is  felt  that  at  the 
present  time  there  are  on  file  more  actual  facts  regard- 
ing all  classes  of  services  required  at  a  state  institution 

TOTAL  SAMNGS  IN  TEN  HOSPITALS 

Estimated         Estimated  Tons  Saving 

State  Tons  Saved  Over  in 

Hospitals  Consumed  1918-19  Dollars 

Binghamton 13.495  337  $1,240.16 

Brooklyn 4.577  397  2,334  21 

Buffalo 12.081  559  1,928.55 

Gowanada 10,354  1.741  8,705.00 

Hudson  River 19,051  2.295  11.429   10 

Kings  Park 22.881  2.285  10.922.30 

Manhattan 19,800  19.584  145,509   12 

Middletown 10.426  2.333  10.101.89 

Rochester 7.646  471  2,425.65 

St.  Lawrence 14.719  1.323  6,284.25 

135.030  31,325  $200,900.23 

Saving  over  total  coal  consumption  in  1918-19  of  220,015  tons  or  14.2  per  cent. 

on  which  to  base  new  designs  than  existed  before,  and 
this  information  is  being  sought  by  other  states  and 
private  concerns.  A  recent  report  of  this  activity  is  as 
shown  in  the  accompanying  tabulation  covering  ten 
hospitals. 

The  summary  of  the  foregoing  figures  shows  that  an 
estimate  of  31,325  tons  of  coal  will  be  saved  which,  with 
the  prices  of  coal  prevailing  at  the  respective  institu- 
tions, will  mean  a  saving  for  1919-20  of  $200,900.  These 
ten  plants  represent  approximately  two-thirds  of  the 
coal  consumption  of  the  state,  and  it  appears,  there- 
fore, that  the  estimates  made  in  1915  were  correct. 

It  is  safe  to  say  that  if  owners  of  heating  plants  will 
encourage  their  engineers  to  make  a  careful  study  of 
their  operating  condition,  furnishing  them,  with  the 
necessary  repairs,  so  as  to  stop  steam  leaks,  log-reading 
charts  for  recording  all  instrument  readings,  and  will 
also  furnish  them  with  the  proper  measuring  instru- 
ments so  that  they  can  study  their  plant  conditions,  the 
percentage  of  saving  will  be  equal  that  shown  on  the 
foregoing  schedule.  It  is  believed,  however,  that  in 
large  corporations,  having  a  number  of  separated  plants, 
a  central  headquarters  bureau  is  an  absolute  necessity 
to  carry  on  the  bookkeeping  and  analyzation  of  the  oper- 
ating condition  of  the  plants.  If,  however,  it  is  a  single 
plant,  a  substitute  for  this  central  bureau  would  be  for 
the  plant  to  be  under  the  control  or  advice  of  a  privately 
owned  controlling  bureau  performing  this  function  for 
this  separately  owned  plant. 


Unsoldering  Leads  from  Commutator 

By  B.  A.  Briggs. 

Disconnecting  the  leads  from  the  commutator  of  a 
large  armature  with  a  soldering  iron  is  a  rather  slow 
job  on  account  of  the  large  amount  of  metal  that  must  be 
heated  and  also  because  of  the  rapid  transfer  of  heat  to 
the  body  of  the  commutator.  The  work  can  be  con- 
siderably hastened  by  applying  heat  to  the  body  of  the 
commutator,  by  means  of  a  blowtorch  or  a  gas  heater, 


The  Bureau  of  Foreign  and  Domestic  Commerce,  De- 
partment of  Commerce,  Washington,  estimates  the  total 
value  of  exports  of  refrigerating  machinery  during 
February,  1920,  at  $2,817,117.  Japan  was  the  largest 
purchaser  during  this  month,  followed  by  Cuba. 


HEAT  BEING  APPLIED  TO  THE  COMMUTATOR  BY  A 
GAS  FLAME 

as  indicated  in  the  figure.  A  piece  of  thin  sheet  asbestos 
should  be  placed  around  the  surface  of  the  commutator 
to  prevent  the  flame  from  injuring  the  insulation.  In 
this  way  the  commutator  may  be  heated  up  to  near  the 
melting  point  of  the  solder  so  that  there  is  very  little 
to  be  done  with  the  iron  and  the  rate  at  which  the 
leads  can  be  removed  is  greatly  increased. 

Diagram  for  Computing  Thickness  of 

Plate  for  Steel  Pipe 

By  Willis  T.  Batcheller* 
The  accompanying  chart  was  prepared  in  connection 
with  the  design  of  the  steel  penstock  for  the  new  unit 
of  the  Cedar  Falls  hydro-electric  plant'  of  the  city  of 
Seattle.  The  penstock  was  2,226  ft.  long  and  was  made 
up  in  different  diameters,  ranging  from  66  in.  to  78  in. 
The  static  head  varied  from  250  ft.  to  627  ft.  at  different 
points.  While  the  solution  is  simple,  the  use  of  the 
diagram  saves  a  great  deal  of  labor  when  a  number  of 
values  must  be  computed. 

The  thickness   of  steel  pipe   was  computed   by  the 
equation 

^DX  HX  0.434 
•'  2XSX  E 

in  which 

T  =  Thickness  of  pipe  in  inches; 
D  =  Inside  diameter  of  pipe  in  inches; 
H  =  Maximum  static  head  on  pipe  in  feet; 
0.434=    Pressure  in  !b.  per  sq.in.  for  one  foot  head; 
S  =  Fiber  stress  in  plate; 
E  =  Efficiency  of  joint. 


•Engineer.  Municipal  Light  and  Power  System,  Seattle,  Wash. 
*Thls  plant  was  referred  to  In  an  article  by  the  author  in  the 
Sept.  4,  1919,  issue  of  Engineering  News-Record. 
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Using  the  equation  given,  values  were  computed  and 
curves  plotted  covering  the  useful  range  of  conditions. 
The  curves  are  equally  applicable  to  lock-bar  pipe,  lap- 
welded  steel  pipe  and  riveted  steel  pipe  when  the  proper 
joint  efficiency  is  used  for  the  special  case  in  hand. 

The  use  of  the  diagram  is  illustrated  by  the  follow- 
ing example:     It  is  required  to   find  the  thickness  of 


lb.  fiber  stress  and  drop  vertically  to  the  80  per  cent 
efficiency  line.  Follow  the  horizontal  line  to  the  left, 
where  it  intersects  the  thickness  scale,  and  read  lo  of 
an  inch  or  lA,  the  nearest  fraction.  In  the  case  of 
.^ingle-riveted  or  double-riveted  lap  joints  under  the 
same  conditions,  produce  the  vertical  line  to  its  inter- 
section with  the  50  or  65  per  cent  line,   respectively, 


DIAGRAM  FOR   COMPUTING  THICKNESS   OF  PLATE   FOR  STEEL  PIPE  UNDER  VARIOUS  CONDITIONS 


steel  plate  for  a  pipe  having  an  inside  diameter  of  78 
in.  under  a  maximum  static  head  of  500  ft.  using  a  fiber 
stress  in  the  plate  of  15,000  lb.  per  sq.in.  and  a  joint 
efficiency  of  80  per  cent,  corresponding  to  a  triple-riv- 

EFFICIENCIES  OF  RIVETED  JOINTS 
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eted  butt  joint.  Starting  at  a  pipe  diameter  of  6}  ft., 
follow  the  vertical  line  to  its  intersection  with  the  line 
representing  a  head  of  500  ft.  Then  move  along  the 
horizontal  line  to  its  intersection  with  the  line  of  15,000 


and  read  1^  in.  and  I  in.  tor  the  two  examples.  With 
lock-bar  pipe  the  thickness  may  be  obtained  by  using  a 
joint  efficiency  of  85  per  cent  and  with  lap-welded  steel 
pipe,  90  per  cent.  In  case  it  is  desired  to  add  iV  in.  or 
some  other  amount  as  a  rust  factor,  this  can  be  done 
after  the  result  is  obtained  from  the  diagram. 

Any  problem  containing  a  single  unknown  quantity 
can  be  solved  by  the  use  of  the  diagram.  In  case  it  is 
desired  to  obtain  more  accurate  results  than  those  re- 
sulting from  the  use  of  the  conservative  values  of  effi- 
ciency given  herein,  a  trial  thickness  may  ^rst  be  ob- 
tained by  their  use  and  the  operation  repeated,  using 
the  joint  efficiency  corresponding  to  the  trial  plate  thick- 
ness. To  facilitate  this  use  of  the  diagram,  the  accom- 
panying table  of  joint  efficiencies  for  ordinary  commer- 
cial plate  thicknesses  has  been  taken  from  tables  pre- 
pared by  the  Hartford  Steam  Boiler  Inspection  and  In- 
surance Company. 


Public  utility  companies  operating  in  northern  Illinois 
suffered  damage  amounting  to  about  {^1,000,000  during 
the   windstorm    on    March    28. 
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Short  Manometer  for  Measuring  High  Pressures 


FOR  the  accurate  measure- 
ment of  pressure  or  of 
differences  in  pressure  a 
manometer  or  U-tube  becomes  in- 
conveniently long  when  the  pres- 
sure is  more  than  45  or  50  lb. 
per  sq.in.  Dr.  H.  C.  Dickenson, 
physicist  of  the  Bureau  of  Stand- 
ards, recently  described  a  form  of 
manometer  used  at  the  bureau, 
which  overcomes  this  difficulty. 
The  principle  of  this  instrument 
is  the  use,  in  series,  of  several 
manometers  of  reasonable  length 
so  connected  that  any  number  of 
them  may  be  used. 

The  general  appearance  of  the 
apparatus  is  shown  in  Fig.  1  and 
a  diagram  of  the  connections  in 
Fig.  2.  There  are  five  main  U- 
tubes,  each  of  which  has  an  effec- 
tive length  of  about  100  in.,  and 
two  auxiliary  tubes  (C  and  D), 
each  of  which  has  about  12  in, 
readable  length.  The  measuring 
liquid  used  is  mercury,  and  the 
pressure  is  transmitted  from  one 
tube  to  the  next  by  oil  or  pure 
ethyl  alcohol,  the  latter  liquid 
being  more  satisfactory  since  less 
dirt  collects  on  the  mercury  sur- 
faces with  alcohol  than  with  oil. 
The  auxiliary  tubes  C  and  D  are 
provided  so  that  the  instrument 
may  be  used  in  measuring  gases 
which  would  be  absorbed  by  the 
oil  or  alcohol.  The  portions  of  the 
manometer  in  which  the  mercury 
surfaces  are  observed,  consist  of 
glass  tubing,  10  mm.  (about  0.4 
in.)  inside  diameter,  while  the 
remainder  of  the  glass  tubing  is 
about  2.5  mm.  (about  0.1  in.)  in- 
side diameter.  Tube  No.  5  is 
designed  to  be  read  at  any 
pressure  between  zero  and  45  lb. 
per  sq.in.,  while  the  other  four 
may  be  read  only  near  the  ends, 
and  each  tube  is  used  to  contribute 
an  additional  45  pounds. 

In  operation  the  high-pressure 
gas  is  admitted  to  the  left-hand 
tube  of  the  manometer  C,  where 
its  pressure  is  exerted  on  the  sur- 
face of  the  mercury.  To  prevent 
the  mercury  being  blown  out  of 
the  tube  C,  oil  is  pumped  in  by  the 


pressure  at  5,  is  sufficient  to  keep 
the  mercury  from  being  blown  out 
of  tube  No.  1.  The  pressure  at  B, 
is  then  transmitted  by  the  oil  to 
the  mercury  surface  in  the  left- 
hand  member  of  tube  No.  2  at  A,. 
The  remaining  pressure  is  sim- 
ilarly transmitted  through  tubes  3 
and  4  to  the  surface  in  the  left- 
hand  member  of  tube  5,  the  mer- 
cury column  in  each  of  the  first 
four  manometers  reducing  the 
pressure  by  approximately  45  lb. 
per  sq.in.,  or  by  a  total  of  approx- 
imately 180  lb.  per  sq.in.  Any 
excess  in  pressure  over  the  180  lb. 
is  measured  in  manometer  No.  5. 

In  case  a  pressure  between  135 
and  180  lb.  was  to  be  measured, 
the  valve  V^  would  be  opened, 
thereby  bypassing  tube  No.  1  so 
that  only  tubes  2,  3,  4  and  5 
would  be  used.  Similarly,  for 
still  lower  pressure  tubes  2,  3  and 
4  might  also  be  bypassed.  It 
might  be  noted  that  if  one  or 
more  tubes  are  to  be  bypassed, 
the  effect  is  the  same  no  matter 
which  of  the  tubes  are  cut  out. 

In  operating  the  manometer 
the  valve  V^  is  always  closed 
except  when  it  is  desired  to  equal- 
ize the  pressure  between  the  two 
sides  of  the  instrument.  The 
valves  y,  and  V^  are  opened  only 
to  change  the  volume  of  the 
transmitting  fluid,  and  thus  regu- 
late the  mercury  levels  in  C  and 
D.  Valves  V,  and  F,„  exclude  the 
pressure  from  the  main  portion  of 
the  manometer  and,  as  a  pre- 
caution in  the  event  of  breakage, 
are  usually  kept  closed  except 
during  the  period  of  observation. 
The  effect  of  pumping  in  trans- 
mitting fluid  through  F„,  F,,. 
^^3»  ^H  or  y,5,  is  to  increase  the 
difference  in  the  height  of  the 
mercury  surfaces  for  each  tube 
to  the  right  of  the  valve  used,  and 
to  decrease  the  same  for  each 
tube  to  the  left. 

The  reading  device  consists  of 
a  brass  collar  which  encircles  the 
tube  of  mercury.  Behind  the 
collar  is  attached  a  white  back- 
ground   illuminated    by    a    small 


pump  P,  through  the  valve  F„  PiG.  i.  HiGH-PRisasuRB  mawometer  at  electric  lamp.  The  collar  is  moved 
until  the  pressure  in  the  right-  '^^e  bureau  of  standards  ^^p  ^^  ^^^^  ^^^.^  ^^^  observer  is 

hand  side  of  tube  C  is  sufficient  just  able  to  see  a  line  of  light 

to  keep  the  mercury  level  in  the  two  tubes  approximately  between  it  and  the  mercury  meniscus.  The  reading  of 
the  same.  The  pressure  is  thus  transmitted  by  the  oil  the  index  on  the  fixed  scale  is  then  observed.  A  steel 
from  the  mercury  in  the  right-hand  member  of  tube  C  tape  2.8  m.  long  (about  71  in.)  is  stretched  behind  the 
to  the  left  hand  side  of  tube  No.  1.  Oil  is  delivered  U-tube  No.  5,  a  10-cm.  scale  (about  4  in.)  is  mounted 
from    the   pump   P   through    the   valve    V„    until    the     behind  each  of  the  readable  portions  of  the  other  four 
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tubes,  and  a  20-cm.  scale  (about  8  in.)  is  mounted  behind 
each  readable  portion  of  the  auxiliary  tubes.  With 
this  arrangement,  the  readings  of  the  manometers 
Nos.  1,  2,  3  and  4  must  be  corrected  by  the  addition 
of  the  vertical  distance  between  the  zero  points  of  the 
two  scales. 

A  further  correction,  due  to  the  weight  of  the  column 
of  transmitting  fluid,  is  necessary.  For  example,  in 
tube  1  there  is  a  column  of  oil  in  the  left-hand  tube 
from  the  mercury  surface  at  A,  to  a  point  on  a  level 
with  5,.  The  oil  in  the  left-hand  tube  above  this  level 
is  of  course  balanced  by  the  oil  in  the  right-hand  tube. 
The  correction  is  then  equal  to  the  difference  between 
gravity  of  the  oil  to  that  of  mercury.  This  correction 
is  always  to  be  subtracted  and  must  be  made  for  each 
the  mercury  levels  multiplied  by  the  ratio  of  the  specific 
manometer. 

The  reading  of  the  total  pressure  shown  by  the 
entire  instrument  is  of  course  the  sum  of  the  corrected 
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FIG.  2.     DIAGRAM  SHOWING  ARRANGEMENT  OF 
HIGH-PRESSURE  MANOMETER 


pressures  read  from  each  of  the  manometers  used.  For 
extreme  accuracy  the  reading  must  be  also  corrected 
for  the  temperature  of  the  mercury.  At  the  Bureau  of 
Standards  this  is  determined  by  a  special  thermometer 
mounted  vertically  behind  the  middle  of  the  manometer. 
Since  an  air  circulating  fan  maintains  a  temperature 
that  does  not  differ  more  than  0.5  deg.  in  various  parts 
of  the  room,  the  temperature  measurement  is  believed 
to  be  accurate  to  0.3  or  0.4  deg.  Another  correction 
considered  is  that  made  necessary  by  the  compression 
of  the  fluid  under  the  higher  pressure.  From  data  on 
the  compressibility  and  densities  of  mercury,  oil  and 
alcohol,  the  error  in  measurements  of  pressure  differ- 
ences at  a  mean  pressure  of  1,500  lb.  per  sq.in.  is  four 
parts  in  1,000,000  for  mercury  and  oil  and  140  parts  in 
1,000,000  for  mercury  and  alcohol.  This  correction, 
therefore,  may  be  neglected  in  any  but  the  most  refined 
measurements.  The  greatest  source  of  error  appears 
to  be  in  the  actual  determination  of  the  position  of  the 
various  mercury  surfaces.     With  the  reading  devices 


used,  the  position  of  a  clean  surface  can  be  determined 
to  0.1  mm.  (about  0.004  in.).  However,  dirt  will 
increase  this  uncertainty  to  perhaps  as  much  as  0.3  mm. 
(about  0.012  in.).  Since  for  225  lb.  pressure  there  are 
fourteen  surfaces  to  be  read,  the  probable  error  of 
reading  will  be  from  0.5  to  1.5  mm.  (0.02  to  0.006  in.), 
or  about  one  part  in  10,000.  A  series  of  experiments 
was  undertaken  to  show  the  error  due  to  the  lag  of 
the  manometer.  It  was  found  after  three  or  four 
minutes  the  errors  from  this  source  were  much  less 
than  those  from  other  known  sources. 

Installation  and  Maintenance  of  Trash 
Racks  for  Hydraulic  Power  Plants 

By  Ronald  V.  McDonald 

Trash  racks  of  hydro-electric  developments  are 
installed  to  protect  the  water  turbines,  governing 
apparatus  and  equipment  and  plant.  If  improperly 
ch  )sen  or  installed,  they  may  fail  when  needed  most ; 
if  not  properly  maintained,  they  may  obstruct  the  flow 
of  water  and  even  shut  down  turbines.  These  racks 
are  installed  before,  or  in,  the  intakes  to  prevent  trash — 
vegetation,,  wood  and  other  water-borne  debris — being 
carried  down  through  the  intake.  The  form  of  rack 
used  should  depend  upon  the  form  of  debris  that  may 
come  down  and  the  velocity  with  which  it  is  carried 
by  the  water. 

A  common  form  consists  of  l;i-in.  round  iron  bars, 
set  vertically,  to  the  top  and  bottom  of  which  are 
riveted  flat  iron  bars  about  4  in.  wide  and  i  to  i  in. 
thick.  The  circular  bars  are  usually  spaced  about  4  in. 
apart.  Another  common  form  of  rack  is  similar  to  the 
foregoing,  except  that  the  grids  or  vertical  bars  are 
from  I  to  ^  in.  wide  transversely  to  the  water  flow  and 
3  to  4  in.  thick  in  the  direction  of  flow.  •  The  former 
type  is  invariably  built  up  in  a  blacksmith  shop;  the 
latter  is  usually  cast  or  forged  in  one  part.  The  fonner 
is  the  cheaper  and  more  easily  made  and  repaired; 
the  latter  probably  offers  the  maximum  strength  of  rack 
with  a  minimum  obstruction  surface  for  restricting 
water  flow. 

A  trash  rack  should  be  designed  to  offer  maximum 
obstruction  to  debris  and  foreign  matter  brought  down 
by  the  water  and  minimum  resistance  to  the  passage 
of  water.  These  two  requirements  are  somewhat 
antagonistic,  a  condition  often  solved  by  installing  two 
racks,  the  inner  one  of  finer  grating,  thus  not  only 
lessening  the  likelihood  of  obstruction  of  water  taking 
place,  but  also  facilitating  cleaning.  The  space  between 
grids  or  bars  of  a  rack  should  depend  upon  the  obstruc- 
tions to  be  guarded  against,  the  size  of  unit  to  be 
protected  and  the  velocity  of  the  incoming  water  and 
water-borne  obstructions.  Where  ice  jams  and  logs, 
turbulent  water  and  wind  are  expected  to  be  encoun- 
tered, the  racks  should  have  ample  strength,  for  grids 
that  become  bent  together  result  in  an  obstructed  pass- 
age between  which  invariably  forms  the  nucleus  for  a 
blockade  of  vegetation. 

A  trash  rack  should  be  designed  to  give  sufficient 
passage  for  water  passing  through  it  of  the  desired 
quantity  without  excessive  loss  of  head.  It  is  surpris- 
ing what  loss  of  effective  head  will  actually  occur  when 
vegetation,  wood  and  other  materials  clog  the  intake, 
a  condition  that  assumes  particular  importance  in  low- 
head  hydro-electric  developments.  Loss  of  efficiency 
and  capacity  always  follows,  and  a  unit  may  be  shut 
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down,  entirely  from  this  cause.  I  believe  that  where 
much  vegetation  is  to  be  dealt  with,  it  is  advisable  to 
design  the  trash  rack  so  that  if  it  be  obstructed 
equivalent  to  40  per  cent  water  restriction,  the  neces- 
sary flow  of  water  is  still  possible. 

Coarse  stationary  trash  racks  are  usually  cleaned  by 
hand,  using  a  rake  on  a  pole  or  handle  for  this  purpose. 


iiW^I...... 


TYPICAL    TRASH    RACK    ARRANGEMENT    •WITH    CONTINU- 
OT^S   CLEANING   DEVICE 


Sometimes  a  rake  similar  to  a  harrow  is  used,  hung 
from  chains  by  a  hoist  so  as  to  permit  of  being  lifted 
by  one  or  two  men.  When  two  trash  racks  in  series 
are  employed,  it  is  a  good  policy  to  make  the  inner  or 
finer  rack  self-cleaning,  in  much  the  same  way  that 
soot  cleaners  are  supposed  to  keep  economizer  heating 
surfaces  clean.  This  is  generally  accomplished  by  one 
or  more  rake-like  appliances  (made  in  the  blacksmith 
shop)  installed  upon  link  chains,  which  in  turn  are 
driven  from  a  motor-operated  countershaft  located  on 
top  of  the  intake  structure.  Some  form  of  adjustable 
iron  comb  is  installed  on  top  of  each  bay  to  catch  the 
trash  brought  up  by  the  scrapers  and  drop  it  on  the 
floor. 

Where  hydro-electric  developments  receive  their  water 
from  rivers  adjacent  to  industry  and  habitation,  a  con- 
dition existing  in  the  East  and  Middle  West  to  much 
greater  extent  than  on  the  Pacific  Coast,  trouble  with 
the  trash  racks  is  often  encountered  on  account  of 
corrosion  of  the  intake  screens  and  racks.  In  some 
cases  this  sort  of  corrosion  is  very  persistent  and  rapid, 
and  from  reports,  no  sort  of  paint  has  as  yet  been 
found  that  will  remain  an  impervious  covering  for  the 
metal  for  any  great  length  of  time. 

About  the  best  manner  of  delaying  corrosion  by  the 
contamination  of  industry  and  habitation  seems  to  be  to 
paint  all  metal  work  with  a  heavy  red-lead  covering. 
This  makes  a  good  coating  and  lasts  reasonably  well, 
notwithstanding  erosion  and  attrition  by  water  and 
foreign  matter.  Racks  and  screens  to  remain  protected 
should  receive  attention,  and  possibly  repainting,  once 
each  year.  As  screens  and  racks  cover  a  comparatively 
large  surface,  yet  comprise  but  little  metal  relatively, 
painting  by  hand  is  most  tedious  if  done  thoroughly 
and  is  often  slighted.  Time  and  paint  may  be  saved 
and  a  better  job  done  by  employing  a  paint-spraying 
outfit.  The  larger  and  greater  the  number  of  racks, 
the    more    advantageous    a    spraying    outfit    becomes, 


obviously.  Before  applying  the  paint,  all  metal  work 
should  be  thoroughly  cleaned  by  sand-blast. 

The  writer  has  never  seen  galvanized-iron  trash  racks 
used,  probably  for  the  reason  that  racks  are  made  up 
close  to  the  job,  and  galvanizing  is  not  readily  per- 
formed under  such  conditions.  It  is  suggested  that  the 
contractors  for  the  water  turbines  or  other  hydraulic 
apparatus  might  include  the  trash  racks  and  furnish 
them  galvanized,  at  least  in  a  few  cases  as  an 
experiment. 

Many  hydro-electric  plants  have  been  forced  to  cur- 
tail output,  in  some  instances  even  being  obliged  to 
shut  down  temporarily,  because  of  obstructed  trash 
lacks.  Probably  most  hydro-electric  plants  have  at 
some  time  suffered  from  loss  of  head  because  the  trash 
racks  were  clogged  and  kept  on  clogging  as  fast  as 
they  were  cleared.  The  foregoing  may  help  to  improve 
the  situation  by  bringing  up  for  discussion  a  few  phases 
of  the  problem. 


How  To  Locate  Faults  in  Direct-Current 
Armatures 

By  W.  a.  Darter 

A  very  convenient,  sure  and  quick  method  of  locating 
faults  in  armatures,  such  as  short-circuits,  open- 
circuits,  poor  contacts,  grounds  and  cross-con- 
nected coils,  without  opening  any  coil  connection  to 
the  commutator,  is  to  use  an  ordinary  telephone  re- 
ceiver and  a  source  of  alternating  current.  The  prin- 
ciple is  very  simple.     If  an  alternating  current  is  sent 
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CONNECTIONS  FOR   ^LVKING  SHORT-CIRCUIT  AND 
OPEN-CIRCUIT   TESTS 


through  a  coil,  there  is  a  voltage  drop  across  the  leads 
of  the  coil,  and  by  connecting  the  leads  of  a  telephone 
receiver  across  the  leads  of  the  coil,  a  vibration  is  set 
up  in  the  receiver  caused  by  the  alternating  current 
passing  through  it  due  to  the  voltage  drop.  Conse- 
quently, if  a  coil  is  short-circuited,  there  will  be  no 
voltage  drop  across  the  leads,  and  hence  if  the  coil 
leads  are  bridged  by  the  telephone-receiver  leads,  there 
will  be  no  sound  produced  in  the  receiver. 

For  testing  large  armatures  with  coils  of  low  resist- 
ance, a  sensitive  receiver  is  necessary.  Small  arma- 
tures may  be  tested  with  any  telephone  receiver  and  a 
small  exciting  alternating  current.  The  writer  gen- 
erally uses  a  110-volt  source  of  energy,  with  either  an 
ordinary  electric  iron  in  series  with  the  armature  coils, 
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or  enough  large-current  lamps  in  multiple  to  give  the 
required  amount  of  exciting  current. 

The  leads  of  an  alternating-current  circuit  are  con- 
nected to  the  commutator  the  same  distance  apart  as 
the  brushes.  On  a  two-pole  machine  the  leads  are  con- 
nected 180  deg.,  on  a  four  pole  machine,  90  deg.,  and 
on  a  six-pole  machine,  60  deg.  apart.  To  detect  a  short- 
circuited  coil  in  a  5-  or  10-hp.  armature,  pass  about  a 
five-ampere  current  through  the  coils,  as  shown  in  Fig. 
1.  Then,  beginning  at  commutator  segments  a  and  h, 
bridge  the  coil  with  the  receiver  leads.  Continue  to 
bridge  each  coil  until  the  receiver  fails  to  vibrate.  If 
coil  No.  4  is  short-circuited  due  to  a  burr  between 
segments  cl  and  e,  then  the  receiver  will  fail  to  vibrate, 
indicating  that  there  is  no  voltage  drop  between  these 
two  points,  and  hence  coil  No.  4  is  short-circuited. 
Generally,  after  a  commutator  has  been  machined 
down,  several  of  the  segments  are  bridged  together 
with  small  pieces  of  copper,  and  testing  out  the  arma- 
ture before  it  is  put  into  service  insures  against  any 
trouble  from  this  source. 

To  detect  an  open-circuited  coil,  connect  the  arma- 
ture up  as  shown  in  Fig.  1.  Bridge  each  coil  in  rota- 
tion around  the  commutator  until  the  receiver  makes 
or  produces  a  violent  vibration.  This  violent  vibration 
indicates  an  open  in  the  coil,  and  the  receiver  is  sub- 
jected to  the  full-voltage  drop  in  that  side  of  the  arma- 
ture. If  the  receiver  leads  bridged  segments  k  and  I, 
a  strong  vibration  would  indicate  that  coil  11  is  open 
at  some  point,  such  as  at  X.  To  detect  bad  contacts 
between  the  coil  leads  and  commutator  segments  in  an 
armature,  connect  the  same  as  in  Fig.  1,  then  bridge 
each  coil  as   before,   tapping   the  commutator  at   the 
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FIG.  2.     CONNECTIONS  FOR  MAKING  GROUND  TESTS 

same  time  with  a  wooden  mallet.  If  there  is  a  bad 
contact,  the  intensity  of  the  receiver's  vibration  will 
vary,  due  to  the  change  in  resistance  of  the  contact. 

To  detect  a  coil  or  commutator  segment  that  is 
grounded,  connect  the  armature  to  the  alternating- 
current  source,  as  shown  in  Fig.  2,  which  is  the  same 
as  Fig.  1.  Then  connect  one  lead  of  the  receiver  to  the 
shaft  and  with  the  other  lead  locate  the  segment  that 
will  give  the  minimum  intensity  of  vibration  in  the 
receiver.  This  indicates  the  least  voltage  drop  and 
that  either  the  segment  or  coil  connected  to  it  is 
grounded.  In  Fig.  2  segments  g  and  h  would  give 
about  the  same  intensity  of  vibration ;  this  would  indi- 
cate that  the  coil  winding  is  grounded  about  midway 
between  the  two. 


To  detect  coils  that  are  cross-connected  to  the  com- 
mutator as  shown  at  g  and  h.  Fig.  3,  connect  the  alter- 
nating-current source  across  the  commutator  and  with 
the  receiver  bridge  the  segment  as  when  testing  for 
short-circuits.  A  cross-connected  coil  will  be  indicated 
by  a  normal  vibration  between  two  excessive  vibrations 
in  the  receiver.  This  will  be  understood  from  the 
figure.     If  the  receiver  is  connected  to  segments  /  and 


FIG.  3.     CONNECTIONS  FOR  LOCATING  CROSS- 
CONNECTED   COILS 

g,  it  will  be  connected  across  coils  6  and  7  in  series. 
When  the  receiver  is  connected  to  segments  g  and  h,  it 
is  across  coil  7  only,  and  when  in  contact  with  seg- 
ments h  and  i,  the  receiver  bridges  coils  7  and  8.  Hence, 
under  the  first  and  third  conditions  the  potential  drop 
across  the  segments  will  be  twice  as  great  as  under 
the  second  condition,  and  give  indications  in  the  re- 
ceiver accordingly. 


As  a  means  of  minimizing  the  difficulties  caused  by 
the  insuflficient  coal  supply  the  various  electrical  com- 
panies in  and  around  Paris  are  considering  a  proposal 
for  the  construction  of  a  vast  power  station  for  the  dis- 
tribution of  energy  throughout  the  industrial  area 
which  has  grown  enormously  in  importance  since  the 
war,  says  The  Engineer.  The  existing  power  stations 
are  wholly  insufficient  for  present  needs,  and  it  is  often 
urged  that  the  defective  installations  are  as  much  the 
cause  of  the  irregular  service  as  the  shortage  of  fuel. 
It  is  hoped  that  by  creating  a  central  power  station  cap- 
able of  supplying  the  entire  Parisian  district  there 
will  be,  first  of  all,  an  economy  of  coal,  and,  secondly,  it 
will  be  easier  to  insure  supplies  which  would  not  be  dis- 
tributed among  so  many  companies  as  at  present. 
Nevertheless,  it  is  argued  that  this  economy  and  con- 
•venience  would  be  purely  illusory,  and  it  has  been  pro- 
posed to  generate  electrical  energy  in  some  center  like 
Rouen,  where  coal  can  be  procured  at  lower  cost  and 
without  additional  transport,  and  distribute  vhe  current 
to  the  Paris  district.  The  supply  of  electrical  energy 
in  and  around  Pa/is  is  so  defective  that  something  will 
have  to  be  done  to  avoid  the  serious  loss  to  the  engineer- 
ing and  other  industries  resulting  from  the  frequent 
<itoppages. 


A  gigantic  pool  of  power  companies  of  the  city  of 
Los  Angeles  and  all  southern  California  is  being 
planned.  At  a  conference  under  the  supervision  of  the 
State  Railroad  Commission  to  be  held  soon,  the  arrange- 
ments will  be  completed. 
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Charts  for  Graphical  Determination  of  Pipe  Sizes 
and  Velocity  of  Flow  of  Steam 

By  H.  M.  BRAYTON 

Mechanical  Engineer  and  Designer,  Semet  Solvay  Company,  Syracuse.  New  York. 


The  author  gives  two  charts  for  determining 
the  size  of  pipe  and  velocity  of  flow  for  all  usual 
pipe  sizes.  He  also  shows  how  the  reader  may 
construct  such  charts. 


THE  flow  of  steam  in  pipes  is  a  complicated  prob- 
lem. One  may  delve  as  deeply  as  patience  and 
one's  knowledge  of  the  subject  goes  into  the 
thermodynamic  theory.  Many  times  in  such  a  study 
assumptions  have  to  be  made  which  are  not  well  sup- 
ported by  experiment  and  for  this  reason  make  the 
final  result  still  in  doubt.  Such  factors  as  the  coeffi- 
cient of  friction  between  the  steam  and  the  pipe  walls, 
which  varies  with  the  velocity,  the  character  of  the 
steam  and  the  smoothness  of  the  surface,  the  quality  of 
the  steam,  the  heat  loss  by  radiation  and  conduction,  the 
size  and  length  of  the  line  and  the  pressure,  all  affect 
the  flow  in  a  greater  or  less  degree. 

It   is   not   the  purpose   of   this   article   to  carry   the 
reader  on  any  such  mathematical  journey  as  would  be 
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total  weight  of  steam  flowing  in  pounds  per  minute, 
the  quantity  flowing  in  cubic  feet  per  minute  and  the 
velocity  of  the  steam  in  the  pipe  in  feet  per  minute. 
With  these  all  known  or  assumed,  the  pipe  size  may  be 
established. 

The  pressure  drop  is  not  necessary  in  the  first  deter- 
mination of  the  proper  size  of  pipe.  The  size  will  affect 
the  amount  of  drop,  and  the  latter  should  be  calculated 
after  the  size  has  been  determined  to  see  whether  or 
not  it  is  excessive. 

The  degree  of  superheat  will  affect  the  pipe  size  inso- 
far as  it  affects  the  specific  volume.  As  the  relation 
between  the  degree  of  superheat  and  the  specific  volume 
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CHART   FOR   DE'^ERMINING   FLOW   OF   STEAIVi 
PIPES  FROM  8  IN.   TO  16   IN.   DIAMETER 


IN 


Steam   Pressure,  Pounds    per  sq.   in.  Abs. 

necessary  in  a  discussion  of  the  theory  of  the  subject. 
It  is  rather  the  aim  of  the  writer  to  show  how  the 
factors  usually  desired  in  steam-flow  calculation  may 
be  determined  graphically  without  calculation  of  any 
kind  and  with  a  degree  of  accuracy  that  will  suffice  in 
most  practical  cases.  There  are  many  men  working  at 
the  drawing  board  whose  knowledge  of  mathematics  is 
limited,  and  to  them  these  charts  will  be  found  of  spe- 
cial value.  Even  the  trained  engineer  does  not  like  to 
spend  his  time  in  going  through  routine  calculation 
when  it  may  be  avoided.  The  use  of  graphical  charts  as 
time  savers  is  coming  more  and  more  to  be  recognized 
by  technical  men. 

The  variables  involved  in  pipe-size  determination  are 
as  follows:  Steam  pressure,  specific  volume  or  the  num- 
ber of  cubic  feet  per  pound  at  the  given  pressure,  the 


follows  no  simple  law,  it  is  not  possible  to  incorporate  it 
in  these  charts.  When  superheat  is  present,  the  specific 
volume  must  first  be  taken  from  a  steam  table  and  the 
chart  used  as  given  here. 

The  theory  involved  is  simple  and  may  be  expressed 
in  the  following  manner, 

0.785  D^  Y 


Q 


AV  = 


144 


0.00545  D'  V 


(1) 


in  which  equation 

Q  =^  Quantity  of  steam  flowing  in  pipe  in  cubic  feet 
per  minute; 

A  =  Area  of  pipe  ir.  square  feet; 

V  -=  Velocity  of  steam  in  pipe  in  feet  per  minute : 

D  =  Diameter  of  pipe  in  inches. 
With  this  formula  it  would  be  necessary  tc  know  not 
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only  the  velocity  desired,  but  also  the  quantity  flowing 
in  actual  cubic  feet.  This  latter  factor  is  seldom  known 
directly  and  must  be  determined  before  this  equation 
can  be  applied.    This  may  be  done  as  follows: 

Q  =  WV  '  (2) 

in  which, 

Q  =  Quantity  in  cubic  feet  per  minute  as  before; 

W  =  Weight  of  steam  flowing  in  pounds  per  minute ; 

V'  =  Specific  volume  of  steam  in  cubic  feet  per  pound. 

From  the  foregoing  it  will  readily  be  apparent  that 
one  may  combine  equations  (1)  and  (2),  eliminating  Q. 
The  other  factors  must  either  be  known  or  assumed 
before  the  diameter  can  be  determined.  The  value  of  W 
is  usually  known;  if  not,  there  is  no  problem  to  solve. 
The  specific  volume  can  be  found  quickly  by  turning  to 
the  given  pressure  in  the  steam  table.  The  velocity  that 
is  to  be  allowed  must  be  assumed.  If  the  size  of  pipe 
comes  too  high,  a  greater  velocity  must  be  taken 
because  the  other  factors  are  seldom  flexible.  With  this 
information  at  hand  the  two  equations  may  be  solved 
and  the  pipe  size  determined.  In  the  same  manner  any 
one  of  the  other  variables  may  be  solved  if  the  diam- 
eter of  pipe  is  first  known. 

The  graphical  chart  shovm  in  Fig.  1  quickly  and  accu- 
rately solves  these  two  equations.  At  the  left  of  the 
chart  a  pressure-specific  volume  curve  has  been  incor- 
porated which  makes  the  whole  complete.  It  is  then 
not  necessary  to  use  a  steam  table  with  this  chart  when 
dry  steam  is   under  consideration.     The  dash-dot  line 


nected  through  the  10,000  point  on  the  velocity  scale 
with  the  diameter  scale.  It  is  seen  that  a  pipe  12  in.  in 
diameter  will  carry  the  required  weight  of  steam  at  the 
desired  velocity. 

The  reverse  of  this  problem  many  times  comes  up  for 
solution,  and  here  again  the  chart  will  apply.  For 
example,  suppose  it  is  required  to  find  the  velocity  of 
.steam  flow  in  a  10-in.  line  carrying  1,000  lb.  of  .steam 
per  minute  and  a  pressure  on  the  line  of  200  lb.  per 
sq.in.  absolute.  If  the  reader  will  connect  the  point  on 
the  specific-volume  scale  which  corresponds  to  the  given 
pressure,  in  this  case  about  2.25,  with  the  1,000  point 
on  the  diagonal  representing  the  weight  .scale  and  then 
from  the  point  on  the  quantity  scale  which  is  cut  out 
by  producing  this  line,  draw  to  the  10-in.  position,  it 
will  be  found  that  this  latter  line  will  cut  out  on  the 
velocity  scale  the  value  of  4,200,  which  is  about  the 
velocity  obtained.  If  he  will  go  through  this  simple 
example,  he  will  note  quickly  how  the  chart  is  used. 

In  the  same  manner  any  one  of  the  six  variables  incor- 
porated may  be  determined  quickly  and  with  suflRcient 
accuracy   for  practical  work.     Special   problems   often 
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FIG.    2.      CHART    FOR    DETERMINING    FL,OW    OF    STEAM    IN    FIPES 


5000 
IN.   TO   8    IN.    DIAMETER 


across  the  chart  shows  the  method  of  use.  In  this  chart 
it  was  assumed  that  the  pressure  was  known  to  be  at 
85  lb.  absolute  or  70  lb.  gage.  At  this  pressure  the 
curve  shows  that  the  volume  is  about  5.25  cu.ft.  The 
total  weight  of  steam  which  it  is  desired  to  have  pass 
through  the  pipe  per  minute  has  been  taken  at  1,500 
and  the  allowable  velocity  at  10,000  ft.  per  min.  To 
determine  the  size  of  pipe  required  to  accomplish  this, 
it  is  merely  necessary  to  connect  the  volume  with  the 
weight  and  continue  the  line  until  it  meets  the  quantity 
scale.  We  may  not  be  interested  in  the  actual  number 
of  cubic  feet  of  steam  which  is  flowing  per  minute,  but 
if  we  are  it  may  be  read  from  this  scale  and  in  this 
case  is  found  to  be  7.750.     This  point  in  turn  is  con- 


arise  in  steam  work,  making  it  necessan,'  to  solve  any 
one  of  the  variables  given  on  the  chart. 

The  range  of  the  variables  as  given  on  the  chart  in 
Fig.  1  is  that  generally  met  with  in  steam  practice. 
^  Later,  it  will  be  shovm  how  this  chart  was  designed  so 
that  the  reader  may  construct  one  for  himself  with  any 
limits  for  the  variables  which  may  suit  his  special  needs. 
It  will  be  observed  at  once  that  the  diameter  scale  begins 
with  an  8-in.  pipe.  It  was  found  impractical  to  incor- 
porate lower  values  and  still  maintain  accuracy  in  the 
other  scales.    • 

In  using  this  chart,  it  must  be  remembered  that  the 
pressure  is  plotted  as  absolute  pressure,  and  when  tne 
gage  pressure   is   known  or  desired,    14.7   lb.   must   be 
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taken  from  the  value  given  on  the  scale.  These  pres- 
sures and  volumes  are  plotted  as  given  in  the  steam 
tables,  so  that  the  user  would  have  no  trouble  if  he  had 
to  take  the  value  from  the  tables  instead  of  the  curve. 
This  procedure  might  be  desirable  when  greater  accu- 
racy was  desired  or  necessary  if  superheat  were  present. 
Wet  steam  also  will  affect  the  specific  volume,  and  if 
much  water  is  present  it  will  be  well  to  take  the  volume 
from  the  curve  for  dry  steam  and  then  multiply  the  per- 
centage of  steam  by  this  value,  which  will  give  the  true 
volume.  This  latter  value  may  then  be  found  on  the 
scale  and  the  chart  used  in  the  usual  way.  This  pro- 
cedure neglects  the  volume  of  water  present,  but  as  this 
is  usually  small,  it  may  be  neglected  without  introduc- 
ing an  appreciable  error. 

It  has  already  been  stated  that  it  was  not  found  prac- 
ticable to  carry  the  pipe  sizes  below  8  in.  on  the  chart 
shown  in  Fig.  1.  As  a  large  percentage  of  steam  work 
involves  sizes  below  this,  it  was  deemed  advisable  to  con- 
struct a  second  chart  with  the  lower  values.  Such  a 
chart  is  given  in  Fig.  2.  The  theory  and  principles 
involved  here  are  the  same  as  for  Fig.  1,  excepting  for 
the  limits  of  the  variables.  These  limits  are  in  keeping 
with  smaller  pipes. 

Two  illustrations  of  how  to  use  the  chart  given  in 
Fig.  2  are  shown  by  the  dash-dot  lines.  In  one  case  a 
pressure  of  50  lb.  has  been  assumed,  together  with  a 
weight  of  steam  of  200  lb.  per  min.  and  a  pipe  of  8  in. 
By  tracing  the  dash-dot  line  the  reader  can  see  that  the 
steam  velocity  will  be  about  4,900  ft.  per  min.  and  the 
quantity  flowing  about  1,680  cu.ft.  per  min.  In  the 
other  chart  the  pipe  size  and  velocity  are  taken  respec- 
tively at  6  in.  and  6,000  ft.  per  min.  and  the  weight  flow- 
ing at  250  lb.  per  min.  By  tracing  the  line  through,  it 
will  be  observed  that  the  quantity  is  about  1,180  cu.ft. 
per  min.  and  the  specific  volume  4.75.     This  represents 
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FIG.  1-A.     CHART  ASSISTS  IN  FINDING  VALUE  OF  K  WHEN 
LAYING   OUT  CHARTS   SUCH   AS   SHOWN   IN   FIG.    1 


a  pressure  of  about  97  lb.  abs.  or  82  lb.  gage.  This 
means  that  this  much  pressure  must  be  maintained  on 
the  6-in.  line  if  the  desired  quantity  and  weight  is  to  be 
put  through  at  the  velocity  of  6,000  ft.  per  min. 

These  two  charts  when  used  together  cover  the  ordin- 
ary range  met  with  in  everyday  practice.  The  limits 
in  all  cases  have  been  chosen  with  the  view  of  reaching 
all  possible  extremes.  Sizes  larger  than  16  in.  are  met 
so  seldom  that  it  is  not  believed  worth  while  to  build 
up  such  a  chart  for  the  larger  values.  This  could  be 
readily  carried  out,  however,  and  a  method  will  be 
pointed  out  later  by  means  of  which  the  reader  may 


construct  such  a  chart  for  himself  if  his  work  warrants 
the  time  involved. 

It  has  been  the  writer's  experience  in  observing  the 
work  and  study  of  fellow  engineers  that  when  a  reader 
notes  something  in  the  chart  line  in  an  up-to-date  jour- 
nal, he  often  takes  the  attitude  that  although  it  is  of 
value  to  him  it  is  of  little  use  on  the  page  of  the  maga- 
zine. No  means  are  usually  available  for  reproducing 
it  on  a  separate  sheet,  and  so  he  lets  it  go  by  without 
so  much  as  making  a  reference  in  his  notebook  so  as  to 


PRESSURE 


FIG.     2-A. 


CHART    FOR    DETERMINING    CONSTANTS    FOR 
LAYING  OUT  CHARTS  AS  FIG.  2 


be  able  to  find  the  chart  later  if  needed.  Usually,  it  is 
necessary  to  reduce  these  graphs  to  such  an  extent  that 
accuracy  is  seriously  impaired.  The  reader  knows  this 
and  decides  that  it  would  be  of  little  use  to  him  in  that 
form.  Charts  of  this  kind  reach  many  readers  through 
the  libraries.  These  readers  do  not  have  a  copy  of  the 
journal  themselves,  and  the  effort  necessary  to  send  spe- 
cially for  one  copy  is  sufficient  to  make  them  decide  that 
they  do  not  want  the  article  or  the  charts  badly  enough 
for  that. 

For  these  reasons  the  writer  believes  it  good  policy  to 
include  in  such  an  article  as  this  enough  of  the  theory 
and  sufficient  explanation  of  the  charts  to  enable  the 
reader  to  construct  them.  No  attempt  will  be  made 
to  include  unnecessary  theory  or  to  derive  the  funda- 
mental formulas  involved.  For  the  truth  of  these  the 
reader  may  check  them  up  by  substituting  values. 

Let  us  start  with  the  chart  Fig.  1.  This  chart  is 
knovm  as  the  Z  because  its  shape  resembles  that  letter. 
We  have  here  a  combination  Z  because  the  principle  has 
actually  been  applied  twice.  Fig.  lA  gives  a  diagram 
of  the  scales  and  on  each  one  of  these  lines  is  written 
an  equation.  This  is  the  equation  of  the  scale  and 
means  that  the  position  of  each  one  of  the  values  shown 
on  the  scale  in  Fig.  1  is  determined  by  this  equation. 
It  will  be  noticed  that  the  equation  in  each  case  contains 
but  two  variables,  the  one  representing  a  quantity  in 
the  formula  being  charted  and  the  other  the  distance  of 
a  given  value  from  the  origin  which  is  the  point  where 
the  scales  meet,  or  the  comer,  of  the  Z. 

The  foregoing  may  be  a  bit  technical  and  perhaps  not 
quite  clear.  Let  us  take  the  actual  formula  charted  in 
Fig.  1.  The  first  part  of  this  is  given  in  Equation  (1) 
and  was  as  follows : 

Q  ^  .4F  =  0.00545  D'  V 
We  have  here  a  simple  three  variable  equation  connect- 
ing the  three  quantities  Q,  D  and  V.    The  first  thing  to 
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do  is  to  select  the  limits  of  these  quantities.  Decide  the 
maximum  va.ue  of  Q,  D  and  V  which  you  desire  to  have 
on  the  chart.  This  is  usually  regulated  by  practice. 
The  chart  should  be  made  to  cover  the  useful  range  of 
the  variables.  When  this  has  been  done,  the  equations 
of  the  scales  may  be  written  as  follov^rs: 

X  =  miQ,        Y  =  m,  (0.00545  D^),         Z  =  ,-fr^^ 

It  now  becomes  necessary  to  select  values  for  the  con- 
stants m^,  m^  and  K.  These  are  determined  by  the 
actual  size  of  chart  which  is  to  be  constructed.  The 
value  of  K  will  be  the  length  of  the  diagonal  of  the  Z 
in  inches.  This  is  shown  in  Fig.  lA,  and  in  the  chart 
Fig.  1  has  been  taken  at  10  in.  Any  other  value  may 
be  used  as  found  convenient.  The  values  of  m,  and  m, 
are  somewhat  dependent  on  the  value  of  K  selected,  as 
one  would  not  like  to  have  these  scales  extend  far  out 
beyond  the  junction  points  with  the  diagonal.  It  makes 
a  good  appearance,  to  have  the  side  scales  come  about 
even  with  the  ends  of  the  diagonal.  With  the  maximum 
value  of  Q  and  D  in  mind  as  selected  above,  it  is  simple 
to  determine  m^  and  m^.  Let  us  suppose  we  limit  the 
length  of  the  Q  scale  to  7.5  in.,  as  has  been  done  in  Fig. 
1.  Then  if  we  substitute  in  X  =  wi,  Q  the  values  of 
X  =  7.5  and  Q  =  15,000,  we  find  that  m,  =  0.0005  and 
the  equation  of  this  scale  becomes  X  =  0.0005Q.  With 
this  equation  of  the  scale  it  is  easy  to  lay  oif  the  actual 
scale.  Merely  substitute  various  values  of  Q  from  zero 
up  to  the  maximum  value  of.  15,000  in  this  case  into  this 
formula  and  obtain  the  corresponding  value  of  X.  This 
value  of  X  will  be  in  inches  and  represents  the  actual 
distance  from  the  starting  point.  These  distances  may 
then  be  laid  off  from  the  point  R,  as  given  in  Fig.  lA. 
Each  point  must  be  marked  with  its  corresponding 
value  of  Q.  This  process  is  quickly  accomplished  when 
the  equation  is'as  simple  as  the  one  for  this  variable  Q. 

The  value  of  w^  for  the  D  equation  is  determined  in 
the  same  manner  except  that  here  we  have  a  constant 
to  deal  with  in  the  form  of  0.00545  and  also  a  squared 
term.  Neither  of  these  should  cause  any  trouble.  The 
maximum  value  of  D  has  been  determined,  and  if  the 
maxim.um  length  of  the  scale  is  selected  which  repre- 
sents the  value  of  Y,  we  can  nicely  calculate  w^.  It  may 
be  found  that  the  value  of  m,  becomes  an  odd  figure  if 
the  length  of  scale  is  selected  in  even  inches.  It  is 
usually  better  practice  to  select  the  modulus,  as  m^  is 
called,  an  even  number  and  let  the  scale  come  an  odd 
length.  If  this  is  kept  in  mind,  it  will  save  time  in  put- 
ting in  the  scales.  For  the  chart  shown  the  value  of  m, 
was  taken  at  7,  which  makes  the  final  equation  for  the 
D  scale  read  as  follows: 

y  —  7  (0.00545  D')  =  0.038  D' 
The  Y  scale  may  then  be  laid  in  by  measuring  off  from 
the  point  S  the  values  of  Y  obtained  from  this  equation 
when  various  values  of  D  are  substituted.     Each  point 
should  be  marked  with  its  own  value  of  D. 

The  diagonal  scale  is  somewhat  more  complicated  and 
requires  a  little  more  calculation  in  the  determination 
of  the  points.  The  equation  of  the  scale  involves  m„  m.^ 
and  K  and  therefore  is  entirely  dependent  on  these 
values  as  selected  for  the  two  previous  scales.  It  is 
therefore  highly  important  that  the  equations  of  all 
three  scales  be  determined  before  any  are  drawn  in.  It 
is  often  found  that  the  values  selected  will  not  give  a 
good  scale  for  the  diagonal.  It  may  be  too  long  or  so 
short  that  all  accuracy  is  lost.  In  either  event  the  calcu- 
lation must  be  gone  through  with  again  and  more  suit- 


able values  selected.  It  may  be  necessar\'  to  change  the 
value  of  K.  It  will  be  noticed  that  V  varies  directly  as  K 
and  therefore  a  change  in  this  constant  has  more  effect 
than  the  others.  With  the  values  selected  above  this 
diagonal  equation  becomes 

K  miV  _  10  (0.0005  V)  ^  0.005  V 
m\V  +  W2  '"  0.0005  y  +  7  0.0005  y  -f  7 
The  various  values  of  V  must  be  substituted  in  this 
equation  and  the  corresponding  values  of  Z  determined. 
This  equation  can  be  nicely  solved  on  the  slide  rule  and 
it  is  not  as  long  a  job  as  might  at  first  appear.  These 
values  of  Z  thus  determined  should  be  laid  off  along  the 
diagonal  from  the  point  R.  Each  point  must  be  marked 
with  its  own  value  of  V. 

This  completes  the  first  part  of  the  problem.  A 
straight-edge  laid  across  the  scales  will  solve  equation 
(1).  Any  two  of  the  variables  being  known,  the  other 
may  be  quickly  found  in  this  way.  Fig.  1  shows  a  value 
of  Z)  =  12  in.  connected  through  a  value  of  V  =  10,000 
It.  per  min.  The  quantity  flowing  is  shown  on  the  Q 
scale  to  be  7,500  cu.ft. 

The  left-hand  part  of  the  chart  is  a  duplicate  of  the 
first  part  in  rej  ard  to  the  principle  involved.  We  have 
here  another  Z  chart  turned  the  other  way  around  and 
one  of  its  scales  coinciding  with  ono  of  the  scales  of  the 
first  chart.  This  was  made  possible  because  the  value 
of  Q  appeared  in  both  formulas.  It  will  be  recalled 
that  equation  (2)  was  as  follows: 

Q  =  WV 
If  we  make  the  modulus  of  the  Q  scale  in  both  of  these 
charts  the  same,  they  may  be  placed  upon  one  another. 
These  equations  of  scales  were  obtained  as  shown  above 
and  are  as  follows : 


X  =  mxQ,         Y  =-  miV,        Z  = 


K  miW 


miW   -r    7712 

The  values  of  the  constants  selected  follow:  m,  ^=  0.0005, 
m^  =  0.4  and  K  =  10.  It  is  not  necessary  that  K  be 
the  same  as  selected  for  the  other  chart.  It  was  selected 
the  same  in  this  case  to  make  a  more  balanced  chart. 
The  equations  of  the  scales  then  becomes 

10  (0.0005  W) 


X  =  0.0005  Q,        Y  =  0.4  V,       Z  = 
0.005  W 


0.0005  H^  + 0.4 


0.0005  W  +  0.4 


The  scales  may  now  be  laid  out  as  in  the  previous  case. 
Only  two  remain,  as  the  Q  scale  is  already  in  place.  The 
same  rule  applies  here,  however,  as  stated ;  that  is,  it  is 
not  advisable  tc  put  in  any  of  the  scales  until  the  equa- 
tions for  the  whole  chart  have  been  determined.  The 
moduli  many  times  have  to  be  juggled  to  make  a  good 
appearing  and  useful  chart.  An  illustration  of  this  is 
found  in  the  two  given  here.  It  was  not  found  prac- 
ticable to  extend  the  D  scale  beyond  the  value  of  8  in 
Fig.  1.  It  was  necessary  to  carry  it  further  in  a  second 
chart. 

A  chart  should  always  be  complete  in  itself;  that  is, 
it  should  be  possible  to  solve  completely  the  problem  for 
which  the  chart  was  designed  with  the  data  usually 
available.  With  this  chart  thus  far  designed,  this 
would  not  be  possible,  as  the  specific  volume  of  the 
steam  under  consideration  is  seldom  known  directly  and 
must  be  looked  up  in  a  steam  table.  Usually,  the  pres- 
sure is  known  instead.  To  make  the  chart  complete, 
there  has  been  added  a  pressure-specific  volume  curve 
at  the  left.  Such  a  curve  may  be  plotted  as  shown  by 
taking  from  the  steam  tables  the  values  of  V  corre- 
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sponding  to  the  various  pressures.  This  is  merely  a 
simple  curve  and  may  be  plotted  on  thin  cross-section 
paper.  The  V  scale  on  the  plot  must  coincide  exactly 
with  the  V  scale  on  the  chart.  The  value  of  m,  for 
this  scale  must  be  selected  with  this  in  view. 

The  chart  shown  in  Fig.  2  is  built  up  for  the  same 
formulas  as  the  one  shown  in  Fig.  1,  but  for  different 
values  of  the  variables.  This  chart  applies  to  large 
pipe.  The  theory  is  the  same  as  given  above  except  for 
the  actual  values  of  the  modulus  selected.  To  enable 
the  reader  to  reproduce  this  chart  himself,  the  equations 
of  the  scales  will  be  given.  For  the  first  part,  which  is 
represented  by  the  right-hand  part  of  the  chart  and  the 
equation  Q  =  0.00545  D'  V,  we  have : 
X  =  m.  Q  =  0.002  Q, 

Y  =  w,  0.00545  D'  =  25  (0.00545  D')  =  0.136  D' 
K  miV    _    10  (0.002  V)    _         0.02  V 
0.002  y  +  25 


z  = 


miV  +  m2       0.002  y  +  25       0.002  V  +  25 
The  equations  of  the  second  part  shown  at  the  left  and 
representing  the  question  Q  =  WV  are  as  follows : 
X  =m,Q  =  0.002  Q, 
Y  =  my  =  0.4  F, 
K  =^  10  inches, 

10  (0.002  W)  ^  0.02  W 
^  ~  0.002  W  +  0.4  0.002  W  +  0.4 
The  manner  of  laying  out  this  chart  is  shown  in  Fig. 
2A.  For  convenience  the  equations  of  the  various  scales 
are  written  thereon.  With  the  foregoing  explanations 
the  reader  should  have  no  trouble  in  reproducing  both 
these  charts.  If  a  smaller  size  is  desired,  it  can  be 
obtained  by  changing  the  values  of  the  constants,  m,,  m, 
and  K.  The  theory  outlined  must  be  followed  to  make 
the  chart  solve  the  formula  when  finished. 

The  quickest  and  perhaps  the  most  satisfactory  way 
to  draw  these  charts  is  to  draw  them  in  pencil  directly 
on  tracing  cloth.  When  finished,  they  may  be  quickly 
inked  and  blueprinted.  The  plotted  curve  at  the  left 
may  be  drawn  on  a  piece  of  cross-section  paper  and 
pasted  to  the  tracing  cloth.  Care  should  be  exercised  to 
make  the  V  scale  exactly  coincide  on  the  two  draw- 
ings. The  charts  will  be  found  to  be  time  savers  by  de- 
signers who  constantly  have  occasion  to  determine  pipe 
sizes  and  steam  velocities.  In  a  subsequent  article  the 
writer  will  take  up  a  more  simplified  form  of  chart  that 
may  be  employed  when  the  cubic  feet  of  steam  does  not 
enter  the  problem. 

Electric  Power  in  the  Arctic  Regions 

One  would  hardly  associate  electric  power  stations 
with  the  snowbound  Arctic  regions,  yet,  despite  the 
intense  cold  and  six  months  of  ice  and  snow  each  year, 
a  number  of  hydro-electric  and  steam-turbine  plants 
have  been  erected  during  the  last  fifteen  years  for  the 
purpose  of  garnering  the  rich  deposits  of  gold  in  the  bed 
of  the  Yukon  River. 

Over  twenty-five  million  dollars  has  been  expended 
by  large  operators  for  the  furtherance  of  these  projects. 
Miles  of  ditches  have  been  excavated,  powerful 
hydraulics  installed  and  hydro-electric  and  steam-turbine 
plants  constructed.  This  was  no  easy  task.  It  meant 
fighting  weather  sometimes  seventy  degrees  below  zero 
and  working  on  ground  frozen  to  a  depth  of  thirty  feet. 
Moreover,  heavy  machinery  and  equipment  necessary 
to  carry  on  the  work  had  to  be  transported  over  two 
thousand  miles  of  wilderness. 


Among  the  first  of  these  operators  was  the  Yukon 
Gold  Co.,  which  in  1905  installed,  a  few  miles  above 
Dawson,  a  hydro-electric  plant  of  1,875  kw.,  operating 
under  a  650-ft.  head.  The  plant  consisted  of  three  54-in. 
Pelton  waterwheels,  each  direct-connected  to  a  625-kw. 
2,200-volt  three-phase  60-cycle  Westinghouse  generator. 
The  company  had  36  miles  of  main-line  transmission 
and  18  miles  of  branches  and  supplied  energy  for  nine 
electric  dredges,  each  using  from  300  to  500  horse- 
power. 

The  Canadian  Klondyke  Co.,  shortly  after,  began  oper- 
ations about  26  miles  above  Dawson  with  the  installa- 
tion of  a  10,000-hp.  hydro-electric  plant  equipment  con- 
sisting of  two  3,000-kva.  2,300-volt  60  cycle  three-phase 
generators,  direct-connected  to  5,000-hp.  I.  P.  Morris 
Francis  reactionary  turbine  wheels.  Two  banks  of 
transformers  stepped  up  the  voltage  from  2,300  to 
33,000. 

This  plant  was  located  farther  north  than  that  of 
the  Yukon  Gold  Co.,  and  it  was  found  necessary  to  in- 
stall electric  heaters  at  the  intake  and  at  intervals  of 
about  two  miles  in  its  six-mile  power  ditch  and  also  in 
the  receiving  chamber  at  the  penstock  heads  to  keep 
the  anchor  ice  thawed  out. 

About  thirty-five  miles  down  the  Yukon  from  Dawson 
the  Northwestern  Light,  Power  and  Coal  Co.  located  a 
10,000-hp.  steam-turbine  station.  Much  of  the  equip- 
ment for  this  plant  was  shipped  by  the  British  West- 


l-EN   THOUSAND   HORSEPOV^TER   STEAM-TURBINE   PLANT. 
COAL  CREEK.  ALASKA 

inghouse  Co.,  from  Manchester,  England,  across  Mexico, 
to  the  Pacific  and  thence  by  water  and  rail  1,000  miles 
down  the  Yukon,  where  it  was  taken  over  the  600-mile 
snow  trail  in  winter.  The  plant  was  finally  installed  at  ■ 
a  cost  of  $2,500,000,  but  operated  only  100  days  when  \ 
it  was  shut  down  because  of  legal  difficulties  and  lack  of 
coal.  The  machinery  and  equipment  were  not  allowed  to 
fall  into  disuse,  but  were  dismantled  and  shipped  to 
Japan,  where  they  are  used  to  furnish  power  for  the 
operation  of  paper  mills. 

These  electric  stations,  located  practically  on  the 
Arctic  Circle,  represent  25,000  hp.  of  generating  equip- 
ment and  10,000  hp.  of  auxiliary  apparatus.  At  times 
the  plants  have  been  overloaded  and  the  service  require- 
ments were  very  heavy,  but  they  have  run  continuously 
and  without  serious  trouble  since  their  installation. 
During  the  fifteen  years  of  operation  over  one  hundred 
and  fifty  million  dollars'  worth  of  gold  has  been  taken 
from  the  Yukon. 
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A  Leader  in  Power-Plant  Operation 


W.  L.  ABBOTT 

Thirty-five  Years  Associated 

with  Progress  of  the 

Electrical  Industry 


A  hard  worker,  day  in  and  day  out,  a  prodigious  memory,  tact,  an  even  temperament,  ability  to  judge 
men,  gain  their  confidence  by  considerate  treatment  and  get  from  them  maximum  returns  to  the  limit 
of  their  ability,  are  'the  leading  characteristics  that  have  guided  Mr.  Abbott  along  a  career  of  uniform 
success  in  the  lighting  industry.  Having  a  happy  combination  of  technical  and  practical  knowledge, 
coupled  with  an  analytical  mind,  he  is  quick  to  grasp  essentials,  to  detect  inaccuracies  and  to  ses  at  a 
glance  the  merits  or  flaws  in  reports  submitted  to  him.  "Information  is  only  of  value  when  it  is 
correct"  is  a  favorite  expression  used  diplomatically  to  point  out  an  error.  As  an  operating  man  and 
later  a  director  of  operation,  Mr.  Abbott  has  few  equals. 


FOLLOW  the  gleam!"  is  advice  often  given  to 
ambitious  and  aspiring  youth.  W.  L.  Abbott, 
the  subject  of  this  sketch,  has  folloM^ed  the 
gleam,  not  only  in  a  metaphorical  sense  but  quite  liter- 
ally, for  he  was  one  of  the  first  engineers  in  Chicago 
to  cast  his  lot  with  the  electric  light.  He  has  followed 
it  perseveringly  and  consistently  for  thirty-five  years 
and  has  participated  in  its  triumphs  and  the  triumphs 
of  its  close  associates,  electric  heat  and  electric  power. 
He  has  been  diligent  in  this  business  and  has  made  an 
enviable  reputation. 

William  Lamont  Abbott  is  a  native  of  Illinois  and 
was  born  Feb.  14,  1861,  near  Morrison,  in  Whiteside 
County.  He  was  graduated  from  the  University  of 
Illinois  in  1884,  having  taken  the  four-year  course  in 
mechanical  engineering.  Twerty-one  years  later  his 
Alma  Mater  granted  him  a  master's  degree. 

Coming  to  Chicago  (which  has  been  his  home  ever 
since)  after  his  graduation  from  college,  Mr.  Abbott 
was  early  impressed  with  the  possibilities  of  electrical 
development.  Electric  lighting  was  then  truly  "in  its 
infancy,"  but  young  Abbott  was  discerning  enough  to 
think  it  had  a  future.  Accordingly,  in  1885,  with  F,  A. 
Wunder,  he  organized  the  Wunder  &  Abbott  Illuminat- 
ing Co.  This  company  supplied  arc  lighting  service  in 
the  central  business  district  of  Chicago,  later  absorbing 
several  smaller  companies  engaged  in  similar  work.  In 
1887  the  Chicago  Arc  Light  and  Power  Co.,  later  ab- 
sorbed into  the  Chicago  Edison  Co.,  one  of  the  prede- 
cessors of  the  present  Commonwealth  Edison  Co.,  was 


organized,  and  Mr.  Abbott  disposed  of  his  interests  in 
the  Wunder  &  Abbott  Co.  to  this  corporation. 

In  1888  Mr.  Abbott,  with  others,  organized  the  Na- 
tional Electric  Construction  Co.,  with  himself  as  presi- 
dent and  general  manager.  This  company  did  general 
electrical  construction  work  and  also  engaged  in  electric 
lighting  in  Chicago.  Gradually,  Mr.  Abbott  acquired 
the  interests  of  his  associates,  conducting  the  affairs 
of  the  company  until  1894.  In  that  year  the  company 
was  purchased  by  the  Chicago  Edison  Co.,  Mr.  Abbott 
continuing  to  manage  the  construction  work  of  the  com- 
pany for  another  year,  during  which  time  he  was  also 
the  assignee  of  the  Northwestern  Light  and  Power 
Company. 

In  1895  the  business  of  the  Natiord  Electric  Con- 
struction Co.  was  completely  absorbed  by  the  Chicago 
Edison  Co.  and  Mr.  Abbott  was  appointed  chief  engineer 
of  the  then  New  Harrison  Street  generating  station  of 
the  Chicago  Edison  Co.  It  was  not  long  before  he  knew 
his  station  thoroughly,  and  he  made  it  his  business  to 
know  everything  that  was  going  on  in  it.  One  of  his 
favorite  customs  was  to  come  down  on  Sundays,  review 
with  department  heads  the  work  of  the  past  week  and 
plan  for  the  week  to  come.  Under  his  direction  the 
station  became  the  most  economical  plant  of  its  day.  It 
was  here  that  alternating-current  generation  and  distri- 
bution, as  we  know  it  today,  was  given  its  first  impetus. 
The  station  became  familiarly  known  as  the  laboratorv- 
of  the  electrical  industry'  due  to  the  amount  of  research 
work  done  there. 
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Mr.  Abbott  early  realized  that  the  great  opportunity 
for  saving  lay  in  the  boiler  room.  He  had  conspicuous 
ability  to  surround  himself  with  and  use  capable  men. 
Among  those  on  his  staff  at  different  times  were  Walter 
T.  Ray,  C.  H,  McClure  and  A.  Bement.  Under  his  direc- 
tion these  men  conducted  extensive  experimental  inves- 
tigations relating  to  the  economical  burning  of  coal. 
Innumerable  tests  on  the  various  grades  and  sizes  of 
coal  were  conducted  to  determine  the  burning  qualities 
of  each,  analyses  of  coal  and  the  gases  of  combustion 
were  made  practical  and  there  was  long-continued  inves- 
tigation on  the  placing  and  arrangement  of  baffles.  The 
work  at  this  station  originated  the  inspiration  for  the 
general  development  in  the  boiler  room  that  has  now 
become  so  well  established.  Manufacturers  and  others 
in  the  industry  profited  from  the  results  obtained,  so 
that  few  people  realize  the  extent  of  the  influence  from 
these  pioneer  investigations. 

In  reviewing  this  work,  mention  should  be  made  of  an 
extended  research  on  the  discharge  of  water  with  steam 
from  water-tube  boilers.  The  results,  as  pi'esented  by 
A.  Bement,  were  given  wide  publicity  in  the  technical 
press  of  Great  Britain  and  this  country.  One  of  the 
things  done  at  the  Harrison  Street  station,  in  which  Mr. 
Abbott  takes  particular  pride,  was  the  development  of  a 
method  to  determine  the  variation  in  angular  speed  dur- 
ing one  revolution  in  the  big  triple-compound  engine- 
driven  alternators  installed  at  the  station,  such  varia- 
tions being  responsible  for  cross-currents  when  operat- 
ing in  parallel.  It  was  first  necessary  to  get  the  mean 
rotative  effort  of  the  three  steam  cylinders  and  plot 
against  this  the  effects  of  inertia.  The  resultant  gave 
the  actual  variation,  which  was  found  to  be  within  per- 
missible limits. 

In  May,  1899,  Mr.  Abbott  was  appointed  chief  operat- 
ing enginer  of  the  Chicago  Edison  Co.,  later  the  Com- 
monwealth Edison  Co.,  of  which  he  is  chief  operating 
engineer  at  the  present  time.  His  position  is  one  of 
much  responsibility,  for  he  has  supervision,  under  Vice 
President  L.  A.  Ferguson,  of  the  generating  stations, 
substations,  load  dispatchers,  street  department,  storage 
batteries,  meter  department,  service  and  repair  depart- 
ment and  lamp  renewals  of  an  electricity-supply  organi- 
zation which  had  an  output  of  1,628,340,000  kw.-hr.  in 
1919.  The  chief  operating  engineer  is  active  in  com- 
pany affairs,  being  vice  chairman  of  the  important  Ad- 
visory Committee,  manager  of  the  Edison  Symphony 
Orchestra,  etc. 

One  of  his  hobbies  has  always  been  to  do  something 
for  the  employees  At  Harrison  Street  he  started  a 
night  school  to  give  members  of  the  force  instruction  in 
steam  and  electrical  engineering.  At  about  the  same 
time  he  also  formed  an  employee's  aid  association,  with 
sick  and  death  benefits.  This  association  died  with 
Harrison  Street,  but  recently  Mr.  Abbott  originated  a 
similar  movement  for  the  employees  of  the  entire  com- 
pany, which  at  this  writing  is  on  the  point  of  going 
through. 

A  loyal  son  of  his  state  and  always  interested  in 
higher  education,  Mr.  Abbott  was  put  forward  by  the 
alumni  of  the  University  of  Illinois  in  1904  as  a  candi- 
date for  the  office  of  trustee  of  the  university.  He  was 
elected  by  the  people  and  reelected  in  1910  and  in  1916. 
For  twelve  years  of  this  period  Mr.  Abbott  served  as 
president  of  the  board  of  trustees  of  the  university, 
retiring  last  year  (1919)  as  president,  but  still  remain- 
ing a  member  of  the  board.  On  Nov.  4,  1016,  a  testi- 
monial dinner  was  given   in   his  honor  at  the   Hotel 


LaSalle,  Chicago,   in   recognition  of  his  years  of  loyal 
service  for  the  university. 

A  busy  man,  Mr.  Abbott  has  found  time  to  cooperate 
in  the  activities  of  professional  societies  and  civic  or- 
ganizations. He  served  as  president  of  the  Western 
Society  of  Engineers  in  1907.  He  is  a  member  and  a 
former  chairman  of  the  Chicago  section  of  the  Amer- 
ican Society  of  Mechanical  Engineers  and  a  fellow  of 
the  American  Institute  of  Electrical  Engineers.  He  is 
also  a  member  of  the  honorary  engineering  fraternity 
Tau  Beta  Pi,  of  the  honorary  scientific  society  Sigma  Xi 
and  an  honorary  member  of  the  National  Association 
of  Stationary  Engineers.  He  belongs  to  the  Chicago 
Athletic,  University,  Engineers  and  Electric  clubs  of 
Chicago  and  the  Chicago  Association  of  Commerce. 

Numerous  papers  on  technical  and  other  subjects  have 
been  presented  by  Mr.  Abbott  before  various  societies. 
In  1906  his  paper  entitled  "Some  Characteristics  of  Coal 
as  Affecting  Performance  with  Steam  Boilers,"  read 
before  the  Western  Society  of  Engineers,  was  awarded 
the  Chanute  medal. 

As  an  expert  in  the  buying,  handling  and  storage  of 
coal  Mr.  Abbott  has  been  especially  prominent,  and 
necessarily  so,  as  he  is  engaged  by  a  company  now 
spending  seven  million  dollars  a  year  for  its  fuel  and 
storing  up  to  five  hundred  thousand  tons  of  coal.  His 
early  testing  experience  at  Harrison  Street  gave  him  an 
intimate  knowledge  of  the  values  of  coal.  From  long 
study  he  has  found  that  the  coal  to  store  is  egg,  14  to 
6  in.  Larger  lumps  tend  to  break  up  in  handling,  and 
spontaneous  combustion  will  develop  in  the  finer  coal. 
Between  the  sizes  specified  coal  has  been  stored  at  all 
seasons  of  the  year  with  practically  no  trouble  from 
fires. 

During  the  war  Mr.  Abbott  gave  freely  of  his  time 
and  effort  in  his  country's  cause,  serving  on  several 
committees  and  boards  having  to  do  with  recruiting 
activity  or  other  wartime  necessities.  At  present  he  is 
chairman  of  the  executive  committee  of  the  Bureau  for 
Returning  Soldiers,  Sailors  and  Marines.  His  son,  Capt. 
Arthur  Abbott,  also  had  a  creditable  war  record. 

One  of  Mr.  Abbott's  valuable  possessions  is  a  sense 
of  humor.  He  is  philosophical  and  accomplishes  a  great 
deal  of  work  without  much  apparent  effort.  In  confer- 
ence his  opinion  carries  weight  and  is  received  with  no 
less  attention  because  it  may  be  accompanied  by  some 
quizzical  or  playful  remark  that  may  serve  to  create  a 
bright  spot  in  the  discussion. 

Hydro-Electric  Power  in  Canada 

Canadian  water  power  is  being  developed  as  rapidly  as 
possible,  according  to  facts  and  figures  given  out  by  the 
Dominion  Water  Power  Branch,  Department  of  the  In- 
terior, and  the  Dominion  Bureau  of  Statistics,  which, 
with  the  cooperation  of  the  Department  of  Trade  and 
Commerce,  has  just  completed  a  census  of  the  developed 
water  power  in  the  Dominion.  These  figures  include 
development  up  to  January,  1920,  and  show  that  through- 
out Canada  approximately  2,418,000  hp.  has  been  made 
available.  Many  of  the  plants  now  in  operation  were 
designed  for  the  addition  of  further  units,  which  will 
bring  their  ultimate  capacity,  together  with  several  new 
plants  under  construction,  up  to  3,385,000  hp.  Hydro- 
electric power  that  can  be  made  available  in  the  British 
Empire  totals  from  fifty  to  seventy  million  horsepower. 
It  is  calculated  that  Canada  contributes  in  the  neighbor- 
hood of  twenty  million  horsepower  to  this  total. 
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Refrigeration  Study  Course — VIII.     Low- 
Temperature  Ammonia  Compression 


CERTAIN 
applications 
of  refriger- 
ation require  low 
temperatures,  the 
pr  odu  ction  of 
which  adds  to  the 
difficulties  and  the 
ope  rating  prob- 
lems of  the  engi- 
neer. These  low 
temperatures  are 
found  in  cold- 
storage  work,  pos- 
sibly ice  -  cream 
hardening,  in  oil 
refining  and  in 
special  chemical 
industries  of  vari- 
ous sorts.  In 
these  applications 
of  refrigeration, 
temperatures  of 
zero  deg.  Fahren- 
heit or  lower  are 
maintained,  thus 
requiring  minus 
15  deg.  F.  or  lower 
boiling  tempera- 
ture of  the  am- 
monia. 

At  low  boiling 
temperatures  the 
ammonia  com- 
pressor of  t  h  e 
standard  design 
is  not  efficient  ex- 
cept at  very  low 
head  pressures. 
At  normal  con- 
denser pressures 
the  standard  ma- 
chine has  the  fol- 
lowing capacities 
per  ton,  20  lb.  suc- 
tion and  175  head 
pressure  taken  as 
unity :  Suction 
pressure,  40  lb., 
1.611  tons;  30  lb., 
1.306  tons;  20  lb., 
1  ton;  10  lb., 
0.6993  ton;  0  lb., 
0.4101  ton;  —5 
lb.,   0.263  ton. 

From  this  it  is 
seen  that  at  low 
suction  pressures 
the  standard  com- 
pressor fails  as  a 
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medium  for  se- 
curing refrigerat- 
ing duty,  and  the 
engineer  sees 
clearly  why  the 
m  a  n  u  facturers 
designate  the 
operating  condi- 
tions; namely, 
175  head  pressure 
and  15.2  lb.  suc- 
tion gage  pres- 
sure. In  the  figures 
given  a  100  -  ton 
machine  ha.s  only 
26.3  tons  capacity 
at  minus  5  lb.  suc- 
tion pressure. 

The  reasons  for 
lowered  capacity 
with  decrease  of 
suction  pressure 
have  already  been 
brought  out  in 
this  study  course ; 
but  it  is  worth 
while  making 
mention  of  them 
again  at  this 
time.  These  rea- 
sons are  on  ac- 
count of  the  low 
density  of  the 
ammonia  at  low 
pressures,  the 
small  volumetric 
efficiency  obtain- 
able, and  finally, 
the  trouble  in  the 
condenser  by 
overheating  the 
ammonia. 

Some  operating 
engineei's  have  no 
cltar  idea  of  the 
so  -  called  density' 
and  its  effect  on 
the  tonnage  of  the 
machine.  Yet  in 
the  use  of  steam 
they  see  clearly 
the  reason  for  the 
relative  increase 
in  size  of  the  ex- 
haust-steam pipe 
as  compared  with 
the  inlet  boiler 
steam,  especially 
when  a  low 
vacuum  is  carried 
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as  is  true  with  the  turbine  operating  condensing.  In 
the  steam  engine  or  turbine  the  same  weight  of  steam  is 
exhausted  as  enters  from  the  steam  header,  but  the 
pressure  is  much  lower.  We  say  under  these  conditions 
that  the  volvnie  of  a  unit  weight  of  steam  (one  pound) 
is  much  greater  with  the  lowered  pressure.  It  is  like 
the  bicycle  or  auto  air  pump  which  compresses  the  air 
in  the  cylinder  to  a  lower  volume,  but  which  has  the 
same  weight  of  air  in  the  cylinder  under  both  conditions. 
The  density  of  saturated  ammonia,  then,  is  less  as  the 
pressure  is  reduced,  as  may  be  seen  from  the  following 
approximate  values: 

Gage  Cubic  Feet 

Pressure,  Lb.  per  Pound 

20 80 

15 9-3 

10 11-0 

5 12.9 

0 17.9 

5 24.1 

The  ammonia  compressor,  which  has  a  fixed  piston 
displacement  per  stroke,  will  pump  the  same  number 
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factor  looms  up  in  large  proportions  and  materially 
affects  the  effective  stroke.  Clearance  reexpansion  is 
not  a  direct  cause  of  increasing  the  power  required  to 
compress  and  pump  a  given  amount  of  gas,  but  it  cuts 
down  the  capacity  of  the  machine,  as  the  cylinder  is 
supplied  by  much  less  than  the  full  cylinder  volume  of 
gas  per  stroke. 

The  third  objectional  feature  of  single-stage  com- 
pression as  applied  to  ammonia  is  in  the  high  tempera- 
ture of  discharge  of  the  gas.  In  air  compression  the 
rule  is  usually  to  pump  from  atmosphere  to  about  70  lb. 
in  the  first  stage  and  from  70  lb.  in  the  first  stage  and 
from  th's  pressure  to  the  required  pressure  when  mod- 
erate final  pressures  are  required.  An  intercooler  is 
placed  between  the  stages,  and  the  gas  is  cooled  to  within 
a  few  degrees  of  the  available  cooling  water  before 
passing  on  to  the  second  stage.  The  reason  for  so  doing 
is  to  increase  the  volumetric  efficiency,  decrease  the 
work  of  compression  and  prevent  excessive  discharge 
temperatures. 

Excessive  discharge  temperatures  are  bad  for  am- 
monia. Considerable  difference  of  opinion  has  been 
expressed  on  the  subject,  but  it  is  clear  from  the  prac- 
tical experience  of  refrigerating  engineers  that  high 
discharge  temperatures,  as  well  as  high  head  pressures, 
tend  to  disintegrate  the  ammonia  into  hydrogen  and 
nitrogen.  These  gases  are  permanent,  and  they  collect 
in  the  condenser  and,  unless  purged,  will  gradually 
increase  the  head  pressure,  like  the  manner  of  the  in- 
crease in  the  condenser  pressure  when  the  air  pump  is 
stopped  in  the  case  of  the  steam  engine  or  turbine.  The 
formation  of  inert  gases  in  the  condenser  has  resulted 
in  excessive  purging  and  heavy  losses  of  ammonia  which 
invariably  passes  out  of  the  condenser  during  the  purg- 
ing process. 

The  Absorption  Machine 

Parallel  with  the  development  of  the  ammonia  com- 
pressor came  the  absorption  machine,  which  uses  heat 
energy  directly  instead  of  mechanical  energy,  to  return 
the  gas  from  the  expansion  coils  to  the  condition  of  a 
liquid.    The  absorption  machine  uses  any  form  of  heat 
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THE   COMPRESSION  LINE    IS    BROKEN   IN   COMPOUND  COMPRESSION  BY  REASON  OF  INTERCOOLING  THE 
AMMONIA  GAS   BETWEEN   THE  LO  vV  AND  THE  HIGH  PRESSURE    CYLINDERS 


The  discharge  gas  first  passes  through  an  intercooler  where  water  is  the  cooling  medium. 

ammonia  is  the  cooling  agent. 


It  then  passes  through  one  where  liquid 


of  cubic  feet  of  ammonia  per  minute,  but  will  have 
fewer  and  fewer  pounds  of  ammonia  discharged  out  of 
the  compressor  as  the  pressure  is  lowered.  And  the 
tonnage  is  always  proportional  to  the  amount  of  am- 
monia in  pounds  which  is  pumped  into  the  condenser 
per  unit  of  time,  usually  taken  in  minutes. 

The  volumetric  efficiency  has  to  be  considered  because 
of  the  reexpansion  uf  the  gas  in  the  clearance  space  at 
the  beginning  of  the  suction  stroke.  This  reepansion 
prevents  the  inlet  valve  from  opening  until  the  gas  in 
the  clearance  volume  has  been  reduced  at  least  to  the 
suction  pressure.  Under  conditions  of  operation  pre- 
vailing in  low-temperature  operation,  this  reexpansion 


energy,  but  at  present  exhaust  steam  is  most  used.  No 
compressor  is  required,  but  only  a  liquid  pump  of  rela- 
tively small  size.  The  result  is  that  low  boiling  tem- 
peratures of  the  ammonia  may  be  readily  and  economi- 
cally obtained,  requiring  about  30  lb.  of  steam  for 
10-deg.  brine  and  34  lb.  of  steam  for  — 10-deg.  brine, 
calculated  for  60  deg.  cooling  water. 

The  absorption  machine  has  never  seen  much  popu- 
larity even  at  the  best  time  of  its  career.  It  is  large, 
costly,  awkward  and  more  difl!icult  to  operate  success- 
fully than  the  compressor.  Steam  must  be  available. 
When  operated  by  competent  engineers,  it  is  satisfac- 
tory and  can  achieve  low  temperatures  with  ease.    Until 
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the  perfection  of  the  compound  ammonia  compressor,  it 
was  used  for  all  low-temperature  refrigeration. 

Compound  ammonia  compression  for  low-temperature 
refrigeration  has  a  number  of  important  features.  It  is 
stage  compression,  with  an  intercooler  between  stages. 
It  is  possible  to  arrange  the  suction  of  the  high  pres- 
sure so  that  it  will  take  care  of  the  gas  from  the  freezer 
rooms,  but  this  multiple  effect  suction  is  not  popular.  It 
is  more  advantageous  to  design  in  a  manner  similar  to 
the  compound  steam  engine,  and  to  try  to  equalize  the 
load  due  to  compression  between  the  two  cylinders. 
Thus,  instead  of  using  a  receiver  pressure  of  25  to  30 
lb.  gage,  a  pressure  of  some  45  to  55  lb.  would  have  to 
be  used,  depending  on  the  head  pressure  and  suction 
pressure. 

As  we  all  know,  compound  compression  requires  an 
intercooler  as  well  as  an  aftercooler  (the  condenser  in 
refrigeration).  In  air,  or  ordinary  gas  compression, 
water  is  used  in  the  intercooler,  but  this  is  not  possible 
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the  temperature  of  evaporation  (boiling)  in  the  expan- 
sion coils.  The  vapor  formed  in  the  process  cannot  be 
used  for  refrigeration,  but  clogs  up  the  expansion  sys- 
tem unless  removed.  The  gas  formed  increa.ses  in 
amount  in  cases  of  extreme  pressure  range,  as  in  the 
case  where  low-temperature  refrigeration  is  required, 
and  so  the  accumulator  principle  is  used  to  remove  the 
gas  formed  in  precooling  and  to  lemove  the  superheat 
from  the  discharge  gas  from  the  low-pressure  cylinder. 

Fig.  1  shews  the  general  arrangement  of  the  cylinders 
and  intercoolers.  Referring  to  the  figure,  it  will  be  seen 
that  the  gas  discharged  from  the  low-pressure  cylinder 
is  made  to  go  through  the  water-cooled  first  intercoole:* 
and  then  through  the  ammonia-cooled  second  intercooler. 
The  discharge  gas  is  thereby  cooled  from,  say,  100  or 
150  deg.  F,  to  about  35  deg.  F.  and  some  five  pe-  cent 
(perhaps)  of  liquid  ammonia  is  vaporized  in  the  p  ocess. 
Liquid  ammonia  not  vaporized  after  passing  into  the 
second  intercooler  through  the  valve  A  flows  by  gravity 
down  pipe  B  into  the  liquid  precooler  which  is  open  at 
the  top  of  the  intercooler  receivers,  and  the  gasified 
ammonia  passes  out  and  enters  the  high-pressure  cylin- 
der of  the  compressor.  The  liquid  from  the  liquid  re- 
ceivers, having  passed  through  a  long  coil  in  contact 
Avith  boiling  ammonia,  will  be  pi'ecooled  to  about  30  to 
35  deg.  F. 

What  is  the  advantage  of  all  this?  It  seems  that  a 
lot  of  extra  piping  has  been  designed  all  to  no  purpose, 
as  the  same  things  occur  anyway.  Yet  this  is  not  true, 
as  can  be  seen  on  careful  consideration  of  the  conditions 
which  prevail.  It  is  true  that  gas  is  formed  by  cooling 
the  liquid  in  the  liquid  precooler,  but  this  gas  is  com- 
pressed only  in  the  second  stage,  thus  decreasing  the 
size  and  the  work  necessary  to  be  done  in  the  low- 
pressure  cylinder.  Some  liquid  is  evaporated  in  the 
second  intercooler,  but  the  volume  vaporized  is  only  one- 
quarter  of  the  decrease  in  the  volume  of  the  gas  passing 
into  and  out  of  the  intercooler.  Finally,  the  tempera- 
ture of  discharge  from  the  second-stage  compressor  is 
only  175  deg.  F.  (point  I)  instead  of  350  deg.  F.  (point 
B)  in  Fig.  3.    The  clearance  reexpansion  loss  is  reduced. 


VOLUME  OF  GAS  IN  CUBIC  FEET 
FIG.    3.      SHOWING    THE    RELATIONS    OF   THE   COMFRESSION  LINES 

The  actual  tomprossion  lino  for  the  high-pi-cs.sui-e  (■\!inrier  is  that  de.sigrnated  H.  I.  Inteiccolitig:  reduces  the  volume  and  temperature 
i)f  the  gas  at  the  end  of  low-pressure  compression,  and  therefore  the  high-pressure  terminal  temperature  or  condenser  temperature  is 
lonsiderably  lower  than  it  would  be  without  intercooling. 


with  ammonia  because  the  temperature  of  saturation  at 
45  and  55  lb.  gage  is  30  deg.  F.  and  38  deg.  F.  respec- 
tively. It  is  evident  that  water  may  not  be  used  for  such 
cooling,  unless  the  intercooler  used  water  for  the  first 
part  of  the  process  and  finished  by  means  of  some  other 
cooling  medium  similar  to  the  Bandalot  cooler  principle. 
The  only  convenient  and  natural  medium  for  such  low- 
temperature  intercooling  is  expanded  ammonia.  This  is 
done  by  means  of  an  accumulator  arrangement. 

The  functions  of  the  accumulator  are  twofold.  It  will 
be  remembered  that  under  usual  circumstances  there  is 
some  10  to  15  per  cent  of  ammonia  vaporized  at  the 
expansion  valve  to  cool  the  remaining  liquid  ammonia 
from  the  temperature  of  the  liquid  receiver  to  that  of 


as  seen  in  Fig.  2,  which  is  taken  from  actual  indicator 
diagrams. 

It  is  seen  from  the  diagram  that  the  two  compressors 
are  dri\en  from  the  same  shaft,  which  may  he  engine. 
>-ynchronous  motor,  or  belt  driven,  ff  desired,  separate 
drives  may  be  made,  as  is  done  in  th«  Central  Manu- 
facturing Co.  cold-storage  warehouse,  of  Chicago,  where 
large  units  are  employed.  In  this  plant  the  low-pressure 
cylinder  is  called  a  "booster"  and  liquid  cooling  is  used 
in  a  somewhat  similar  manner  to  that  already  described, 
which  is  known  as  the  D.  L.  Davis  method.  In  moderate- 
sized  plants,  however,  the  advantage  of  having  the  two 
cylinders  on  one  shaft  lies  in  the  reduced  torque  and 
less  flywheel  and  balancing  troubles. 
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Three-Phase  Power  from  Single-Phase 
Transformer  Connections 

By  J.  B.  GIBBS- 

,  Engineer,  Transformer  Department,  Westinghouse  Electric  and  Manufacturing   Company 


A  number  of  different  ways  of  grouping  single- 
phase  transformers  to  step  up  or  step  down 
three-phase  voltages  are  discussed,  and  their  rel- 
ative advantages  and  disadvantages  pointed  out. 


MOST  of  the  power  systems  in  this  country  are 
three-phase,  and  most  of  them  use  single-phase 
transformers.  There  are  several  schemes  by 
which  such  transformers  can  be  connected  into  "banks" 
for  the  transformation  of  three-phase  power,  and  the 


apart.  This  is  the  ideal  condition  and  one  that  is 
approached  more  or  less  closely  in  practice. 

Suppose,  now,  that  one  transformer  in  Fig.  1  has  a 
different  ratio  of  turns  from  the  other  two,  so  that 
its  seconaary  voltage  will  be  a  little  higher.  This  voltage 
will  not  be  exactly  balanced  by  the  resultant  of  the  other 
two  voltages,  and  the  unbalanced  part  will  cause  a  cur- 
rent to  flow  around  the  path  formed  by  the  three  trans- 
formers. If  a  balanced  load  is  connected  to  the  second- 
aries of  such  a  bank,  it  may  be  regarded  as  drawing  a 
balanced  current  from  the  bank,  as  before,  while  the 
circulating  current  also  flows  at  the  same  time.  These 
two  currents  flowing  in  the  windings  of  each  trans- 
former will  combine  to  cause  an  overload  on  a  part  of 
the  bank  and  an  underload  on  another  part,  so  that  the 
bank,  as  a  whole,  will  not  carry  its  normal  load  without 
overheating  in  some  part.  If  it  is  necessary  to  connect 
two  transformers  in  delta  with  a  third  which  has  a  dif- 
ferent rajtio,  trouble  may  be  prevented  either  by  using 
an  auto-transformer  to  correct  the  ratio  of  the  third 
or  by  using  a  three-phase  balance  coil  which  will  pre- 
vent the  flow  of  circulating  current  without  interfering 
with  the  load  current. 

There  is  another  kind  of  dissimilarity  which  may  give 
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FIGS.  1  TO  4.     TRANSFORMER  CONNECTIONS  ON  A  THREE-PH^]^   SYSTElvi 


best  scheme  to  use  in  any  particular  case  depends  on 
circumstances. 

The  connections  for  a  delta-delta  bank  is  shown  in 
Figs.  1  and  2.  Both  figures  show  the  same  conditions 
electrically,  and  the  connections  are  actually  made  in 
whichever  way  is  more  convenient.  It  will  be  seen 
that  each  transformer  is  connected  between  one  pair 
of  lines  on  both  the  primary  and  secondary  sides,  and 
with  balanced  secondary  load  each  transformer  supplies 
one-third  of  the  total  power.  If  the  transformers  have 
the  same  characteristics  the  relation  of  the  voltages  are 
such  that  the  voltages  of  transformers  A  and  B  will 
add  (vectorially)  to  give  a  voltage  just  equal  and  oppo- 
site to  the  voltage  of  C  in  both  primary  and  secondary ; 
and  although  there  is  closed  circuit  in  the  primary  and 
another  in  the  secondary,  there  will  be  no  tendency  for 
current  to  flow  because  the  voltages  are  exactly  balanced. 
A  balanced  load  will  then  draw  the  same  current  from 
each  transformer,  and  these  currents  will  be  120  deg. 


trouble  in  a  delta  connection.  The  three  transformers 
may  have  exactly  the  same  ratio  of  turns,  but  have  dif- 
ferent values  of  resistance  and  reactance.  In  such  a 
bank  at  no  load  the  voltages  will  be  balanced  and  there 
will  be  no  tendency  for  a  circulating  current  to  flow. 
But  as  the  load  is  applied,  the  drop  in  voltage  in  the 
three  transformers  will  be  different,,  so  that  a  resultant 
voltage  will  be  produced,  increasing  as  the  load  in- 
creases, and  this  will  tend  to  cause  a  circulating  current, 
as  explained  in  the  foregoing,  with  consequent  overheat- 
ing of  a  part  of  the  bank,  when  operating  under  full 
load.  This  condition  can  be  corrected  by  connecting 
resistance  and  reactance  in  series  with  the  transformer 
which  is  low,  to  make  its  resistance  and  reactance  equal 
the  others,  or  by  using  a  three-phase  balance  coil.  In 
selecting  transformers  for  a  delta-to-delta  bank,  it  is 
usually  safe  to  assume  that  small  transformers  of  the 
same  size,  say  50  kva.  or  less,  will  operate  satisfactorily 
together.    But  before  closing  the  corner  of  the  delta  on 
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the  low-voltage  side,  it  is  always  well  to  check  the  polar- 
ity of  the  transformers  by  testing  with  a  voltmeter  or 
lamps,  as  indicated  in  Fig.  3,  to  see  if  there  is  any  volt- 
age between  the  wires  that  are  to  be  connected.  This 
is  especially  necessary  if  the  transformers  come  from 
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FIG.  5.  TWO  TRANSFORMERS 
CONNECTED  IN  "T" 


FIG.  6. 


THREE  TRANSFORMERS  CONNECTED 
DELTA  TO  STAR 


different  manufacturers.  If  the  test  shows  no  voltage, 
the  connection  may  be  completed. 

One  advantage  of  the  delta-to-delta  connection  is  that 
if  trouble  develops  in  one  transformer  it  may  be  re- 
moved and  the  bank  will  not  be  entirely  disabled.  It 
will  still  carry  58  per  cent  of  its  normal  load  with  two 
of  the  transformers  connected  in  open  delta. 

The  open-delta  or  "V"  connection  is  shown  in  Fig.  4. 
Each  transformer  now  carries  a  current  due  to  the  load 
on  the  phase  to  which  it  is  connected,  and  in  addition  a 
current  due  to  the  load  on  the  phase  on  which  there  is  no 
transformer.  The  two  currents  are  out  of  phase  with 
each  other,  and  the  result  is  that  each  transformer  car- 
ries a  current  which  is  about  15  per  cent  greater  than 
that  corresponding  to  the  power  delivered.    The  output 

of  such  a  bank,  therefore,  is     z-^r^     =  0.87  of  the  total 

1.15 

rated  output  of  the  two  transformers.    Thus  two  50-kva. 

transformers  connected  in  open  delta  will  give  2  X  50 

X   0.87  =  87  kva.   instead  of  100  kva.,  and  this   is 

87 
q-w-Fq  =0.58,  or  58  per  cent  of  the  output  of  a  delta- 
to-delta  bank  of  three  50-kva.  transformers,  instead  of 
67  per  cent,  as  might  be  expected.  The  open-delta  con- 
nection is  convenient  and  takes  only  two  transformers 
instead  of  three,  and  it  is  frequently  used  where  small 
amounts  of  three-phase  power  are  needed. 

The  tee  connection  is  sometimes  used  for  three-phase 
power  and  is  shovm  in  Fig.  5.  Two  transformers  are 
needed,  and  as  in  the  case  of  the  open-delta  connection, 
the  total  power  delivered  is  only  87  per  cent  of  the  com- 
bined rating  of  the  transformers.  Not  p11  transformers 
can  be  used  for  this  connection.  It  is  necessary  to  have 
the  usual  close  magnetic  relation  between  the  primary 
and  secondary  windings,  and  in  addition  there  must  be 
close  magnetic  relation  between  the  two  halves  of  each 
winding  in  the  "main"  transformer,  which  is  the  trans- 
former connected  directly  between  the  two  lines.  If  this 
is  omitted,  the  effect  will  be  to  put  a  reactance  in  series 
with  the  "teazer"  transformer,  and  this  may  cause  a 
serious  unbalancing.  This  connection  is  rarely  used 
except  for  transformation  from  two-phase  to  three- 
phase,  or  vice  versa. 

In  Fig.  6  is  given  a  delta-star  connection.  This  con- 
nection is  much  used  for  step-up  transformers.  The 
neutral  of  the  star  side  is  sometimes  grounded,  as  shown 


by  the  dotted  lines,  and  sometimes  not.  If  the  ground 
connection  is  used,  the  maximum  voltage  that  can  occur 
from  any  line  to  ground  is  the  voltage  across  one  trans- 
former. This  limits  the  voltage  stress  on  the  high-volt- 
age insulation  of  the  transformers  and  line,  but  on  the 
other  hand,  if  one  line  becomes 
grounded  accidentally,  it  means  a 
short-circuit  on  the  system.  If  the 
neutral  is  not  grounded  and  an  acci- 
dental ground  occurs  on  one  line,  73 
per  cent  additional  voltage  stress  is 
developed  from  the  other  lines  to 
ground,  but  it  may  be  possible  to  oper- 
ate in  this  way  until  the  grounded  line 
is  cleared.  The  voltage  on  the  delta- 
connected  windings  is  the  same  as  the 
generator  voltage,  but  the  voltage  on 
the  star-connected  windings  is  only  58 
per  cent  of  the  line  voltage.  This 
means  that  the  star-connected  winding 
will  have  a  smaller  number  of  turns 
and  a  larger  conductor  than  a  delta  winding  for  the 
same  line  voltage,  and  also  that  the  star-connected  wind- 
ing will  need  less  insulation,  internally.  On  transform- 
ers for  high  voltages  these  are  important  points,  for 
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FIGS.  7  AND  8.   THREE  TRANSFORMERS  CONNECTED 
STAR  TO  DELTA  AND  STAR  TO  STAR 


they  nermit  coils  that  are  relatively  strong  mechanically 
and  economical  of  space. 

Fig.  7  shows  a  star-delta  connection.  This  connection 
is  used  chiefly  for  step-dowTi  transformers  and  has  the 
same  advantages  as  described  for  the  delta-star  group- 
ing. 

Three  transformers  connected  star  to  star  are  shown 
in  Fig.  8.  This  connection  has  several  disadvantages 
when  compared  with  the  connections,  previously  de- 
scribed, and  it  is  seldom  used.  If  a  sine  wave  of  voltage 
is  applied  to  a  transformer,  the  wave  of  magnetic  fiux 
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in  the  core  must  also  have  the  sine  form ;  but  thf  char- 
acteristics of  iron  are  such  that  in  order  to  produce 
a  sine  wave  of.  flux  the  magnetizing  current  must  have 
a  triple-frequency  component.  In  a  star-to-star  bank 
this  triple-frequency  current  w^ould  have  to  flow  toward 
the  neutral  point  in  all  three  transformers  at  the  same 
instant,  but  as  there  is  no  path  by  which  it  can  flow 
away  from  the  neutral  point  at  the  same  time,  it  is  pre- 
vented from  flowing  at  all.  This  results  in  a  flux  in  the 
core  which  is  not  of  the  proper  form  to  give  a  sine 
voltage,  and  consequently  the  voltage  wave  form  of  such 
a  bank  is  distorted.  Such  an  effect  is  not  produced  if 
there  is  a  delta  connection  either  in  the  primary  or 
secondary,  because  the  delta  connection  provides  a  closed 
path  in  which  the  triple-frequency  current  can  flow  so 
as  to  supply  the  missing  part  of  the  magnetizing  cur- 
rent. 

The  triple-frequency  voltage  thus  generated  in  a  star- 
to-star  bank  has  several  bad  effects.  If  the  neutral  of 
the  bank  is  grounded,  there  will  be  a  triple-frequency 
leakage  current  to  ground,  which  will  cause  trouble  in 
any  telephone  lines  that  may  be  near.  This  trouble  will 
be  aggravated  if  the  neutral  of  the  generator  is  also 
grounded,  because  a  complete  path  will  be  provided  for 
the  triple-frequency  current.  Under  this  condition  it 
may  even  add  something  to  the  heating  of  the  apparatus, 
but  this  effect  is  usually  small.  This  system  is  not 
adapted  to  a  four-wire,  three-phase  distribution,  be- 
cause any  unbalancing  of  the  load  will  shift  the  neutral 
point  so  that  the  voltages  to  the  three  lines  will  be 
unequal. 

Three-phase  power  may  be  transformed  by  means  of 
single-phase  transformers  connected   in  several  ways. 

The  delta-to-delta  connection  is  largely  used  on  mod- 
erate voltages  and  has  the  advantage  that  it  is  not 
entirely  disabled  if  one  transformer  breaks  down.  The 
open-delta  connection  is  used  frequently  for  small 
amounts  of  power  and  occasionally  for  larger  amounts. 
Its  output  is  87  per  cent  of  the  combined  rating  of  the 
two  transformers.  The  "tee"  connection  is  used  occa- 
sionally.   Its  output  is  the  same  as  the  open  delta. 

Star-to-delta  and  delta-to-star  connections  are  stand- 
ard. They  are  especially  valuable  when  transformers 
are  to  be  connected  to  a  high-voltage  line,  as  the  star 
connection  decreases  the  voltage  per  transformer.  A 
star-to-star  connection  is  rarely  used  on  account  of 
trouble  with  third  harmonics  and  with  shifting  of  the 
neutral. 

The  Qualities  of  Success 

By  M.  L.  Brown 

During  years  of  experience  as  an  engineer  and  an 
electrician,  the  writer  has  often  striven  to  determine 
to  his  own  satisfaction  just  what  constituted  the  make- 
up of  a  successful  chief  engineer.  What  qualities  must 
this  person  possess  to  enable  him  to  take  complete 
charge  of  a  power  plant,  large  or  small,  and  in  many 
cases  the  care  of  large  industrial  plants  or  buildings  in 
conjunction  with  his  power  plant?  It  is  a  question  that 
should  be  given  serious  consideration  by  all  engineers 
who  aspire  to  be  leaders  in  their  profession.  It  is  im- 
possible to  lay  down  any  set  of  rules  that  will  apply  to 
all  cases,  but  there  are  a  number  of  things  that  stand 
out  so  clearly  above  other  necessary  qualifications  that 
they  can  be  given  without  fear  of  contradiction. 

First  of  all,  an  ambitious  engineer  should  possess  a 
fair  education,  and  today  there  is  little  excuse  for  not 


having  one.  With  correspondence  courses,  night  schools^ 
technical  books,  magazines  and  engineering  societies, 
any  man  can  acquire  sufficient  training  in  mathematics 
to  enable  him  to  analyze  everyday  problems  in  the  plant. 
The  engineer  must  possess  or  acquire  the  faculty  of 
analyzing  conditions  and  not  jump  at  conclusions. 

It  is  important  to  have  a  personality  that  appeals  to 
the  employer.  Lacking  this  advantage,  the  engineer 
should  cultivate  it,  because  there  is  nothing  that  makes 
such  a  good  first  impression  as  a  pleasant  and  attractive 
personality,  and  in  most  cases  it  secures  the  first  open- 
ing as  chief  engineer. 

In  the  course  of  his  work  and  experience  an  engineer 
should  acquire  a  training  that  will  enable  him  to  handle 
the  mechanical  end  of  his  work,  but  even  this  seems 
to  be  a  sort  of  a  progressive  game.  A  man  might  step 
from  one  plant  as  an  assistant  into  another  plant  as  an 
assistant  without  difficulty,  but  to  step  from  an  as- 
sistant's job  to  a  chief's  job  is  altogether  another  prob- 
lem, and  it  is  usually  personality  that  secures  it,  other 
things  being  equal. 

After  an  engineer  has  reached  a  chief's  position, 
usually  in  a  small  plant,  he  should  progress  from  one 
plant  to  another  by  easy  steps  until  he  has  charge  of 
a  plant  in  which  he  is  anxious  to  stay  indefinitely.  I 
do  not  mean  that  an  engineer  should  be  changing  con- 
tinually, but  he  should  make  progress.  During  this 
progress  the  writer  has  found  it  a  question  of  work  and 
then  some  more  work,  coupled  with  studying  the  plant 
equipment  continually  until  it  is  mastered. 

Subjects  on  which  many  engineers  are  weak  where 
they  should  bf  well  posted  are  the  principles  of  combus- 
tion, practical  and  intelligent  operation  of  the  boiler 
furnace,  and  the  analysis  of  electrical  troubles.  These 
subjects  are  not  particularly  difficult  and  yet  it  is  sur- 
prising the  number  of  times  engineers  will  throw  up 
their  hands  over  electrical  troubles  where  a  little  under- 
standing of  the  principles  of  operation  of  electric  ap- 
paratus and  of  diagrams  would  have  made  the  solution 
easy.  It  is  equally  surprising  to  see  what  little  changes 
in  the  boiler  setting  or  in  operating  methods  will  do  to 
the  fuel  economy. 

The  qualifications  enumerated  in  the  foregoing  appeal 
to  the  writer  as  the  fundamental  requirements  needed 
to  be  a  successful  engineer.  Of  course  there  are  a  num- 
ber of  problems  that  he  must  face  as  his  position  grows 
bigger,  such  as  refrigeration,  heating,  building  and 
plant  maintenance,  lighting,  etc.,  but  if  he  has  learned 
to  analyze  conditions  he  can  take  care  of  those  as  they 
come,  and  it  is  wonderful  the  amount  of  help  an  engi- 
neer can  get  if  he  is  actually  desirous  of  securing 
information. 

After  securing  the  position  of  chief  engineer,  it  is  a 
question  of  keeping  everlastingly  at  it  to  make  good 
and  to  keep  up  to  date.  To  help  in  this  every  engineer 
should  join  a  society  of  engineers.  He  not  only  helps 
himself,  but  if  he  has  the  proper  spirit  he  will  help  the 
other  fellow  who  is  trying  to  make  a  place  for  himself. 

As  the  engineer  makes  progress  he  must  expect  and 
look  for  many  hard  knocks  and  experiences.  He  should 
at  all  times  regulate  his  actions  so  as  to  gain  and  hold 
the  confidence  of  his  employer.  If  he  possesses  ability, 
integrity  and  resourcefulness,  coupled  with  a  willing- 
ness to  cooperate,  he  need  have  no  fear  of  losing  his 
position  as  chief,  because  as  a  rule  the  firm  is  just  as 
anxious  to  hold  a  good  man  as  the  man  is  to  hold 
his  job. 
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The  Training  of  Leaders 

THE  recent  conference  in  Philadelphia,  between  in- 
dustrial executives  and  representatives  of  leading 
colleges  and  technical  schools,  has  served  to  concentrate 
attention  upon  some  serious  defects  in  the  education  of 
engineering  students.  The  schools  have  been  fairly  suc- 
cessful in  training  men  to  design  and  operate  the  ma- 
chinery used  in  the  industries,  but  they  have  not  made 
any  serious  attempt  to  fit  their  students  either  for 
the  handling  of  men  or  for  the  management  of  in- 
dustrial enterprises.  President  Brush,  of  the  Amer- 
ican International  Shipbuilding  Corporation  (w^hich 
operates  Hog  Island),  stated  that  every  time  he  visited 
New  York,  he  was  importuned  by  heads  of  large  cor- 
porations to  find  executives  for  them;  that  the  main 
qualification  needed  in  management  is  the  ability  to 
handle  men,  and  that  this  has  been  completely  over- 
looked by  most  of  the  schools. 

The  substantial  accuracy  of  this  statement  cannot 
be  questioned.  The  engineering  graduate  has  usually 
been  trained  to  deal  with  things  inanimate  and  has 
not  learned  to  consider  man.  Furthermore,  through- 
out his  college  course  he  has  not  come  under  the 
broadening  influence  of  contact  with  many  men  of 
many  minds.  In  consequence  of  this  he  feels  and  is 
at  a  disadvantage  in  competition  with  men  of  larger 
experience  of  men  and  affairs  and  seldom  rises  to 
the  higher  executive  positions  in  engineering  enter- 
prises, Eoth  the  engineer  and  the  country  suffer  from 
this.  Every  year  it  becomes  more  important  that  the 
industrial  executives  should  have  a  sound  knowledge 
of  engineering  as  well  as  a  knowledge  of  men. 

Some  attempts  have  been  made  to  meet  this  need 
by  giving  courses  in  "Engineering  Administration," 
but  this  has  resulted  usually  in  a  weakening  of  the 
technical  courses  without  much  appreciable  gain  else- 
where. 

The  best  results  that  have  been  acquired  so  far 
have  been  through  a  system  in  which  the  students  have 
alternated  between  college  studies  and  supervised  work 
in  industrial  establishments.  Pioneer  work  in  this 
direction  was  started  about  twelve  years  ago  at  the 
University  of  Cincinnati.  This  plan  includes  a  bi- 
weekly alternation  between  college  and  industrial  work 
for  the  whole  five  years  of  the  course,  and  its  success 
is  unquestioned.  A  cooperative  plan,  established  at 
the  University  of  Pittsburgh  about  eight  years  ago, 
has  also  met  with  marked  success. 

At  both  these  institutions  the  co-operation  is  under 
a  director  who  arranges  for  placing  the  students  at 
such  work  as  will  give  them  the  best  opportunities 
for  experience,  and  who  has  free  access  to  each  student 
at  all  times.  The  students  receive  the  same  pay  as 
other  workmen  doing  similar  work,  and  are  treated 
like  other  workmen  except  in  their  relation  with  the 
director  of  cooperation.  The  director  also  meets 
groups  of  the  students  in  the  eveinngs  to  discuss  with 
them  their  problems  and  experience.  The  student  is 
given  a  syllabus  of  questions  relating  to  his  work  the 


answering  of  which  requires  him  to  observe  closely  not 
only  the  processes  which  he  himself  is  carrying  out, 
but  also  the  whole  system  of  management  of  the 
factory  and  such  general  technical  details  as  he  has 
opportunity  to  observe.  It  also  requires  him  to  apply 
to  his  observations  the  engineering  theory  which  he 
has  acquired  during  his  studies. 

Announcement  has  recently  been  made  that  the  Har- 
vard Engineering  School  is  about  to  put  into  effect  a 
plan  of  cooperative  work  with  the  industries,  which 
starts  at  the  end  of  the  sophomore  year  and  has  a 
unit  of  alternation  of  two  months.  The  plan,  as  out- 
lined, seems  to  promise  well.  It  gives  broad  contact 
with  other  students  during  the  most  impressionable 
years,  and  it  adds  to  the  technical  instruction,  actual 
experience  with  labor,  organization  and  management 
problems. 

Senator  Frelinghuysen  Proposes  To  Settle 
the  Bituminous-Coal  Problem 

SENATOR  Frelinghuysen  of  New  Jersey  recently  in- 
troduced three  bills  which  he  hopes  will  go  far  to 
correct  the  diflficulties  in  the  present  coal  situation.  The 
first  of  these  bills  provides  for  the  termination  of  Fed- 
eral control  in  the  coal  industry  by  removing  the  powers 
conferred  on  the  President  under  the  Lever  Act.  The 
second  provides  for  the  appointment  of  a  Federal  Coal 
Commissioner,  who  will,  however,  have  no  authority  to 
fix  prices  or  control  the  industry,  but  whose  duties  shall 
consist  of  collecting  information  regarding  coal-trade 
practices  and  the  industry  in  general,  and  in  making 
such  information  public.  The  third  provides  that  the 
Interstate  Commerce  Commission  may  authorize  a  re- 
duction in  freight  rates  during  the  period  from  April 
1  to  August  31  of  each  year,  and  an  increase  during 
the  remainder  of  the  year. 

Probably  the  first  of  the  measures  will  be  of  no  pres- 
ent effect,  since  the  President  has  already  relinquished 
control  of  the  coal  industry.  To  a  man  on  the  outsid*^ 
the  chief  feature  of  the  second  proposed  law  is  that  it 
provides  for  a  new  office  carrying  a  salary  of  $10,000 
a  year,  a  secretary  at  a  salary  of  $5,000  a  year,  and 
"such  attorneys,  special  extra  examiners,  clerks  and 
other  employees  as  he  may  from  time  to  time  find  neces- 
sary for  the  performance  of  his  duties,  and  as  may  be 
from  time  to  time  appropriated  for  such  offices."  With 
all  the  present  Government  machinery  for  gathering 
statistics,  the  necessity  of  a  few  new  five  and  ten  thou- 
sand dollar  jobs  of  this  sort  does  not  seem  very  press- 
ing, especially  under  the  present  scale  of  Government 
expenditures.  The  experience  with  the  late  Federal 
Trade  Commission,  having  much  the  same  relation  to 
general  business  as  the  proposed  Coal  Commissioner  is 
to  have  to  the  coal  industry,  suggests  that  the  prin- 
cipal result  to  be  expected  from  such  a  body  is  the 
amount  of  public  money  it  can  spend. 

The  Senator's  third  bill  really  promises  to  accomplish 
something.    It  provides  that  the  freight  rates  for  coal 
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shall  be  filed  with  the  Interstate  Commerce  Commission 
by  the  railroads  as  in  the  past.  It  provides  further, 
however,  that  the  Interstate  Commerce  Commission  may 
authorize  a  reduction  of  fifteen  per  cent  from  these 
rates  during  the  months  of  April  to  August,  inclusive, 
and  an  increase  of  fifteen  per  cent  during  the  rest  of 
the  year:  Such  a  scheme  would  require  the  filing  of  no 
new  rates  and  should  not  lead  to  any  confusion,  as  the 
changes  would  automatically  come  on  April  1  and. on 
September  1  each  year  without  the  necessity  of  any 
special  action. 

The  passage  of  this  measure  would  seem  to  promise 
considerable  assistance  in  the  efforts  to  stabilize  the 
bituminous-coal  industry  by  encouraging  summer  buy- 
ing. The  question  of  lower  prices  for  coal  during  the 
summer  at  the  mines  would  still  remain  to  be  settled, 
but  if  the  railroads  are  allowed  to  make  this  differen- 
tial, it  would  make  considerable  difference  in  the  actual 
price  of  the  coal  to  the  consumer  if  bought  during  the 
low-rate  months. 

It  has  been  estimated  that  100,000  new  coal  cars  will 
be  necessary  to  handle  properly  the  usual  seasonable 
demand  during  the  coming  winter.  Aside  from  the 
question  of  the  railroad's  ability  to  finance  the  purchase 
of  this  many  cars,  there  is  the  physical  impossibility 
of  having  them  built  in  time.  In  addition  to  this,  if  the 
railroads  had  these  cars  today,  the  locomotive  and  ter- 
minal facilities  would  be  inadequate  to  handle  the  de- 
mand, and  it  is  also  physically  impossible  to  sufficiently 
expand  these  facilities.  Meanwhile,  under  the  present 
conditions,  probably  thousands  of  freight  cars  will  He 
idle  during  the  coming  summer  months  unless  some 
means  to  stimulate  summer  buying  are  resorted  to. 

Revising  the  National 
Electrical  Code 

TWENTY-THREE  years  ago,  when  the  National 
Electrical  Code  was  first  promulgated  there  was 
practically  nothing  that  those  in  the  electrical  industry 
could  refer  to  as  a  guide  in  their  work.  There  were  no 
standard  rules  for  making  electrical  installations,  and  as 
a  consequence  much  of  the  work  done  was  of  a  very 
inferior  quality  even  when  measured  by  the  standards 
of  that  time.  Electrical  installations  when  improperly 
made,  to  say  the  least,  imperil  both  life  and  property. 
From  the  efforts  of  insurance  organizations  to  prevent 
electrical  installations  being  made  so  as  to  introduce 
a  fire  hazard,  the  National  Electrical  Code  has  grown. 
The  rules  at  first  were  but  recommendations;  however, 
they  have  grown  until  the  code  today  is  not  much  short 
of  absolute  law.  This  is  one  of  the  best  indications  of 
the  wisdom  of  the  policy  adopted  of  revising  the  code 
every  two  years.  The  recommendations  of  the  1920 
revision  were  considered  at  a  meeting  of  the  electrical 
committee  of  the  National  Fire  Protective  Association 
held  in  New  York  City,  March  23  and  24,  and  it  is 
expected  that  the  new  code  will  be  ready  for  distribu- 
tion during  this  summer. 

The  real  importance  of  the  National  Electrical  Code  is 
too  frequently  not  appreciated  even  by  those  in  the 
electrical  industry.  If  for  no  other  reason,  the  code  is 
of  great  value  because  it  represents  the  best  knowledge 
and  experience  in  the  installation  of  electrical  apparatus 
and  wiring  in  America.  It  is  not  the  result  of  experi- 
ence of  fire-insurance  interests  alone,  but  of  the  best 
thought  in  the  electrical  industry,     rhe  committee  that 


revises  the  code  includes  representatives  of  the  National 
Electric  Light  Association,  American  Institute  of  Elec- 
trical Engineers,  American  Electric  Railway  Associa- 
tion, National  Electrical  Contractors  Association,  United 
States  Bureau  of  Standards,  besides  representatives 
from  national  and  municipal  bodies  interested  in  fire 
prevention  and  underwriters'  organizations. 

Delayed  Maintenance 

ONE  of  the  great  dilemmas  of  industry  in  recent 
years  is  maintenance — when  to  do  it,  how  long  to 
delay  doing  it.  The  reason  is  cost — cost  of  labor  and 
material.  The  inclination  is  to  put  off  the  work  in  the 
hope  that  the  equipment  will  satisfactorily  continue 
functioning  until  costs  go  down.  This  practice  has  been 
and  is  now  general;  the  railroads,  all  industries  with 
exceptions,  have  allowed  needed  repairs,  overhauling, 
all  kinds  of  maintenance  work,  to  drift  until — well,  until 
the  dire  necessity  of  keeping  things  together  compelled 
it.  Material  of  every  kind  is  burdensomely  high  in 
price  and  has  been  for  a  long  time.  Reported  state- 
ments of  governmental  department  heads,  of  brokers, 
of  marketmen  generally,  are  to  the  effect  that  we  have 
reached  the  peak  of  prices  of  raw  materials.  Granting 
that  this  is  true,  it  will  be  some  time  before  the  decrease 
is  reflected  in  lower  prices  of  finished  commodities.  And 
their  trend  now  is  still  up,  not  down.  The  butcher,  the 
baker,  the  candlestickmaker  now  chorus:  "They  will 
go  higher."  So  there  is  little  immediate  comfort  in 
announced  lower  prices  of  raw  materials. 

In  the  power  plant  it  is  poor  business  policy  to  allow 
equipment  to  become  badly  in  need  of  maintenance.  The 
engineers,  and  no  less  the  management,  must  not  forget 
that  the  power  plant  is  vital.  Without  power  industrial 
civilization  would  perish.  The  failure  of  a  part  of  an 
engine,  turbine  or  other  piece  of  apparatus  may  mean 
the  temporary  failure  of  a  whole  mill  or  factory.  What- 
ever the  real  deep-seated  cause  of  such  an  interruption, 
the  engineer  or  power  man,  whatever  his  particular 
title,  will  be  blamed  and  held  responsible.  After  the 
fact  it  will  avail  the  engineer  little  to  explain  that  he 
warned  this  one  and  that  one  of  the  impending  failure. 
Carbon  copies  of  his  warnings  and  requisitions  for 
parts  or  material  for  parts  may  help  him.  Further, 
the  man  who  is  rightly  jealous  of  his  reputation  appre- 
ciates that  accidents  that  occur  to  machinery  in  his 
charge,  whether  or  not  due  to  his  direct  negligence,  are 
charged  against  his  reputation  both  in  his  plant  and 
elsewhere. 

Extravagance  is  inexcusable;  but  the  wise  engineer 
will  see  to  it  that  he  does  not  endanger  life,  property  or 
continuity  of  service  by  delay  in  urgent  maintenance. 


Just  as  refrigeration  reaches  a  state  of  high  com- 
mercial perfection  and  finds  ever-widening  application, 
along  comes  a  fellow  with  a  prospectus  about  dehydrat- 
ing everything  from  soup  to  nuts,  thus  wiping  cold  stor- 
age off  the  slate  with  one  fell  swoop.  And  the  brew- 
eries gone,  too!  Dehydration  of  foods  has  its  serious 
and  favorably  potential  sides,  but  time  will  likely  show 
it  to  be  an  aid  to  refrigeration  rather  than  an  improve- 
ment upon  it  or  successor  of  it. 


This  is  not  the  time  to  "saw  wood"  about  electrifica- 
tion of  the  lumber  industry  in  the  Northwest. 
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Why  Blame  Caustic  Soda  for  Boiler- 
plate Cracks  ? 

The  explosion  of  a  steam  boiler  in  Canada,  caused 
by  the  cracking  of  a  drum  head,  is  still  the  subject  of 
much  discussion.  (See  Power,  July  8,  1919,  pages  70 
and  71  and  a  further  contribution  to  this  subject  by 
G.  H.  Garrison,  Power,  Sept.  23,  1919,  page  515) .  The 
latter  article  asks  the  question  why  caustic  soda  was 
blamed  without  proof  of  its  presence.  The  following 
reply  was  given:  "The  boiler  plate  in  proximity  to 
the  leak  was  covered  with  a  white  deposit,  and  the 
fracture  was  such  as  has  characterized  previous  failures 
traceable  to  this  cause." 

The  purpose  of  the  following  is  to  show  that  the 
"white  deposit"  and  the  "characteristic  fractures"  are 
not  proof  of  the  presence  of  caustic  soda. 

Professor  Parr  in  the  University  of  Illinois  Bulletin 
No.  94,  to  which  the  article  at  page  71  refers,  described 
as  follows  cracks  possibly  due,  in  his  opinion,  to  caustic 
soda.  (See  page  11  of  the  Bulletin)  :  Fine  cracks 
develop  and  proceed  from  the  rivet  holes,  always  below 
the  water  line,  and  in  the  University  "of  Illinois  boilers, 
always  in  conjunction  with  a  leak  or  other  condition 
which  promotes  a  concentration  of  the  soluble  material 
to  the  saturation  point. 

The  fact  that  rivet-hole  cracks  or  cracks  in  or  near 
seams  were  found,  apparently  led  to  the  assumption 
that  uncontrollable  concentration  of  caustic  soda  in 
inside  interstices  of  seams  may  take  place.  However, 
this  has  not  been  proved  as  yet  and  does  not  appear 
probable  for  the  following  reasons. 

Caustic  soda  or  other  sodium  salts  are  present  in 
the  contents  of  many  boilers.  In  many  cases  caustic 
soda  or  sodium  compounds,  from  which  caustic  soda 
may  develop,  are  put  into  the  boiler  intentionally  for 
the  purpose  of  overcoming  troubles  which  would  occur 
in  their  absence.  Experience  with  such  boilers  has 
proved  that  caustic  soda  does  not  affect  the  boiler  if 
its  amount  is  controlled  by  keeping  the  concentration 
of  the  boiler  contents  within  certain  limits. 

From  the  analysis  of  the  Urbana  water,  page  8  of 
the  Bulletin,  and  from  the  composition  of  the  concen- 
trated liquids  in  the  boilers,  page  52,  it  can  be  calcu- 
lated that  approximately  500  grains  of  magnesium 
hydroxide  and  approximately  1,000  grains  of  calcium 
carbonate  would  be  contained  in  suspension  in,  or  be 
precipitated  from,  one  gallon  of  the  concentrated  liquid 
before  the  concentration  of  the  caustic  soda  would 
reach  234  grains  per  gallon,  which  is,  according  to  the 
Bulletin,  a  concentration  not  only  harmless  but  even 


beneficial.  The  scale-forming  substances  will  also  enter 
the  interstices  of  the  seam,  if  such  interstices  exist  at 
all,  and  there  they  will  precipitate. 

Much  work  has  been  done  in  the  last  thirteen  years 
to  find  the  causes  of  cracks  in  boiler  plates.  It  has  been 
found  that  there  are  many  possible  causes.  Most  of 
them  have  been  verified  by  duplicating  them  in  experi- 
ments under  conditions  which  eliminated  other 
influences  than  those  to  be  investigated.  Cracks  in 
boiler  plates  of  good  material  have  been  traced,  in  the 
absence  of  other  manifest  causes,  to  internal  strains 
resulting  from  mechanical  or  thermal  treatment.  Since 
most  of  the  work  during  fabrication  is  done  on  the 
seams,  and  as  thermal  influences  during  operation  of 
the  boiler  will  be  greater  in  seams  than  in  single  plates, 
it  is  obvious  that  fine  cracks  due  to  internal  strains 
will  more  frequently  occur  in  the  seams. 

Shearing,  dressing,  rolling  and  hammering  of  the 
plates,  punching,  reaming  and  drilling  of  holes,  pin 
drifting  and  injudicious  forcing  of  plates  into  surface 
qontact,  riveting  and  calking,  expanding  of  tubes  into 
tube  sheets,  and  careless  handling  of  tools  for  removing 
boiler  scale  are  possible  sources  of  brittleness  and 
cracks  by  bad  mechanical  treatment.  Burning,  work- 
ing the  material  at  blue  heat  or  too  much  cold  working, 
both  without  annealing,  sudden  heating  and  cooling, 
insufficient  cooling  of  the  walls  on  the  water  side  due 
to  scale  or  oil,  low  water  in  the  boiler,  possibly  followed 
by  feeding  cold  water,  etc  ,  are  the  main  causes  of 
brittleness  and  cracks  by  thermal  treatment. 

It  has  also  been  shown  that  brittleness  and  cracks 
caused  by  internal  strains  will  be  further  developed 
by  operating  stresses  which  are  greatest  in  and  near 
seams,  or  by  sudden  changes  in  temperature.  Changes 
in  temperature  occur  more  frequently  and  within 
wider  limits  near  the  grates  than  moro  distant  there- 
from, and  this  may  be  one  of  the  reasons  why  cracks 
are  more  often  observed  in  the  water  spaces  than  in 
the  steam  spaces  of  boilers.  The  steam  spaces  are  not 
always  heated  and  if  so,  then  the  flue  gases  touch 
them  only  just  before  the  gases  enter  the  chimney — in 
other  words,  farthest  from  the  grates. 

Most  valuable  contributions  regarding  the  problem 
of  cracks  in  boiler  plates  have  been  made  by,  among 
others,  Stromeyer,  Bach,  Baumann,  Heyn,  Bauer, 
Daibler,  Houghton,  Stead,  Wolff,  Rosenhain  and  Hanson. 
They  have  been  published  in  the  Jom-nal  of  the  Iron  and 
Steel  Institute,  Stahl  und  Eisen,  Zeitschrift  deutscher 
Ingenieure  and  Proc.  New  York  Congress  for  Testing 
Materials  from  1907  to  1918.  Wolff,  Journal  of  Iron 
and  Steel  Institute,  1917,  gives,  besides  the  results  of 
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his  own  investigation,  a  short  abstract  of  the  work  of 
Kirsch,  Foeppl,  Leon  and  Preuss,  and  refers  also  to 
the  investigations  of  Talbot,  Howard  and  Bartho,  which 
have  a  bearing  upon  the  subject  if  the  further  develop- 
ment of  existing  cracks  during  operation  is  to  be  con- 
sidered. Wolff  also  stated  that  the  rivet-hole  cracks 
which  he  found,  occurred  not  only  in  the  water  spaces, 
but  also  in  the  steam  spaces  of  boilers,  that  they  were 
extremely  local  and  that  in  most  cases  no  leakage  was 
observed  and  no  boiler  scale  found  between  the  plates. 

Cracks  in  rivet  holes  resulting  from  internal  strains 
cannot  easily  be  detected,  since  they  are  hidden  from 
tho  eye  and  can  be  seen  only  after  the  rivets  are 
removed.  This,  of  course,  will  in  general  be  done  only 
when  a  leak  occurs  which  canot  be  stopped  and  which 
indicates  that  there  is  something  wrong  with  the  seam. 

In  Bulletin  No.  94  the  only  test  mentioned  which  has 
been  made  with  caustic-soda  solution  of  a  concentration 
permissible  in  a  boiler,  Table  10,  page  56,  shows  that 
in  this  case  boiling  of  the  test  pieces  for  fifteen  days 
at  a  temperature  of  200  deg.  C.  did  not  change  their 
physical  properties  for  the  worse.  On  the  contrary, 
the  alternate  bending  test  showed  an  improvement  of 
8  per  cent  and  the  impact  test  showed  no  change  as 
compared  with  the  untreated  sample.  This  result  is 
quite  in  accordance  with  those  obtained  by  Thompson 
{Journal,  Society  of  Chemical  Industry,  1894)  who 
found  that  boiling  in  caustic  solutions  of  moderate  con- 
centrations (which  were  higher  than  those  usually 
permitted  in  boilers)  did  not  appreciably  change  the 
physical  properties  of  steel  wire,  while  boiling  in  water 
changed  them  for  the  worse. 

Comparison  of  the  results  given  in  Tables  1,  4  and 
5  of  Bulletin  No.  94  shows  that  the  properties  of 
annealed  test  pieces  have  been  changed  to  a  much 
smaller  degree  by  boiling  in  caustic  soda  than  those 
of  test  pieces  in  which  internal  strains  by  bending 
were  introduced  before  such  treatment.  This  points 
to  the  influence  of  internal  strains  and  is  completely 
in  accordance  with  the  results  obtained  by  Stromeyer, 
Bach  and  Baumann. 

In  good  boiler  practice  the  amount  of  all  salts  dis- 
solved in  boiler  salines  should  be  below  1,000  grains 
per  gallon.  With  the  exception  of  one  test,  which  was 
made  with  a  solution  of  a  concentration  within  this 
limit,  and  which  confirmed  the  beneficial  influence  of 
caustic  soda,  all  other  tests  made  at  the  University  of 
Illinois  were  made  with  solutions  containing  6,500 
grains  and  up  to  60,000  grains  of  caustic  soda  per  gallon. 
Furthermore,  Professor  Parr,  on  page  11  of  the 
Bulletin,  called  special  attention  to  the  fact  that  the 
purpose  of  his  studies  was  not  an  attempt  to  explain  the 
cause  of  boiler  failures.  He  emphasized  that  much  work 
remains  to  be  done  before  a  complete  and  adequate 
explanation  of  the  case  can  be  offered. 

Therefore,  no  conclusions  should  be  drawn  from  the 
results  given  in  the  Bulletin,  so  long  as  it  has  not  been 
proved  that  similar  concentration  in  fact  existed  in 
the  boiler,  and  because  the  cracks  in  or  near  rivet 
holes  are  not  specific  characteristics  of  embrittlement 
by  caustic  soda,  but  result,  as  has  been  proved,  from 
internal  strains  due  to  other  causes,  and  further  no 
cracks  have  been  developed  in  specific  laboratory  tests 
with  caustic  soda. 

In  the  Canadian  case  it  has  not  been  proved  that 
the  water  used  contained  caustic  soda  and  that  the 
accumulation    of    incrustations   were   of    alkaline    char- 


acter, or  that  there  were  cracks  developed  from 
rivet  holes.  The  white  deposit  mentioned  proves  only 
that  there  was  a  leak,  since  not  only  caustic  soda,  but 
all  salts  which  are  usually  contained  in  boiler  water, 
are  of  a  white  color,  as  for  instance,  all  the  chlorides, 
sulphates,  carbonates  and  hydroxides  of  the  main  scale- 
forming  elements,  calcium  and  magnesium,  as  long  as 
they  are  not  colored  by  iron  salts  (rust),  organic 
matter,  etc.  Therefore,  it  is  obvious  that  the  Bulletin 
gives  no  basis  for  drawing  the  conclusions  referred  to. 

The  crack  described  in  the  Canadian  case  shows, 
however,  a  certain  characteristic  not  mentioned  by  Pro- 
fessor Parr;  namely,  that  it,  in  general,  follows  a  line 
which  is  near  and  parallel  to  the  calked  edge  of  the 
overlying  plate  and  that  its  larger  part  is  situated 
between  the  calking  edge  and  the  row  of  rivet  holes. 
The  crack  shown  in  Figs.  1  and  2  on  page  70  of  the 
July  8,  1919,  issue  is  similar  to  that  of  a  boiler 
exploded  in  Wisconsin  and  shown  in  Fig.  2,  page  605, 
of  Power,  Oct.  21,  1919.  The  latter  crack  occurred 
along  a  longitudinal  seam  above  the  water  line,  as  stated 
in  the  description.  Similar  cracks  along  the  calked 
edges  of  the  overlying  plates  have  occurred  in  steam 
boilers  used  for  concentrating  caustic  soda  and  in  steam 
boilers  in  which  no  caustic  soda  was  present — in  both 
cases  above  the  water  line  as  well  as  below.  The 
occurrence  of  such  cracks  above  the  water  line  could 
not  have  been  caused  by  caustic  soda,  and  since  the 
characteristics  of  the  cracks  below  the  water  lines  are 
the  same  and  in  a  number  of  cases  occurred  in  the 
same  boilers  as  those  above  the  water  line,  one  can- 
not see  why  the  former  should  be  considered  to  be 
caused  by  caustic  soda  while  the  latter  certainly  were 
not.  The  cracks  along  riveted  seams  above  the  water 
line,  however,  can,  in  the  absence  of  other  manifesta- 
tions and  when  good  material  has  been  used,  be 
explained  only  by  internal  strains  resulting  from 
mechanical  or  thermal  treatment  or  both. 

Users  of  steam  boilers,  owners  as  well  as  operators, 
can  assist  the  solution  of  the  problem  in  question  by 
careful  operation  and  examination  of  their  boilers  and 
calling  experts  when  irregularities  are  observed.  If 
they  do  this,  many  troubles  will  be  prevented.  Periodi- 
cal inspection  of  boilers  by  experts  is  of  great  impor- 
tance. Making  use  of  the  services  offered  by  the  steam- 
boiler  inspecting  and  insurance  companies  and  similar 
institutions  cannot  be  too   strongly   recommended. 

New  York  City.  H.  Kriegsheim. 

Freeze-Proof  Mixture  in  Gage  Siphon 

I  cannot  agree  with  Mr.  Coyne,  on  page  433  of  the 
March  16  issue,  as  to  the  introduction  of  freeze-proof 
mixture  in  siphon  of  steam  gage,  unless  a  special 
piping  arrangement  is  used  to  trap  the  evaporation 
of  the  freeze-proof  mixture,  also  to  prevent  the  accu- 
mulating condensation  from  floating  out  of  the  siphon. 
Otherwise  the  kerosene,  if  used,  or  the  nonfreezing 
mixture  will  not  be  effectual. 

It  is  possible  for  the  safety-valve  springs  to  become 
permanently  set  even  in  a  well-managed  plant  that  is 
operating  up  to  or  over  rating.  Mr.  Coyne's  suggestion 
to  close  the  stop  valve  when  the  boiler  is  operating 
at  or  beyond  capacity,  in  order  to  test  the  capacity 
of  the  safety  valve  is  really  one  of  the  State  of  Penn- 
sylvania Safety  Standards.  But  why  not  test  the 
valve  before  the  boiler  is  put  on  the  line? 

Uniontown,  Pa.  H.  D.  NOLAN. 
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Wire  Scraper  Made  from  Hacksaw  Blade 

A  very  handy  wire  scraper  lor  use  around  a  repair 
shop  and  in  armature  winding,  can  be  made  from  an 
old  twelve-inch  hacksaW  blade.  Put  the  blade  on  the 
emery  wheel  and  grind  oflf  the  teeth.  Then  by  using 
two  pairs.of. pliers,  hold  it  in  a  blowtorch  flame  and  heat 
to  a  dull  red  and  bend  it  in  the  shape  shown  in  the  figure. 


WIRE   .SCKAPER   OOAlPLETED 

Heat  and  bond  only  a  small  portion  at  once  and  do 
not  let  it  get  very  hot.  Allow  the  blade  to  cool  slowly 
and  do  not  put  it  in  water.  When  in  the  proper  shape 
and  cooled,  grind  the  ends  to  bevel  inwardly  as  shown. 
This  tool  is  very  handy  for  scraping  solder  from  old 
commutator  leads  or  for  removing^  cotton  insulation 
from  new  leads.  J.  W.  Fager. 

<■  New  Orleans,  La. 


Slotting  Coniniutators  in  a  Lathe 

There  are  various  devices  for  slotting  the  mica  from 
between  commutator  segments.  vVe  have  found  it  very 
effective  to  do  the  work  in  the  lathe  after  the  com- 
mutator has  been  turned  off.    Make  a  small  parting-  tool. 


ARMATURE    1-V    I.ATHE    READY    TO    HAVE    MICA    .SLOTTED 
FROM    BETWEEN    SEG.MENTS 

a  little  narrower  than  tlie  mica  l)etween  the  segments, 
and  set  it  horizontally  iii  the  tool  post,  as  indicated  in 
the  figure. 

Take  off  the  driving  belt  and  put  in  the  back-gear, 
block  the  dog  in  the  faceplate  slot  with  a  wooden  wedge 
to  take  up  the  lost  motion,  then  turn  the  cone  pulley  by 
hand  to  bring  the  mica  in  line  with  the  tool  and  push 
the  tool  through  the  mica  by  moving  the  carriage 
toward  the  headstock  with  the  hand  gear, 

A.  M,  Hall.\day, 
Master  Mechanic  Spring  Valley  Coal  Co. 

Spring  Valley,  111. 


A  Handy  Shop  Crane 

In  repair  shops  where  there  are  no  cranes  it  is  always 
more  or  less  of  a  problem  how  to  handle  pieces  of  equip- 
ment of  only  medium  weights,  to  say  nothing  of  the 
larger  parts.  Where  lathes  and  other  machine  tools  are 
located  within  eight  or  ten  feet  of  a  column,  the' 
handling  of  parts  can  be  greatly  simplified  by  the  use 
of  the  home-made  monorail  crane  that  is  shown  in  the 
figure. 

This  device  consists  of  ordinary  4-  or  6-in  I-beam,  one 
end  is  fastened  to  a  column  by  a  two-part  band,  the 
latter  made  so  that  it  can  be  tightened  on  the  column 
by  two  bolts.  The  outer  end  of  the  boom  is  supported 
from  the  top  end  of  the  column  by  a  two-part  band. 
On  the  I-beam  is  placed  a  trolley  such  as  can  be  pur- 
chased at  most  any  machineiy  supply  house,  and  from 
this  trolley  a  chain  fall  is  supported.  'r-  ■ 


a 


CRANE    INSTALLKD    TX    SHOP     . 

This  crane  can  be  operated  through  a   radius  of  at  ■, 
least  180  deg.,  making  it  useful  in  transferring  equip- 
ment from  one  part  of  the  shop  to  another  at  will,  a.-; 
well  as  lifting  parts  in  and  out  of  machine  tools.     By 
putting  up  a  special  mast  in  the  shop  ,io  support  the 
boom  from  the  crane  can  be  so  constructed  as  to  have  aj 
^GO-deg.  travel.     The  length  of  the  boom  will  ^depend/ 
upon  how  high  the  ceiling  of  the  shop  is;  tire  boom  rod 
should  mike  not  less,  than  about  30  deg.  with  the  boom 
and  45  deg.  is  better.      ,  ■-,... 

Dift'erent  conditions  will  r,e(iuire  different  methods  of . 
solving  the  lifting  problem  in  the  .shop,  .but  with  the; 
foregoing  idea  in  mind  the  resourceful  repairman 
should  have  no  difficulty  in  easily  providing  his  shop 
with  facilities  for  handling  all- heavj' parts.  .Sucli  cranes 
will  also  be  found  invaluable  in  erecting. euiip.ne'.it  iv. 
the  shops.       ■  ■  R.  A.  Briggs. 

New  York.  N.  Y. 
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Distance  of  Bridge  Wall  from 
Boiler  SheU 

In  the  Feb.  24  issue  of  Power,  page  309,  Albert  L. 
Smythe  makes  inquiry  concerning  the  height  of  bridge 
walls  for  his  boilers.  The  question  is  not  so  simple 
as  it  appears  and  is  of  considerabe  importance,  par- 
ticularly in  the  bituminous-coal  region.  Before  deter- 
mining the  proper  height  of  the  bridge  wall,  it  may 
be  well  to  outline  the  functions  for  which  it  is  in- 
tended: 

1.  To  retain  the  fuel  on  the  grates,  its  height  being 
a  little  above  the  proposed  thickness  of  the  fuel  bed. 

2.  The  bridge  wall  should  be  of  such  distance  from 
the  boiler  shell  as  not  to  restrict  the  passage  of  the 
gases  arising  from  the  fuel  bed,  and  this  distance 
should  be  inversely  proportional  to  the  draft  that  is 
available. 

3.  Considerable  free  air  enters  at  the. back  end  of 
the  fuel  bed,  where  the  grate  is  farthest  from  the 
fireman  and  is  more  difficult  to  maintain  uniformly 
covered.  Unless  the  air  so  admitted  is  retained  long 
enough  in  the  furnace  to  acquire  the  same  temperature 
as  the  gases  arising  from  the  fuel  bed,  it  will  pass 
along  toward  the  stack  without  an  opportunity  to  mix 
with  the  combustible  gases;  that  is,  the  free  air,  being 
heavier  than  the  gases  from  the  coal,  will  sweep 
through  the  combustion  chamber  as  an  underlining  to 
the  gases  of  higher  temperature.  This  is  particularly 
true  in  furnaces  burning  high-volatile  coal. 

4.  Absorption  by  the  boiler  of  radiant  heat  from 
the  fire  depends  largely  on  the  intervening  distance, 
and  therefore  it  is  desirable  to  have  the  boiler  as 
close  to  the  fuel  bed  as  the  requirements  of  good  com- 
bustion space  will  permit. 

5.  Draft  in  all  cases  should  be  so  utilized  as  to 
secure  the  best  results,  and  any  unnecessary  restric- 
tion without  proper  or  adequate  returns  is  undesirable 
waste. 

Summing  up,  it  is  my  belief  that  the  bridge  wall 
should  be  as  high  above  the  grates  as  possible,  provided 
it  does  not  restrict  the  gas  passage  above  it,  and  the 
boiler  should  be  as  near  to  the  fuel  bed  as  conditions 
will  permit. 

With  a  chimney  100  ft.  high  serving  two  boilers, 
one  78  in.  x  19  ft.  and  the  other  72  in.  x  18  ft.,  with 
grates  6x6  ft.,  the  chimney  draft  at  the  damper  will 
range  from  0.55  or  0.5  in.  of  water.  The  loss  in  draft 
permissible  from  the  fuel  bed  to  the  back  end  of  the 
boiler  is  less  than  0.05  in.  and  the  area  over  the  bridge 
wall  should  be  25  per  cent  of  the  grate  area,  or 
36X0.25  =  9  sq.ft.  The  first  dimension,  the  width 
of  the  opening  over  the  bridge  wall  being  6  ft.,  the 
second  required  dimension,  the  distance  from  the  top 
of  the  bridge  wall  to  the  nearest  point  of  the  shell, 
will  be  9  ^  6  =  1.5  ft.,  or  18  inches. 

It  is  understood  that  the  bridge-wall  top  will  be 
straight  and  not  curved  to  coincide  with  the  curvature 
of  the  shell.  The  18  in.  is  the  distance  between  two 
straight  lines,  one  drawn  on  top  of  the  bridge  wall 
and  the  other  tangent  to  the  outer  circumference  of 
the  boiler  shell  at  the  nearest  point  to  the  top  of  the 
bridge  wall. 

Although  25  per  cent  of  the  grate  area  between  the 
boiler  shell  and  the  bridge  wall  is  only  a  working 
rule,  it  meets  the  requirements  in  most  cases.  Hand- 
fired  furnaces  are  difficult  to  operate  at  a  much  higher 


rate  than  25  lb.  of  coal  per  hour  per  square  foot  of 
grate  area,  so  that  the  rule  is  based  on  this  rate  of 
combustion.  If  in  the  plant  under  consideration,  both 
of  the  boilers  are  operated,  as  they  should  be,  at  the 
maximum  capacity  of  the  grate  area,  the  total  coal 
per  hour  burned  by  each  boiler  will  be  36  X  25  =  900 
lb.,  which  will  develop  approximately  180  to  200  hp. 
Assuming  20  lb.  of  gas  per  pound  of  coal  and  52  cu.ft. 
in  a  pound  of  gas  at  1,800  deg.  F.,  the  volume  of  gas 
to  be  handled  will  amount  to  900  X  20  X  52  =  93&,000 
cu.ft.  per  hour  =  260  cu.ft.  per  second.  The  velocity 
of  gases  passing  over  the  bridge  wall  can  be  30  ft. 
per  second  without  exceeding  the  allowable  loss  of 
draft.  The  furnace  width  being  6  ft.,  the  required 
third  dimension  will  be,  260  ~  (30  X  6)  =  1.44,  or 
practically  1.5  ft.  =  18  in.,  which  should  be  the  dis- 
tance from  the  bridge  wall  to  the  boiler  shell. 

As  to  the  height  of  the  bridge  wall  above  the  grates, 
in  all  cases  it  should  be  no  less  than  16  in.  In  case 
the  boiler  is  so  set  as  to  make  it  impossible  to  provide 
a  16-in.  bridge  wall,  the  grates  should  be  dropped  at 
the  back  end,  say  about  1  in.  to  the  foot.  If  this  does 
not  give  the  desired  height,  then  the  area  over  the 
bridge  wall  may  be  reduced  to,  say,  20  per  cent  instead 
of  the  desired  25  per  cent. 

The  best  bridge  wall  for  burning  bituminous  coal  rises 
18  to  20  in.  above  the  grates,  and  the  space  between 
it  and  the  shell  for  gas  passage  should  be  equivalent 
to  25  per  cent  of  the  grate  area.  The  area  above  the 
bridge  wall  should  be  taken  as  a  rectangle,  one  dimen- 
sion being  the  width  of  the  bridge-wall  top  and  the  other 
the  shortest  straight  line  from  the  bridge  wall  to  the 
shell. 

The  extra  area  available  at  both  sides,  due  to  the 
curvature  of  the  boiler  shell,  is  considered  only 
in  extreme  cases,  which  usually  require  long  practical 
experience  to  enable  one  to  assign  relative  importance 
to  the  various  factors  involved. 

Chicago,  111.  Henry  Misostow. 


In  a  boiler  plant  formerly  under  my  supervision, 
containing  eighteen  125-hp.  return-tublar  boilers,  each 
16  ft.  long,  72  in.  shell  diameter  and  containing  seventy 
Si-in.  tubes,  stoker-fired,  the  distance  of  the  grate  line 
from  the  boiler  shell  was  60  inches  and  the  distance  of 
the  bridge  wall  from  the  boiler  shell  18  inches.  It  was 
found  that  when  the  bridge  wall  was  maintained  at  18 
in.,  satisfactory  results  were  obtained  and  the  fire 
would  not  hog  away  at  the  end  of  the  grate  surface 
nearest  the  bridge  wall,  whereas  when  the  bridge  wall 
would  slough  away  to  around  24  in.  the  fire  would  not 
burn  properly  and  required  considerable  working  to 
keep  it  in  condition  around  the  vicinity  of  the  bridge 
wall. 

In  addition  to  maintaining  the  bridge  wall,  it  was 
also  found  to  be  of  advantage  to  build  the  wall  straight 
down  to  the  floor  line  of  the  combustion  chamber  instead 
of  tapering  it,  as  the  former  design  gave  more  space  for 
the  proper  mixing  of  the  gases  of  combustion,  resulting 
in  flue-gas  temperatures  of  around  500  deg.  F\  and 
flue-gas  COj  of  12  per  cent  average.  Keeping  the  tubes 
and  the  interior  of  the  boiler  clean  and  the  air  leaks 
stopped  were  as  important  as  anything  else  in  producing 
good  results. 

In  Mr.  Smythe's  case  I  feel  that,  if  the  bridge  walls 
of  his  boilers  are  maintained  at  12  in.  from  the  boiler 
shell,  and  the  grates  set  from  36  to  44  in.  from  the  shell, 
with    the    other    practices    I    have    followed,    he    will 
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certainly  obtain  better  results  than  by  having  the  bridge 
wall  set  18  in.  or  more  from  the  shell.  For  stoker 
installation  I  find  18  in.  space  satisfactory.  This,  in 
my  opinion,  is  too  much  space  when  firing  bituminous 
coal  on  hand-fired  grates.  Ten  inches  is  slightly  too 
close  for  good  economy,  as  the  furnace  would  not  have 
sufficient  gas  outlet  and  there  would  be  a  waste  of  fuel. 

I  would  further  suggest  that  Mr.  Smythe  procure  a 
flue-gas  analyzer  and  portable  pyrometer  or  flue-gas 
thermometer,  and  with  these  instruments  he  can  prove 
to  his  superior  officer  whether  he  is  right  or  wrong  at 
any  time.  Pet'sonally,  T  would  not  be  without  these 
two  instruments,  even  if  they  were  used  only  a  few 
times  a  year.  Paul  R.  Duffey. 

Hagerstown,  Ind. 

Pulverized  Coal  Under  Boilers 

In  regard  to  the  results  obtained  with  powdered 
fuel  in  Milwaukee,  as  outlined  in  the  article  by  John 
Anderson,  on  pages  336  to  339  and  354  to  359  of  the 
March  2  issue  of  Power,  the  writer  believes  it  is  fun- 
damentally wrong  to  take  coal  and  prepare  it  to  the 
most  expensive  condition  imaginable  (powder)  and  still 
burn  it  in  its  raw  state;  that  is,  with  all  its  hydro- 
carbons. A  much  more  fertile  field  for  research  and 
more  rational  procedure  is  to  extract  some  or  all  of 
the  byproducts,  leaving  coke  and  gas  for  fuel.  Ulti- 
mately, we  must  come  to  some  such  process  in  this  coun- 
try, and  until  that  time  it  will  be  difficult  to  find  a  com- 
plete analysis  of  figures  that  will  show  anything  but  a 
loss  for  powdered   fuel  as   compared  to  stoker   firing. 

The  ash  carried  out  by  the  chimney  gases  is  a  serious 
matter.  Tt  is  reported  at  82.8  per  cent  of  the  ash  con- 
tent of  the  coal.  This  is  an  item  that  should  not 
be  lightly  passed.  It  is  not  sufficient  to  simply  state 
that  it  is  "apparantly  carried  a  long  distance"  or  that 
"no  deposit  could  be  noticed  in  the  street."  Some 
accurate  way  of  measuring  this  discharge  should  be 
found  before  definite  statements  concerning  it  are 
made. 

In  figuring  the  cost  of  coal  preparation,  only  the 
equivalent  fuel  cost  was  charged  and  that  at  1.5  lb.  of 
coal  per  kilowatt-hour.  This  figures  17,826  B.t.u.  per 
kilowatt-hour.  Few,  if  any,  stations  can  assume  such 
economy  a-s  this.  The  correct  figure  for  cost  of  current 
should  include  all  items — coal,  labor,  capital  charges; 
in  fact  everything  that  goes  to  make  up  the  ultimate 
cost  of  a  kilowattnhour  at  the  point  of  consumption. 

The  cement  industry  has  used  powdered  coal  for 
twenty  years  and  no  doubt  has  much  more  data  on  the 
subject  than  steam  producers.  Such  plants  with  estab- 
lished figures  on  cost  of  pulverizing  coal,  find  that  it 
costs  in  excess  of  $1  per  ton  to  prepare  the  coal.  If 
complete  costs  were  figured  for  the  Milwaukee  in- 
stallation, the  cost  of  preparation  will  probably  approach 
this  figure  and  more  than  offset  the  alleged  saving. 

The  type  of  stoker  with  which  the  comparison  is 
made,  has  a  5.9  per  cent  difference  between  the  gross 
and  the  net  efficiency.  This  allowance  for  auxiliaries 
cannot  be  taken  as  typical. 

From  the  author's  presentation  of  the  subject  the 
writer  believes  therefore ;  first,  that  the  ash  nuisance  is 
unsolved;  second,  in  order  to  present  even  a  slight  sav- 
ing in  favor  of  pulverized  coal,  it  is  necessary  to  use 
low-moisture  coal,  omit  interest  and  depreciation  on  the 
additional  investment,  omit  a  portion  of  the  cost  of  pre- 


paring the  fuel  and  make  a  comparatively  large  deduc- 
tion for  stoker  auxiliaries. 

Correcting  these  items,  the  showing  in  economy  would 
be  in  favor  of  stoker  firing,  T.  A.  Marsh, 

East  Chicago,  Ind.  Green  Engineering  Co. 

Calculations  From  a  Flue-Gas  Analysis  of 
Loss  Due  to  Incomplete  Combustion 

On  page  129  in  the  Jan.  27  issue  of  Power  is  pub- 
lished an  article  by  H.  B.  Brayton,  entitled  "Calcula- 
tions from  a  Flue  Gas  Analysis  of  Loss  Due  to  Incom- 
plete Combustion,"  and  showing  formulas  for  calculat- 
ing the  latent  losses  of  heat.  These  data  have  been 
thoroughly  perused  by  me,  and  I  must  say  that  Mr. 
Brayton's  methods  are  excellent.  While  he  says  little 
in  text  form  about  the  great  danger  (irora  an  economical 
point  of  view)  resulting  from  the  formation  of  carbon 
monoxide  and  hydrocarbon  in  flue  gases,  he  leaves 
everything  to  the  readers  and  lets  his  formulas  speak 
lor  themselves.  Those  who  have  gone  over  the  matter 
carefully  will  agree  that  the  figures  given  make  it  easy 
to  arrive  at  accurate  results. 

Since  carbon  monoxide  and  hydrocarbons  ('CO  -j-  CH,) 
are  the  combustible  constituents  (we  must  not  forget 
the  latter)  the  presence  of  which  causes  considerable  loss 
of  fuel  in  most  boiler  plants  above  and  below  a  certain 
percentage  of  carbon  dioxide,  it  is  evident  that,  since 
we  can  record  CO,,  an  instrument  for  the  continuous 
analysis  of  CO  and  CH,,  together  with  the  CO,  recorder, 
would  undoubtedly  form  a  mighty  fine  piece  of  boiler 
room  control  by  direct  method. 

Mr.  Brayton's  formulas,  as  clear  as  they  are,  are  only 
then  of  real  value  when  means  for  accurate  determin- 
ation of  the  combustible  gases  are  at  hand.  For  this 
purpose  he  recommends  an  Orsat  apparatus  to  deter- 
mine the  carbon  monoxide.  However,  the  manipula- 
tion of  such  hand  gas  analyzer  with  particular  reference 
to  carbon-monoxide  analysis  is  a  difficult  one,  and  even 
though  the  percentage  of  CO  might  have  been  accur- 
ately determined,  the  hydrocarbons  cannot  be  arrived 
at  with  this  method.  Moreover,  the  simplified  appar- 
atus now  put  out  by  various  concerns  for  power-plant 
use  are  equipped  with  burettes  of  only  50  cubic  centi- 
meters, reducing  the  accuracy  considerably.  Then,  too, 
while  with  cuprous  chloride  and  a  great  deal  of  patience 
finally  one  of  two  more  or  less  accurate  analyses  may 
have  been  obtained,  they  in  themselves  are  of  no  real 
practical  value,  as  they  only  represent  two  snap  samples 
showing  what  the  CO  has  been  from  10  to  15  minutes 
before  they  were  taken  (5  minutes  is  required  for  a 
correct  analysis  of  CO) .  Thus  we  may  as  well  forget 
all  about  CO  analysis. 

Hydrocarbons  may  be  present  in  ordinary  boiler- 
room  practice  to  the  same  detrimental  extent  as  CO,  de- 
pending greatly,  of  course,  upon  the  kind  of  fuel  used 
and  certain  other  conditions;  therefore,  in  no  cases 
where  we  speak  of  combustible  gases  must  this 
hydrocarbon  be  forgotten,  which  in  itself  explains 
that  CO  tests  taken  with  the  ordinary  appai-atus  are 
meaningless. 

Continuous  analysis  of  CO^  and  continuous  analysis 
of  CO  and  CH,  is  of  real  value  and  a  reliable  instrument 
that  requires  but  little  attention  and  is  capable  of  an- 
alyzing the  three  gases  mentioned  would  be  worth 
having.  F.  D.  H.arger. 

Buffalo,  N.  Y. 


682 


POWER 


Vol.  51,  No.  17 


Too  Much  Regrinding  of  Stop-Cock 

The  erratic  action  of  the  steam-gage  was  called  to 
my  attention  by  the  fireman,  who  said  the  gage  made 
a  jump  of  20  lb.  all  at  once.     I  investigated  and  found 


RESULT  OF  TOO   MUCH    REGRINDING 

that  the  cock  in  the  steam-gage  connection  had  become 
blind  on  account  of  many  grindings,  as  shown  in  the 
sketch. 

Sometimes  a  little  thing  like  the  foregoing  may  cause 
great  damage.  Thomas  Neilson. 

Philadelphia,  Pa. 


moved.  Two  specially  designed  converters  were  in- 
stalled. These  consisted  of  a  cast-iron  shell,  20  in. 
in  diameter  and  48  in.  long,  filled  with  drawn  copper 
pipes  terminating  in  a  head.  The  head  is  provided  at 
top  and  bottom  with  10-in.  connections  for  the  feed  and 
return  mains  of  the  existing  hot-water  heating  sys- 
tem. 

Steam  from  the  aforementioned  10-in.  main  is  in- 
troduced into  the  shell  through  a  7-in.  connection  at 
the  top  of  each  tank.  The  condensation  from  the  tanks 
is  carried  to  a  receiver  which  is  emptied  into  the  boil- 
ers at  intervals  by  means  of  a  three-stage,  automatic, 
electrically  driven  pump.  Thermostatic  regulators  are 
placed  in '  the  steam  lines  to  each  of  the  tanks,  con- 
trolling the  temperature  of  the  water  circulating  in 
the  system. 

The  greater  part  of  the  work  was  done  during  the 
cold  weather,  and  at  no  time  were  any  of  the  build- 
ings without  heat,  as  the  boilers  in  the  main  building 
were  operated  up  to  the  time  that  the  new  systei^ 
was  cut  in. 

The  heat  throughout  all  of  the  buildings  is  much, 
more  satisfactory  than  ever  before,  and  the  operation 
of  the  present  system  costs  less  than  half  of  the  opera- 
tion of  the  two  old  systems.  The  completed  cost  of 
the  system  now  in  operation  was  $8,300. 

Washington,  D.  C.  J.  P.  Lawyer. 


Using  Boiler  Tubes  in  Place  of  Angle  Irons 
for  Supporting  Baffles 

The   illustration   shows    a    way    of   using    old   boiler 
tubes  in  place  of  angle  irons  to  hold  up  baffles  in  the 


Solution  of  a  Heating  Problem 

Until  recently  the  buildings  of  the  National  Head- 
quarters of  the  American  Red  Cross  in  Washington, 
D.  C,  were  heated  by  two  separate  heating  systems. 
The  original  large  building,  requiring  16,000  sq.ft.  of 
hot-water  radiation,  was  served  by  two  sectional,  cast- 
iron  hot-water  boilers  having  a  capacity  of  13,725  sq.ft. 
of  hot-water  radiation  each.  The  four  annexes,  re- 
quiring a  total  of  15,681  sq.ft.  of  steam  radiation,  were 
heated  by  three  sectional,  cast-iron  water-tube  steam 
boilers,  located  in  a  boiler  room  in  the  fourth  annex. 
These  three  boilers  have  a  capacity  of  32,500  sq.ft.  of 
steam  radiation. 

In  September,  1919,  it  was  required  that  the  heating 
plant  be  rearranged  so  that  the  main  building,  which 
was  equipped  for  hot-water  heat  throughout,  could  be 
heated  from  the  steam  boilers  in  the  fourth  annex. 

It  was  first  decided  to  reduce  the  amount  of  radia- 
tion in  the  main  building,  change  all  the  piping  and 
heat  the  building  by  steam  direct  from  the  boiler  plant. 
After  estimates  had  been  obtained  for  this  work,  it  was 
found  that  such  a  plan  would  be  too  expensive,  the 
lowest  estimate  obtained  being  $19,000. 

The  system  which  is  now  in  operation  was  then  de- 
signed, a  brief  description  of  which  follows: 

The  piping  in  the  boiler  room  of  Annex  4  was  re- 
arranged in  such  a  manner  as  to  insure  an  even  dis- 
tribution of  steam.  A  10-in.  main  was  laid  in  a  con- 
crete conduit,  covered  with  concrete  slabs,  from  the 
boiler  room  of  Annex  4  to  the  boiler  room  of  the  main 
building.     The  boilers  in  the  main  building  were  re- 


BOILER  TUBES  USED  TO  SUPPORT  BAFFLES 

Stirling  type  of  boiler.  By  leaving  one  or  both  ends 
of  the  tubes  flush  with  the  outside  of  the  setting,  air 
will  pass  through  them  and  keep  down  the  temperature 
of  the  baffle  support,  whereas  an  angle  iron  would  warp 
and  let  down  the  haffie.  L.  S.  Shaw. 

Cleveland,  Ohio. 
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INQUIRIES 

OF  GENERAL 

INTEREST 


Blind  of  a  Valve — What  is  meant  by  a  valve  being  one- 
eighth  inch  blind?  C.  T. 

The  term  blind  is  sometimes  used  with  reference  to  a 
valve  to  signify  that  it  is  closed.  One-eighth  inch  blind 
would  signify  that  the  valve  overlaps  the  opening  edge  of 
the  port  one-eighth  inch. 


Advantages  of  Four- Valve  Engine — Why  is  a  four-valve 
engine  more  economical  than  a  single-valve  engine  ?  W.  L. 

Four-valve  engines  can  be  designed  and  constructed  with 
shorter  steam  passages  and  less  percentage  of  waste 
cylinder-clearance  spaces  than  necessary  for  single-valvo 
engines;  and  the  valves  can  be  adjusted  and  controlled  inde- 
pendently of  each  other  so  as  to  obtain  better  steam 
distribution,  especially  with  a  variable  load. 


Size  of  Uptake  for  Horizontal  Return-Tubular  Boiler — 

What  should  be  the  size  of  smoke  uptake  for  a  72-in.  x 
!8-ft.  horizontal  return-tubular  boiler?  W.  L.  M. 

The  uptake  area  is  usually  made  one-eighth  the  area  of 
the  grate,  although,  with  tight  connections  and  a  tall  stack 
this  figure  may  be  considerably  reduced.  However,  it  is  well 
to  provide  for  extreme  conditions  and  allowing  for  40  sq.ft. 
of  grate  area,  and  one-eighth  grate  area  for  that  of  the 
uptake  would  give  5  sq.ft-,  or  720  sq.in.  for  the  cross- 
sectional  area  of  the  uptake. 


More  Convenient  Observation  of  Blowoff  Leakage  —  Our 

boiler  blowoff  line  discharges  to  an  open  sewer  at  some  dis- 
tance from  the  boiler  room.  What  method  can  be  employed 
to  indicate  near  the  boiler  whether  there  is  leakage  of  the 
blowoff  valve  ?  B.  H. 

If  the  blowoff  line  is  so  arranged  that  there  is  a  vertical 
Jength  conveniently  observable  and  readily  sprung  apart 
when  cut  and  supplied  with  a  bolted  flange  union,  insert  such 
a  union  and  each  time,  after  blowing  down,  remove  the  bolts 
and  insert  a  piece  of  tin  plate  between  the  flanges.  Any 
leakage  then  will  be  revealed  by  water  intercepted  by  the 
tin  plate  overrunning  its  edges. 


Increase  of  Power  by  Operating  Condensing — What  would 
be  the  increase  in  power  of  a  12  x  18-in.  engine  running  200 
r.p.m.  noncondensing,  if  operated  condensing  with  26  in. 
vacuum?  A.  B.  T. 

A  26-in.  vacuum  is  a  pressure  26  x  0.491  =  12.76  lb.  per 
sq.in.  less  than  atmospheric  pressure.  If  the  back  pressure 
when  operating  noncondensing  is  2  lb.  per  sq.in-  above 
atmospheric  pressure,  the  reduction  of  back  pressure  from 
operating  condensing  would  be  2  +  12.76  =  14.76  lb.  per 
sq.in.,  and  the  power  would  be  increased 

14.76  (12  X  12  X  0.7854)  X  18  X  2  X  200      .^.  __  .  . 
12  X  33,000  — -'  =  ^^-^^  '-^P- 


Proportions  of  Link  Valve  Gear — For  a  link-motion 
reversing  valve  gear,  what  should  be  the  length  of  eccentric 
rods  and  dimensions  of  the  link,  in  terms  of  the  throw  of 
the  eccentrics?  D.  Y. 

Ordinarily,  the  radius  of  the  Stephenson  link  should  be 
made  equal  to  the  length  of  the  eccentric  rods  reckoned  from 
the  center  of  the  eccentric.  Without  a  rocker  the  radius 
may   be   greater   and  with   a   rocker  it   may  be   less,  but 


deviation  from  the  normal  should  not  be  enough  to  derange 
the  leads.  The  eccentric  rods  should  be  twelve  times  the 
eccentricity  of  the  eccentrics  and  the  operative  length  of 
link  should  be  four  times  the  eccentricity  or  more,  if  space 
is  available,  although  a  skillful  designer  may  employ  the 
in  equality  introduced  by  short  rods  or  a  short  link  to  adjust 
a  link  motion. 


Airbound  Water-Supply  Line — We  have  a  2i-in.  gravity 
water-supply  line  about  1,000  ft.  long  that  becomes  air- 
bound  whenever  the  line  is  drawn  upon  during  a  few  hours 
to  its  fullest  capacity.     How  can  the  trouble  be  remedied? 

A.  R.  H. 

Liberation  of  air  results  from  reduction  of  pressure  of 
the  water,  especially  at  high  points  in  the  line  where  exces- 
sive drafts  produce  a  siphonage.  The  remedy  would  be  to 
place  vent-cocks  in  the  top  of  the  pipe  at  such  points.  The 
vents  should  be  left  open  a  very  little  all  the  time.  If  the 
slight  waste  of  water  is  objectionable,  it  can  be  prevented 
by  connecting  the  vents  to  small-sized  standpipes  extended 
higher  than  the  level  of  the  v/ater  in  the  supply  reservoir. 


Rotation  Direction  of  Alternator — Does  it  make  any  dif- 
ference which  direction  a  newly  installed  alternator  re- 
volves? Or  will  the  exciter  connections  to  the  alternator 
have  to  be  reversed  in  case  the  generator  is  rotated  in  a 
direction  opposite  from  that  intended  by  the  manufacturer? 
The  exciter  is  driven  from  the  alternator.  E.  G.  H. 

If  the  machine  is  operated  as  a  single  unit,  it  will  not 
make  any  difference  in  which  direction  the  rotor  revolves. 
If  the  direction  of  the  exciter  is  reversed,  it  will  be  neces- 
sary to  cross  either  its  armature  or  field  leads  so  that  the 
machine  will  generate.  Where  the  alternator  is  operated 
in  parallel  with  other  machine'^  care  will  have  to  be  taken 
to  see  that  the  new  machine  has  the  proper  phase  relation 
to  the  bus  voltage. 


Feeding  Return-Tubular  Boiler  Through  Blowoff — What 
are  the  advantages  and  disadvantages  of  feeding  a  return- 
tubular  boiler  through  the  blowoff?  G.  A.  B. 

The  single  advantage  of  feeding  a  boiler  through  the 
blowoff  is  that  it  saves  provision  of  a  separate  feed  connec- 
tion. The  advantage  sometimes  claimed  that,  by  feeding 
through  the  blowoff,  the  flow  of  feed  water  keeps  the 
blowoff  flushed  of  mud,  is  likely  to  be  defeated  by  mud 
filling  both  Dlowoff  and  feed  connection  when  there  is  inter- 
mission o^"  feeding  In  cases  where  the  feed  water  contains 
impurities,  like  lime,  that  are  precipitated  by  heat,  feeding 
through  the  blowoff  is  likely  to  contribute  to  scaling  up  of 
the  blowoff  connection.  Another  disadvantage  is  that  by 
feeding  in  bulk  through  a  hole  in  the  shell,  the  greater  or 
less  irregularity  of  discharging  feed  water  at  lower  temper- 
ature than  the  temperature  of  the  boiler  water  gives  rise  to 
differences  of  expansion  that  are  injurious  to  the  boiler.  All 
these  objections,  except  scaling  and  rusting  of  the  feed  pipe 
itself,  are  overcome  by  feeding  through  a  pipe  introduced 
through  the  shell  above  the  fire  line  and  carried  thence  for 
some  distance  through  the  boiler,  so  the  feed  water  may  be 
raised  more  nearly  to  the  boiler  temperature  and  then 
discharged  at  some  distance  from  the  shell  or  stays. 
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Fuel  Oil  Versus  Mechanical  Stokers 


By  F.  H.  DANIELS 


ALMOST  all  comparisons  of  the  values  of  oil  and  coal 
consider  the  burning  of  fuel  oil  and  the  burning  of 
hand-fired  coal.  It  is  the  purpose  of  this  article  to 
show  a  comparison  of  fuel  oil  with  coal  burned  on  up-to- 
date  mechanical  stokers.  Before  making  these  comparisons 
it  may  be  interesting  to  review  very  briefly  a  few  of  the 
facts  regarding  fuel  oils. 

The  petroleum  production  of  the  woi'ld  in  1017  was  ap- 
proximately 503,000,000  bbl.  Of  this  amount  342,000,000 
bbl.  was  furnished  by  the  United  States.  In  the  United 
States  up  to  1918,  we  have  used  4,250,000,000  bbl.  of  oil, 
and  it  is  estimated  that  there  remains  6,900,000,000  bbl. 
This  calculation  of  the  oil  yet  unused  in  the  United  States 
may  be  seriously  upset  by  the  discovery  of  new  fields  or  by 
the  utilization  of  the  oil-bearing  shales.  All  of  the  figures 
given  are  based  on  reports  of  the  National  City  Bank  of 
New  York  and  of  the  United  States  Geological  Survey. 

The  petroleum  from  the  eastern  fields  of  the  United 
States  has  a  paraffin  base  and  h  genei-ally  too  valuable  to 
use  ar,  fuel.  The  crude  oi^s  from  the  southtwestevn  part  of 
the  country,  however,  have   an   asphalt  base   and   after   the 
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gasoline,  naphtlia,  benzine  and  kerosene  arc  taken  off,  the 
residue  is  sold  as  fuel  oil.  In  some  cases  the  crude  petro- 
leum is  burned  without  first  taking  olf  the  naphthas.  The 
total  amount  used  as  fuel  equals  about  one-half  the  coun- 
try's output.  In  general  the  United  States  has  got  to  look 
to  Mexico  and  Texas  for  cheap  fuel  oil. 

If  the  cost  of  coal,  its  heating  value  in  B.t.u.  and  the 
over-all  efficiency  at  which  it  is  burned  are  known,  the 
accompanying  chart  shows  the  price  at  which  oil  will  com- 
pete, considering  the  different  heating  value  of  the  oil  and 
the  over-all  efficiency  obtainable  with  oil  burning.  The 
example  worked  out  on  the  chart  shows  $6  coal,  14,000 
B.t.u.,  70  per  cent  over-all  efficiency,  as  compared  with  oil 
at  $1.45  a  bbl.,  19,000  B.t.u.,  and  used  with  an  over-all  effi- 
ciency of  75  per  cent.  This  chart  takes  into  account  only 
the  cost  of  the  two  fuels  and  does  not  take  into  considera- 
tion costs  such  as  labor,  maintenance  or  the  first  cost  of 
the  plant.  It  should  be  noted  that  the  heating  values  of 
both  the  oil  and  the  coal  are  based  on_fuel  as  fired. 

Taking  18,250  B.t.u.  for  the  heating  value  of  the  oil  and 
14,000  B.t.u.  for  the  corresponding  heat  content  of  the  coal, 
we  would  have  to  burn  4.56  bbl.  of  oil  to  equal  one  ton  of 
coal.     This    is    assuming    equal    over-all    efficir>ncies.      The 
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fuel-oil  salesmen  are  claiming  in  New  England  as  low  as 
three  barrels  of  oil  to  one  ton  of  coal.  This  is  absurd  as 
it  would  require  over  100  per  cent  over-all  efficiency  for 
the  oil  with  70  per  cent  for  the  coal. 

The  chief  advantages  claimed  for  the  use  of  oil  as  com- 
pared with  coal  are  as  follows:  High  efficiency,  high  capac- 
ity, low  labor  costs,  low  first  cost  of  equipment,  no  smoke, 
quick  response  to  overload  demands,  less  storage  space 
required  than  coal,  small  amount  of  i-efuse,  no  banking 
losses.  The  disadvantages  are:  Fluctuations  in  price,  un- 
certainty of  supply,  fire  risk.  The  chief  advantages 
-claimed  for  fuel  oil  will  be  taken  up  one  by  one. 

Stoker  Efficiency  as  Good  as  That  of  Oil  Burners 

Of  course,  under  the  best  of  test  conditions,  fuel  oil  has 
shown  over-all  boiler  efficiencies  up  to  82  per  cent,  and 
some  tests  show  even  above  this.  But  the  up-to-date  me- 
chanical stoker  can  show  equally  good  results,  and  it  is 
fair  to  assume  that  under  average  operating  conditions 
the  efficiency  of  furnaces  using  fuel  oil  will  be  no  greater 
than  that  obtained  witli  mechanical  stokers  burning  coal  of 
12,500  B.t.u.  and  higher.  This  average  efficiency  wouki 
range  from  65  per  cent  to  75  per  cent,  depending  on  the 
size  of  the  plant,  kind  of  coal  or  fuel  oil  used,  the  average 
rating  at  which  the  boilers  are  operated  and  the  fluctua- 
tions in  load.  Of  course,  it  must  be  remembered  that  th-^re 
is  good  and  poor  fuel  oil  just  the  same  as  there  is  good 
and  poor  coal,  although  the  range  in  the  heating  value  of 
coal  is  more  than  that  in  the  heating  value  of  fuel  oil. 

Oil  burners  are  much  more  subject  to  abuse  on  account 
of  too  much  excess  air  than  are  stokers  burning  coal.  If 
you  try  to  give  a  coal  fire  too  much  air  it  will  go  out,  but 
you  can  give  an  oil  burner  as  much  excess  air  as  you  please 
and  there  is  no  indication  that  this  bad  condition  exists. 
The  oil  flame  burns  just  as  brightly,  although  you  may 
give  it  three  or  four  times  the  air  required  for  best  efficiency. 

In  connection  with  this  question  of  efficiency,  almost  all 
land  installations  burning  oil  use  high-pressure  steam 
atomizers.  The  steam  required  amounts  to  about  2  per 
cent  of  the  boiler  output  under  ideal  conditions,  and  it  may 
go  as  high  as  5  per  cent.  The  steam  required  for  operat- 
ing stokers  and  the  forced-draft  equipment,  if  such  is  used, 
will  be  less  than  the  corresponding  figures  for  steam  used 
by  the  oil  burners.  It  should  be  i*emembered,  also,  that 
some  of  the  heat  from  the  steam  used  for  stoker  drive  can 
be  recovei'ed  by  exhausting  the  stoker  engines  into  feed- 
water  heaters,  while  the  steam  used  for  oil  burners  is  an 
absolute  loss.  If  electric  drive  is  used  for  stokers,  the 
amount  of  steam  taken  from  the  boiler  output  will  be  mucli 
less,  because  the  electric  motors  then  share  in  the  economy 
of  the  main  prime  mover. 

Comparison  of  Capacities  Is  Not  Unfavorable 
TO  Stokers 

The  capacities  with  a  multiple-i-etoi't  underfeed  stoker 
will  show  higher  than  any  that  can  be  obtained  with  fuel 
oil.  Most  tests  on  fuel  oil  have  been  in  connection  with 
boilers  where  the  furnace  volumes  were  restricted.  There 
have  been  no  tests  published  where  fuel  oil  has  been  used 
in  connection  with  a  furnace  large  enough  to  really  enable 
the  oil  burners  to  show  up  to  best  advantage.  It  is  safe  to 
state,  however,  that  with  equal  fui-nace  volumes  mechanical 
stokers  will  show  higher  capacities  than  are  possible  with 
oil. 

As  for  labor,  under  proper  conditions  the  mechanical 
stoker  should  not  requii'e  more  than  one  fireman  and  one 
water  tender  for  every  5,000  hp.  of  boilers.  It  is  impos- 
sible for  a  plant  equipped  with  fuel  oil  to  get  along  with 
a  less  number  of  men  than  this.  As  far  as  attending  to  the 
water  level  of  the  boilers  is  concerned,  the  labor  involved 
is  equal  in  each  case,  and  the  stoker  does  not  require  any 
more  adjustment  than  would  be  needed  for  the  manipula- 
tion of  oil  burners. 
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Of  course  it  must  be  admitted-  that  the  use  of  fuel  oil 
practically  eliminates  the  question -of  ash  handHng-;  but  this 
is  not  a  very  serious  factor  because  the  amoufit  of  labor 
required  for  handling  the  ashes  in  an  up-to-date  plant  is 
not  very  large  and  the  class  of  labor  is  the  lowest  paid. 

In  connection  with  first  cost  of  equipment  the  use  of  fuel 
oil  avoids  the  i\ecessity  of  the  purchase  of  mechanical 
stokers  and  auxiliary  equipment,  which  might  range  in  cost 
from  $8  to  $14  per  rated  boiler  horsepower.  The  fuel  oil 
also  avoids  the  necessity  of  coal-  and  ash-handling  equip- 
ment, which  would  cost  about  $6  to  $8  per  rated  horse- 
power. This  would  make  a  total  of  about  $18  per  horse- 
power. As  an  offset  to  these  items  fuel  oil  requires  stor- 
age tanks,  oil  pumps  and  heaters,  which  will  cost  any- 
where from  $10  to  $30  per  horsepower,  depending  upon 
the  amount  of  reserve  oil  which  is  to  be  kept  in  storage. 
For  a  central  station  of  5,000  horsepower  the  complete  oil- 
burning  equipment  with  storage  tanks  for  five  months'  sup- 
ply of  oil  has  been  estimated  at  $250,000,  which  would  be 
at  the  rate  of  $50  per  horsepower.  An  industrial  plant 
could,  of  course,  get  along  safely  with  much  less  than  a  five 
months'  supply  of  oil  on  hand,  but  in  almost  any  plant  there 
will  be  little  if  any  decrease  in  first  cost  in  favor  of  fuel  oil. 

Smokeless  Combustion  Possible  with  Both  Fuels 

The  mechanical  stoker  is  every  bit  as  good  as  oil  burning 
as  regards  the  feature  of  smoke.  The  air  to  the  oil  burners 
should  be  cut  down  for  best  economy  so  that  a  slight  haze 
is  emitted  from  the  chimney.  Additional  air  will  stop  the 
smoke  completely,  but  it  will  be  much  in  excess  of  the 
amount  needed  for  combustion  and  will,  of  course,  reduce 
the  efficiency  of  operation.  Some  stoker  installations  can 
be  criticized  for  carrying  solid  particles  of  finely  powdered 
ash  up  the  chimney,  but  as  ar>  offset  to  this  the  waste  gases 
from  a  fuel-oil  plant  have  an  extremely  unpleasant  odor, 
which  is  very  objectionable  in  thickly  settled  communities. 
It  is  also  claimed  that  there  is  an  oily  residue  which  set- 
tles out  of  the  gases  from  fuel-oil  plants  and  that  this 
residue  is  extremely  hard  to  remove. 

The  underfeed  stoker  of  today  can  raise  a  boiler  from 
banked  fire  to  300  per  cent  of  rating  or  more  in  from  five 
to  ten  minutes.  The  plant  with  fuel  oil  cannot  boast  of 
any  quicker  response  than  this.  The  underfeed  stoker  can 
be  shut  down  from  high  capacity  almost  as  quickly,  and 
would  not  compare  unfavorably  with  the  oil  burner  where 
it  is  merely  necessary  to  stop  the  supply  of  fuel  to  shut 
down  the  boiler.  In  either  case  the  heat  stored  up  by  the 
brickwork  of  the  furnace  is  the  limiting  feature  in' time  re- 
quired to  shut  down. 

Storage  Space  Requirements  for  Oil  and  for  Coal 

To  compare  storage-space  requirements,  we  will  assume 
an  average  calorific  value  for  fuel  oil  of  18,000  B.t.u.  per 
lb.,  and  an  average  calorific  value  for  bituminous  coal  of 
13,500  B.t.u.  per  lb.  The  specific  gravity  of  fuel  oil  will 
average  about  0.95,  which  means  that  a  cubic  foot  of  the 
oil  would  have  an  average  weight  of  59.5  lb.  A  cubic  foot 
of  crushed  bituminous  coal  will  average  about  52  lb.  There- 
fore, for  equal  calorific  values  fuel  oil  will  occupy  only 
about  two-thirds  of  the  storage  space  required  for  coal.  On 
boaVd  ship  this  is  very  important,  but  on  land  the  fuel  oil 
is  stored  in  tanks  and  these  tanks  cannot  be  placed  too 
close  together  on  account  of  the  insurance  regulations. 
Coal,  on  the  other  hand,  can  be  stored  in  one  continuous 
pile,  and  the  land  occupied  for  the  storage  of  fuel  oil  would 
amount  to  more  than  that  required  for  storing  an  equal 
calorific  value  of  coal. 

While  it  is  true  that  the  burning  of  fuel  oil  leaves  no 
ashes  to  be  disposed  of,  there  is  the  question  of  the  residue 
which  is  deposited  on  the  heating  surfaces  of  the  boiler. 
This  residue  is  oily  and  extremely  hard  to  remove  and  is 
highly  nonconductive  as  regards  heat.  If  it  is  allowed  to 
remain  on  the  boiler  tubes,  it  reduces  the  economy  of  the 
installation  materially.  In  order  to  remove  this  oil  residue 
from  the  tubes,  it  is  necessary  to  use  steam  soot  blowers 
four  or  five  times  a  day.  This  is  more  often  than  is  neces- 
sary to  remove  the  soot  from  the  coal-fired  boiler  tubes 
and  results  in  an  extra  amount  of  steam  as  compared  with 
a  coal-fired  boiler. 


In  the  case  of  a  plant  where  fuel  oil  is  used  and  where 
the  load  factor  is  low,  there  is  claimed  to  be  a  considerable 
saving  due  to  the  fact  that  there  are  no  banking  losses. 
In  the  case  of  a  stoker  the  coal  consumption  on  a  banked 
fire  is  approximately  30,000  B.t.u.  per  sq.ft.  of  grate  sur- 
face per  hour.  With  14,000  B.t.u.  coal  this  would  amount 
to  2.15  lb.  per  sq.ft.  grate  surface  per  hour.  If  we  con- 
sider a  500-hp.  boiler  with  a  grate  surface  of  about  80  sq.ft., 
the  coal  used  per  hour  would  amount  to  172  lb.,  or  equal  to 
2,400,000  B.t.u.  This  heat,  however,  is  not  entirely  a  loss, 
because  it  serves  to  keep  the  furnace  brickwork  and  the 
water  in  the  boiler  hot  and  ready  to  meet  a  sudden  demand 
for  steam.  When  the  oil-fired  boiler  is  shut  down,  the 
water  and  the  furnace  brickwork  cool  down  and  just  that 
much  more  oil  and  time  must  be  consumed  to  get  the 
boiler  into  condition  for  steam  generation.  There  is  with 
oil  some  saving  of  banking  losses,  but  under  ordinary  con- 
ditions this  saving  is  not  of  any  great  magnitude. 

Price  and  Supply  of  Oil  Uncertain 

Considering  the  disadvantages  of  oil,  its  price  has  been 
subject  to  tremendous  fluctuations  in  the  past,  varying  from 
L.5c.  per  gal.  in  1915  to  a  maximum  of  7c.  during  the  war 
period.  The  corresponding  range  of  coal  prices  from  1915 
to  the  war  period  would  be,  in  the  Pittsburgh  district  on 
run-of-mine  steam  coal  f.o.b.  cars,  from  $1  to  $2.  The 
fuel-oil  market  is  more  susceptible  to  disturbing  influence 
than  is  the  coal  market.  During  the  war  practically  all  the 
fuel  oil  produced  was  used  by  the  allied  navies  and  there 
was  hardly  any  surplus  for  land  use.  The  merchant  ships 
are  now  shifting  over  in  large  numbers  to  fuel-oil  burning, 
and  just  as  soon  as  any  considerable  percentage  of  them 
are  changed  over  the  price  of  fuel  oil  will  rise.  As  shown 
later  on  in  this  paper,  the  supply  of  oil  is  limited  and  any 
large  increase  in  use  will  send  prices  up. 

Most  of  the  fuel  oil  used  under  boilers  in  North  America 
comes  from  California,  Texas  and  Mexican  fields.  The  his- 
tory of  Mexico  for  the  last  five  or  six  years  should  be  a 
good  criterion  for  the  possibility  of  interruption  of  supply 
in  case  any  large  amount  of  steam-generating  stations 
adopt  oil  as  their  regular  fuel.  The  southern-  fields  of  the 
United  States  can  supply  but  small  percentage  of  the  fuel 
oil  that  would  be  needed  in  case  it  was  generally  adopted. 

Insurance  Requirements  for  Oil  Storage 

The  fire  underwriters  make  some  quite  stringent  restric- 
tions on  the  use  of  fuel  oil.  The  oil  must  be  stored  under- 
ground in  concrete  or  steel  tanks  and  the  top  level  of  the 
oil  must  be  below  the  level  of  the  burners  and  pumped  to 
the  burners.  Any  gravity  feed  of  the  oil  to  the  burners 
is  prohibited  on  account  of  the  risk  of  heating  and  subse- 
quent explosion  when  the  bciTers  are  started  up.  If  the 
oil  cannot  be  stored  underground  on  account  of  tidewater, 
ledge  or  any  other  reasons,  it  may  be  stored  in  concrete 
or  steel  tanks  above  ground,  provided  they  are  located  150 
ft.  away  from  the  nearest  building.  Each  tank  must  be 
surrounded  by  an  earthwork  or  concrete  dike  of  a  capacity 
equal  to  one  and  one-half  times  the  capacity  of  the  tank. 
This  is  to  catch  the  oil  in-  case  the  tank  should  burst  for 
any  reason.  The  capacity  is  specified  as  cne  and  one-half 
times  the  tank  so  as  to  allow  for  snow  or*  rain  water  stand- 
ing in  the  bottom  of  the  dike.  If  "for  any  reason  the  above- 
ground  tank  cannot  be  located  150  ft.  from  the  building,  it 
must  be  baried  in  earth  above  ground;  that  is,  the  earth 
must  be  piled  up  on  the  tank  so  as  to  completely  cover  it. 

There  is  considerable  danger  of  igniting  the  fuel  oil  from 
lightning  discharges.  All  tanks  should  bo  provided  with 
a  steam-line  connection  for  suffocating  the  fire,  or  some 
other  form  of  fire  extinguisher  should  be  provided,  such  as 
carbon  dioxide  gas,  foamite,  etc.  If  all  the  foregoing  pre- 
cautions are  taken  and  if  the  layout  of  the  proposed  oil- 
burning  plant  is  submitted  to  the  fire  underwriters,  for  ap- 
proval, there  will  generally  be  only  a  slight  incre*^se  in  the 
fire-insurance  rates  on  adjacent  buildings. 

It  is  an  interesting  fact  that  many  of  the  oil  companies 
themselves  burn  coal  under  their  boilers. 

The  ideal  place  to  use  fuel  oil  is  on  board  ship,  where 
the  additional  cargo  space  made  available  by  the  decreased 
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volume  of  the  oil  as  compared  ^v^t.h  coal  is  of  prim.e  im.port- 
ance.  The  elimination  of  hand  firem.en  is  also  importanl, 
because  this  releases  for  freight  carrying:  the  space  for- 
merly occupied  by  the  firemen.  • 

Edward  N.  Hurley,  formerly  of  the  United  States  Sliip- 
ping:  Board,  estimates  the  world's  ocean  tonnage  before  the 
war  at  50,000,000  dead-weight  tons,  and  he  figures  that 
this  might  increase  to  75,000,000  within  the  next  five  or 
ten  years.  Roughly  speaking,  a  boat  requires  a  ton  of  oil 
yearly  for  every  dead  weight  ton  of  ship.  This  applies  to 
steam-driven  vessels.  The  world's  output  of  petroleum  in 
1917  was  approximately  500,000,000  bbl.  If  all  the  75,000,- 
000  tons  of  ships  were  driven  by  fuel  oil,  it  would  take 
450,000,000  bbl.,  or  about  90  per  cent  of  the  world's  pro- 
duction of  petroleum.  When  you  consider  the  large 
amount  of  the  world's  output  of  crude  oil  which  is  needed 
for  refining  to  the  higher-grade  petroleum  derivatives,  it 
can  be  readily  understood  that  if  fuel  oil  were  reserved  for 
use  on  boats  "there  would  be  no  excess  for  burning  on  land 
under  boilers.  Of  course  boats  driven  by  Diesel  engines 
require  only  about  half  the  quantity  of  oil  that  is  needed 
for  steam-driven  vessels,  but  if  all  the  shipping  in  the 
world  were  di'iven  by  this  type  of  engine  there  would  still 
not  be  any  great  excess  of  fuel  oil  for  land  use. 

There  are  of  course,  many  places  besides  on  board  ship 
where  fuel  oil  ought  to  be  used.  Many  special  heating  fur- 
naces cannot  be  adapted  for  burning  coal,  and  in  many 
other  instances  oil  is  the  logical  fuel.  The  demand  from 
these  sources  and  from  the  shipping  interests  combined  and 
a  scarcity  of  supply  has  even  now  put  the  price  of  fuel  oil 
up  to  over  twelve  cents  a  gallon.  This  price  puts  oil  out 
of  the  question  as  a  competitor  of  coal  for  general  power 
uses.  Of  course,  fuel  oil  will  always  be  used  for  certain 
purposes  where  it  is  especially  convenient,  but  this  article 
is  intended  to  show  that  it  will  never  replace  coal  where 
coal  can  be  burned  efficiently  on  modern  mechanical  stokers. 

Safety  First  for  the  Engine  Room 

By  Frederick  L.  Ray'^^ 

Of  first  importance  is  the  emergency  over-speed  devices 
for  engine  and  turbines.  They  should  be  tested  once  each 
day  for  over-speed  to  know  that  they  are  :n  working  con- 
dition. Many  wrecks  of  engines  and  turbines  are  pre- 
vented by  close  inspection  and  test  of  these  devices. 

Relief  valves  on  cylinder,  receivers  and  turbines  must  b"? 
kept  in  working  condition,  which  can  be  done  by  testing 
them  once  each  month  with  steam,  closing  exhaust  valves 
and  having  provided  a  pressure  gage. 

Regular  periodic  inspection  of  all  apparatus  must  be 
carried  out  at  not  longer  intervals  than  twenty  minutes. 
This  will  prevent  hot  bearings  and  save  many  a  nut 
coming  off  and  some  part  breaking. 

Governor  belts  must  be  kept  in  first-class  condition. 
Don't  keep  them  in  service  too  long;  'you  may  wreck  an 
engine  by  getting  the  last  day's  service^  out  of  a  belt. 
You  had  better  put  a  new  one  on  the  engine  and  use  the 
old  one  in  some  less  important  place.  Some  tS'^'i^ible  engine 
wrecks  have  been  caused  by  failures  of  governor  belts. 

Vacuum  breakers  on  condensers  must  be  kept  in  good 
order  for  the  protection  of  the  engine  or  turbine.  '  A  flooded 
condenser  will  quickly  wreck  an  engine  or  turbin^- 

A  noiseless  engine  is  a  fair  indication  that  it  is  in  safe 
working  condition.  Every  blow  that  a  noisy  engine  .make? 
is  one  more  nail  in  its  coffin,  for  every  piece  of  met;il  will 
withstand  but  so  many  blows  before  breaking. 

Emergency  oil  lamps  should  be  kept  trimmed  arid  at 
T^ight  should  be  kept  burning  but  turned  low.  If  the  sta- 
tion lights  fail,  you  will  need  the  oil  lamps  quickly. 

Valves  must  not  be  left  jammed  or  locked,  either  open 
or  closed,  but  left,  in  condition  so  that  in  case  of  emergency 
they  can  be  moved  easily  in  either  dii'ection.  In  case  of 
accident  you  may  not  find  a  bar  quickly. 

Air-compressor  receivers  are  dangerous  if  not  propS'i'ly 
cared   for;   keep   them   well   blown   out   of  water   and    oil. 


Many  a  receiver  has  been  exploded,  owing  to  the  igniti  ri 
of  oil  in  them.. 

Keep  all  openings  in  floor  well  guarded  with  railing  ii 
a  permanent  opening,  or  if  a  temporary  opening,  then  witli 
covering  that  will  prevent  anyone  from  stepping  into  them. 

Keep  fire  pumps  ready  for  operation;  you  may  need 
them  the  next  minute. 

In  case  of  accident  to  the  machinery,  go  slow,  stop,  look 
and  listen.  You  will  then  be  able  to  do  the  right  thing. 
Courage  is  needed  at  times  about  a  power  house,  but  cour- 
age is  only  brute  force  and  when  compounded  with  igno- 
rance is  dangerous.  Keep  cool  and  be  sure  you  know  what 
you  are  doing. 

After  a  job  of  work  is  finished,  be  sure  you  have  all  the 
tool?  and  that  none  are  left  so  that  they  will  fall  into 
machinery. 

In  Charge  of  the  Engineers 

By  William  H.  Woodwell 

Half  a  point,  half  a  point, 
Half  a  point  upward, 
Seeking  efficiency — 

All  of  one  hundred. 
Forvvard  the  engineers, 
Brilliant  are  their  careers, 
Seeking  the  maximum, 

Seeking  one  hundred. 

Forwai'd  the  engineers! 
Never  a  man  dismayed 
Even  though  others 

Have  stumbled  and  blundered. 
Theirs  is  to  reason  why 
Charges  and  costs  are  high, 
Theirs  is  to  do  or  die, 

Seeking  one  hundred. 

Meters  to  right  of  them, 
Gages  to  left  of  them. 
Readings  in  front  of  them, 

Tabled  and  charted. 
Working  on  curves  and  plots, 
Formulas,  ohms  and  watts, 
Finding  the  wasteful  spots; 

Never  faint-hearted. 

Problems  to  right  of  them, 
Problems  to  left  of  them, 
Problems  before  them; 

We  have  all  wondered, 
If  they  can  scale  the  peak, 
Stopping  each  waste  and  leak, 
Attaining  the  goal  they  seek, 

Reaching  one  hundred. 

Where  can  their  glory  fade? 
Oh,  the  advance  they  made! 

Steady  progi-ession. 
Honor  the  part  they  played, 
Honor  the  gain  they  made; 

Noble  profession.  - 


< 


-Ideal  Power 


An  undergraduate  course  of  training  in  Electric  Com- 
munication Engineering  is  to  be  established  at  Harvard 
University,  Cambridge,  Mass.,  and  two  new  courses  will 
be  substituted  for  the  present  course  in  Sanitary  Engineer- 
ing. This  is  being  done  with  the  object  of  giving  more 
advanced  instruction  to  prospective  public  engineers  and 
sanitary  chemists. 


I 


*In    Bafcty,   house   organ    of   the    Union    Traction    Company    o* 
Indiana. 


Admiral  William  S.  Benson,  chairman  of  the  Shipping 
Board,  announced  at  the  ninth  annual  dinner  of  the  Marine 
League  on  April  14,  New  York  City,  that  he  proposed  to 
develop  the  Diesel  engine  and  electric  drive  during  his 
administration  as  he  was  convinced  that  the  electrically 
driven  ship  is  far  superior  in  performance  to  the  steam- 
driven  vessel. 


April  27,   1920 
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Study  (iourse  for  the  Coal  Trade 

A  study  course  primarily  for  coal  salesmen  has  been 
perfected  by  W.  D.  Lanprtry  and  Osborn  Monnett  of  thr 
Commercial  Testing  and  Engineering'  Co.,  Chicago.  Th<^ 
plan  is  to  give  sufficient  instruction  on  boiler-room  problems 
so  that  the  coal  salesman  can  talk  intelligently  with  thr 
chief  engineer,  superintendent  or  manager  of  the  plant 
about  the  actual  merits  of  his  coal  under  burning  condi- 
tions. A  salesman  in  the  power-plant  trade  should  know 
what  takes  place  in  the  boiler  room  and  should  be 
familiar  with  the  burning  characteristics  of  the  fuel  he  sells 
under  various  operating  conditions.  The  course  will  give 
him  all  this.  It  is  to  begin  the  latter  part  of  April,  and 
there  will  be  sessions  one  night  each  week  for  ten  weeks. 
It  will  be  elementary  in  character  and  made  practical  by 
visits  to  plants  for  demonstration  purposes.  Coal  versus 
oil,  in  which  the  relative  advantages  and  disadvantages 
of  both  types  of  fuel  will  be  discussed  and  data  given 
concerning  oil  supply,  consumption,  delivery  and  contracts. 
The  combustion  of  coal  will  be  given  thorough  considera- 
tion and  distinction  will  be  made  between  coal  for  low- 
pressure  plants,  coa.  for  hand-fii'ed  high-pressure  plants 
and  coal  for  stoker-fired  plants.  There  will  be  visits  to 
typical  plants  to  witness  evaporative  tests,  and  the  student 
will  be  shown  how  to  figure  the  test,  how  to  take  coal 
samples  and  compute  the  cost  of  generating  1,000  lb.  of 
steam.  The  characteristics  and  typical  analyses  of  com- 
petitive coals  on  the  Chicago  market  will  be  given,  and 
there  will  be  other  data  including  freight  rates  on  these 
coals,  commei'cial  considerations,  etc.  Methods  of  mining 
and  their  relation  to  the  dealer  will  be  given  consideration, 
and  there  will  be  information  on  the  preparation,  sizing 
and  washing  of  coal  and  suggestions  on  better  methods  of 
storing  to  prevent  spontaneous  combustioru  The  final  lec- 
ture of  the  series  will  be  devoted  to  the  selling  of  coal.  It 
will  tell  how  to  interpret  analyses,  how  to  transfer  from 
a  commercial  to  a  dry  basis  and  vice  versa,  how  to  cal- 
culate the  net  B.t.u.  for  one  cent  and  delivered  values,  how 
to  bid  on  B.t.u.  contracts  and  tonnage  contracts,  with  sug- 
gestions on  what  to  avoid  in  these  operations. 

Although  the  primary  intention  is  to  educate  the  coal 
salesman,  the  course  will  be  of  such  a  practical  character 
that  it  should  interest  also  the  power-plant  operator,  or  in 
fact  anyone  connected  with  the  purchase  and  burning  of 
coal   under  a  steam   boiler. 


Comparison  of  British  and  American 
Coal-Mining  Conditions 

A  recent  article  appearing  in  a  British  journal  points 
out  that  the  American  miner  produces  2h  times  as  much 
coal  per  shift  as  the  British  miner,  at  one-half  the  cost, 
and  proceeds  to  explain  the  natural  industrial  and  engi- 
neering causes  that  lead  to  this  I'esult.  Among  the  rea- 
sons given  for  this  inequality  is  the  greater  depth  at  which 
the  British  coal  mines  are  necessarily  worked,  and  the 
small  proportion  of  thick  seams  of  coal,  which  has  its  ef- 
fect on  the  methods  of  removal  and  transportation.  A 
second  reason  is  given  as  the  fact  that  coal  mining  in 
America  is  regarded  as  a  low-class  industry,  and  that  the 
large  number  of  miners  employed  underground  are  agri- 
cultui'al  emigrants.  A  third  cause  assigned  for  cheaper 
coal  and  mining  in  the  United  States  is  that  the  indus- 
trial conditions  in  this  country  have  rendered  it  easy  for 
the  operators  to  introduce  and  satisfactorily  operate  coal- 
mining machinery  to  a  greater  extent  than  is  possible  in 
Great  Britain. 

George  F.  Rice,  chief  mining  engineer  of  the  United 
States  Bureau  of  Mines,  in  a  recent  report,  takes  excep- 
tion to  most  of  these  reasons.  He  points  out  that  conditions 
in  America  result  in  the  bed  of  coal  being  worked  more 
rapidly,  so  that  the  average  mine  haul  is  far  greater  hei-c 
than  in  the  British  collieries.  On  the  other  hand,  it  is 
admitted  that  the  British  haul  is  more  difficult,  owing  to 
the  greater  vertical  lift  necessary  and  also  to  the  fact 
that    trolley    locomotives    are    forbidden    in    British    mines 


on  account  of  the  danger  of  sparking.  Regarding  the  class 
of  laborers,  employed.  Mr.  Rice  points  out  that  whih-  the 
labor  in  the  United  States  mines  is,  to  a  large  extent, 
low-grade,  yet  these  emigrants  receive  double  or  triple 
the  wages  of  British  miners.  He  also  points  out  that  the 
question  of  machinery  in  coal  mining  would  not  entirely 
make  up  for  the  difference  in  cost,  as  there  are  numerous 
examples  in  this  country  of  hand--'vorkcd  mines  and  ma- 
chine-worked mines  side  by  side  competing  with  each  other. 
Mr.  Rice  seems  to  think  that  the  largest  part  of  thff  dif- 
ference between  the  cost  of  mining  in  the  two  countries 
is  due  to  the  much  greater  depth  at  which  coal  is  found 
in  Great  Britain.  He  considers  further  that  the  natural 
advantage  enjoyed  by  the  United  States  in  this  respect 
will  not  be  lost,  as  the  coal  in  the  large  mining  districts 
in  America  is  all  easily  accessible,  and  mining  at  very 
great  depths  will  not  be  necessary  until  practically  the 
pntire  Appalachian,  Central  and  Interior  fields  arc  worked 
out,  and  these  should  last  at  least  as  long  as  the  British 
fiplds. 


Economizer  Expert  Addresses  Heating 
and  Ventilating  Engineers 

A  paper  on  "Economizers"  was  read  by  W.  F.  Wurster, 
of  the  Green  Fuel  Economizer  Co.,  before  the  Eastern  Penn- 
sylvania Chapter  of  the  American  Society  of  Heating  anc' 
Ventilating  Engineers,  at  the  Engineers  Club,  Philadelphia, 
on  the  evening  of  April  8.  Mr.  Wurster  described  brieflv 
the  first  type  of  machine,  and  with  the  aid  of  lantern  slides 
explained  the  details  of  the  modem  apparatus,  giving  some 
interesting  data  on  economizer  performance. 

The  economizer  was  first  used  in  1845  by  Edward  Green. 
It  consisted  of  a  circular  group  of  30  cast-iron  tubes  4  in.  in 
diameter  and  9  ft.  long,  connected  at  the  top  and  bottom  to 
hemispherical  chambers.  The  cold  water  was  introduced 
into  the  lower  chamber  and,  after  rising  through  the  tubes, 
passed  to  the  boiler.  This  apparatus  heated  water  to  the 
boiling  point  and  at  times  formed  steam  which  was  allowed 
to  escape  through  a  safety  valve  at  the  top. 

After  a  few  weeks  the  temperature  of  the  water  leaving 
the  economizer  became  lower  and  the  draft  was  impaired. 
On  removing  the  brickwork  inclosing  the  machine,  the  gas 
passage  was  found  to  be  choked  with  soot  which  was  killing 
the  draft  and  insulating  the  tubes.  This  led  to  the  design 
of  mechanical  scrapers  to  continuously  scrape  the  soot  from 
the  tubes. 

From  this  beginning  has  developed  the  modern  economizer, 
which  is  built  in  sections,  each  of  which  is  made  up  of  a 
top  and  bottom  header  connected  by  the  necessary  tubes. 
The  number  of  sections  is  always  a  multiple  of  four  since 
each  chain  wheel  operates  the  scrapers  for  four  sections. 
Sections  have  from  four  to  twelve  tubes  each,  which  vary 
from  6  to  12  ft.  in  length  and  are  4/'e  in.  in  diameter.  In 
modem  installations  the  walls  of  the  economizer  chamber 
are  made  up  of  removable  steel  plates  instead  of  bi-ick. 
This  facilitates  inspection  or  repairs. 

In  proportioning  the  economizer  and  in  figuring  the 
possible  savings  by  its  use,  the  most  important  factors  are 
the  temperature  and  quantity  of  gases  available,  the  initial 
temperature  and  quantity  of  feed  water  and  the  available 
draft.  Mr.  Wurster  gave  some  values  to  be  used  as  guides 
in  making  such  calculations.  The  flue-gas  temperatures 
from  boilers  mn  at  100  per  cent  of  rating  vary  from  475  to 
550  defe.  F.,  at  150  per  cent  of  rating  from  525  to  600  deg. 
F.,  and  at  200  per  cent  from  575  to  675  deg.  F. 

The  amount  of  gas  available  per  boiler  horsepower  pe'- 
hour  from  oil-burning  furnaces  is  about  50  lb.,  from  under- 
feed stokers  about  60  lb.,  from  hand-fired  furnaces  with 
good  firing  about  80  lb.  and  with  ordinary  hand-firing  from 
90  to  100  lb.  It  is,  of  course,  understood  that  these  values 
are  only  approximate  and  are  subject  to  considerable 
variatio."*. 

The  amount  of  economizer  surface  installed  varies  from 
about  3  to  7  sq.ft.  per  boiler  horsepower.  Curves  were 
shown  to  illustrate  the  fact  that  the  more  suiface  installed, 
the  greater  is  the  feed -water  temperature  rise,  the  lower 
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the  final  flue-gas  temperature,  the  greater  the  loss  in  draft 
and  the  higher  the  cost  of  apparatus.  In  designing  an 
economizer  installation,  the  first  two  items  must  be  balanced 
against  the  last  two,  taking  into  consideration  the  specific 
conditions  in  the  particular  plant  under  consideration. 

In  answer  to  questions  from  the  floor,  Mr.  Wurster 
explained  that  cast-iron  tubes  were  used  rather  than 
wrought-iron  or  steel,  owing  to  the  corrosive  action  of 
water  on  the  latter  metals  at  the  temperatures  met  in 
economizer  work.  He  claimed,  however,  that  cast-iron  tubes 
have  been  satisfactory  even  at  modern  boiler  pressures,  and 
that  practically  all  explosions  of  economizers  had  been  due 
to  abuse  rather  than  to  the  use  of  cast  iron. 

Present  High  Prices  of  Bituminous  Coal 

Herbert  N.  Shenton,  secretary  of  the  United  States 
Bituminous  Coal  Commission,  in  a  formal  statement  re- 
cently, characterized  the  present  high  prices  of  bituminous 
coal  as  inexcusable  on  any  theory  of  supply  and  demand 
or  on  any  economic  principle.  Mr.  Shenton  pointed  out 
that  the  fear  of  a  coal  shortage,  on  account  of  the  ex- 
port to  meet  foreign  demands,  was  groundless,  since  the 
physical  facilities  for  handling  export  coal  would  limit 
its  amount  to  about  2  per  cent  of  our  total  production. 
Based  on  the  reports  of  production  in  the  first  quarter  of 
the  present  year,  there  seems  to  be  no  reason  for  a  fear 
that  the  production  will  be  below  the  demand.  It  is  evi- 
dent that  there  has  been  considerable  apprehension  of  a 
car  shortage,  but  while  there  is  definite  need  for  more  car 
and  motive  power,  there  is  no  immediate  threatenin;?  of  a 
car  shortage  such  as  would  reasonably  account  for  the 
rise  in  prices. 

Mr.  Shenton  lays  considerable  emphasis  on  the  claim 
that  the  nse  in  price  can  in  no  way  be  attributed  to  the 
campaign  for  early  buying  and  storage",  as  recommended 
by  the  Coal  Commission.  This  recommendation  urged  an 
increased  buying  of  coal  beginning  on  or  about  May  15, 
when,  at  the  present  rate  of  production,  there  was  rea- 
son to  believe  that  production  would  be  in  excess  of 
market  demand. 

Among  the  reasons  given  as  helping  the  upward  tren.^ 
in  prices  are  the  fact  that  a  rearrangement  in  the  dis- 
tribution of  coal  was  necessary  after  April  1;  that  the 
first  week  in  April  happened  to  include  the  low  production 
period  always  associated  with  Easter,  and  that  high  cost 
production  mines,  which  have  for  past  years  been  able  to 
operate  only  because  of  fixed  price  conditions,  are  making 
a  last  effort  to  obtain  what  they  can.  In  concluding,  Mr. 
Shenton  states  that  frenzied  bidding  up  of  prices  on  the 
part  of  coal  buyers  seems  at  this  time  to  be  entirely  un- 
justified. There  is  every  reason  to  believe  that  the  pres- 
ent high  rates  will  be  temporary. 

Superheating  Wet  Steam 

It  is  sometimes  stated  that  the  function  of  the  super- 
heater is  first  of  all  to  dry  the  steam  that  comes  to  it  wet 
from  the  boiler,  and  then  to  raise  its  temperature  through 
a  prearranged  number  of  degrees  above  that  which  obtains 
in  the  boiler.  This,  however,  is  an  erroneous  point  of  view, 
for  according  to  the  amount  of  wetness  with  which  the 
superheater  has  to  deal,  so  is  its  efficiency  as  a  superheater 
reduced  and  so,  in  consequence,  is  the  efficiency  of  the  engine 
reduced.  Thus,  considering  boiler  steam  at  200  lb.  per  sq.in. 
gage  pressure,  its  latent  heat  is  about  838  B.t.u.  per  lb.,  so 
that  1  per  cent  of  moisture  requires  8.38  units  of  heat  in 
the  superheater  to  dry  it.  Hence,  taking  the  specific  heat  of 
superheated  steam  as  0.55  B.t.u.  per  lb.  per  degree  Fahren- 
heit, this  amount  of  heat  is  capable  of  raising  the  tempera- 
ture of  steam  through  about  15  deg.  F.  Thus,  if  the  boiler 
is  fitted  with  a  superheater  capable  of  giving  100  deg.  F.  of 
superheat,  if  the  steam  enters  the  superheater  containing 
only  3  per  cent  of  moisture  the  superheat  would  be  reduced 
to  55  deg.  F.,  while  the  superheat  would  be  entirely  elim- 
inated if  the  moisture  in  the  steam  reached  about  ';  per  cent. 
When  it  is  remembered  that  the  steam  consumption  of  the 


engine  m.ay  be  considered  as  being  reduced  by  about  1  per 
cent  for  every  10  deg.  of  superheat,  it  will  be  seen  how 
great  is  the  effect  of  moisture  in  the  superheater  on  the 
steam  consumption  of  the  engine.  While,  of  course,  under 
ordinary  circumstances  it  is  impossible  to  prevent  wet  steam 
from  passing  from  the  boiler,  it  is  obviously  of  the  greatest 
importance  that  steps  should  be  taken  by  fitting  anti-prim- 
ing pipes  or  separators  to  insure  that  the  steam  entering 
the  superheater  is  as  dry  as  possible. — Shipbuilding  and 
Shipping  Record. 


Propose  to  Operate  U.  S.  Nitrate  Plants 

United  States  Nitrate  Plants  Nos.  1  and  2,  located  at 
Sheffield  and  Muscle  Shoals,  Ala.,  were  constructed  dur- 
ing the  war  for  military  purposes.  Particular  efforts  were 
made  to  make  the  plants  up  to  date  and  complete  in  every 
way.  At  the  time  of  the  signing  of  the  armistice,  plant 
No.  1,  using  the  synthetic  ammonia  process,  was  merely 
in  the  experimental  stage;  plant  No.  2,  using  the  cyana- 
mide  process,  was  about  ready  to  start  production.  Com- 
plete descriptions  of  the  power  equipment  of  these  in- 
stallations are  given  in  the  March  25  and  the  June  24, 
1919,  issues  of  Power. 

In  order  to  insure  the  peacetime  operation  of  our  nitrate 
plants  for  the  production  of  nitrogen  fertilizer  compounds 
for  agricultural  purposes  and  also  render  available  a 
source  of  nitrogen  for  military  purposes  in  case  of  emer- 
gency, a  bill  has  been  placed  before  the  Senate  Commit- 
tee on  Agriculture  and  Forestry,  authorizing  the  estab- 
lishment of  the  United  States  Fixed  Nitrogen  Corp.,  the 
stock  to  be  owned  by  this  corporation,  to  purchase  and 
operate  the  two  nitrate  plants  for  the  aforementioned  pur- 
pose. It  is  estimated  that  $12,500,000  will  be  needed  to 
finance  the  proposed  corporation.  In  order  to  raise  the 
required  amount  it  is  planned  to  sell  half  the  reserved 
stock  of  Chiliaii  nitrate  now  held  by  the  War  Department. 

The  suggestion  incorporated  in  the  bill  to  take  over  the 
plants  is  to  use  plant  No.  1  to  further  development  and 
research  in  the  art  of  nitrogen  fixation  and  No.  2  will 
be  operated  for  the  production  of  appropriate  nitrogen 
compounds. 


Power-Plant  Construction  in  Korea 

The  rich  gold  deposits  in  Korea,  about  twenty  years  ago, 
led  to  the  granting  of  mining  concessions  to  the  Oriental 
Consolidated  Mining  Co.,  an  American  corporation.  In 
order  to  place  the  mining  operations  on  a  paying  basis, 
it  was  found  necessary  to  secure  additional  hydro-elec- 
tric power  and  the  Kuron  (Nine  Serpents)  River,  twenty- 
five  miles  from  the  mines  and  about  thirty  miles  from  the 
South  Manchuria  R.R.,  was  chosen. 

A  dam  650  ft.  long  and  34  ft.  high,  with  foundations  ex- 
tending 15  ft.  below  the  water  level,  and  a  diversion  tun- 
nel 955  ft.  Ion?  were  constructed.  Two  Pelton-Doble  tur- 
bine units,  each  with  a  capacity  of  800  hp.,  were  installed 
and  connected,  by  two  short  steel  penstock  pipes,  6  ft.  in 
diameter,  with  the  tunnel.  Six  hundred  kilowatt  G.  E.  gen- 
erators, with  a  capacity  of  2,300  volts,  were  installed. 
This  was  transformed  to  23,000  volts  for  transmission  over 
a  twent;>-five  mile  pole  line  to  the  mines. 

The  construction  of  power  houses,  dam  and  tunnel  and 
the  installation  of  the  equipment  was  a  difficult  and  slow 
task.  Materials  for  the  construction  of  building  and  heavy 
machinery  were  transported  wherever  possible  by  boat 
and  by  coolies.  Cement  was  brought  in  by  bull  cart  from 
the  South  Manchurian  R.R.,  35  miles  away.  The  coolie 
packer  is  capable  of  carrying  as  much  as  700  lb.,  and  a 
number  of  these  men  were  used  to  transport  the  frames 
weighing  2,500  lb.  over  the  mountains  to  the  power  house 
site. 

The  plant,  which  was  started  early  in  1918,  was  finally 
finished  in  November,  1919,  and  is  in  successful  operation. 
The  total  water-power  development  in  Korea  is  now  about 
2,000  kw.,  and  two  of  the  three  completed  plants  are  con- 
trolled by  the  Oriental  Mining  Company. 
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New  Publication^ 


lOXAMPLES    IN    HEAT    AND   HEAT   EN- 
GINES, by  T.  Peel,  M.  A.,  Demonstrator 
in     Engineering,     CambridRc     University. 
Publislied   Ijy  the   University  Press,  Cam- 
bridge,   England.       Paper;    51    x    8i    in.; 
104   pages.      Price.   $1..50. 
This    pamphlet    is    a    collection    of    ques- 
lions  and   problems  taken   mostly   from  ex- 
amination   papers    for    the    courses    of    lec- 
tures   in    Heat    ICngincering    at    the    Cam- 
liridge  Engineering  Laboratory.     The  ques- 
tions are   arranged   in   groups  or  "Papers,'' 
l)ecoming   more   difficult   toward   the  end   of 
the   collection.      Answers   are   given    on    the 
hist    pages    for    all    problems.      Students    of 
lie.'it   engineering    who    desire    a    variety    of 
problems   for    drill,    or    instructors    looking 
for    problems    for    class    assignment   or   ex- 
amination   palmers    should    find    this    collec- 
tion  useful. 
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Obituary 
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Frank  M.  Bubeock,  engineer  of  the 
Veazie  hydro-electric  station  of  the  Bangor 
(Me.)  Railway  Co..  since  it  was  built  forty 
years  ago.  died  April  13,  after  a  short  ill- 
ness, at  the  age  of  seventy -five.  Mr.  Babcock 
eontracted  a  cold  which  developed  into 
pneumonia.  He  is  survived  by  his  widow 
and    a    daughter. 


?"" 


Personals 


Maxwell  C.  MaxwoU,  formerly  assistant 
general  superintendent  of  the  Yale  & 
Towne  Manufacturing  Co.,  hns  been  ap- 
pointed to  the  position  of  general  superin- 
tendent. 

Normau  Taylor,  representative  of  the 
Hagan  Corporation  of  Pittsburgh,  Pa.,  is 
located  at  the  Wolcott  Hotel,  West  Thirty- 
fourth  Street.  New  "^'ork  City,  until  he  can 
secure    permanent    oftices. 

M.  W.  Kastinan,  chief  engineer  of  the 
Charlestown  power  house  of  the  Boston 
Elevated  R.R.,  has  been  transferred  to  the 
Lincoln  Station,  Atlantic  Ave.,  and  R.  H. 
Dixon,  formerly  at  Lincoln  Station,  has 
been  transferred  to  Charlestown. 

Kalph  G.  Mac*  has  resigned  his  position 
as  chief  engineer  in  the  construction  depart- 
ment of  the  Walter  Riddle  Co..  New  York, 
and  is  now  associated  with  the  Engineering 
and  Appraisal  Co.,   Inc.,   o'f  New  York. 

V.  H.  Ballon  has  resigned  his  position  as 
assistant  cliicf  engineer  of  tlio  Great  West- 
ern Sugar  Co..  Billings.  Mont.,  and  is  now 
with  the  Amalgamated  Suga?-  Co..  Ogden, 
I'tah,  in  the  capacity  of  chief  engineer. 

Charles  F.  L.aii«:.  president  of  the  Lake- 
wood  Engineering  Co..  CMcveland.  Ohio,  was 
elected  president  of  the  Material  Handling 
Machinery  Manufacturers'  Association.  New 
York,  at  a  recent   meeting  of  the  directors*. 

Frank  I>.  Kandolph,  formerly  with  the 
Kelly  Press  Department  of  the  American 
Type  Foundries  Co..  .Tersey  City,  N.  .!..  is 
now  associated  with  the  Prepiier  &  Potter 
Printing  Press  Company.  Inc.,  Plainfield. 
N.  J. 

William  F.  Mahouey,  formerly  captain. 
Ordnance  Department,  U.  S.  A.,  announces 
that  he  has  resumed  the  practice  of  patent 
and  trade-mark  law  with  offices  in  the 
Washington  Loan  and  Trust  Building. 
Washington,  D.  C. 

A.  Pohlman,  formerly  connected  with  the 
Badenhausen  Co.,  New  Haven.  Conn.,  has 
resigned  and  is  now  connected  with  J.  S. 
&  J.  F.  String,  engineers  and  contractors. 
Mr.  Pohlman  will  give  particular  attention 
to  the  design  and  supervision  of  fuel-oil 
apparatus. 

William  -J.  Be.swick.  formerly  boiler  in- 
spector for  the  Hartford  Insurance  Co. 
smd  during  the  war  chief  engineer  on  the 
United  States  transport  "Everett,"  has  ac- 
cepted the  appointment  of  chief  engineer  at 
the  American  Linen  Co.'s  mills  in  Fall 
River.  Mass. 

A.  L.  Kempster,  former  manager  of  the 
Puget  Sound  Light  and  Power  Co-  until 
the  city  recently  obtained  possession  of  the 
street-railway  lines,  has  accepted  the  posi- 
tion of  manager  of  the  New  Orlean.'*  Rail- 
way and  Light  Co.,  now  in  the  hands  of 
a  receive!'. 


Clifford  H.  Peters,  of  Cleveland,  Ohio, 
formerly  a  captain  attached  to  the  Engi- 
neering Division,  Orfjnance  Department. 
U.  S.  A.,  has  opened  an  office  at  226  Super- 
tor  Avenue.  West,  Cleveland,  wlure  he  will 
practice  mechanical  consulting  engineeriiic, 
including  the  design  and  construction  of 
various  types  of  automatic  and  semiauto- 
matic machines,  plant  layouts,  production 
systems,  etc. 


iiiiiMiiiiiniiiiiii 


IIIUIUUIUMItllUUIIllUfUlltllUIIIIIII 


Society  Affairs 
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The  Amurioau  Society  of  Civil  £ng:ineerH, 

Philadelphia  Section,  will  hold  its  regular 
meeting  on   May   ". 

Tlic  .VHsociation  of  Iron  and  St«el  Klectric 
Engineers,  Philadelphia  Section,  will  meet 
on  May  1.  The  meeting  will  be  open  for 
general    discussion. 

The    New    Haven    Branch,    A.    S.    M.     E., 

Mill  hold  a  meeting  on  May  12.  Subject: 
"Airplanes,"  by  a  speaker  from  the  Gal- 
lander  Corporation. 

The    American    .4se>ociatioD    of    Engineers 

will  hold  its  annual  co.ivention  at  St.  Louis, 
Mo.,  May  10  and  11.  The  headquarters  for 
ihe  convention  will  be  at  the  Planters  Hotel. 

The  New  Jersey  State  Association,  N.  A. 

S.  E.,  will  hold  its  annual  convention  and 
mechanical  exhibit  at  Phillipsburg.  N.  J., 
June  2  to  6  inclusive.  A  charge  of  twenty 
dollars  will   be   made   for   each   booth. 

The  Amerian  Institute  of  Electrical  Ensi- 
ueers.  Philadelphia  Section,  will  meet  on 
May  10.  A  paper  wil!  be  presented  by  the 
Students'  and  Graduates'  Engineers'  Club 
on  "Professional  and  Financial  Aspect  of 
Electrical  Engineers.  *' 

The    American    Association   of    Engineers. 

Kansas  State  College  Chapter,  has  elected 
the  following  officers  for  1920;  Walter  E 
Dlckerson.  president;  C.  H.  Scholer,  vice 
president ;  H.  Kenneth  Shideler,  recording 
secretary ;   Paul  G.   Martin,  treasurer. 

The  Philadeipliia  Section  of  the  Associa- 
tion of  Iron  and  Steel  Electrical  Engineers 
will  hold  a  meeting  on  May  1.  Members 
are  given  the  privilege  of  preparing  papers 
on  a  subject  pertaining  to  the  application 
of  electricity  to  the  iron  and  steel  industry. 

The  New  York  Section  of  the  American 
.\ssociation  of  Engineers  recently  intro- 
duced a  bill  in  the  New  York  State  Legis- 
lature providing  for  the  licensing  of  engi- 
neers. The  bill  was  passed  April  15  by  the 
Senate  and  will  immediately  be  introduced 
into  the  Assembly. 

The  Chamber  of  Commerce  of  the 
llnited  States  will  hold  its  eighth  annual 
meeting  at  Atlantic  City,  April  26  to  29. 
Representatives  of  more  than  thirteen  hun. 
dred  commercial  and  industrial  bodies  will 
lie  present  for  a  thorough  discussion  of 
ways   and   means   of  increasing  production. 

The  American  Railway  Engineering  Asso- 
<-iaHon  has  become  a.  member  society  of 
Engineering  Council.  The  association  has 
about  1,650  members,  and  its  headquarters 
are  at  4  31  South  Dearborn  St.,  Chicago. 
111.  The  representative  of  the  association 
upon  Engineering  Council  will  be  its  presi- 
dent, Mr.  Safford.  who  is  a  member  of  the 
American  Society  of  Civil  Engineers  and 
the  Engineering  Institute  of  Canada. 


The  Industrial  Relations  Association  of 
America  will  hold  its  second  annual  con- 
vention at  the  Auditorium  Theater.  Chicago. 
111.,  May  19-21.  Every  phase  of  the  irdus- 
trial  situation  will  be  covered  by  the  presen- 
tation of  papers  by  men  representing  each 
industry.  Section  and  subject  meetings  will 
be  held  between  the  main  sessions,  these 
being  devoted  to  some  particular  branch 
of  industry  and  industrial  relations  work. 

The  National  District  Heating  Associa- 
tion will  hold  its  eleventh  annual  con- 
vention at  the  Hotel  La  Salle,  Chicago. 
111..  May  25-27.  Prof.  John  R.  Allen  will 
deliver  a  paper  on  "Heat  Losses  from  Un- 
derground Pipe."  Prof.  J.  D.  Hoffman  on 
'Technical  School  Training  for  the  Heating 
Profession,"  and  R.  V.  Stureman  on  "Ad- 
vantages and  Disadvantages  of  Steam  and 
Hot  Water  Heating."  A  paper  on  "Bleeder 
Turbines  in  Heating  Service"  will  be 
presented. 


Miscellaneous  N< 


The    Kansas    City   Power   and   Light    Co.. 

Kansas  City,  Mo.,  is  planning  to  take  over 
the  system  of  the  North  Kansas  City  Light. 
Heat  and  Power  ro.  The  system  is  valued 
at   $150,000. 

The    Utica   Gas    and    Electric    Co.,    at    its 

recent  annual  meeting  elected  the  following 
officers:  Frank  M.  Tait,  president  and  gen- 
eral manager;  F".  B.  Steele  anfl  M.  J.  Bra\ - 
ton,  vice  presidents;  Georgt  H.  Stack, 
treasurer  ;  William  J.  McSoiley,  auditor 
The  following  directors  were  cho.sen :  Frank 
M.  Tait,  S.  .\.  Beardley.  \V.  B.  Lewis.  C.  S. 
Symonds.  C.  B.  Rogers.  N.  F.  Bradv,  W.  T 
Baker,  M.  J.  Brayton  and  William  L.  Tabor. 
The  stockholders  at  the  same  meeting  vot<.d 
to  increase  the  capiti.1  stock  from  $4..'»ii0.oimi 
to   $8,500,000. 


Business  Items 


The    Electric    Storage    Battery     Co..     1"" 

Broadway.  New  York  City,  announces  the 
removal  of  its  offices  to  the  National  .Xsso- 
ciation  Building,  21-31  West  4.'!rd  .St..  New 
York. 

The  BoUer-Smith  Co.,  233  Broad^av. 
New  York  City,  announces  the  removal  of 
Its  Cleveland  office  from  the  Williamson 
Buildmg  to  the  Vickers  Building,  fi.ith 
Street  and  Euclid  Avenue. 

The    Yale    &    Towna    Manufacturing    <o.. 

New  York,  announces  the  removal  of  it  ~ 
general  offices  to  Stamford.  Conn.  Th'' 
change  was  made  in  order  to  consolidat-' 
the  selling  organization  with  the  factor>-. 

The  Westinghouse  Electric  &  .Manufaf— 
turing  Company  announces  the  formation 
of  a  Marine  Division  in  its  offices  at  16- 
Broadway.  New  York.  The  object  of  the 
new  department  is  to  give  advice  in  the 
selection  of  ship  propulsion  machinery.  The 
work  will  be  in  charge  of  Norris  K.  Siblev. 
formerly  chief  engineer.  U.  S.  Army  Tran.'^- 
port  Service,  and  Frank  F.  Boyd,  chief 
engineer  of  the  U.  S.  S.    "Jupiter." 
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Trade  Catalogs 


The    Griscom-Russell    Company,    90  West 

Street,  New  York  City,  has  just  completed 
the  publication  of  a  new  fifteen-page  booklet 
entitled  "Stratton  Steam  Separator."  Bul- 
letin No.  1140.  The  booklet  shows  bv 
means  of  illustrations  the  various  tvpes  of 
steam  regulators  manufactured  by  this  com- 
pany, and  gives  complete  instructions  on 
construction  and  operation.  A  copv  will  be 
sent  on  request. 

The  A.  M.  Byers  Co..  of  Pittsburgh.  Pa., 
has  recently  issued  a  :i2-page  bulletin  No. 
38.  on  "Installation  Cost  of  Pipe."  The 
bulletin  gives  detailed  information  on  the 
cost  of  the  installation  and  upkeeji  of  pip<  . 
Tlie  main  object  of  the  publication  is  to 
bring  out  the  relation  of  the  installation 
cost  to  the  cost  of  pipe  that  goes  into  the 
system.  With  this  end  in  view  a  series 
of  cost  analyses  covering  twenty  different 
pipe  installations  and  practically  ever> 
class  of  pipe  system  ire  shown  by  means 
of  charts  and  diagrams  The  booklet  should 
prove  of  value  to  operating  and  consulting 
engineers,  who  will  find  in  it  information 
not  obtainable  elsewhere.  Copies  sent  on 
request. 

The  Dentins  Company.  Salem.  Ohio,  ha.-^ 
isued    Catalog    No.    26.    "Hand    and    Power 

Pumps.  '  Cloth,  6x9  in.  :  254  pages.  The 
book  describes  various  pumps  and  ap- 
paratus manufactured  by  the  Deming  Co 
In  addition  to  this  a  number  of  dear,  con- 
cise tables  and  information  relating  to 
hydraulics  have  been  prepared,  which 
should  prove  useful  to  dealers  in  pumps. 
The  catalog  is  arranged  in  chapters  and 
sections,  grouping  each  distinct  class  of 
pumps  or  accessories  separately,  .-^o  that 
by  referring  to  the  table  of  contents  one 
can  quickly  find  any  particular  article 
shown.  The  chapter  devoted  to  miscellane- 
ous hand  and  power  pumps  describes  in 
detail  apparatus  for  the  farm,  factory, 
garage,  plumbing  shop.  etc.  A  complete 
ilescription  of  each  article  is  given,  elimin- 
ating the  necessity  of  correspondence  for 
information. 
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COAL  PRICES 

SuiimifiiiliiiiiiiiiiiiniiiiiHiiiiiiiiiin'm""""'"""""""""""""""""""""""'^ 

Prices  of  steam  coals  both  anthracite  and  bitu- 
minous, f.o.b.  mines,  unless  otherwise  stated,  are  as 
follows: 

ALANTIC  SEABOARD 

Anthracite — Coals  supplying  New  York,  Phila- 
delphia and  Boston: 

Mme 

Pea 5.30 

Buckwheat $3.40@$3.75 

Rice 2.75®  3.25 

Barley 2.25®  2.50 

Boiler 2.50 

Bituminous — Steam  sizes  supplying  New  York, 
Philadelphia  and  Boston: 

I.atrobe $4. 25®$4.  50 

Connellsville  coal 4.25®   4.50 

Cambrias  and  Sunset 4.  25®   4.  85 

Clearfields 3.75®   4.50 

Pocahontas 6.50®  7.00 

New  River 6.50®  7.00 


BUFFALO 

Bituminous — Prices  f.o.b.  Buffalo: 

Pittsburgh  slack $6.  25@$6.50 

Mine-run 6 .  25 

Lump 6.25®  6.50 

Youghiogheny 6. 25 

CLEVELAND 
Bituminous — Prices  f.o.b.  mines: 

No.  6  slack $3.25^  $4  00 

No.Sslack 3.50®  4.00 

No.  8— J-in 3.50®  4  00 

No.  6  mine  run 3 .  50®  4  00 

No.  8  mine  run 3 .  25®  4 .  00 

Pocahontas — Mine-run 3 .  25@  4 .  00 

ST.   LOUIS 

Anthracite — Probably  not  more  than  20  per  cent 
of  the  demand  in  this  market  can  be  supplied.  Prices 
effective  Apr.  1  were  as  fellows: 

Williamson 

and 

Franklin 

Counties 

Mine-run....    2. 65® 2. 80 

Screenings. . .   2 .  50®  2 .  65 

Williamson-Franklin  rate  to  St, 
Other  rates  95c. 


Mt.  Olive 

and 
Staunton         Standard 
2.65@3.00     2.65^/2.80 
2.50@2.65     2.50 

Louis   is    $1.10; 


CHICAGO 

Bituminous — ^Prices  f.o.b.  mines: 

Illinois 

Southern  Illinois 

Franklin,    Saline   and 

Williamson  Counties 

Mine-Run $3.00@$3.I0 

7      Screenings 2.60®  2.75 

Central  Illinois 

Springfield  District 

Mine-Run $2.75®$3.00 

Screenings 2 .  50®  2 .  60 

Nortnern  Illinois 

Mine-Run $3.50@$3.75 

Screenings 3.00©  3.25 

Indiana 

Clinton  and  Linton 

Fourth  Vein 

Mine-Run $2.75@$2.90 

Screenings 2.50®  2.65 

Knox  County  Field 

Fifth  Vein 

Mine-Run $2 .  75®  $2 .  90 

Screenings 2 .  50®  2 .  60 

Brazil  Block $4.25@$4.50 


Freight  rate 

Chicago 

$1.55 

1.55 


$1.32 
1.32 


$1.24 
1.24 


$1 

27 

1 

27 

$1 

37 

1 

37 

$) 

.27 

New  Construction 


PROPO.SED    WORK 

N.  H..  Laeonia — The  Bd.  Educ.  will 
soon  award  the  contract  for  the  construc- 
tion of  a  2  story,  70  x  180  ft.  high  school. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $225,000. 
P  S.  Avery,  95  Milk  St.,  Boston,  Mass., 
Archt. 

Mass.,  Ashland — MacNaughton  &  Robin- 
son. Archts.,  101  Tremont  St.,  Boston,  will 
soon  award  the  contract  for  the  construc- 
tion of  a  3  story,  65  x  65  ft.  manufacturing 
building  and  power  house  on  Pleasant  St.. 
for  the  De  Swett  Root  Beer  Inc..  10  P.  O. 
Sq.,  Boston.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$40,000. 

Mass.,  Boston — Lawrence  &  "Wamboldt, 
Archts.,  6  Beacon  St.,  plans  to  build  a  5 
story,  100  x  100  ft.  cooler  building  for 
meats,  on  South  Market  St.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $55,000.  Owner's  name 
withheld. 

IMass.,  ■\Vrentham — The  Commonwealth  of 
Massachusetts,  c/o  Kendall,  Taylor  &  Co., 
Archts.,  93  Federal  St.,  Boston,  plans  to 
build  a  1  story.  50  x  70  ft.  cold  storage 
building  and  a  1  story,  40  x  90  ft.  indus- 
trial building.    Total  estimated  cost,  $88,000. 

N.  Y..  Binghamton — The  Bd.  Educ.  plans 
to  repair  and  construct  additions  to  the 
heating,  lighting  and  plumbing  systems  in 
the  public  schools.  Total  estimated  cost, 
$94,950.  Address  Daniel  J.  Kelley,  Bd. 
Educ,   Supt. 

N.  Y..  Brncklyn — The  Curb  Holding  Co., 
c/o  Frank  S.  Parker,  Archt.  and  Engr.,  44 
Court  St.,  is  having  plans  prepared  for  the 
construction  of  a  12  story,  134  x  135  ft. 
office  building  on  Washington  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total   estimated   cost,    $1,000,000. 

N.  Y.,  Brnokl.vn — B.  W.  Dorfm:in,  archt., 
26  Court  St.,  is  preparing  plans  for  the 
construction  of  a  12-story,  brick,  ste '1  and 
stone  office  building  on  .Joralemon  St.  near 
Court  St.  A  steam  heating  sy.-tem  will  be 
installed  in  same.  Total  estimated  cost, 
?.jOO,000.     Owner's  name  withheld. 

N.  Y..  Dunkirk — The  Atlas  Crucible  Steel 
Co.,  Howard  St..  plans  to  increase  the  size 
of  its  plant.  Plans  include  the  construc- 
tion of  a  40  X  140  ft.  transformer  building, 
etc.     Total  estimated  cost,  $1,800,000. 

N.  Y.,  Jamestown — The  Common  Coun- 
cil i)lans  to  construct  a  heating  plant  for 
the  Jones  General  Hospital.  Estimated 
cost,    $22,000. 

N.  Y.,  Hamilton — The  village  has  sold  the 
electric  lighting  plant  to  the  Wliite  Co.. 
Norwich,  cost  $70,000.  The  company  plans 
to  build  additions  and  extensions  and  install 
new  generating  equipment. 

N.  Y.,  New  Berlin — The  Berholmo  Powor 
Co.,  Inc.,  plans  hydro-ekctric  development 
on  the  Unadilla  River,  to  inclu'^e  a  power 
house,  generating  unit  and  tr.msmlssion 
lines.  Total  estimated  cost.  $19,900.  The 
company  has  applied  to  th?  Pub.  Serve. 
Comn.  for  permission  to  Issue  $25,000  bonds. 

N.  Y..  New  York — The  Beth  Hamedrast 
Shaapey  Zion  Inc.,  46  West  46th  St.,  is 
having  plans  prepared  for  the  construction 
of  a  2  storv,  48  x  150  ft.  synagogue  and 
school  on  178th  St.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mat(>d  cost,  $250,000.  L  J.  Levy,  Pres. 
L.  A.  Abramson,  46  West  46th  St.,  Archt. 
and    Engr. 

N.  Y.,  New  York — The  Church  of  Christ 
Scientist,  c/o  B.  E.  Muller,  archt,  477  5th 
Ave.,  is  having  plans  prepared  for  the  con- 
struction of  a,  79  X  95  ft.  church  on  Anthony 
Ave.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$300,000. 

N.  Y.,  New  York — The  Combustion  Eng. 
Corp.,  11  Bway.,  will  construct  an  8-story 
office  building  at  4  3-47  Broad  St.  A  steam 
heating  svstom  will  be  installed  in  same. 
Total  estimated  cost,  $500,000.  I>udlow  & 
Peabody,  101  Park  Ave.,  Archts.  and  Engrs. 

N.  Y.,  Nfw  York — W.  A.  Hefner,  465  10th 
Ave.,  is  in  the  market  for  one  220  volt,  d.c, 
unit  motor  blower  fan. 

N.  Y.,  New  York — I.  Miller  &  Sons,  care 
of  Schwartz  &  Gross,  Engrs.,  347  5th  Av., 
l-lan  to  build  a  12  story  loft  builuTng  on 
46th  St.  and  5th  Ave.  A  steam  heating 
system  will  be  installed  in  same. 

N.  Y..  New  York — The  New  York  Edison 
Co.,  103  East  15th  St.,  plans  to  build  a  1 
story  sub-station  on  Cedar  St.  Estimated 
cost.  $75,000.  William  Whitehill,  12  Elm 
St.,  Engr. 


N.  Y.,  New  York — The  Post  Graduate 
Hosiiital,  2nd  Ave.  and  20th  St.,  is  having 
sketches  prepared  for  the  construction  of 
an  11-ptory  addition.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Howells  & 
Rogers,  367  Lexington  Ave.,  Archts.  and 
Engrs. 

N.  Y.,  New  York — J.  Samuels,  c/o 
Benjamin  W.  Levitan,  Archt.  and  Engr.,  7 
West  45th  St.,  is  having  plans  prepared 
for  the  construction  of  a  13  story,  50  x  100 
ft.  store  and  salesroom  at  6-8  East  30th  St. 
A  steam  heating  system  will  be  installed 
in  the  same.     Total  estimated  cost,  $400,000. 

N.  Y.,  Rossie — George  N.  Wilson  has 
made  application  to  the  Pub.  Serve.  Comn., 
for  permission  to  construct  and  operate  an 
electric  lighting  plant,  here.  He  plans  about 
500  hp.  hydro  electric  development  on  the 
Indian  River. 

N.  Y.,  Salamanca — The  Salamanca  Panel 
Co.  plans  to  install  a  200  hp.  electrically 
driven  plant,  and  is  in  the  market  for  two 
50  hp.  motors,  one  15  hp.  motor,  five  10 
hp.   motors   and   several   5   hp.    motors. 

N.  J.,  Atlantic  City — C.  F.  Pabst,  396 
Franklin  Ave.,  Brooklyn,  N.  T.,  plans  to 
build  a  4  story,  75  x  200  ft.  sanitarium.  A 
steam  heating  system  will  be  installed  in 
same.      Total   estimated   cost,    $500,000. 

N.  J..  Newark^The  Newark  Bd.  of  Trade. 
800  Broad  St.,  plans  to  build  a  10  story 
office  building  on  Branford  and  Treat  Sts. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $500,000. 
Guilbert  &  Betelle,  2  Lombardn  St.,,  Archts. 
and  Engrs. 

N.  J.,  Verona — The  Essex  Co.  Hospital 
for  Tubucular  Diseases,  will  soon  receive 
bids  for  the  construction  of  a  hospital.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $350,000. 
Jordan  Green,  Essex  Bldg.,  Archt. 

Pa.,  Harrisburg  —  Silberman  Bros.,  445 
South  2nd  St.,  are  in  the  market  for  1 
swinger  for  an  electric  hoisting  engine,  for 
a  derrick. 

Pa.,  Philadelphia^ — John  M.  Greene,  261 
Drexel  Bldg.,  is  in  the  market  for  a  first- 
class  20  hp.,  220  volt,  d.c.  single  drum  con- 
tractor's hoist  complete  with  solenoid  brake, 
controller  and   resistance    (new  or  used). 

Md.,  Cumberland — The  Crystal  Laundry 
Co.,  Baltimore  St.,  is  having  plans  prepared 
for  the  construction  of  a  1  and  2  story, 
130  x  284  ft.  laundry,  garage  and  power 
house  on  Baltimore  St.  Boilers,  engines 
and  piping  will  be  installed  in  same.  Total 
estimated  cost,  $200,000.  T.  W.  Biddle,  c/o 
Kelly   Springfield  Tire   Co.,   Archt. 

S.  C,  Columbia — The  State  Legislature, 
Columbia,  has  appropriated  $50,000  for  the 
installation  of  a  new  heating  and  electric 
plant  in  the  State  Capitol.  S.  W.  Cannon, 
state  electrician. 

Ala,  Birmingham — The  Tennessee  Coal. 
Iron  &  R,  R.  Co.,  B.  M.  Bldg.,  engaged 
Horace  H.  Lane,  Engr.,  2320  Dime  Bank 
Bldg,  Detroit,  Mich,  to  prepare  plans  for 
the  construction  of  a  1  and  2  story  freight 
car  shop.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$2,500,000. 

La.,  Shreveport  —  Chester  &  Fleming, 
Engrs.,  1111  Union  Bank  Bldg.,  Pittsburgh, 
Pa.,  are  preparing  plans  for  furnishmg  new 
high  and  low  service  pumps,  distribution 
mains,  clear  water  reservoir,  etc.,  for  the 
city. 

Ky.,  Versailles — J.  A.  W'etmore,  Super- 
vising Archt.,  Treasury  Dept,  Wash.,  D.  C, 
will  receive  bids  until  May  6  for  the  m- 
stallation  of  a  fire  box  heating  boiler  at 
the  Post  Office  here. 

O.,  Akron — The  city  will  receive  bids 
until  April  28  for  the  construction  of  a  1- 
Ptory,  25  x  25  ft.,  brick  and  concrete  pump- 
ing station,  at  Fairlawn  Heights ;  also  for 
furnishing  two  500,000  gal.  capacity  centri- 
fugal pumps.  Estimated  cost,  $75,000.  M. 
Knowles,  716  Hippodrome  Bldg.,  Cleveland, 
Engr. 

C.  Akron — The  Hotel  Co.,  c/o  Henry  & 
Murphy,  Archts.,  523  2nd  Natl.  Bldg.,  is 
having  plans  prepared  for  the  construction 
of  an  8  storv.  135  x  186  ft.  hotel  on  East 
Market  and  Carnbridge  Sts.  A  steam  heat- 
ing system  and  two  250  hp.  boilers  will  be 
installed  in  same.  Total  estimated  cost. 
$3,000,000.  Mayer  &  Valentine,  Bangor 
Bldg.,   Cleveland,    Engrs. 

O.,  Akron — Marcus  Loew,  1111  Euclid 
Ave.,  Cleveland,  is  having  plans  prepared 
for  the  construction  of  a  1  and  3  story 
commercial  and  theatre  building  on  Main 
and  Bowery  Sts.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $1,250,000.  C.  Howard  Crane.  2325 
Dime  Bank  Bldg.,  Detroit,  Mich.,  Archt. 
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O.,  Alliance — The  Alliance  Hank  plans  to 
build  a  6  story  bank  and  office  building-, 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $500,000. 
Walker  &  Weeks,  1900  Euclid  Ave.,  Cleve- 
land, Archts. 

().,  Chillicothe — J.  A.  Wetmore,  Supervis- 
ing Archt.,  Treasury  Dept.,  Wash.,  D.  C, 
will  receive  bids  until  May  6  for  the  in- 
stallation of  a  new  heating  boiler  at  the 
United  States  Post  Office  here. 

O.,  Cleveland — The  Bd.  of  Co.  Comrs., 
c/o.,  Joseph  Menning,  Court  House,  plans 
to  build  a  1  story  market  house.  A  steam 
heating  and  refrigeration  system  will  be 
installed  in  same.  Total  estimated  cost, 
$300,000. 

0„  Cleveland — Greible  &  Ebeling,  Archts. 
and  Engrs,  East  11th  and  Chestnut  Sts., 
are  preparing  plans  for  the  construction  of 
an  8  story,  100  x  150  ft.  commercial  and 
office  building  on  East  6th  St.  and  Hamil- 
ton Ave.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$500,000.      Owner's   name    withheld. 

O.,  Cleveland — The  Simmons  Motor  Car 
Co,  4400  Euclid  Ave.,  is  having  plans  pre- 
pared for  the  construction  of  a  3  story,  95 
X  195  ft.  garage  and  commercial  building 
on  East  30th  St.  and  Euclid  Ave.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  co.s.t,  $300,000.  G.  W. 
Drach,  Union  Trust  Bldg.,  Archt.  and  Ehgr. 

O.,  Cleveland — The  Wade  Park  Co.,  c/o 
the  Bast  Gas  Co.,  East  6th  St.  and  Rock- 
well Ave.,  plans  to  build  an  8  or  1 0  story. 
200  X  225  ft.  hotel  on  East  107th  St.  and 
Wade  Park  Ave.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $3,000,000.  I 

O.,  East  Cleveland — (Cleveland  P.  O.) 
The  Bd.  of  Co.  Comrs  ,  c/o  Joseph  Menning, 
Court  House,  Cleveland,  plans  to  build  a  1 
story  market  house.  A  steam  heating  and 
refrigeration  svstem  will  be  installed  in 
same.     Total  estimated  cost.  $300,000. 

O.,  East  Cleveland — (Cleveland  P.  O) 
The  East  Cleveland  Hospital  Qomn.  plans 
to  build  a  3  story,  90  x  250  ft.  hospital  on 
Euclid  and  Strathmore  Aves.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $250,000.  C.  M.  Os- 
born.  City  Mgr.  A.  M.  Allen  Co.,  1900 
Euclid   Ave.,    Cleveland,   Archt. 

O.,  L,akewood  —  The  Lakewood  Market 
House  Co.,  c/o  W^.  R.  Powell,  Pres.,  705 
Rose  Bldg.,  Cleveland,  will  receive  bids 
until  May  1  for  the  construction  of  a  2 
story,  78  x  300  ft.  market  house  at  11826 
Detroit  Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$250,000. 

O.,  Youngrstown — The  City  is  having  plans 
prepared  for  the  construction  of  a  2  story, 
60  X  150  ft.  hospital.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  rost,  $250,000.  C.  P.  Owsley, 
Mahoning  Bank  Bldg.,  Archt. 

O.,  Youngstown — The  1st  Natl.  Bank  is 
having  plans  prepared  for  the  construction 
of  a  15  story,  60  x  120  ft.  bank  and  office 
building.  Steam  heating  boilers  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$2,000,000.  Walker  &  Weeks,  1900  Euclid 
Ave.,  Cleveland,  Archts. 

Ind.,  Indianapolisi  —  The  Boss  Power 
Equipment  Co.,  617  Merchant  Bank  Bldg., 
is  in  the  market  for  two  75  or  100  kw., 
240  volt,  60  cycle,  3  ph.  belted  generator 
or  engine  sets  with  switchboard  and  ex- 
citer;  one  300-500  kw.  480-2,300  volt,  3 
phase  turbo  condenser,  one  1,000  kw.,  480- 
2,300  volt,  60  cycle,  3  phase  turbo  con- 
denser ;  two  500  hp.,  B.  &  W.  or  Sterling 
boilers;  one  250  kw..  430  volt.  3  phase,  60 
cycle,  belted  generator ;  two  No.  10  or  12 
gyratory  crushers  (gates  preferred),  one 
No.  9  and  four  No.  5  crushers  ;  one  24  x  48 
in.  jaw  crusher  and  one  24  x  48  in.  or  60 
roll  crushers. 

Ind.,  Terre  Haute — The  Union  Hospital 
Executive  Committee  is  having  preliminary 
plans  prepared  for  the  construction  of  a 
3  story  hospital  on  7th  Ave.  A  steam  heat- 
ing svstem  will  bo  installed  in  same.  Total 
estimated  cost,  $350,000.  F.  P.  Fairbanks. 
Chn  Stratton  &  Snyder,  1110  Union  Trust 
Bldg..  Detroit,  Archts. 

Mich.,  Bay  City — The  Amer.  Worsted 
Yarn  Co..  c/o  D.  L.  Galbraith,  plans  to 
build  a  4  story.  120  x  400  ft.  yarn  factory 
on  Water  St.  Steam  heating  equipment 
will  be  installed  in  same.  Total  estimated 
cost,    $300,000. 

Mich.,  Cedar  Banks  (Lansing  P.  O.) — 
Mrs.  George  P.  Wanty,  Secy.,  will  soon 
award  the  contract  for  the  construction  of 
2  and  3  story  training  school  buildings  in- 
cluding  3   dormitory  buildinsis.   administra- 


tion building,  power  house  and  laundry,  for 
the  Michigan  State  Training  School  for 
Wom'ii.  A  ste.im  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$500,000.     E.  A.   Boud,  Lansing,  Archt. 

Mich.,  Detroit — The  Bd.  of  Fire  Comrs., 
c/o  G.  J.  Finn.  Secy.,  Larntd  St.,  is  having 
plans  prepared  for  the  construction  of  a  3 
.story,.  90  x  120  ft.  fire  alarm  station  on 
Macomb  and  Hastings  Sts.  Steam,  heating 
equipment  will  be  installed  in  same.  Total 
estimated  cost,  $250,000.  Donaldson  & 
Meier,   1344   Penobscot  Bldg.,  Archts. 

Mich.,  Detroit — The  Dept.  of  Pub.  \Vk3  , 
City  Hall,  plans  to  construct  and  equip 
100  mi.  of  city  electric  railways  w  th  car 
shops  and  power  houses.  Total  estimated 
cost,  $15,000,000.  $1,000,000  of  which  will 
1)0  used  for  buildings  and  equipment.  A 
$15,000,000  bond  issue  for  this  project  has 
been  voted  upon. 

Mich.,  Detroit — Hugo  Scherer,  c/o  Louis 
Kamper,  Archt ,  Book  Bldg.,  is  having  plans 
prepaied  for  the  construction  of  a  10  story, 
53  x  141  ft.  office  and  loft  building  on 
Woodward  Ave.  and  Sibley  St.  Steam 
heating  equipment  will  be  installed  in  same. 
Total  estimated  cost,   $1,000,000. 

Mich.,  Detroit — The  Veterans  of  Foreig^n 
Wars,  c/o  Henry  M.  Leland,  Chn.  of  the 
Bd.  of  Trustees,  2984  West  Grand  Blvd., 
iilan  to  build  <t  7  story  club  house.  Steam 
heating  equipment  w=ll  be  installed  in 
.^■ame.  Total  estimat  d  cost,  $500,000. 
George  Mason,   80   Griswold  St.,  Archt. 

Mich.,     Detroit — The    Women's    Hospital 

,ind  Infants'  Home,  Forest  Ave.,  plans  to 
build  a  3  or  4  story  addition  to  present 
liospital  on  Forest  Ave.  and  Beaubien  St. 
A  steam  heating  system  will  be  installed  in 
same.      Total   estimated   cost,    $300,000. 

Mich.,  Eloise — The  Wavne  Co.  Poor  Bd  , 
c/o  O.  P.  Gulley.  27  Churchill  St.,  plans  to 
build  a  4  story  hospital  and  home.  Steam 
heating  equipment  will  be  in.stalled  in  same. 
Total    estimated    cost,    $400,000. 

Mich.,  Farminsrton — The  village  plans  to 
install  an  electrically  driven  auxiliary 
pumping  unit  and  construct  extension  to 
water  mains.  Total  estimated  cost,  $25,000. 
R.  A.  Murdock,  603  Free  Press  Bldg.*,  De- 
troit,   Engr. 

Mich.,  Flint — W.  L.  Hoffman,  Michigan 
School  for  the  Deaf  is  in  the  market  for  a 
new  electric  driven  d.c,  250  volt  centrifugal 
pump.  ; 

Mich.,  Grand  Rapids — The  Grand  Rapids 
Tire  &  Rubber  Co.,  c/o  H.  H.  Swan,  Mgr.. 
315-18  Kelsey  Pldg.,  is  having  plans  pre- 
pared for  the  construction  of  a  2  and  3 
story  tire  plant  on  Fuller  Ave.  and  the 
Grand  Trunk  Ry.  Electric  power  motors 
will  be  installed  in  same.  Total  estimated 
cost,    $400,000. 

Mich.,    Grand    Rapids — The    Y.    W.    C.    A. 

I'.as  enga.sred  Robinson  &  Campau,  Archts., 
715  Michigan  Trust  Bldg.,  to  prepare  plans 
for  the  construction  of  a  3  story  adminis- 
tration building  on  Sheldon  and  Island  Sts. 
A  steam  heating  system  will  be  installed  in 
same.      Total   estimated    cost,    $200,000. 

Mich.,    Muskegon    Heights  —  The    Bd.     of 

Educ.  will  soon  award  the  contract  for  the 
construction  of  a  3-story,  19  x  240  ft.  school. 
Fan  heating  and  ventilating  systems,  in- 
cluding a  boiler,  will  be  installed  in  same. 
Ammerman  &  McColl.  2348  Penobscot  Bldg., 
Detroit,  engrs.  S.  D.  Butterworth,  432  Tus- 
sing  Block,   Lansing,   Archt. 

Mich.,  Pontiac — C.  W.  Hubbell.  Enrr., 
2348  Penobscot  r.ldsr..  Detroit,  will  receive 
bids  until  May  17  for  the  construction  of  a 
10,000,000  gal.  filtration  plant  for  the  city. 
Two  electrically  driven  sump  pumps,  mo- 
tors, steam  heating  system,  etc.  will  be 
installed  in  same.  Total  estimated  cost, 
$50C,000. 

Mich..  Pontiac — The  Oakland  Motor  Car 
Co.  plans  to  build  a  2  story,  60  x  200  ft. 
K(^rvice  station  on  Baldwin  Ave.  Steam 
heating  equipmi  nt  will  bo  installed  in 
same.      Total    estimated    cost,    $250,000. 

111.,  Chicago — The  Clerk  of  the  Sanitary 
Dist.,  910  South  Michigan  Ave.,  will  receive 
bids  until  May  13  for  the  furnishing  and 
delivering  2  Diesel  Oil  engines,  each  direct 
connected  to  its  engine  type  500  kw.,  3 
phase,  60  cycle,  2.300  volt  alternating  cur- 
rent generator  with  direct  connected  ex- 
citer and  2  similar  additional  units. 

HI.,  Chicago  —  Straus  &  Schram.  1105 
West  35th  St.,  are  having  preliminary  plans 
prepared  for  the  construction  of  an  11  or  12 
story  mail-order  plant  on  Western  Ave.  and 
36th  St.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost. 
^r,, 000,000.  E.  W.  Epnstein,  20O1  West  39th 
St.,  Engr.  S.  Scott  Joy,  2001  AVest  39th  St.. 
Archt. 


111.,  Freeport — J.  A.  Wetmore.  Supervis- 
ing Archt,  Treasury  Dept.,  Wash.,  D.  C, 
will  receive  bids  until  May  6  for  the  in- 
stallation of  a  new  heating  boiler  at  the 
Post  Office,  here. 

111.,  Granite  City — J.  A.  Wetmore,  Super- 
vising Archt.,  Treasury  Deid.,  Wash.,  D.  C, 
will  receive  bids  until  May  1 3  for  the  in- 
stallation of  a  heating  boiler,  etc.,  at  the 
United  States  P.  O.,  here. 

Wis.,  Milwaukee — The  School  Bd.,  10th 
and  Prairie  Sts.,  is  having  plans  prepared 
for  the  construction  of  a  1  story.  22  x  40 
ft.  boiler  house  at  the  Garfield  School. 
Estimated  cost,  $50,000.  Van  Ryn  &  De- 
Gelleke,  Saswell  Block,  Archts.  and  EJngrs. 

N.  D„  Dickinson — The  city  plans  to  con- 
struct a  1,000,000  gal.  reservoir,  pump 
house  addition,  complete  boiler  plant  for 
operating  pumps  and  compressors  and  in- 
stall additonal  compressors.  Total  esti- 
mated cost,  $40,000. 

N.  D.,  McVille — The  City  Council  will 
soon  award  the  contract  for  the  construc- 
tion of  a  125,000  gal.  reservoir  and  the 
installation  of  3  pumps,  etc.  Total  esti- 
mated cost,  $36,000.  Atkinson  &  Hall, 
Devils  Lake,  Engrs. 

Tex.,  Big  Spring — The  city  plans  to  re- 
build the  waterworks  system,  including  new 
pumping  plant,  etc.  A  steam  driven  pump 
will  be  installed  in  same.  Total  estimated 
cost,  $40,000.  Henry  Echod  Eng.  Co.,  In- 
terurban   Bldg.,   Dallas,   Engr. 

Tex.,  Dallas — The  Dallas  Auto  Laundry 
&  Storage  Co.,  c/o  Dick  Spillers,  Mgr., 
Dallas  Auto  Club,  is  having  plans  prepared 
for  the  construction  of  a  6  story,  100  x  150 
ft.  garage.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$250,000.  Charles  W.  Almstead,  Cleveland, 
O.,   Engr. 

Tex.,  Dallas — T.  Dies,  Guaranty  Bank  & 
Trust  Co.,  Commonwealth  Bldg.,  is  having 
plans  prepared  for  the  construction  of  a 
12  story.  60  x  100  x  150  ft.  office  building 
on  St.  Paul,  Elm  and  Pacific  Sts.  A  steam 
heating  s.vstem  and  power  generating  plant 
will  be  installed  in  same.  Total  estimated 
cost,    $1,700,000. 

Tex..  Dallas — George  M.  Easley,  Dallas, 
is  having  plans  prepared  by  Lang  &  Mitch- 
ell, archts..  Insurance  Bldg.,  for  the  con- 
struction of  a  10 -story  office  building  on 
Burlington  and  Bryan  Sts.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,   $500,000. 

Tex.,  Dallas — John  T.  Jones,  4930  Junius 
St.,  is  having  plans  prepared  for  the  con- 
struction of  a  10  story.  100  x  100  ft.  office 
building  on  Commerce  and  Prather  Sts.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost.  $750,000. 
Lang  &  Mitchell,  Amer.  Exch.  Bank  Bldg., 
Archts. 

Tex..  Fort  Worth — The  Bureau  of  Yards 
&  Docks,  Navy  Dept..  Wash.,  D.  C.  plans 
to  furnish  and  install  deep  well  pumping 
equipment  here.     Estimated  cost,  $30,000. 

Okla.,  Okmulgee — Th*  Creek  Hotel  Co. 
will  soon  receive  bids  l»r  the  construction 
of  a  9  story,  100  x  140  ft.  hotel.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $750,000.  Smith.  Rea, 
Lovitt  &  Senter,  601  Finance  Bldg.,  Kans»» 
City,  Archts. 

Ftah,  Salt  I^ake — The  city  plans  to  build 
a  pumping  plant  to  deliver  ultimatelv  52.- 
500.000  gal.  daily,  using  the  Utah  Lake  as 
a  source  of  supply,  etc.  Total  estimated 
cost.  $2,500,000.  C.  T.  Brown,  Walker 
Bank  Bldg.,  Engr. 

Wash.,  Everett — The  Y.  M.  C.  A.  plans 
to  build  a  3  story.  114  x  115  ft.  Y.  M  C.  A. 
building  on  Colby  Ave.  Plans  include 
boiler  rooms,  steam  bath-rooms,  etc.  Total 
estimated  cost,  $200,000.  Baker  &  Vogel, 
Pacific  Block,  Seattle,  Archts. 

Wash.,  Puget  Sonnd  —  The  Bureau  of 
Yards  &  Docks.  Navy  Dept..  Wash..  D.  C. 
plans  to  install  reciprociiting  air  compres- 
sors at  the  Navy  Yard,  here.  Estimated 
cost,   $50,000. 

Ore.,  Salem — The  Oregon  Pulp  &  Paper 
Co.  plans  to  construct  a  power  plant  on  the 
site  of  the  old  Oregon  Flouring  mills  known 
as  the  Scotch  mill,  at  the  foot  of  North  Mill 
Creek  to  transit  elecrtic  energy  to  the 
paper  mill  on  Trade  and  Front  Sts.  Esti- 
mated  cost,    $50,000. 

M.  I.,  Gnam — The  Bureau  of  Yards  & 
Docks,  Navy  Dept.,  Wash..  D.  C,  plans  to 
construct  a  refrigerator  plant,  here.  Esti- 
mated cost,  $40,000. 
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Out.,  Cliatliain — James  St.  Pieire,  R.R.. 
Bear  Lim ,  will  soon  award  the  contract 
for  thf  toiisiruction  of  a  pumiJhouse,  etc., 
in  connection  with  the  land  reclamation 
work  for  tlie  Township  of  Dover.  Total 
ostimated  cost,  from  $15,0(iO  to  $2.j,000. 
W.  G.   McGeorge,  Consult.   Engr. 

Ont.,  Pembroke — S.  la.  Biggs,  town  oik., 
will  receive  bids  until  May  1:^.  for  fur- 
nishing and  installing  turliine  pump  and 
gasoline  engine,  with  capacities  of  1,200 
gal.  and  800  gal.  per  miu.  F]stimated  cost. 
$25,000.     .1.   P.   Howe,   Town   Engr. 

On*..  Toronto — Eustace  G.  Bird.  Archt., 
9  King  St.,  W.,  will  soon  award  the  con- 
tract for  the  construction  of  a  4  story,  70  x 
400  ft.  and  a  2  story,  52  x  17.5  ft.  factory 
building  on  Wallace  and  Ward  Aves.,  for 
the  Ganadiaii  General  Electric  Co.,  King 
and  Simcoe  Sts.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    ^.lOO.OOO. 

Ont..   Toronto— The   Y.    M.    C.    A.,   21    Mc- 

Gill  St..  and  the  Dominion  Council,  604 
.larvis  St  ,  plan  to  build  a  4  story  Y.  M. 
C'.  A.  building.  .\  vacuum  steam  heating 
system  will  )».  installed  in  same.  Total 
estimated    cost.    .1;B.50.000. 

Sask.,  JMoosoinin — G.  S.  Page,  Town  Clk.. 
will  receive  bids  until  May  5  for  the  supply 
and  delivery  of  (A)  Internal  combustion 
(■ngines  (f!)  genei-ators.  exciter,  switch- 
board, street  lighting  apparatus,  transform- 
ers, meters,  etc..  (C)  1  oil  storage  tank. 
(D)  ijole  line  and  wire  material,  (E)  erec- 
tion of  electric  pole  line,  (F)  erection  of 
power    station    and    cooling   chamber. 

CONTRACTS    AWARDED 

Masi.s.,  Briffhton — Samuel  RudnicU.  37 
Payston  St.,  P.oxbury,  will  build  a  4  story 
90  X  600  ft.  apartment  house  on  Buck- 
minster  Si,  A  steam  heating  sv.'ftem  will 
be  mstalled  in  same.  Total  estimated  cost, 
$1,000,000.  Work  will  he  done  by  dav 
labor. 

Mass.,  Lawrence — The  Patchogue  Ply- 
mouth :\Iills  Corp.,  Maston  St..  has 
awarded  ihe  contract  for  the  construction 
of  a  2slory  manufacturing  plant  addition, 
to  L.  E.  l.ocke  &  Sons,  800  Bay  State 
Bldg.  A  steam-heating  system  will  be  in- 
iVrU^nnn'"     ^^^^^-      ^otal     estimated     cost, 

.>:i.0O,UO(J. 

Mans.,  jLeoniin.ster — The  Leominster  Gas 
&  Power  Co.  has  awarded  the  contract  for 
the  construction  of  a,  2-story  40  x  .54  ft 
addition  to  its  power  house.' to  Walter  H 
Preble,  11  I'emberton  Sq..  Boston.  Esti- 
mated  cost,    .^lOO.OOO. 

Mass.,  Wellesley — The  Academy  of  the 
Assumption,  Wellesley  Hills,  has  awarded 
the  eontraot  for  the  construction  of  a  4 
slor.v,  no  X  190  ft.  college  and  tower  on 
AVoicester  St.,  to  the  James  DriscoU  &  San 
Co.,  94  Washington  St.,  Brookline.  A  steam 
heatmg  s.NStem  will  be  installed  in  same. 
Total  estimated  cost.  $350,000.  Noted 
Jan.    27. 

:AraKs.,  Whitlnsville  —  The  Whitin  Ma- 
chme  W[<B.  has  awarded  the  contract  for 
the  construction  of  a  2  story  industrial 
housing  building,  to  the  Foundation  Co.  231! 
T'.way..  New  York  City.  A  steam  lieating- 
system  will  be  installed  in  same.  Total 
estimated    cost.    .?.'?.50,000, 

Mass.,  Worcester^ — The  Osgood  Bradley 
(.ar  Co.,  West  Boylston  St.,  will  build  a  3 
.story  manufacturing  plant  addition.  Ex- 
tension to  the  steam  heating  system  will 
'Jlo^'P^V^J'*^'^^  '^^  same.  Total  estimated  cost, 
5..52,5,0O0.     Work  will  be  done  bv  ,la-\-   labor 


X.  Y..  Blaek  River — The  St.  Regis  Paper 
Co.  will  build  a  power  house  to  generate 
7. .500  hp.  on  the  Black  River.  Total  esti- 
mated cost,  $500,000.  Work  will  be  done  bv 
day   labor.     Noted    April   6. 

N.  y.,  Brooklyn — The  Amer.  Safety 
Razor  Co..  303  Jay  St.,  has  awarded  the 
contract  for  the  construction  of  a  5  story. 
75  X  14<i  ft.  and  a  1  story,  25  x  125  ft. 
factory  buildings,  a  2  story,  45  x  50  ft. 
garage  and  a  1  story,  25  x  50  ft.  boiler 
house,  to  the  Turner  Constr.  Co.,  344  Madi- 
son Ave..  New  York  City.  A  steam  heat- 
ing system  will  be  installed  in  same.  Noted 
Feb.  9. 

N.  y„  New  Dorp — (Staten  Island  P.  O.) 
The  Bd.  Educ,  500  Park  Ave.,  New  York 
City,  has  awarded  the  contract  for  the 
installation  of  heating  and  ventilating  ap- 
paratus in  the  Jefferson,  Garretson  and 
Cromwell  Ave.  public  schools,  to  Gillis  & 
Geoghagan,  537  West  B'way.  New  York 
City,  at  $58,700. 

N.  y..  New  york — ^The  Borden  Milk  Co., 
63  Vesey  St.,  has  awarded  the  contract  foi- 
the  construction  of  a  23  story,  80  x  100  ft 
office  building  on  45th  St.  and  Madison 
Ave.,  to  the  Cauldwell  Wlngate  Co.,  381 
4th  Ave  A  steam  heating  system  will  be 
installed   m  same. 

N.  Y.,  Xew  York — The  Bosch  Magneto 
Corp.,  233  West  46th  St.,  has  awarded  the 
contract  for  installing  a  steam  heating  sys- 
tem in  the  projjosed  12 -story  office  and 
salesroom  building  at  60th  St."  and  Bway., 
to  J.  O'Brien  Co.,  Inc.,  624  Madison  Ave 
(general  contractors  for  job).  Total  es-ti- 
mated    cost.    $700,000. 

X.  y..  New  York — The  George  Backer 
Constr.  Co.,  33  Bast  33d  St.,  will  build  a 
6  story  garage  on  West  49th  St.  A  steam 
heating  system  will  be  installed  in  same 
Total  estimated  cost.  $250,000.  Work  will 
be  done  by  day  labor. 

N.  Y..  New  York — The  New  York  State 
Realty  &  Terminal  Co.,  c/o  Warren  & 
Wetmore.  Archts..  10  East  47th  St.,  has 
awarded  the  contract  for  the  construction 
of  a  17  story  hotel  on  Park  Ave.  and  49  th 
St.,  to  Fred  T.  Ley  Co.,  19  West  44th  St. 
A  steam  heating  system  will  be  installed 
in  same.     Total  estimated  cost,   $2,500,000. 

N.  Y.,  New  York — John  H.  Sherer.  25 
West  45th  St..  will  build  an  8  story,  55  x 
•10  X  118  ft.  office  building  on  52d  St.,  near 
B'way.  A  steam  heating  system  will  be 
installed  in  san>e.  Total  estimated  cost. 
M  00,000.     Work  will  be  done  by  day  labor. 

N.  Y..  New  York — E.  E.  Smathers,  304 
West  75th  St.,  will  build  an  11  story.  27 
X  100  ft.  office  and  store  building  at  1 
West  46th  St.  A  steam  heating  system  will 
be  inf5talled  in  same.  Total  estimated  cost. 
?400.000.     Work  will  be  done  by  day  labor. 

N.  .J.,  East  Orange — The  Simms  Magneto 
'Jo..  279  Halsey  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  2  storv. 
154  X  167  ft.  factory  on  North  Arlington 
Ave.,  to  the  Amer.  Concrete  Steel  Co.. 
Es.sex  Bldg.,  Newark,  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated   cost,    $385,000, 

N.  -J.,  Newark — Loew's  Enterprises,  1493 
B'way,  New  York  City,  have  awarded  the 
contract  for  the  construction  of  a  theatre 
building  on  Main  St..  to  the  Fleischmann 
Con.str.  Co.,  531  7th  Ave.,  New  York  City. 
A  steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,  about  $300,000 


Pa.,  Philadelphia — H.  C.  Aberle,  A  and 
Clearfield  Sts.,  has  awarded  the  contra  t 
for  the  constrtiction  of  a  5-storv  factor\- 
and  power  house,  to  W.  Steele  &  "Sons  Co' 
16th  and  Arch   Sts. 

>frt.,  Dukes  (Adelina  P.  O.) — The  West 
Virginia  Pulp  &  Paper  Co.,  200  .^jth  Ave 
New  York  City,  will  build  a  90  x  l.'io  .\ 
100  X  120  ft.  factory  addition  here.  V 
.steam  heating  sj\<!tem  will  be  installed  in 
same.      Work   will    be   done   by   day   labor. 

W.  Va.,  Clarksburg — The  city  has 
awarded  the  contract  for  the  construction 
of  an  intake  chamber  and  the  installation 
ot  a  coagulating  basin  and  equipment  for 
pumping  stations,  to  the  Richards  Constr 
Co.,  at   $37,108. 

O.,  Cleveland — The  Jordon  Motor  Co  , 
1070  East  152nd  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  1  and  3 
story,  70  x  620  ft.  factory  and  a  34  x  48 
ft.  power  hou.se  on  East  152nd  St.  and  St. 
Clair  Ave.,  to  the  Hunkin  Conkey  Constr 
Co.,  Century  Bldg.  Two  250  hp.  boilers 
with  coal  handling  machinery,  bunkers  and 
stokers  will  be  installed  in  same.  Total 
estimated    cost,    $300,000. 

O.,  Dayton — The  Bonebrake  Seminarv. 
c/o  S.  E.  Fout,  1521  West  1st  St..  has 
awarded  the  contract  for  the  construction 
of  a  4  story,  90  x  225  ft.  theological  school 
on  Calalpa  and  Cornell  Sts.,  to  H.  .1 
Osbun,  Salem  Ave.  Plans  include  a  power 
plant,  etc,  A  steam  heating  system  will 
be^mstalled  in  same.     Total  estimated  cost. 

C,  Dayton — The  Peckham  Coal  &  lee 
Co.,  Daller  and  Chapel  Sts.,  has  awarded 
the  contract  for  the  construction  of  a  1 
story,  112  x  137  ft.  ice  plant,  to  tlie 
Blanchard    Constr.     Co.       Estimated    cost, 

O.,  Marion — The  Marion  Packing  Co. 
lias  awarded  the  contract  for  the  construc- 
tion of  a  4  story.  42  x  84  ft.  cold  storage 
building  addition  to  E.  Elford,  104  North 
3rd  St..  Columbus.  Estimated  cost.  $120.- 
000. 

Mich.,  Detroit — The  Bd.  Educ.  50  Cwav 
Ave.,  has  awarded  the  contract  for  in- 
stalling a  heating,  ventilating  and  plumb- 
ing system  in  the  proposed  school  on  St. 
Antoine  St.  and  Palmer  Ave.,  to  James  W 
Partlan,  51  Park  PL,  at  $139,000.  Note.i 
March  9. 

Mo.,  St.  Joseph— The  Missouri  Methodist 
Hospital  Association  has  awarded  the  con- 
tract for  installing  a  steam  heating  system 
in  the  proposed  5  story  hospital,  to  the 
Rock  Plumbing  Co..  115  North  3rd  St. 
Total  estimated  cost,  $600,000. 

Tex.,  Waco — The  Bd.  of  Trustees  of  the 
Methodist  Church  South  has  awarded  the 
contract  for  the  construction  of  a  steam 
heating  plant  and  laundry  at  the  Orphan- 
age, to  William  Smith,  at  $45,000.  A  Boiler, 
steam  pipes,  etc.   will  be  installed   in  same. 

Okla.,  Newkirk— The  Newkirk  Ice  & 
Creamery  Co.  has  awarded  the  contract  for 
the  construction  of  a  creamery,  to  Arthur 
Frank.  Tulsa,  at  $125,000.  Two  150  N.  B. 
and  W.  boilers,  one  100  kvv.  a.c.  direct  con- 
nected, 230  volt,  generator,  etc.  will  be 
installed   in   same. 

Ont.,  Toronto — The  Canadian  Natl.  Car- 
bon Co.,  265  Adelaide  St.  AV.,  and  the  Prest- 
O-Lite  Co.  of  Canada,  Ltd..  12<t  Elm  St., 
have  awarded  the  contract  foi-  the  construc- 
tion of  a  2  storv,  80  x  400  ft.  and  a  2  and 
3  story,  80  x  400  ft,  factory  buildings  at 
Hillcress  Park,  to  Wells  &  Gray.  Confed- 
eration Life  Bldg.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $450,000. 
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A  Drop  of  Water 

I  am  a  dl-op  of  water. 

For  countless  ages,  yea,  ever  since  the  world  began,  I  have  been  here  to  glorify  roy 
Creator  and  to  serve  and  do  the'bidding  of  his'servants.  Mankind. 

For  years  and  years  I  have  lain  in  the  form  of  ice  in  the  far  frozen  north,  only  to 
reak  loose  and  rollfinto  thejsea,  to  wander  for  weeks  until  my  form  was  changed  (for  I  have 
many  forms)  back  to  a  liquid,  and  I  became  a  part  of  the  sea. 

Again  and  again  Ijhave  been  drawn  from  the  sea  into  the  clouds  in  the  form  of  a  vapor, 
carried  far  over  the  land  and  precipitated  to  the 'earth  in  the  form  of  rain. 

I  have  worn  creases  into  the  surface  of  the  earth  and  washed  the  hilltops  into  the  valleys; 
I  traveled  the  Nile  when  Cleopatra  was  a  girl,  and  many  times  since;  out  past  Cairo  into 
the  Mediterranean  and  through  Gibralter  to  the  boundless  ocean.  Peaceful  is  the  journey; 
but  not  so  the  times  that  I  have  been  precipitated  farther  south  where  with  a  rush  and  a 
roar  I  have  leaped  for  hundreds  of  feet  over  the  Falls  of  Zambezi.  Yea!  and  at  Niagara 
I  havejbeen  there  and  tempestuous  was  the  passage.  Over  the  brink  to  the  water  below,  on 
to  the  swirling  rapids,  out  into  Ontario  and  the  great  St.  Lawrence.  Of  late  years  they  have 
placed  forebays  and  penstocks  and  turbine  wheels  and  tailstocks  in  my  path  there,  and 
when  I  go  that  way,  I  turn  the  mighty  electric  generators  that  furnish  light  and  power 
for  the  whole  country  side. 

I  have  cooled  the  fever-parched  lips  of  a  little  child  and  quenched  the  thirst  of  a  dying 
soldier;  the  desert  is  turned  into  a  place  of  beauty  by  my  touch,  and  flowers  and  plants  and 
trees  grow  at  my  bidding. 

My  power  is  without  limit,  yet  when  under  control  I  am  as  docile  as  a  kitten.  If  I  am 
confined  in  a  closed  chamber  and  cooled,  I  will  contract  until  I  have  reached  a  temperatiire 
of  thirty -nine  degrees,Sbut  if  I  am  cooled  below  this  point,  I  will  expand  again  and  if  the 
cooling  continues,  woe  be  unto  the  vessel,  for  it  must  certainly  break;  again,  if  I  am  confined 
in  a  vessel  and  heated,  I  will  expand  and  become  a  vapor.  If  the  heating  continues,  woe  be 
to  the  vessel  again,  for  it  must  surely  break.  If  the  heating  continues  until  I  have  reached  a 
temperature  of  two-hundred  and  twenty-five  degrees,  I  will  have  vaporized  and  expanded 
until  it  will  take  one  thousand,  two  hundred  and  ninety-two  times  my  original  volume  to 
make  the  same  weight,  and  I  will  be  pushing  against  every  square  inch  of  my  container 
with  a  force  of  nineteen  pounds. 

I  was  in  the  kettle  and  bobbed  the  lid  in  trying  to  get  out  when  James  Watt  discovered 
the  great  force  that  lay  hidden  in  me,  and  I  was  there  when  he  tried  out  his  first  machine 
for  applying  that  force.  Aye,  and  there  was  demonstrated  that  day  an  idea  that  was  to  be 
one  of  the  greatest  factors  in  the  industrial  development  of  the  world. 

Since  that  day  men  have  used  me  more  and  more,  and  each  year  I  have  been  subjected 
to  higher  temperatures  until  now  when  I  enter  a  modem  pov-'^r  plant,  I  am  forced  through  a 
heater  and  heated  boiling  hot;  thence  through  an  economizei  and  into  a  large  boiler,  where 
I  circulate  inside  of  hot  tubes,  absorbing  more  and  more  heat,  until  I  have  attained  a 
temperature  of  four  hundred  and  four  degrees  and  I  am  pushing  out  against  the  walls  of  my 
prison  with  a  force  of  two  hundred  and  sixty  pounds  per  square  inch;  not  satisfied  with  this, 
I  am  forced  through  a  superheater  on  my  way  out,  where  I  take  on  another  hundred  degrees. 

By  this  time  I  am  in  the  best  condition  to  serve  their  purpose,  and  I  am  allowed  to 
frisk  out  through  a  steam  main  and  find  my  way,  not  to  the  cylinder  of  a  steam  engine  such 
asJWatt  made,  but  to  a  mighty  turbine. 

With  almost  lightning  speed  I  escape  through  a  nozzle  and  strike  a  nxjv  uig  aarved  blade, 
only  to  be  directed  back  against  a  stationary  curved  blade,  where  my  direction  is  again 
changed  and  I  impinge  on  another  moving  blade,  gaining  velocity  each  time  until,  twist- 
ing and  turning,  I  scurry  out  through  the  last  set  of  blading  and  into  the  condenser,  where 
I  am  either  met  with  a  jet  of  cold  water  or  strike  against  a  cold  tube  and  I  find  myself 
condensed  back  to  water  again.  My  mad  rush  is  now  over,  and  I  flow  out  into  the  hot- 
well,  and  if  I  am  lucky  I  escape  through  the  overflow,  back  again  to  the  river  and  once  more 
to  the  free  and  open  sea. 

!i|P  If  I  am  not  lucky  enough  to  escape,  I  am  drawn  back  through  the  intake  and  ha^^e  to 
go  through  the  same  routine  again,  perhaps  for  days  and  ^veeks  before  I  escape,  but  it  makes 
no  difference  what  you  do  to  me,  you  cannot  destroy  me.  You  may  boil  me  to  a  wild  vapor, 
freeze  me  into  ice,  change  me  to  a  mist  or  a  fog,  or  to  hail,  but  always  and  ever  I  return 
again  to  my  natural  state  to  glorify  my  Creator,  and  to  bless  and  do  the  bidding  of  his 
servants,  MANKIND. 

Contributed  bjr  Earl  P.-\s«tt 
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1.      lliiL   U  aTBR  SLOWLT  enters  the  reservoir  over  a  l^tlS/i^L.  \\  t:if,.  JUU  TT.  LONG  AND  THUS 

DOES  NOT  STIR  UP  THE  SILT 


Silt  Disposal  at  Tacoma  Hydro-Electric  Plant 

By  LLEWELLYN  EVANS 

Superintendent,  Electric  Department,  City  of  Tacoma,  Wasiiington 


THE  Tacoma  Municipal  water-power  plant  is  lo- 
cated on  the  Nisqually  River  about  thirty  miles 
from  the  city.  This  stream  has  its  source  in  a 
glacier  on  Mt.  Tacoma  (Mt.  Rainier)  and  falls  about 
three  thousand  feet  in  sixty  miles  and  naturally  carries 
quantities  of  silt  during  floods  and  considerable  during 
the  glacier  melting  period.  The  development  consists  of 
a  50-ft.  concrete  dam  diverting  the  water  across  a  bend 
in  the  river  with  a  10,000-ft.  tunnel  and  thus  gaining 
about  425  ft.  of  head.  The  plant  depends  on  the  stream 
flow  and  has  practically  no  storage  except  such  as  can 
be  had  with  flashboards  on  the  dam  during  low  stages 
of  the  river,  amounting  to  about  60,000  kilowatt-hours. 

This  short  and  simple  development  is  made  possible 
by  the  wonderful  natural  condition  at  this  point  in  the 
river,  the  stream  having  cut  a  canyon  through  a  rock 
dike  for  about  three  miles,  accumulating  425  ft.  of  fall 
in  this  short  distance.  The  direct  route  across  the 
bend  by  tunnel  is  still  shorter.  The  steep  banks  made 
the  penstocks  less  than  eight  hundred  feet  long. 

The  silt  condition  was  recognized  from  the  first  by 
the  original  engineers,  of  whom  Frank  C.  Kelsey  was 
chief,  and  provisions  were  made  for  handling  the  silt 
to' the  extent  that  its  action  could  be  foretold. 

The  intake  was  chosen  at  the  inside  of  a  bend  about 
two  hundred  feet  below  a  turn  and  directly  behind  the 
dam,  as  shown  in  the  pictures.  Screens  with  4i-in. 
opening  made  of  J  x  6-in.  bars  are  placed  across  five 
10-ft.  openings  about  22  ft.  deep.  Immediately  in  front 
of  the  screens  is  a  channel  three  feet  or  more  deeper 
than  the  intake  floor.  This  continues  at  considerable 
grade  to  the  washout  gates  in  the  dam,  the  purpose 
being  to  keep  the  space  in  front  of  the  screens  clear 
0*"  sand  and  debris  witn  a  high-velocity  current  flowing 
out  through  the  lower  gates.  These  gates  also  provide 
a  means  of  washing  out  the  river  bed  and  the  space 
behind  the  dam  at  certain  low  stages  of  the  river.  Be- 
hind the  screens  is  a  forebay,  and  then  comes  the  three 
intake  gates  which  control  the  water  going  to  the  plant. 
Between  these  gates  and  the  entrance  to  the  tunnel  is  a 


settling  channel  about  eight  hundred  feet  long  and 
forty  feet  wide.  This  channel  has  a  floor  on  a  1.8  per 
cent  grade  and  at  the  lower  end  is  about  seven  feet 
deeper  than  the  entrance  to  the  tunnel  so  that  about 
seven  feet  of  silt  can  be  accumulated  before  any  enters 
the  tunnel.  The  canal  is  flushed  by  opening  gates  at 
the  lower  end  and  sending  through  sufficient  water 
from  the  intake,  the  dirty  water  emptying  below  the 
dam. 

The  tunnel  operates  as  an  open  conduit  and  is  not  under 
pressure.  After  leaving  the  tunnel  the  water  crosses 
the  river  on  a  steel  viaduct  in  a  10-ft.  diameter  closed 
pipe  and  proceeds  underground  in  a  short  conduit  and 
comes  out  into  a  regulating  reservoir  just  above  the 
plant,  which  is  in  the  bottom  of  the  canyon.  The  water 
enters  this  reservoir  over  a  level  weir  about  three  hun- 
dred feet  long  and,  if  it  were  not  for  the  entrance 
velocity,  would  be  distributed  over  the  reservoir  with 
very  little  current,  but  because  of  this  entrance  velocity 
the  water  now  piles  up  at  the  lower  end  of  the  entrance 
channel  and  goes  over  the  weir  with  a  gradually  increas- 
ing depth,  creating  a  direct  current  from  the  farther 
end  of  the  weir  to  the  forebay  entrance.  The  reservoir 
is  graded  to  one  corner  and  provided  with  washout 
gates.  There  are  bypass  tunnels  under  the  reservoir  to 
feed  the  plant  direct  while  the  washout  process  is  going 
on.  A  75-hp.  centrifugal  pump  providing  water  at  200 
lb.  pressure  to  the  hose  nozzles  is  used  in  flushing  the 
floor  of  the  reservoir.  Once  a  year  seems  often  enough 
to  clean  out.  The  accumulation  is  often  seven  feet  high 
in  places,  but  averages  three  or  four  feet  at  the  end 
of  the  year-. 

The  headworks  washout  gates  and  settling  channel 
and  reservoir  have  been  effective  in  removing  danger- 
ous silt  conditions  up  to  about  50  per  cent  of  load  on  the 
plant,  about  400  sec.-ft.  during  floods.  Beyond  this 
load  we  have  difliculties.  The  cutting  effect  of  the  silt 
shows  up  first  in  the  reducing  valves  of  the  cooling  water 
system,  which  are  cut  out  rapidly.  The  piping  for 
furnishing    cooling    water    to    the    bearings    becomes 
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clogged,  and  in  fact  we  finally  pulled  out  all  the  small 
piping  and  installed  pipe  of  larger  diameter.  The  tur- 
bine linings  are  soon  badly  cut,  as  shown  in  Fig.  6,  and 
the  backs  of  the  runner  vanes  become  deeply  pitted. 
The  cutting  of  the  clearance  rings  of  the  runners  causes 
the  first  trouble  with  the  turbines,  as  they  are  single- 
discharge  and  the  centering  of  the  runner  depends  on 
the  clearance  on  each  side.    The  heating  of  the  thrust 


bearing,  which  takes  up  side  play  in  the  runner,  indi- 
cates the  wear  first.  This  extra  pressure  on  the  thru.st 
bearing  can  be  compensated  up  to  certain  limits  by  by- 
pass and  drainage  pipes  and  valves  provided  for  this 
purpose.  When  the  limits  of  compensation  have  been 
reached,  the  turbine  must  be  taken  down  and  all  worn 
parts  renewed.  The  pictures  show  what  havoc  can  be 
done  by  the  silt  when  it  gets  started.     Five  years'  ordi- 


FIG.  2  (TOP).  THE  DIVERTING  DAM  ON  THE  NISQUAL,L,Y  RIVER  WHOSE  SOURCE  IS  MOUNT  RAINIER.  THE  IN- 
TAKE IS  JUST  TO  THE  LEFT  OP  THE  TWO  BUILDINGS  ON  THE  RIGHT.  FIG.  3  (MIDDLE).  REGULATING  RESER- 
VOIR OF  TACOMA'S  NISQUALLT  RIVER  STATION.    FIG.  4  (BOTTOM).     PORTAL  OF  '"HE  10  000-FT.  TUNNEL 
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nary 'wear  with  clean  water  or  the  milky  glacier  water 
causes  no  cutting  to  speak  of,  but  one  flood  lasting  three 
or  four  days  while  the  plant  was  operating  with  full 
load,  cut  the  liners,  wickets  and  runners  as  shown  in 
Figs.  5  and  6.  The  sharp,  fine  sand  does  all  the  damage. 
Apparently,  the  milky  water  of  a  glacier  stream  has  no 
wearing  effect.  Our  experiences  in  the  flood  of  1917 
resulted  in  much  study  and  experimenting,  and  as  a 
result  certain  remedies  have  been  applied  with  gratify- 
ing results. 

The  fundamental  trouble  has  been  at  headworks 
where  the  washout  gates,  which  should  keep  the  intake 
screens  open,  have  failed  to  function  because  they  were 
loo  small  to  let  through  roots,  stumps  and  logs  which 
would  not  float.  As  long  as  these  gates  were  open,  the 
intake  could  be  kept  comparatively  clear,  but  the  minute 


of  having  an  abundance  of  water  in  the  stream  and  none 
for  the  plant,  we  considered  several  remedies,  such  as 
to  provide  an  auxiliary  intake  or  to  move  the  present 
intake  to  a  point  upstream  which  was  swept  clear  by 
high-velocity  currents  near  the  shore.  As  this  was  an 
expensive  piece  of  work  and  still  presented  the  possible 
difficulty  of  taking  care  of  the  new  intake  during  flood, 
we  finally  decided  on  three  cha"ges: 

1.  To  construct  a  drift  barrier  to  catch  all  the  drift 
approaching  the  intake. 

2.  To  remove  the  fine  screen  at  the  intake  and  substi- 
tute a  few  heavy  bars  and  to  place  the  fine  screen  at 
the  end  of  the  settling  channel  where  the  rubbish  could 
be  taken  care  of  by  the  settling-channel  washout  gates 
without  the  employment  of  a  crew  to  clean  the  screens. 

3.  To  distribute  the  water  entering  the  reservoir  over 


Fia. 


WICKET  GATES  KftODEP  BV  .SILT.      THESE  GATES    \VHE>;    UADLY  ERODED  ARE  COATED   WITH 
StEEL  "BY  WELDING  AND  THEN  FaCED 


the  gates  became  choked,  there  was  an  eddy  formed  on 
the  intake  side  of  the  stream,  which  furnished  slack 
water  where  sand  could  settle  and  pile  on  top  of  the 
trifeh  on  the  screens  so  as  to  immediately  close  the 
openings.  In  less  than  a  minute  after  the  gates  become 
clogged,  the  intake  is  choked  tight,  and  the  only  way  to 
get  any  water  to  the  plant  is  to  put  a  gang  of  men  to 
work  raking  the  screens.  As  the  roots,  limbs,  logs  and 
leaves  are  scraped  away  from  the  bars,  the  sand  will 
be  freed  and  washed  along  into  the  intake.  It  soon  fills 
up  the  settling  channel,  because  the  best  a  crew  can  do 
will  not  produce  enough  water  to  run  the  plant,  making 
it  difficult  to  get  time  to  wash  out  the  settling  channel. 
So  the  water  that  gets  through  to  the  reservoir  is  heavy 
with  silt. 

This  flood  of  1917  was  so  unusual  that  no  repetitions 
were  expected  for  years  to  come  and  no  extensive  reme- 
dies were  undertaken,  and  therefore  there  was  a  partial 
repetition  of  this  trouble  in  1918  and  early  in  1919. 
As  during  each  flood  we  were  faced  with  the  absurdity 


the  weir  nioi-e  uniformly  by  installing  flashboards  of 
varying  heights. 

The  dangerous  material  in  the  water  during  flood 
seems  to  be  all  sand.  We  have  taken  a  series  of  samples 
at  several  stages  of  flood  and  found  that  the  water 
appears  clear  in  a  test  tube  almost  as  soon  as  it  can  be 
held  up  and  looked  at  after  taking  the  sample.  The 
sediment  drops  to  the  bottom  of  a  6-in.  test  tube,  leav- 
ing a  spot  about  the  size  of  a  thumbprint  in  the  bottom. 
At  the  end  of  the  settling  channel  the  sample  shows 
about  half  as  much  sediment,  and  at  the  entrance  to 
the  penstocks  there  is  just  a  trace  left.  The  sand  par- 
ticles are  much  smaller  in  the  samples  at  the  plant  end 
than  at  the  intake.  Taking  these  samples  aided  us  in 
determining  how  much  load  we  could  safely  carry  during 
flood  without  danger.  We  learned  that  we  could  improve 
the  water  by  operating  the  three  intake  gates  open,  say, 
2  ft.,  instead  of  one  gate  6  ft.  open,  because  of  the 
amount  of  agitation  caused  in  the  settling  channel. 
Furthermore,  it  was  wise  to  avoid  spasmodic  changes 


May  4,  1920 


POWER 


697 


in  the  reservoir  level  because  of  the  silt  on  the  bottom 
which  would  be  brought  into  suspension. 

The  drift  barrier  as  planned  for  permanent  use,  will 
consist  of  steel  cables  one  foot  apart  fixed  between 
cement  piers,  like  a  wire  fence,  which  will  extend  at 
right  angles  to  the  dam  and  be  parallel  with  the  stream 
lines  of  the  natural  river  about  thirty  feet  from  the 
intake.  We  do  not  propose  to  stop  all  the  drift  in  the 
river,  but  just  that  which  tends  to  enter  the  intake.  To 
insure  sufficient  water  if  the  barrier  should  get  clogged 
in  a  flood,  we  are  making  it  about  three  hundred  feet 
long  so  as  to  increase  the  area.  It  will  extend  upstream 
to  a  bend,  where  there  is  always  deep  water  and  high- 
velocity  current  near  the  shore  to  insure  an  open 
entrance  to  the  space  behind  the  barrier  even  if  the 
barrier  becomes  closed  down  entirely  next  to  the  dam, 
directly  in  front  of  the  intake. 

Preliminary  to  building  this  structure,  we  have  driven 
piling  along  the  general  route  of  the  barrier  in  10-ft. 
bents,  and  at  the  dam  end  we  have  filled  in  with  piles 
about  two  feet  apart.  This  temporary  barrier  and 
the  change  in  the  screens  were  put  to  test  last  December, 
when  we  had  a  severe  freezing  period  which  brought 
about  four  inches  of  ice  on  the  back  water  behind  the 
dam  and  broke  up  with  a  flood.  The  screens  and  barrier 
satisfactorily  took  care  of  floating  ice  as  well  as  the 
sinking  roots  and  trees. 

The  flood  gates  stayed  open,  and  the  screens  at  the 
end  of  the  settling  channel  helped  us  get  rid  of  the  ice 
through  the  washout  gates  -at  the  same  time  we  washed 
out  the  silt.  The  ice  in  the  river  had  formed  jams  and 
the  river  cut  under  them,  stirring  up  the  sand  and  mak- 
ing a  dirty  river,  but  the  heaviest  part  of  the  sand  went 
out  through  the  sand  gates  in  the  dam  and  a  wide  area 
of  the  intake  screen  stayed  open  because  the  gates  were 
clear.  The  velocity  into  the  intake  was  reduced  enough 
to  settle  out  the  worst  of  the  sand.  This  flood  did  not 
reach  so  high  a  stage  as  the  three  former  floods,  but 
demonstrated  that  the  work  we  had  done  Avas   in  the 


i-ight  direction  and  made  us  confident  that  we  can  ride 
out  the  worst  kind  of  a  flood. 

These  floods  are  not  gentle  affairs,  but  take  on  great 


FIG.  6.     A.     SILT-CUT  SIDE  FACING  RINGS  OP  THE  WICKET 

GATES  ;    THE   WICKETS   HAVE   BEEN   REMOVED.     B.     THE 

BACKS    OF   THE   BRONZE   RUNNER   VANES    WERE   MOST 

PITTED.     C.     WEAR  OF  THE  SIDE  CLEARANCE 

FACE  OF  THE  RUNNER 


force  and  tear  up  the  landscape  generallj\  We  are  not 
thinking  of  trying  to  control  the  whole  stream,  but  will 
be  thankful  if  we  can  handle  the  water  we  need. 


Steam  Gage  musi  be  graduated  to  t^ 
times  the  pressure  at  which  the 
SafetL/  Vaive  is  set,  297 

Tee  or  Lever  Handle 
Coclcis  the  only  stop 
V  *  /f-j\permifted befiyeen 


If  pressure  exceeds  l?S-lb.  all 
fittings  must  be  extra  heavg,  WSO? 


If  a  relieving  capacily  of 
more  than  20001b.  of  steam 
per  hour  is  required,  two  or 
more  safety  Valves  must  be 


Valves  SandCfequirtdonallBoiler:-: 
D'iSrequiredcnIgrthentiKormore 
poiler'iarefed  from  one  source. 
217 


Escape  Pipe  must  be  at 
least  full  size  of  discharge 
opening  andrnust  be  supported' 

Cnli/A.5.HL  Safety  Valves 
are  permissible 

tlU37 


A  Stop  Wye.  BorF'is  .'equired  on  each  Steam-lhe.  as 
near  Boiler  as  is  practicable;  301  If  trio  or  mor^ 
Pollers  are  connected  too  common  pipe.  Valves  Eart/lr 
a-e ix)th required.  'E'should be"non-return" and DrairTS' 
[is  required  betfteen  the  tno  Valves.  303 


.A  Drain  is  required  in 
the  Escape-pipe,  P7C 


2    (o 

Boikrs  ofo/erSOhp. 
require  tw  mechanical  ^^ 
mfvim  of  feed.  318        ««t 
Boiler  pressure  muft  be  on 
top  of  Valve  Disks,  317 

Z....Manhole  Casket  must  be  not  oktr 
j' thick  and  have,  i'bean'ngs,  263 


Feed  pipe  must  enter  front  head  or  t(^  of 
Shelfanddixharge  doivnrard  betneen  the  TuU, 
\aboufJ  the  length  of  the  Boiler  from  the  fron\ 

■  ■    - Lerygtfi  of  Boiler  xO-6- 


^Stee/orlrass&ehir^.m'FgYl,  e62 
\  K  -  2"  ^tmin.  length 


Tlireadsper  table 
8.  page  74 


A'.vT.  solid  i^iefal 


If  iaivts  A  'are  used  they  must  be 
Outside  Screw  and  Yoke  Gale  ihlvej 
or  Cocks  with  Levers  at'xheJunJ 
muitbelockedcr  sealed  open.  29} 


The  numbers  which  follow  notalions  refer  to 
paragraphs  of  Boiler  Safety  Orders.  1918  edition 


I-1INIMUM  REQUIRtMtHTS  FOR  NtW  INSTALLATIONS 
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CALIFORNIA  ILLUSTRATES  SOME  REQUIREMENTS  OF  ITS   BOILER  LAW 

The  Indu.«!trial  Accident  Commission  of  California,  one  of  the  masi  progressive  bodies  of  its  kind  in  the  country,  has  drawn  the 
pnnt  above,  illustrating  the  minimum  requirements  for  new  installations  of  horizont;il  return-tubular  boilers.  California  has 
adopted  the  A.  S.  M.  E.  Boiler  Code,  and  the  requirements  ?iven  above  conform  with  the  code.  The  numbers  refer  to  tlie  Cali- 
lornia  Code  paragraphs. 
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Vertical -Shaft  Water  wheel-Driven  Alternators 

Mechanical  Features 


By  S.  H.  MORTENSEN 

Electrical  Engineer,   Allis-Chalmers   Manufacturing   Company 


FIG.  1. 


THE  steady  increase 
in  the  cost  of  coal 
has  put  a  new  valu- 
ation upon  the  energy 
from  waterfalls  and  made 
its  utilization  one  of  na- 
tional importance.  This, 
combined  with  the  im- 
provements in  power 
transmission,  and  the  de- 
velopment of  the  efficient 
hydro-electric  units  for 
low  and  medium  heads, 
makes  it  feasible  to  utilize 
waterfalls  formerly  con- 
sidered of  little  commer- 
cial value.  Practically  all 
modern  turbines  for  low 
and  medium  heads  are  of 
the  vertical  type,  with  the 
alternator  directly  con- 
nected. The  success  of  this 
type  of  unit  is  mainly  due 
to  the  relatively  high  ro- 
tating speed  and  high  efficiency  of  the  turbine,  combined 
with  the  rigid  and  reliable  construction  of  the  vertical 
alternator.  A  modern  unit  of  this  type  is  shown  in 
Fig.  1. 

In  the  vertical  alternator  the  electrical  and  magnetic 
features  differ  little  from 

the  well-known  character-        

istics  of  the  engine-type  ' 
machine.  Its  mechanical  : 
construction,  however,  is 
different  and  requires 
special  design  for  the 
stator  yoke,  bearing  hous- 
ings, bearings  and  oiling 
system.  Furthermore,  the 
characteristics  of  the  hy- 
draulic turbine  make  it 
necessary  to  embody  a  cer- 
tain momentum,  WR\  in 
the  alternator  rotor,  which 
also  must  have  sufficient 
mechanical  strength  to 
withstand  the  centrifugal 
stresses  corresponding  to 
the  runaway  speed  of  the 
turbine.  Experience  has 
proven  also  the  necessity 
of  supplying  the  larger 
alternators  with  brakes  to 
bring  the  rotor  to  rest. 
Finally,  the  proper  venti- 
lation and  excitation  of 
the  vertical  alternator 
leads  to  conditions  that 
have     a     direct     bearing 
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FIG.   2. 


upon  its  design.  In  a  ver- 
tical machine  the  stator 
yoke  supports  the  core 
iron  and  stator  coils,  and 
usually  serves  as  a  foun- 
dation for  the  step-bear- 
ing housing  and  thus 
supports  the  total  weight 
of  the  rotating  parts  of 
the  unit.  The  yoke  con- 
sists of  a  stiff  substantial 
casting  made  either  in  one 
piece  or  in  several  sec- 
tions, depending  upon  the 
size  of  the  machine,  and  is 
provided  with  uniformly 
spaced  ribs  into  which  the 
slots  or  dovetails  holding 
the  core  punchings  are 
cut.  The  yoke  casting 
must  have  sufficient  stiff- 
ness to  withstand  unbal- 
anced magnetic  pulls  due 
to  uneven  air  gaps  or 
short-circuited  turns  in  the  field  coils.  Also,  it  must  have 
sufficient  mass  and  strength  to  support  the  upper  bear- 
ing housing  with  its  suspended  load  without  undue  de- 
flection or  vibrations.  Furthermore,  it  should  lend  itself 
readily  to  the  scheme  of  ventilation  of  the  alternator. 

A  section  of  the  yoke  for 
the  machine,  Fig.  1,  with 
the  punchings  and  some 
of  the  stator  coils  in  place, 
is  shown  in  Fig.  2,  and 
Fig.  3  shows  a  completely 
wound  stator  with  the 
supporting  ring  for  the 
stator  coils.  The  support- 
ing ring  is  necessary  in 
large  high-speed  machines 
to  prevent  the  movement 
or  deformation  of  the  coil 
end  in  case  of  short-cir- 
cuits on  the  stator  wind- 
ing. The  yoke  is  mounted 
on  a  base  ring  that  may 
either  be  a  separate  cast- 
ing or  form  an  integral 
part  of  the  hydraulic  tur- 
bine. Adjusting  screws, 
between  the  yoke  casting 
and  the  base  ring,  provide 
means  for  radial  adjust- 
ment. The  base  ring  is 
bolted  and  grouted  into 
the  foundation  and  fre- 
q  u  e  n  1 1  y  serves  as  a 
support  for  the  lower 
generator    guide    bearing 
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housing.  On  the  top  bearing  structure  are  carried  the 
thrust  bearing  and  also  the  top  guide  bearing.  This 
structure  must  have  ample  mechanical  strength  to  sup- 
port the  weight  of  the  revolving  parts,  together  with 
the  water  column  acting  upon  the  turbine.  Also  it  must 
have  sufficient  mass  to  eliminate  vibrations  that  other- 
wise might  result  from  the  operation  of  the  alternator. 
The  top  bearing  structure  may  be  either  of  the  girder 
type  shown  in  Fig.  4,  or  made  with  a  number  of  arms 
like  that  on  the  machine,  Fig,  1.     To  avoid  circulating 
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FIG.  3.     COMPLETELY  WOUND  STATOR  SHOWING  RING 
SUPPORT  OF  COILS 

currents  through  the  bearings  it  is  common  practice  to 
insulate  the  upper-bearing  housing  from  the  yoke.  In 
units  where  the  distance-  between  the  alternator  and 
the  turbine  runner  is  large,  the  generator  has  an  addi- 
tional guide  bearing  whose  housing  may  be  supported 
from  the  foundation  proper  or  from  the  base  ring. 
The  arms  forming  a  part  of  the  lower  bearing  housings 
are  made  of  sufficient  strength  to  support  the  weight  of 
the  rotating  parts  which,  in  case  of  repairs,  can  be  ele- 
vated by  means  of  jacks.  The  arms  also  form  a 
convenient  support  for  the  brakes  with  which  large 
machines  usually  are  equipped. 

The  thrust  bearing  supports  the  rotating  parts  of  the 
turbine  and  the  alternator.  Some  years  ago  the  ac- 
cepted type  was  the  pressure  bearing  mounted  below 
the  waterwheel.  Oil  was  pumped  under  high  pressure 
into  a  chamber  between  a  revolving  and  a  stationary 
disc,  maintaining  an  oil  film  between  the  two  surfaces. 
With  this  arrangement,  the  bearing  was  practically  in- 
accessible, requiring  a  compHcated  high-pressure  oiling 
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FIG.  4.     TOP  BEARING  HOUSING,  GIRDER  TYPE 

system.  If,  for  any  reason,  the  oil  pressure  dropped 
sufficiently  to  permit  the  plates  to  rub  together,  the 
result  invariably  was  disastrous.  This  type  of  bearing 
has  been  replaced  by  the  modern  thrust  bearing,  which 
may  be  of  several  types.  A  roller-type  bearing  is  shown 
in  Fig.  5,  the  plate  type  in  Fig.  6  and  the  Kingsbury 
type  in  Fig.  7.  Either  type  of  bearing  may  be  mounted 
on  the  top  of  the  upper  bearing  housing. 


The  roller  thrust  bearing  shown  in  Fig.  5  was  intro- 
duced several  years  ago  and  was  used  on  several  of  the 
earlier  installations.  As  may  be  seen  from  the  figure,  it 
consists  of  two  steel  plates  hardened  and  ground,  and 
a  cage  for  holding  the  hardened  and  ground  steel  rolls 
that  separate  the  plates.  The  rollers  are  made  in  short, 
straight  sections.    A  bearing  of  this  type  has  low  fric- 


FIG.  0.   ROLLER-TYPE  THRUST  BEARING 

tion,  but  it  requires  exceptionally  faultless  material  and 
also  the  highest  class  of  workmanship.  The  bearing  is 
mounted  on  a  socket  foundation  that  permits  of  a  certain 
amount  of  self -adjustment. 

The  self-contained  plate-tjT)e  thrust  bearing.  Fig.  6, 
has  the  advantage  of  being  simple  in  design  and  rigid  in 
construction.  It  has  only  two  wearing  surfaces,  which 
are  cast-iron  plates,  made  from  a  special  close-grained 
iron,  the  surface  being  carefully  machined  and  scraped. 
Radial*  oil  grooves  are  provided  to  establish  and  main- 
tain an  oil  film  between  the  rotating  and  stationary 
bearing  surfaces  at  all  loads  and  speeds.  The  grooves  in 
the  rotating  plate  cause  a  thorough  oil  circulation  and 


FIG.  6.     PLATE-TYPE  OF  THRUST  BEARING 

spread  continuously  a  fresh  supply  over  the  moving  sur- 
faces and  prevent  pockets  of  hot  oil  from  forming.  This 
bearing  operates  in  a  bath  of  oil  in  which  a  water- 
cooling  coil  is  submerged,  to  carry  off  the  heat  gen- 
erated by  the  bearing  friction.  With  this  arrange- 
ment, it  is  not  necessary  to  circulate  any  oil  through 
the  thrust  bearing.  This  type  of  bearing  has  been  used 
for  a  number  of  small  and  medium-sized  slow-speed 
machines.  It  is  giving  satisfactory  sen'ice,  particularly 
where  the  bearing  pressures  and  rubbing  speeds  are 
moderate.  A  certain  amount  of  adjustment  in  align- 
ment is  obtainable  by  means  of  adjusting  screws  bear- 
ing upon  a  collar. 
The  Kingsbury  bearing.  Figs.  7  and  8,  represents  one 
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of  the  most  recent  developments  in  the  design  of  high- 
pressure  thrust  bearings.  It  consists  of  a  flat  annular 
revolving  plate  called  the  runner,  which  is  supported  on 
a  number  of  babbitt-lined  shoes  mounted  on  pivots,  per- 
mitting them  to  tilt  sufficiently  to  establish  a  wedge- 
shaped  oil  film.  Experiments  have  proven  that  a  wedge- 
shaped  film  is  very  effective  in  automatic  lubrication 
under  high  bearing  pressures  and  speeds.  The  pres- 
sure upon  the  different  shoes  can  be  adjusted  and 
equalized  by  means  of  screws,  bearing  upon  the  support- 
ing pivots.  The  running  surfaces  are  submerged  in  an 
oil  bath  and  must  be  covered  to  a  sufficient  depth  to 
prevent  air  from  getting  in  between  the  rubbing  sur- 
faces of  the  bearing.  Precaution  must  be  taken  to  pre- 
vent the  oil  from  churning  and  mixing  in  air  bubbles, 
as  this  may  cause  the  wiping  of  the  babbitt  on  the 
bearing  shoes.  For  medium  and  low  pressures  the 
runner  disc  is  made  from  cast  iron ;  for  slow-speed  high- 
pressure  bearings,  hardened  steel  or  chilled  iron  is  used. 
The  shoes  are  constructed  from  cast  iron  lined  with 
babbitt  except  for  particularly  high  pressures,  in  which 
case  bronze  shoes  are  employed. 

Bearing  Pressures  Determine  Oil  Used 

Oil  for  a  thrust  bearing  varies  with  the  service. 
Heavy  grades  are  used  for  high  bearing  pressures  at 
low  speed,  and  lighter  oil  gives  good  results  for  low 
and  medium  pressures  on  high-speed  bearings.  The 
coefficient  of  friction  of  a  Kingsbury  thrust  bearing  is 
very  low,  equaling  0.00009  times  the  square  root  of  the 
bearing  speed  in  revolutions  per  minute.  This  coefficient 
is  based  upon  a  bearing  pressure  of  350  lb.  per  square 
inch  and  an  oil  temperature  of  40  deg.  C.  (104  deg.  P.). 
With  a  variation  in  the  bearing  pressure,  the  coefficient 
also  varies,  being  inversely  proportional  to  the  square 


FIG.  7.     KINGSBURY  THRUST  BEARING 

root  of  the  bearing  pressure.  This  results  in  low  bear- 
ing losses.  For  example,  the  losses  in  the  thrust  bearing 
shown  in  Fig.  1,  are  calculated  to  be  26  hp.  when  the 
machine  operates  at  its  normal  speed  of  150  r.p.m.  As 
this  machine  has  a  rating  of  32,500  kva.,  the  thrust-bear- 
ing loss  is  less  than  0.06  of  1  per  cent. 

In  the  operation  of  a  Kingsbury  thrust  bearing  the 
critical  periods  occur  during  the  process  of  starting  and 
stopping,  when  the  surfaces  of  the  runner  and  the  shoes 
come  into  direct  contact.  This  is  due  to  the  fact  that 
in  starting,  the  oil  film  is  not  established  until  a  part 
of  a  revolution  has  been  completed,  and  when  stopping, 
the  speed  becomes  too  low  to  maintain  the  oil  film.  Only 
at  these  periods  does  perceptible  wear  occur  on  the  bear- 
ing, and  this  also  explains  the  noise  that  can  be  heard 
when  a  machine  of  this  type  is  either  started  or 
stopped. 


In  the  construction  of  a  vertical  waterwheel  unit  the 
number  of  guide  bearings  varies,  but  in  all  cases  the 
generator  has  either  one  or  two.  In  the  installation, 
where  the  distance  between  the  generator  and  the  tur- 
bine runner  is  short,  one  guide  bearing  is  supplied  with 
the  generator  and  one  with  the  turbine.  Where  the  dis- 
tance is  of  considerable  length,  it  is  common  practice  to 
supply  the  generator  with  a  lower  guide  bearing.  It  is 
general  practice  to  make  the  guide  bearings  in  sections 
to  facilitate  erection,  inspection  and  repairs.   The  upper 


FIG.    8.      KINGSBURY    THRUST    BEARING    ASSEMBLED 

guide  bearing  fits  solidly  into  a  conical  bearing  seat  in 
the  top  bearing  housing  and  no  provisions  are  made  for 
any  adjustment.  The  lower  generator  guide  bearing  is  of 
the  same  general  design  as  the  upper  bearing,  but  it  is 
adjustable  by  means  of  setscrews.  These  bearings  are 
made  of  sufficient  size  to  resist  pressures  that  may  result 
from  unbalanced  magnetic  pull  of  from  other  causes. 
The  lower  turbine  guide  bearing  is  mounted  directly 
over  the  turbine  runner.  It  is  made  from  cast  iron, 
lined  either  with  babbitt  or  with  lignum-vitae.  If  a  cast- 
iron  babbitt-lined  bearing  is  used,  it  is  similar  in  con- 
struction to  the  generator  guide  bearings  and  requires 
a  special  oiling  system.  For  that  reason,  the  lignum- 
vitse  bearing  is  frequently  preferred  as  it  requires  only 
water  lubrication. 

Modern  lignum-vitse  guide-bearing  design  is  based 
upon  low  bearing  pressures  per  square  inch  of  rubbing 
surface.  The  rubbing  surface  is  made  up  from  a  num- 
ber of  lignum-vitae  strips  equally  distributed  and  dove- 
tailed into  the  bearing  box.  The  strips  are  mounted 
parallel  to  the  axis  of  the  machine  and  have  the  end 
grain  of  the  wood  normal  to  the  bearing  surface.  The 
water  for  lubricating  it  passes  through  the  bearing  in 
grooves  between  the  strips.  It  is  essential  that  the 
water  used  for  this  purpose  does  not  carry  any  foreign 
matter  in  suspension  as  this  invariably  leads  to  undue 
wear.  Turbines  operating  in  clear  water  have  the  lubri- 
cating water  piped  directly  from  the  gear  casing  through 
a  strainer  to  the  bearing.  If  clear  water  is  not  avail- 
able, a  filter  should  be  installed.  No  further  piping  is 
required,  as  the  water  escapes  from  the  bearing  to  the 
draft  tube  through  openings  located  in  the  hub  of  the 
runner. 

Simplicity  of  lubrication  is  the  main  advantage  of 
the  lignum-vitae  guide  bearing  over  the  babbitt-lined 
type,  as  the  latter  requires  a  complete  oiling  system, 
together  with  a  sealing  ring  to  prevent  its  oil  from 
escaping  or  getting  mixed  with  water. 
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'HE  purpose  of  this 
article  is  to  acquaint 
those  not  familiar 
with  the  Coast  with  some 
of  its  chief  power  problems 
and  economic  aspects.  The 
Pacific  Coast  is  a  land 
where  water  is  building  an 
empire.  To  understand  the 
country,  its  resources,  its 
economics,  its  potentiali- 
ties one  must  first  under- 
stand its  topography  and 
climate,  for  these  are  fund- 
amental in  human  pursuits 
there. 

This  is  not  the  place  for 
lengthy  discussion  of  the 
interesting  and  remarkable 
features  of  topography  and 
climate  of  the  Coast,  but  a 
word  about  them  is  worth 
while  here  for  those  not 
familiar  with  them.  The  great  body  of  the  Pacific 
Ocean  is  warm,  and  as  the  prevailing  winds  are  out  of 
the  west,  the  whole  Coast  country  of  the  United 
States,  from  Puget  Sound  south  to  Mexico,  is  remark- 
ably free  from  freezing  temperature  and  snow.  In 
the  Northwest  rain  falls  steadily,  though  not  heavily, 
during  many  weeks  of  the  winter.  For  nine  months 
of  the  year  most  of  California  is  practically  free  from 
rain.  In  most  of  California  and  all  of  the  Northwest 
the  mean  temperature  in  summer  is  low.  Most  per- 
sons are  familiar  with  the  mountain  ranges  of  the  Coast. 
In  this  respect  the  Pacific  Coast  differs  greatly  from 
the  Atlantic,  in  that  it  has  no  coastal  plain. 

The  warmth  of  the  climate  during  winter,  the  abun- 
dant water  power  and  lack  of  cheap  fuels  in  adequate 
quantity  make  the  Pacific  Coast  country  almost  ideal 
for  the  generation  and  transmission  of  power  by  large 
systems.  Winter  heating  loads  in  business  centers  of 
towns  and  cities  are  excellently  taken  care  of  by  dis- 
trict steam-heating  plants,  usually  operated  by  the 
public-utility  companies  furnishing  electrical  energy, 
though  sometimes  by  other  independent  companies. 

The  basic  sources  of  electric  energy  on  the  Coast  are 
the  high  mountains,  the  Cascades  in  the  Northwest  and 


the  Sierra  Nevadas  down  the  Coast.  In  winter  these 
mountains  become  heavy  with  snow  and  glaciers  which 
slowly  melt  during  summer,  and  the  run-off,  together 
with  rains,  by  aid  of  storage  systems,  supplies  the 
streams  which  furnish  hydro-electric  power.  Owing 
to  the  higii  heads  available  for  hydro-electric  plants,  a 
little  water  goes  a  long  way  out  there,  measured  in 
terms  of  kilowatts.  To  the  man  accustomed  to  great, 
wide  streams  and  low-head  plants,  the  little  streams  of 
the  West,  winding  their  way  among  steep-sided  canyons, 
the  power  houses  shooting  small  swift  streams  from 
their  turbines,  like  water  from  a  hose,  present  an  inter- 
esting sight  and  more  than  interesting  engineering  prob- 
lems. In  California,  particularly,  most  of  these  power 
houses  are  many  miles  remote  from  business  centers  and 
current  transmission  distances  to  points  of  consumption 
are  great.  But  despite  distances,  the  visiting  engineer 
will  miss  a  treat  indeed  if  he  doesn't  get  out  to  one  or 
two  developments.  Views  of  Snoqualmie  Falls  and  other 
plants  of  the  Puget  Sound  Traction,  Light  and  Power 
Co.  are  shown  in  Figs.  8,  9,  10,  11  and  12. 

The  Coast,  particularly  California,  this  season  faces 
one  of  the  most,  if  not  the  most,  serious  power  and 
water  shortages  in  its  history.  The  Fates  have  been 
unkind  in  this  land  where  water  is  life  itself.  The  High 
Sierras  have  not  their  usual  heavy  coat  of  snow,  which 
shines  so  prettily  in  the  sky  as  one  passes  down  the 
wide  valley  of  the  San  Joaquin. 

The  major  problem  confronting  engineers  at  this  time 
is,  of  course,  power  shortage.  But  that  is  a  manifold 
problem,  and  perhaps  the  most  vexing  c^f  its  components 
is  the  fuel  problem..  Fuel  oil  is  the  backbone  of  Pacific- 
coast  steam  stations.  It  is  of  California  origin  and,  up 
until  comparatively  recently,  has  been  available  at  a  low 
price — much  under  a  dollar  a  barrel.  Now  its  price  is 
so  high  that  one  frequently  hears  "prohibitive"  used 
when  it  is  spoken  of.  Every  effort  is  being  made  to 
find  other  fuels,  and  this  is  as  true  of  Los  Angeles  on 
the  south  as  of  Seattle  on  the  north.  In  the  Northwest 
hog-fuel,  the  refuse  from  sawmills,  is  being  widely  used 
and  markets  for  it  are  being  developed.  Particulars  are 
given  elsewhere  in  this  iss:ie  in  an  article  devoted  ex- 
clusively to  the  subject. 

Farther  south,  in  California,  the  San  Joaquin  Light 
and  Power  Co.,  with  headquarters  at  Fresno,  is  develop- 
ing considerable  capacity  in  steam  stations  located  in 
the  oil  fields  where  natural  gas  is  available.     At  that 


702. 


POWER 


Vol.  51,  No.  18 


FIG   1      UPPER  VIEW     BIG  CREEK  POWER  HOUSE  NO.  1.  SOUTHERN  CALIFORNIA  EDISON  COMPANY.     FIG.   2. 
LOV/ER  VIEW,     BIG  CREEK  SEEN  FROM  THE  ROCK  ATOP  KERCKHOFF  DOME 
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PIG.  3.     TOP  LEFT.     KERCKHOFF  DAM  JUST  COMPLETED,  100  FT.  HIGH,  400  FT.  LONG,  SAN  JO  VOUIN  LIGHT  4TMr> 
POWER  CO.     FIG.  4.     TOP  RIGHT.     TUNNEL  OPENING  AND  CREW.  KERCKHOFF  DEVELOPMENT      FIG     ', 
BOTTOINI.     STEAM  SHOVEL,  AIR-DRIVEN,  MUCKING  OUT   ROCK  IN  THE  TUNNEL-  PROGRESS    1''  FT 
A   DAY.      DUMP   CARS   ELECTRICALLY   OPERATED 
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FIG.  6.    UPPER.     SIPHON,  KERN  RIVER  NO.  3,  SOUTHERN  CALIFORNIA  EDISON  CO.,  TYPICAL  OF  COAST  HYDRO- 
ELECTRIC DEVELOPMENTS.     FIG.  7.     MIDDLE.     INTERIOR  KERN  RIVER  NO.  1.     FIG.  8.     LOWER.     SNOQUALMIE 
RIVER  JUST  ABOVE  THE  PALLS.  PUGET  SOUND  TRACTION,  LIGHT  AND  POWER  CO.,  SEATTLE 
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FIG.  9.     BRA.UTIFUL  SNOQUALMIB  FALLS.  SEATTLE 
The  intake  descends  270  ft  to  the  power  house  located  in  a  cavern.    The  first  hydro-electric  development  tn  the  Par  Northwest. 
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FIG.  10.    UPPKK.    iNO.  1^  UxNlT.  SNOQUALMIE  FALLS.  PUGET  SOUND  TRACTION,  LIGHT  AND  POWER  CO.^EATTLE. 

IG    11.    LOWER  LEFT.    HEAVY  CONDUIT  TO  THE  PLANT  ON  THE  RIGHT.     FIG.  12.    LOWER  RIGHT. 

ANOTHER  PLANT  OF  THE  PUGET  SOUND  TRACTION.  LIGHT   AND  POWER   CO. 
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company's  Bakersfield  plant,  recently  enlarged  by  15,000 
kw.  with  another  unit  of  similar  size  to  come,  gas  is 
burned.  But  it  is  pumped  a  considerable  distance  before 
reaching  the  plant.  There  is  now  discussion  of  locating 
another  large  steam  station  in  the  very  heart  of  the  gas 
field  where  the  point  at  which  it  is  collected  will  be 
adjacent  to  the  station.  The  oil  industry  itself  will 
likely  take  considerable  of  the  output  of  such  a  station. 

Steam-station  development  in  this  gas  area  would 
seem  a  logical  and  profitable  one  in  view  of  the  urgent 
pleas  to  interconnect  the  transmission  systems  of  Cali- 
fornia. Time  seems  to  be  showing  that  a  greater  pro- 
portion of  steam-electric  generating  capacity  is  required. 
While  the  Railroad  Commission  of  California  reports 
that  75  per  cent  of  the  2,892,000,000  kw.-hr.  generated 
during  the  year  1918-19  by  the  public  utilities  of  the 
state  was  generated  from  water  power,  this  percentage 
is  not  true  of  some  of  the  larger  companies.  This  is  the 
fourth  consecutive  year  that  one  large  company  at  least 
has  furnished  approximately  60  per  cent  of  its  output 
by  steam  stations  and  40  per  cent  by  hydro-electric 
stations. 

The  Coast  has  never  attempted  the  wide  use  of  West- 
ern coal.  With  fuel  oil  so  high  in  price,  serious  atten- 
tion is  now  being  given  to  this.  The  Puget  Sound  Trac- 
tion, Light  and  Power  Co,  is  now  getting  satisfactory 
results  with  a  lignite  culm  which  it  is  using  in  pulver- 
ized form  in  its  Western  Avenue  steam-heating  station, 
Seattle,  Wash,  The  performance  has  been  highly  satis- 
factory. The  steadily  rising  price  of  oil  causes  a  trend 
which  gives  coal  an  increa"Singly  better  chance  in  the 
power  fuel  market.  So  long  as  steam  stations  on  the 
Coast  continue  to  be  used  for  purely  emergency  service. 
Western  coal  is  not  likely  to  find  a  large  market  in 
these  power  stations.  But  there  are  possibilities  that 
with  further  expansion  of  the  electrical  industry  it  may 
be  found  at  least  expedient  to  design  and  build  more 
large  steam  plants  intended  for  more  or  less  continuous 
service  at  high  efficiency.  Perhaps  the  most  modern 
steam  plant  on  the  Coast  is  Station  A  of  the  Pacific  Gas 
and  Electric  Co.,  San  Francisco. 

Interconnection  which  will  tie  in  all  the  transmission 
systems  of  the  Coast  is  one  of  the  big  dreams.  And  it 
may  eventually  turn  out  to  be  one  worth  while  exploit- 
ing, California  is  fairly  well  tied  together  now,  though 
not  as  completely  as  it  may  soon  be.  The  central  and 
northern  parts  of  the  state  long  ago  standardized  on 
60-cycle  current,  but  a  part  of  the  southern  end  is  given 
over  in  large  measure  to  50-cyclc  current.  This  condi- 
tion is  being  corrected.  One  of  the  features  in  this 
work  is  interesting.  The  new  Kern  River  Station  No. 
3  of  the  Southern  California  Edison  Co,  has  capacity 
of  22,000  kw.  in  two  reaction  hydraulic  turbines  work- 
ing under  800  ft.  head.  Much  of  the  company's  system 
is  of  50-cycle  frequency,  while  the  systems  with  which 
it  is  desirable  at  times  to  tie  in  are  of  60-cycle.  The 
engineers  of  this  company,  and  the  builders  of  the  tur- 
bines, the  Pelton  Water  Wheel  Co.,  of  San  Francisco, 
have  arranged  to  furnish  both  50-and  60-cycle  current 
with  these  machines.  Each  machine  has  two  runners, 
but  of  course  only  one  at  a  time  is  u.sed.  One  will  give 
a  speed  of  500  r.p.m,  and  50  cycles  at  this  speed,  the 
other  600  r.p.m.  and  60  cycles.  The  design  is  such  that 
either  runner  may  be  taken  out,  loaded  on  a  truck, 
pulled  to  one  side  and  the  other  runner,  which  rests 
on  a  truck  in  a  bay,  rolled  under  the  turbine  and  slipped 
on  the  shaft.    The  builders  are  confident  that  when  the 


men  become  accustomed  to  making  the  change-over  they 
will  easily  do  it  in  eighteen  hours.  This  is  one  of  the 
things  the  Southern  California  Edison  Co.  is  doing  to 
adapt  itself  to  the  60-cycle  standard,  and  surely  it  is  a 
clever  idea,  A  part  of  a  siphon  used  on  Kern  River 
No.  3  is  shown  in  Fig.  6.  Views  of  Big  Creek  No.  1 
are  shown  in  Figs.  1  and  2, 

In  the  hydro-electric  developments  of  the  Coast,  partic- 
ularly California,  considerable  tunneling  is  necessary  in 
conduit  construction.  And  these  tunnels  are  invariably 
through  granite,  of  which  the  Sierra  Nevadas  are 
formed.  In  Kern  River  No.  3  development,  just  re- 
ferred to,  there  are  60,000  ft.  of  tunnels,  the  longest 
being  7,132  ft.  Recently  the  San  Joaquin  Light  and 
Power  Co.  kindly  took  the  writer  from  Fresno  to  its 
great  Kerckhoff  development  up  in  the  mountains  along 
the  San  .Joaquin  River  (see  Fig.  3).  This  is  the  largest 
hydro-electric  job  under  construction  in  Califoraia 
at  present,  and  the  method  of  driving  the  tunnels  is  one 
of  the  interesting  features  of  the  construction  work. 
Figs.  4  and  5,  page  703,  show  two  views  of  one  of 
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DIYERSrTY  OF  YIELD  OF  SOME  CASCADE  fJANCE  STREAMS  IN  WASHINeTON 


FIG.  13. 


FLOW  CURVES  COMP/.  RING  SOME  WESTERN  AND 
EASTERN  RFVERS 


the  tunnels.  This  tunnel  is  17  ft.  diameter.  The  men 
are  up  ahead  of  the  steam  shovel  preparing  the  rock 
for  blasting.  When  the  rock  is  shot  out,  the  shovel, 
which  is  drivei.  by  compressed  air  to  avoid  smoke,  is 
used  to  "muck  out"  the  broken  rock  and  load  it  into 
cars,  which  are  hauled  by  an  electric  engine.  How  well 
this  method  is  applied  here  may  be  judged  from  the 
fact  that  the  average  daily  drive  into  the  mountain  is 
twelve  feet.  Unlike  the  tunnels  of  the  Kern  River 
No.  3  development,  this  one  will  not  be  finished  with 
concrete,  the  rock  surface  being  left  free  ot  covering 
of  any  kind.  See  Fig.  7  for  interior  of  Kern  River  No.  1. 
Poivcr  recently  made  editorial  mention  of  the  need 
of  funds  for  gathering  further  data  on  the  flow  of  rivei*s 
on  the  Pacific  Coast.  The  purpose  of  here  reiterating 
it  is  to  give  it  emphasis.  Accurate  knowledge  of  stream 
flow  is  essentially  vital  to  stable  hydro-electric  develop- 
ment. No  one  but  the  district  engineers  of  the  Geo- 
logical Survey  in  the  Northwest  particularly  knows 
what  it  has  meant  to  the  routine  of  these  district  offices 
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to  get  essential  stream  flow  data  during  the  trying  years 
of  the  war  when  these  offices  were  shorthanded.  Such 
data  were  gathered  regardless  of  what  else  had  to  be 
dropped,  and  for  this  the  district  engineers  deserve 
credit.  But  surveys  of  broader  and  deeper  character 
are  desirable,  and  these  cannot  be  made  without  a  ma- 
terial increase  in  funds.  Few  Easterners  appreciate 
the  volume  and  uniformity  of  flow  of  many  rivers  of 
the  Northwest.  Unfortunately,  we  have  but  few  flow 
curves,  but  some  are  shown  in  Fig.  13. 

In  this  all  too  general  and  brief  perspective  that  the 
writer  has  here  given,  the  famous  Hetch  Hetchy  proj- 
ect of  the  City  and  County  of  San  Francisco  deserves 
conspicuous  place,  for  it  is  one  of  the  foremost  engi- 
neering problems  of  the  Pacific  Coast.  Hetch  Hetc)iy's 
power  plants  are  in  a  measure  incidental  to  the  main 
purpose,  which  is  water  supply.  For  the  greater  part 
of  the  work  high  praise  is  due  M.  M,  O'Shaughnessy, 
chief  engineer  of  the  City  and  County  of  San  Francisco. 
The  Hetch  Hetchy  site  consists  of  420,000  acres  at  the 
head  of  the  Tuolumne  River  about  160  miles  from  the 
city.  Ultimately,  it  will  furnish  400  million  gallons 
daily  and  develop  about  250,000  hp.  by  reason  of  the 
waters'  fall  toward  the  city.  A  power  plant  of  4,400  hp. 
was  built  to  furnish  current  for  construction.  Up  to 
July,  1919,  $7,516,000  had  been  spent  on  the  project. 
The  sale  of  surplus  power  from  the  construction  power 
house  alone  netted  the  city  $80,000  in  twelve  months. 
So  far  the  city  has  done  most  of  the  work  itself  by  day 
labor. 

The  first  large  power  unit  in  the  line  of  the  aqueduct 
will  be  the  Moccasin  Creek  power  house,  which  will 
have  capacity  for  immediate  delivery  of  66,000  hp.  The 
city  engineer  points  out  that  the  present  yearly  con- 
sumption of  electricity  by  the  city  is  360,000,000  kw.-hr. 
and  that  when  the  aforementioned  power  house  goes  into 
service  the  current  available  to  the  city  will  be  about 
double  that  consumed  now.  In  reaching  the  city  the 
waters  from  the  project  will  drop  8,000  and  10,000  ft. 


A  Super-Power  Plant  for  Paris 

A  rather  striking  boiler  plant  was  described  by 
Harold  Goodwin,  Jr.,  of  the  Power  and  Mining  Engi- 
neering Division  of  the  General  Electric  Co.,  in  an  ad- 
dress before  the  American  Institute  of  Electrical  Engi- 
neers, Washington  Section,  on  April  13.  Mr.  Goodwin 
discussed  the  procedure  of  his  company  in  designing 
the  layout  and  equipment  for  a  super-power  plant,  which 
it  is  proposed  to  build  for  the  City  of  Paris.  This  plant 
is  designed  to  consist  of  seven  steam-turbine  generators 
of  35,000-kw.  capacity  each,  the  plan  being  to  have  this 
new  plant  supersede  all  existing  plants  in  the  City  of 
Paris. 

The  boiler  plant  is  arranged  with  four  boilers  of  a 
novel  type  to  supply  each  turbine.  These  boilers  are  to 
have  two  banks  of  tubes,  a  set  of  superheater  coils  being 
installed  between  the  upper  and  the  lower  banks.  This 
arrangement  was  deemed  necessary  because  it  is  in- 
tended to  operate  the  plant  with  steam  at  325  lb.  and 
320  deg.  F.  superheat  ft  the  turbine.  The  boilers  will, 
therefore,  operate  at  approximately  750  deg.  F.  and 
350  lb.  pressure.  With  such  steam  conditions,  it  is  be- 
lieved impracticable  to  use  pumps  or  other  auxiliary 
equipment  direct  on  boiler-pressure  steam,  therefore 
all  the  auxiliaries  and  the  station  light  and  pow€r  are 
to  be  supplied  through  small  auxiliary  turbines,  one  of 


which  is  installed  for  each  pair  of  the  main  units.  Un- 
usual precautions  are  taken  to  insure  continuity  of  op- 
eration to  the  auxiliary  equipment,  especially  that  of 
the  boiler  room,  including  stokers,  feed  pumps,  etc. 

Because  of  the  large  capacity  of  each  of  the  turbines 
a  double  steam  main  from  each  group  of  boilers  is 
provided. 

Coal  can  be  received  either  by  boat  on  the  Seine  River 
or  by  railroad  car.  When  coming  by  boat  it  is  unloaded 
by  cranes  and  delivered  either  into  stockpiles  or  to  the 
track  hoppers,  from  which  it  is  conveyed  to  the  crushing 
stations.  When  delivered  by  railroad  cars,  it  is  dumped 
directly  from  the  car  into  the  track  hoppers.  From  the 
crushing  station  the  coal  can  be  carried  either  to  the 
bunkers,  of  which  there  are  three,  or  to  stockpiles.  Stor- 
age space  is  also  provided  for  uncrushed  coal,  so  that 
the  maximum  of  flexibility  in  handling  is  attained.  Re- 
covery from  stock,  either  crushed  or  lump,  is  accom- 
plished by  grab  buckets  on  locomotive  cranes  or  the 
traveling  crane,  which  swings  about  from  each  bunker. 
The  crushed  coal  is  conveyed  from  the  bunkers  to  the 
boiler  room  by  larries  traveling  on  overhead  tracks  that 
intercommunicate  throughout  the  system.  The  larries 
dump  the  coal  in  the  small  hoppers  that  feed  the  stokers. 

It  is  estimated  that  the  plant,  as  designed,  would  have 
cost  approximately  $45  per  kilowatt  of  capacity  on  the 
basis  of  pre-war  conditions.  The  exact  present  cost  has 
not  been  calculated,  but  it  is  believed  that  it  will  lie  be- 
tween two  and  three  times  the  pre-war  figure,  prob- 
ably nearer  three  times.  As  a  result  of  the  unfavorable 
conditions  of  international  exchange,  much  of  the  boiler 
and  plant  equipment  will  be  built  abroad,  although  con- 
siderable of  the  electrical  equipment  will  be  constructed 
in  this  country.  Since  no  final  estimate  as  to  the  power 
required  for  all  of  the  auxiliaries  has  yet  been  com- 
pleted, the  over-all  efficiency  of  the  plant  has  not  been 
estimated,  but  it  is  believed  that  not  more  than  ten 
pounds  of  water  will  be  required  per  kilowatt-hour. 
With  the  normal  power  for  auxiliaries  this  would  re- 
quire approximately  11  lb.  of  coal  per  kilowatt-hour, 
judged  under  American  conditions  of  fuel  supply. 


A  power  plant  whose  four  units  were  designed  to 
develop  a  total  of  144,000  hp.  would  make  a  fair-sized 
central  station.  The  main  driving  units  of  the  British 
battle  cruiser  "Hood"  were  built  to  produce  this  amount 
and  on  the  trial  trip  actually  developed  a  total  of 
157,000  hp.  The  high-pressure  turbines  make  1,500 
r.p.m.  and  the  low-pressure  turbines  1,100  r.p.m.  at  full 
power.  The  propellers  are  driven  at  210  r.p.m.  through 
single  reducing  gears.  Steam  is  supplied  by  twenty- 
four  Yarrow  type  small  tube  boilers  having  a  total  heat- 
ing surface  of  practically  175,000  sq.ft.  and  a  working 
pressure  of  235  lb.  per  sq.in.  The  pressure  at  the 
turbine  governor  is  210  lb.  per  sq.in.  and  a  vacuum  of 
28  in.  is  maintained  in  the  condensers. 


Utilization  of  tidal  ebb  and  flow  is  gaining  a  foothold 
in  Great  Britain.  The  principle  underlying  the  inven- 
tions for  harnessing  the  tides  is  the  working  of  a  tur- 
bine by  the  inflow  and  outflow  of  the  tides.  One  plan 
advanced  calls  for  the  building  of  a  wall  extending  out 
into  the  sea  or  river  in  which  turbines  are  placed.  It 
is  claimed  that  ten-foot  turbines  would  be  most  econ- 
omical, where  suitable,  each  of  which  would  develop 
over  300  hp.  with  a  five-foot  head.  Thus  a  mile  of  sea 
wall  would  be  capable  of  generating  approximately 
120,000  hp. 
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Hog  Fuel  in  the  Pacific  Northwest 

Its  Rise  from  the  Dumps  to  a  Revenue  Bearing  Commodity 


Hog  Fuel  is  the  refuse  from  lumber  made  in  the 
process  of  manufacture  into  hoards  and  pieces 
of  larger  dimensions.  It  consists  of  broken  slabs 
and  pieces  broken  from  timber,  saivdust  and 
other  forms. 


THE  man  who  makes  two  blades  of  grass  grow 
where  but  one  grew  before  is  always  received  with 
acclaim,  and  rightly.  But  somehow  one's  enthu- 
siasm runs  higher  for  the  fellow  who  does  things  on  a 
par  with  getting  honest-to-goodness  kilowatts  from  gar- 


city.  And  more — he  furnished  the  purchaser,  or  could 
furnish  him,  with  accurate  information  about  heating 
value  and  moisture,  and  translate  without  hesitation  the 
comparative  cost  with  fuel  oil  on  an  evaporation  basis. 

Watts  came  to  Tacoma  from  the  desert  country  of 
New  Mexico  and  Arizona.  So  he  was  greatly  disturbed 
about  the  universal  custom  of  conveying  perfectly  good 
fuel  to  burning  dump  piles  and  incinerators  just  to  get 
it  out  of  the  way.  Desert  folks  have  to  be  frugal.  The 
small  mills  usually  convey  the  hog  fuel  to  a  point  some 
little  distance  away,  elevate  it  and  let  it  fall  upon  a 
burning  pile.  Such  practice  succeeds  in  many  locations 
in  burning  down  the  mills  every  few  years,  but  no  one 


FIG.   1.      PLANT  OF  THE   ST.   PAUL.  &  TACOMA   LUMBLK   Uu. 
To  the  right  of  the  power  plant  and  under  the  conveyoi-  liousing  liog  fuel  is  being  loaded  into  cars  for  distribution  in  the  city. 


bage.  Such  frugality  is  indeed  uncommon  in  a  new 
country.  And  so  the  story  of  exploiting  the  nuisance, 
hog  fuel,  in  the  Pacific  Northwest  is  doubly  interesting 
and  valuable  to  those  who  now  find  it  a  burdensome 
waste. 

When  in  Portland,  Ore.,  recently,  the  writer,  in  scan- 
ning the  newspaper  over  the  coffee  and  rolls,  noticed  that 
a  local  lumber  company  was  in  the  market  for  a  burner 
to  consume  hog  fuel,  the  accumulation  of  which  was 
such  a  nuisance  about  the  sawmill.  It  was  going  to  cost 
many  thousands  of  dollars  for  the  consumer.  And  I 
had  just  come  from  Tacoma,  Washington,  not  so  many 
miles  away,  where  R.  L.  Watts,  mechanical  superintend- 
ent for  the  S't.  Paul  &  Tacoma  Lumber  Co.,  was  doing 
this  refuse  up  io  neat  packages  of  freight-car  and  motor 
sizes  and  selling  them  to  eager  buyers  in  the  picturesque 


seems  to  take  this  seriously.  Fig.  3  bhows  a  pile  of 
hog  fuel  held  in  reserve  at  the  plant  of  the  St.  Paul  & 
Tacoma  Lumber  Co.,  Tacoma. 

To  understand  the  market  for  hog  fuel  one  must 
realize  the  outstanding  differences  between  Eastern  and 
Western  power  situations.  In  the  Pacific  Northwest 
water  power  abounds,  coal  of  inferior  grade  only  is 
available,  the  climate  is  mild  in  winter,  and  the  electric 
rates  are,  on  the  whole,  low.  So  there  are  few  independ- 
ent power  plants.  District  steam  heating  is  common 
to  the  whole  Pacific  Coast.  California  fuel  oil  is  widely 
used — in  fact,  is  the  chief  fuel  for  power  p'ants  and 
steam  boilers.  A  few  years  ago  it  cost  much  under  a 
dollar,  even  in  the  Northwest.  But  now — well,  it  is 
impossible  to  guess  v.'hat  it  will  be  there  when  this 
article  appears,  but  it  was  uncomfortably  crowding  the 
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FIG. 


TIMBER  ARRIVING  AT  THE  MILL  FROM  THE  CAMP 


All  mechanical  equipment  at  the  camp  and  the  mills  is  selected,  operated  and  maintained  under 
the  supervision  of  the  mechanical  engineer. 


two-dollar  mark  early  in  the  year.  In  the  face  of  these 
conditions,  therefore,  hog  fuel,  which  averages  5,500 
B.t.u.  per  lb.  wet  and  8,700  B.t.u.  per  lb.  dry,  offered 
possibilities  to  the  St.  Paul  &  Tacoma  Lumber  Co., 
whose  great  mills  are  near  the  center  of  the  city.  Fig.  2 
shows  a  load  of  timber  arriving  at  the  mills. 

Mr.  Watts  conducted  tests  the  results  of  which  are 
given  in  the  accompanying  table  and  which,  it  will  be 
observed,  show  the  fuel  to  be  a  good  one.  Curves  of 
some  test  results  are  shown  in  Fig.  4.  The  district 
steam-heating  station  which  supplies  the  business 
section  of  Tacoma  with  heat  is  one  of  the  large  con- 
sumers of  hog  fuel.  Oil  was  used  until  recently,  and 
the  burners,  tanks,  etc.,  are  still  in  place  ready  for  use 
if  necessary.  The  market  value  of  the  fuel  is  so  great 
and  the  electric  rates  so  low  that  the  S-t.  Paul  &  Tacoma 


Lumber  Co.  buys  considerable  current  from  the  city 
and  sells  more  and  more  hog  fuel.  The  company  will, 
of  course,  maintain  its  power  plants,  but  will  install 
another  large  steam  turbo-generator  and  extend  electri- 
fication of  its  many  mills. 

In  and  around  Portland,  Ore.,  hog  fuel  is  becoming 
popular.  Engineers  there  have  learned  to  burn  it  with 
worth-while    results. 

The  usual  practice  in  using  hog  fuel  is  to  convey  it 
over  the  furnaces  and  drop  it  into  open  chutes  which 
direct  its  fall  into  the  tops  of  the  dutch  ovens. 

At  present  hog  fuel  here  is  selling  at  $1.50  per  unit 
(200  cu.ft.)  loaded  into  the  cars  at  the  mills.  The  cars 
contain  an  average  of  20  units.  At  the  plant  of  the 
Tacoma  District  Heating  Co.,  which  purchases  the 
largest  volume  of  hog  fuel,  the  cost  of  unloading  the 


I'lU.    3.      PILE  OF   hOG    FUEL  IN   RESERVE   L\  THE   BACKGROUND 
Note  the  long  tiiubei-  in  tlio  mill  pond. 
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-tTEST  NO.^-=A 

I 


6.45         9.45  10.45  I 

Time 

Kind  oi  Fuel 
Number  of  Boilers 
Capacity  developed 
Average  B  t.u  perCu.Ft 


.45         12.45         1.45  2.45         3.45  4.458.00     9.00 

8.45  A.M. -4.46  PM.  6.00  A.M. 

Hog  Fuel  and  Shovings  *^og  Fuel 

Two  Tv/o 

84  Percent  77.2  Per  Cent 

64,352  9b,497 


10.00        II. OQ 
-  12.00  M 
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64,352 


FIG.  4.     PERFORMANCE  RESULTS  WITH  HOG  FUEL  IN  PLANT  OF  THE  ST.  PAUL  &  TACOMA  LUMBER  CO.,  TACOMA,  WASH. 


fuel  from  the  cars  to  the  boiler-house  bunkers  is  20c. 
per  unit,  or  about  $4  per  car.  Mr.  Watts  finds  that  the 
boiler-plant  labor  charge  is  practically  the  same  as  for 
plants  burning  coal  with  stokers  and  having  overhead 
bunkers,  with  the  exception  that  little  or  no  charge  is 
made  for  ash  removal,  with  hog  fuel.  Numerous  tests 
conducted  by  the  St.  Paul  &  Tacoma  Lumber  Co.  show 
that  an  average  of  10,000  lb.  of  water  may  be  evaporated 

TEST  OF  STERLING  BOILERS  USING  WOOD  FUEL 


when  all  fuel 


Location St.  Paul  &  Tacoma  Lumber  Co.,  Tacoma,  V.asli. 


Furnace,  Dutch  oven:  length,  ft. 

Orate  surface,  3q.  ft 

Water  heating  surface,  sq.  ft.  ... 
Date,  Feb.  20  and  21,  1917. 


6.5 
55  25 
2,617 


6.5 
62  82 
2,878 


Test  number. 
Duration,  hr. 
Kind  of  fuel . 


Steam  pressure,  lb.  gage  . 
Tomp   feedwater,  deg.  F. 
Temp,  escaping  gases,  deg.  F. 
Forced  draft  between  damper 

and  furnace,  in  water 

.\veragc   weigh.t   of   fuel   per 

eu.ft.  as  fired,  lb 

Moisture,  per  cent 

Heating   value    per   lb.    wet, 

B.t.u 

Heating    value   per   lb.    drj-, 

B.t.u 

<  'u.ft.  fuel  burned,  per  hr. .    . 
Cu.ft.  per  sq.ft.  grate  per  hr 
Total  evaporation  from  anil  at 

2i2deg.  F.,lb 

ICvaporation  from  and  at  212 

deg.   F.,  per  cu.ft.   fuel    as 

fired,  lb 

Evaporation    per    unit    (200 

cu.ft.)  of  fuel,  lb 

Boiler  horsepower  developed 


8  0 
Shavings 
and  hog 
131 
153 
413 

0  2 

15  32 
38  5 

i     5,506 

8,953 

375 

3.176 


Average  of 
2                  3     1,  2  &  3  4 

4  0             2.5            14.5  2   5 

Hog       rhavings    f-  havii  gs 


only 

131 
•     145 

427 

0  2 

18.37 
41    5 

5,253 

8,«79 

264 

2.236 


only 
128 
143 
430 

0  2 

14.64 
34  0 

5,593 

8.474 

343 

2.905 


130 
147 
423 

0  2 

16    11 
38  0 

5,431 

8,802 

339 

2.871 


and  hog 
100 
142 
531 


1_   75 
38  5 

5,50(i 

8,953 

287 

2,431 


127,469        58,737        34,602      221,108        31,311 


8,500 
462 


11.400 
425 


40  4 


8,080 
401 


45  7 


9,000 
430 


8,720 
363 


(presumably  from  and  at  212  deg.  F.)  per  unit  of 
hogged  fir.  The  average  evaporation  from  a  barrel  of 
oil  as  delivered  in  Tacoma  is  4,368  lb.,  and  from  a  ton 
of  local  coal  about  12,000  lb. 

Following  are  some  figures  of  comparative  costs  with 
oil,  coal  and  bog  fuel  as  related  to  the  Tacoma  Shops 
power  plant  of  the  Chicago,  Milwaukee  «&  St.  Paul  R.K. ; 


the  report  was  made  in  October,   11)18, 
prices  were  lower  than  at  present: 

Oil: 

Averag-e  daily  steam  load,  lb 416,000 

Barrels  oil  used  per  24  hours 95 

Pounds  steam  per  barrel  (evap.  13-1)    (bbl.  336  lb.)...  4,368 

Cost  of  oil  per  barrel $0.75 

Cost  of  oil  pei-  day 71.43 

Cost  of  steam   per  thousand   pounds 0.1717 

Coal  : 

Average  daily  steam  load,  lb 416,000 

Tons  coal  used  per  24  hours 343 

Pounds  s^eam  per  ton    (evap.  6-1  ;  ton,  2.000  lb.) 12,000 

Cost  of  coal  per  ton $2.75 

Cost  of  coal  per  day 95.56 

Cost  of  steam  per  thousand  pounds 0.229 

Hog  Fuel: 

Average  daily  steam  load,  lb 416.000 


Units  hog-  fuel  used  per  24  hours. 

Pounds  steam  per  unit   (unit  200  cu.ft.  ;  evap.   50-1  i 

Cost  of  hog  fuel  per  unit 

Cost  of  hog  fuel  per  day 

Cost  of  steam  per  thousand  pounds 

The  foregoing  figures  cover  cost  of  fuel  or.ly  ;ip'1 
standard   plant    practice. 


41.6 

10.000 

$0.7.-. 

31.20 

0.075 

brt.<ed  on 


Some  weeks  ago  a  trial  of  hog  fuel  was  made 
on  an  8-retort  underfeed  stoker  in  one  of  the  stations 
of  the  Portland  Railway,  Light  and  Power  Co.,  Port- 
land, Ore.  The  fuel  was  placed  by  hand  through  three 
large  doors  cut  in  the  front  of  the  boiler  setting,  directly 
over  the  stoker  retorts.  The  chief  difficulty  was  that  the 
fuel  could  not  be  handled  by  the  stoker  fast  enough  to 
keep  the  rear  grates  covered.  The  fuel  was  placed  on 
the  forv>ard  grates  in  a  thick  bed  which  gradually  thin- 
ned out  as  the  rear  grates  were  reached;  rapid  combus- 
tion therefore  took  place  at  this  latter  end  of  the  stoker. 
The  engineers  in  charge  of  the  plant  are  of  the  opinion 
that  if  the  thick  bed  of  fuel  could  be  maintained  at  the 
rear  of  the  stoker  instead  of  at  the  front,  this  method 
would  be  highly  satisfactory. 

The  method  of  firing  aiYectod  the  rate  of  stoara  flow: 
the  How-meter  chart  showed  plainly  when  each  bo.xful  of 
fuel  was  charged  and  when  the  doors  were  closed  after 
charging.      While   charging,   the    percentage   of   rating 
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would  drop  to  about  120  per  cent  normal,  and  rise  to 
225  per  cent  normal  when  closed,  reaching  260  per  cent 
for  about  five  minues  after  charging  and  closing  the 
doors.  The  charging  periods  occurred  about  every  fif- 
teen minutes. 

The  combustion  over  the  active  part  of  the  grate 
surface  was  good,  the  flame  being  a  brilliant  white, 
short  and  quick.  There  was  no  secondary  combustion  in 
the  boiler  passes.  However,  combustion  occurred  too 
close  to  the  tubes. 


The  following  is  a  brief  tabulation  of  the  principal 
results  obtained  during  the  test: 

Duration   of  test — 6  hours    (9:30   a.m.  to  3:30  p.m.) 

Average  steam  piessure,  lb 187 

Average  steam  temperature,  deg.  F 572 

Superheat,  deg.  F 96 

Factor  of  evaporation    1.248 

Pounds  of  water  per  pound   of  fuel 2.58 

Pounds  of  water  per  pound  of  fuel,  from  and  at  212  deg.  F.  . . .     3.21 

Rating  obtained    (average  per  cent,  normal) 175 

Average  weight  of  fuel  per  cu.ft.,  lb 15.8 

Water  evaporated  from  and  at  212  deg.  F.  per  unit  of  fuel,  lb. .  10.143 
Flue  gas  analysis    (average)  :  Per  Cent 

C0» 11.16 

O"   8.57 

CO     0.28 


Surcharging  Diesel  Engines 

A  Practice  of  Especial  Value  When  Operating  at  High  Altitudes 


By  CL.  RUEGG 


SINCE  the  introduction  of  the  two-cycle  Diesel 
engine,  necessitating  the  use  of  a  scavenging  cylin- 
der it  has  been  an  open  question  as  to  what  capacity 
this  pump  should  have  in  order  to  supply  sufficient  air 
to  each  engine  cylinder  for  complete  combustion.  Dis- 
cussion as  to  the  proper  size  of  such  scavenging  cylin- 
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CHART  SHOWING  DECREASE  IN  POWER 
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ders,  or  pumps,  has  led  to  considerable  experimentation 
and  has  resulted  in  more  or  less  standardized  sizes  that 
are  not  only  sufficient  for  thorough  scavenging,  but  also 
make  available  a  surplus  of  air.  While  this  surplus  of 
air  cannot  be  taken  advantage  of  under  ordinaiy  condi- 
tions to  burn  a  greater  amount  of  fuel,  it  is  particularly 
useful  at  high  elevations. 


The  quantity  of  fuel  that  can  be  burned  in  a  Diesel- 
engine  cylinder  is  limited  by  the  amount  of  heat  that 
can  be  carried  off  by  the  jackets.     Any  increase  in  the 


hCombustion 
Z'  Expansion  /  =  Expansion 

5-  Exhaust,  Scavenging  and  2=  Exhaust  Ports  open 

Surcharging  3-  Scavenging:  Valves  open 

4' Compression  4-  Exhaust    reriod 

S=5cavenginq  Period 
6'  Exhaust  Ports  dose 
1"  Surcharging  Periocf 
6  'Scavenging  Valves  close 
9  -  Compression 

FIG.  2.     T.TPICAL  TWO-CYCLE  DIESEL-ENGINE  INDICATOR 

CARD.     FIG.   3.     ENLARGED  TOE  OF  THE  INDICATOR 

CARD    SHOWN   IN   FIG.    2 

amount  of  fuel  above  this  maximum  will  result  in  more 
power,  but  also  in  an  accumulation  of  heat,  which  will 
cause  injurious  cylinder  temperatures. 

The  quantity  of  fuel  that  can  be  economically  burned 
in  a  Diesel-engine  cylinder  is  limited  by  the  weight  of 
air  in  the  cylinder.  If  this  weight  of  air  is  decreased, 
the  amount  of  fuel  injected  must  be  decreased,  with  a 
resulting  loss  of  power.  Any  attempt  to  force  up  the 
power  output  by  injecting  more  fuel  results  in  inefficient 
operation  with  its  accompanying  increase  in  the  amount 
of  heat  to  be  carried  off  by  the  cooling  system. 

It  is  well  known  that  both  the  density  and  tempera- 
ture of  the  atmosphere  decrease  with  the  altitude.  It 
may,  however,  be  assumed  that  the  initial  working  tem- 
perature of  the  cycle  is  not  affected  by  the  altitude  and 
that  in  actual  practice  the  charge  entering  the  cylinders 
is  maintained  at  a  constant  temperature.  Decrease  in 
power  with  increase  in  altitude  is  shown  in  Fig.  1. 
The  volumetric  efficiency  of  an  engine  cylinder  remains 
almost  constant  at  various  altitudes,  and  the  volume 
drawn  into  the  cylinder  either  at  sea  level  or  at  any 
other  altitude  is  approximately  the  same.  The  weight 
of  the  air  taken  in,  therefore,  varies  in  direct  propor- 
tion to  the  atmospheric  density.  It  will  be  noticed  that 
there  is  a  considerable  decrease  in  pressure  and  there- 
fore in  density  of  the  atmosphere  with  the  altitude,  and 
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a  similar  decrease  in  the  output  of  the  engine  must  be 
anticipated  if  no  means  are  provided  for  surcharging 
the  cylinder  with  air.  In  other  words,  the  power  de- 
veloped per  cylinder  is  directly  dependent  on,  the  weight 
of  the  charge  of  air  in  the  engine  and  not  on  its  vol- 
ume, and  this  weight  decreases  at  higher  altitudes. 

In  a  four-cycle  Diesel  engine  the  pistons  have  two 
functions  to  perform — that  of  a  power  piston  and  that 


the  cylinder  as  the  burned  gases  escape  through  the  ex- 
haust parts.  It  is  this  last  part  of  the  cycle  in  which  we 
are  particularly  interested.  Referring  to  Fig.  3,  point  2 
indicates  the  instant  when  the  piston  uncovers  the 
exhaust  ports.  The  large  area  thus  opened  causes  the 
rapid  drop  of  the  pressure.  Point  3  on  the  exhaust  line 
indicates  when  the  scavenging  valves  open.  The  air 
immediately  rushes  into  the  cylinder,  because  a  lower 


FIG.    4.      TWO-CYCLE   DIE- 
SEL   ENGINE     DURING 
EXHAUST 


FIG.   5.      TWO-CYCLE   DIE- 
SEL  ENGINE   DURING 
SCAVENGING 


FIG.    6.      TW^O-CYCLE   DIE- 
SEL ENGINE   DURING 
SURCHARGING 


FIG.   7.     TWO-CYCLE   DIE- 
SEL ENGINE   DURING 
COMPRESSION 


of  a  scavenging  piston.  The  amount  of  air  taken  in 
during  the  suction  stroke  is  less  than  100  per  cent  of 
the  piston  displacement,  owing  to  the  fact  that  a  loss 
through  the  inlet  valve  is  occasioned  by  very  high  air 
velocities.  In  some  instances  this  loss  amounts  to  from 
5  to  10  per  cent.  There  is  no  way  to  increase  the  amount 
of  air  delivered  to  a  cylinder  of  a  four-cycle  engine, 
except  by  the  use  of  a  separate  blower  or  surcharging 
pump.  Surcharg- 
ing has  made  it 
possible  to  obtain 
mean  pressures  as 
high  as  260  lb. 
per  sq.in.  in  spe- 
cial engines.  The 
operation  of  a 
two-cycle  Diesel 
engine  is  so  well 
known  that  its  de- 
tails need  not  be 
discussed  here.  A 
typical  indicator 
card  from  such  an 
engine  is  shown  in 
Fig.  2.  Line  4  in- 
dicates the  com- 
pression; line  1, 
burning  at  con- 
stant pressure ; 
line  2,  expansion 
of  the  burned 
gases  to  a  point 
where  the  piston 
uncovers  the  ex- 
haust ports;  and 
line  3,  the  drop  of 
pressure      within 


FIG.   S.     TWO-CYCLE  DIESEL  ENGINE  FOR  DIRECT  CONNECTION 
TO  AIR  COMPRESSOR 

Surcharging  has  been  successful  with  this  engine,  although  its  speed  varies 
fi-om  180  to  70  r.p.m. 


pressure  exists  within  the  cylinder  than  behind  the 
scavenging  valves.  It  is  usually  found  that  the  momen- 
tum of  the  exhaust  gases  carries  the  pressure  slightly 
below  atmospheric,  as  shovioi  in  Fig.  3,  during  which 
time,  however,  the  scavenging  air  is  continually  blovsring 
into  the  cylinder.  At  the  instant  the  piston  covers  the 
exhaust  ports,  as  indicated  by  point  6,  all  air  that  is 
entrapped  between  the  piston  and  the  head  suffers  an 

increase  in  pres- 
sure, inasmuch  as 
the  scavenging 
valves  are  still 
open  and  continue 
to  admit  air  into 
the  cylinder. 
When  the  point  8 
i  s  reached,  the 
scavenging  valves 
close  and  com- 
pression begins. 
It  is  therefore  evi- 
dent  that  a 
greater  weight  of 
air  is  now  within 
the  cylinder  than 
would  be  present 
without  surcharg- 
ing. The  same 
cycle  is  illustrated 
in  Figs.  4,  5,  6 
and  7,  the  arrows 
indicating  a  rush 
of  burned  gases 
out  through  the 
exhaust  ports. 
Fig.  5  also  illus- 
trates the  impor- 
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FIG.  9.     DIESEL  ENGINE  DIRECT-CONNECTED  TO  AIR  COMPRESSOR  AND  FOUR  SUCH  ENGINES 

DIRECT-CONNECTED  TO  GENERATORS 
This  plant  operates  at  6,000  ft,  above  sea  level,  and  its  present  capacity  is  maintained  by  surcharging. 


tance  of  placing  the  scavenging  valves  in  the  head, 
thereby  allowing  the  fresh  air  to  push  ahead  of  it  the 
exhaust  gases. 

Fig.  6  shows  the  piston  at  the  moment  the  exhaust 
ports  are  closed.  The  cylinder  is  now  filled  with  fresh 
air,  but  the  scavenging  valves  are  still  open  and  the 
cylinder  is  being  surcharged.  As  indicated  in  Fig.  7, 
the  scavenging  valves  are  closed  and  compression  begins. 

The  scavenging  pumps  are  designed  to  deliver  air  at 
a  gage  pressure  of  3  to  5  lb.  per  sq.in,,  depending  on 
the  size  and  type  of  the  scavenging  valves.  There  is 
no  atmospheric  inlet  valve,  and  the  scavenging  air  is 
admitted  into  the  cylinder  either  through  valves  in  the 
cylinder  head  or  through  ports  near  the  bottom  of  the 
cylinder.  In  either  case  the  piston,  when  closing  the 
exhaust  ports  during  the  compression  stroke,  starts  to 
compress  the  pure  air  at  a  pressure  above  atmospheric. 

Scavenging  ports  are  usually  located  opposite  the 
exhaust  ports,  while  valves  are  generally  in  the  cylinder 
head.  The  latter  arrangement  has  several  advantages: 
First,  an  even  distribution  of  scavenging  air  entering 
the  cylinder  is  assured,  and,  further,  the  opening  of 
the  valve  can  be  timed  to  suit  the  conditions.  Probably 
the  most  important  advantage,  however,  is  that  the 
cylinder  dimensions  are  not  limited  to  any  fixed  ratio 
between  stroke  and  bore,  as  is  the  case  with  port 
scavenging. 

It  is  quite  important  to  be  able  to  vary  the  amount 
of  air  as  well  as  the  amount  of  fuel  taken  into  the 
cylinder,  and  with  two-cycle  engines  this  is  accomp- 
lished by  properly  dimensioning  the  scavenging  pump. 
Usually,  this  pump  furnishes  10  to  40  per  cent  more 
air  than  is  represented  by  the  piston  displacement  of 
the  power  cylinders. 


It  has  been  claimed  that  the  benefits  derived  from 
surcharging  would  not  be  realized  in  cases  where  the 
speed  of  the  engine  was  not  constant.  The  engine  which 
is  shown  on  the  testing  floor  in  Fig,  8  has  been  direct- 
connected  to  an  air  compressor  operating  between  180 
and  70  r.p.m,,  in  which  the  scavenging  pressure  varies 
with  the  speed,  dropping  from  about  4  lb,  at  180  r,p,m. 
to  about  11  lb.  at  70  r.p.m.  The  fuel  consumption  per 
indicated  horsepower  during  this  range  of  speed  remains 
constant.  This  is  due  to  the  fact  that  being  direct- 
connected  to  a  compressor,  the  torque  on  the  machine 
remains  the  same  at  all  speeds,  and  it  was  found  that 
the  fuel  consumption  per  stroke  was  practically  inde- 
pendent of  the  speed. 

Fig.  9  shows  in  the  foreground,  a  compressor  of  4,000 
cu.ft.  of  free  air  per  minute  capacity  installed  in  a 
Diesel  plant,  together  with  four  Diesel  units  direct- 
connected  to  alternating-current  generators  running  in 
parallel.  The  plant  is  in  operation  at  an  elevation  of 
about  6,000  ft,,  and  the  effect  of  surcharging  made  it 
possible  to  rate  these  engines  higher  than  is  indicated 
by  the  curve  of  Fig.  1. 


The  total  amount  of  capital  invested  in  central 
stations  in  the  Dominion  of  Canada,  inclusive  of  trans- 
mission and  distribution  systems,  is  $369,464,961,  an 
average  of  $210  per  installed  primary  horsepower.  The 
total  construction  cost  of  seventy  representative  hydro- 
electric stations,  exclusive  of  transmission  and  distri- 
bution systems  with  an  aggregate  turbine  installation  of 
745,797  hp.  is  $50,740,468  (pre-war  figures).  The  cost 
of  the  construction  of  dams,  flumes,  penstocks  and  all 
hydraulic  works  is  included  in  the  figures  given,  as  well 
as  power  stations  and  equipment. 
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Storage  Batteries  for  Emergency  Service 

Emergency  Batteries  Classed  as  Stand-by,  Exciter  and  Oil-Switch  Batteries,  159  Stand-by  Bat- 
teries in  Service  Having  a  One-Hour  Discharge  Rate  of  633,000  Amperes.     End-Cell 
Switches  Built  to  Handle  50,000  Amperes.    Control  of  Exciter  and  Oil-Switch 
Batteries.     Storage  Batteries  Recommended  for  Emergency  Lighting. 

By  C.  J.  WELCKE 

Engineer,  Electric  Storage  Battery  Company 


WITH  the  ever-increasing  develop- 
ment in  the  generation  of  electric 
pov^er  by  both  steam  and  hy- 
draulic stations,  it  is  becoming  more  and 
more  important  that  continuity  of  service 
be  maintained  and  that  power  interrup- 
tions be  reduced  to  a  minimum.  In  elim- 
inating interruptions  of  service  the  lead- 
acid  type  of  storage  battery  has  been  and 
still  is  an  important  factor. 

The  storage  battery  is  particularly 
suited  for  emergency  service  on  account 
of  its  extreme  reliability.  It  is  simple 
in  construction,  there  are  no  moving 
parts  to  get  out  of  order,  and  it  is  capa- 
ble of  instantly  giving  out  energy  at 
extremely  high  rates,  w^ith  a,  very  small 
drop  in  voltage.  In  fact,  in  actual  prac- 
tice the  rate  at  which  energy  can  be  taken  from  a  lead- 
acid  storage  battery  is  limited  only  by  the  size  of  cur- 
rent-carrying parts.  Combined  with  its  abilty  to  de- 
liver tremendous  amounts  of  power  for  short  periods  is 
the  further  advantage  that  it  is  an  efficient  piece  of 
apparatus  and  requires  comparatively  little  care  or  at- 
tention. One  of  the  most  important  characteristics  of 
the  storage  battery,  which  renders  it  adapted  to  emer- 


C.  J.   WELCKE 


gency  stand-by  service,  is  its  constant 
readiness  to  respond  to  demands  for 
power  without  the  continuous  losses  and 
cost  of  attendance  required  by  moving 
machinery. 

Storage  batteries  for  emergency  service 
in  connection  with  electric-power  supply 
are  principally  used  in  three  ways:  large 
stand-by  batteries  in  use  on  direct-cur- 
rent systems  of  distribution  in  the  larger 
cities;  exciter  batteries  used  in  alternat- 
ing current  generating  stations — both 
steam  and  hydraulic;  and  oil-switch  bat- 
teries in  generating  stations  and  substa- 
tions. It  is  the  general  practice  to  make 
use  of  emergency  batteries  that  have  been 
installed  in  power  plants  to  furnish  emer- 
gency lighting  for  the  plant  itself.  Where 
such  a  battery  is  not  available,  a  small  battery  can  be 
installed  especially  for  this  service  at  moderate  cost. 
Stand-by  batteries  are  generally  of  large  size  and  are 
connected  at  all  times  to  the  direct-current  distribution 
system.  In  this  way  they  act  as  reservoirs  of  energy, 
always  ready  for  instant  use  in  cases  of  emergency  or 
breakdown.  An  interesting  emergency  condition  often 
develops  in  cities  in  the  case  of  a  sudden  thunderstorm. 


FIG.  1.     LARGE  STAND-BY  BATTERY:  CONNECTION  TO  END-CELL  SWITCH  IS  SHOWN  IN  THE  BACKGROl-XD 
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when  the  power  demand  may  increase  so  rapidly  that 
additional  generating  apparatus  cannot  be  brought  into 
service  quickly  enough  to  meet  the  requirements.  As 
batteries  of  this  type  are  called  on  for  comparatively 
infrequent  discharges,  a  type  of  plate  construction  is 
used  which  will  give  a  maximum  capacity  at  high  dis- 
charge rates  with  a  minimum  weight  and  floor  space. 


FIG.  2.     FRONT  VIEW  OF  END-CELL  SWITCH 

In  Fig.  1  is  shown  a  stand-by  battery,  the  plates  of 
which  are  installed  in  large  lead-lined  wooden  tanks. 

In  order  to  vary  the  voltage  of  these  batteries  so 
that  they  may  float  on  busses  of  different  voltages  and 
also  that  the  total  number  of  cells  may  be  quickly  put 
in  circuit  in  an  emergency,  a  certain  number  of  the 
cells,  known  as  "end  cells,"  are  connected  to  a  suitable 
switch  so  that  they  can  be  cut  in  and  out  of  circuit  as 
desired.  These  end-cell  switches,  one  of  which  is  shown 
in  Fig.  2,  are  worked  automatically  by  a  push-button 
on  the  power-house  or  substation  control  board.  Since 
the  circuit  must  not  be  opened  when  cutting  the  end 
cells  in  or  out,  it  is  necessary  to  momentarily  partially 
short-circuit  them  as  the  brush  travels  over  the  con- 
tacts, and  this  short-circuit  current,  in  the  case  of 
the  large  cells,  would  exceed  150,000  amperes  if  means 
were  not  provided  to  limit  it  to  a  safe  value.  There- 
fore the  design  and  construction  of  these  large  switches 
is  an  engineering  problem  of  no  small  magnitude. 

End-cell  switch  as  must  have  sufficient  capacity  to 
carry  any  current  the  battery  can  furnish,  even  under 
short-circuit  conditions.  The  largest  size  is  designed 
to  handle  a  discharge  of  40,000  to  50,000  amperes  for 
a  few  minutes,  to  which  must  be  added  the  heavy  local 
currents  across  the  contacts,  when  the  traveling  brush 
is  moving  from  point  to  point.  There  are  today  installed 
or  under  contract  in  this  country  and  Canada  a  total  of 
159  of  these  stand-by  batteries,  the  aggregate  capacity 
of  which  approximates  633,000  amperes  for  one  hour 
at  250  volts,  the  largest  having  a  capacity  of  12,600 
amperes  at  250  volts  for  one  hour.  Several  others  are 
of  only  slightiy  smaller  capacity. 

Exciter  batteries  are  used  for  insuring  continuity  of 
field-excitation  current  for  alternating-current  genera- 
tors in  both  steam  and  hydraulic  plants.  The  batteries 
in  this  service  may  be  of  large  size,  where  the  demands 
are  great,  or  may  be  of  smaller  size  in  glass  jars.  Fig. 
3,  where  the  excitation  currents  are  not  so  large.     As 


in  the  case  of  stand-by  batteries,  exciter  batteries  are 
sometimes  floated  continually  on  the  bus,  or  they  can 
be  arranged  as  shown  in  the  diagram,  Fig.  4.  With 
this  arrangement  the  battery  is  divided  into  two  groups 
and  these  two  groups  are  connected  in  parallel  and 
receive  a  small  charge,  known  as  a  "trickle  charge,' 
from  the  exciter  bus  through  the  trickle-charge  resist- 
ance or  lamps.  The  purpose  of  this  trickle-charge  is| 
to  keep  the  battery  always  in  a  fully  charged  condition' 
and  compensate  for  any  local  internal  losses  in  the 
battery. 

For  the  regular  charging  of  the  battery  a  pair  of  I 
fixed  resistances  are  provided  and  the  two  groupsi 
charged  in  parallel  from  the  exciter  bus  through  these! 
resistances.  This  regular  charging  of  the  batteries  isl 
necessary  only  at  intervals  of  one  to  two  weeks  and  only] 
for  a  period  of  about  one  hour  at  such  times. 

If  for  any  reason  the  voltage  of  the  exciter  bus  fails  1 
or   drops   below   a   predetermined   value,   the   contact- 
making  voltmeter  operates  and  causes   the  automatic] 
switch  to  close.    This  action  places  the  two  groups  of  I 
the  battery  in  series  across  the  exciter  bus,  and  the! 
battery  automatically  picks  up  the  exciter  load  without 
any  interruption  to  the  service.     As  a  signal  that  the 
switch   has   been   closed   and    the   battery   thrown    on  I 
emergency  discharge,  an  electric  horn,  alarm  bell  orj 
signal  lamp  can  be  made  to  operate  by  the  automatic] 
switch,  thus  attracting  the  attention  of  the  attendants. 

With  the  arrangement  shown  the  battery  is  dis«j 
charged  only  in  an  emergency  and  normally  does  noj 
work  at  all,  so  that  a  battery  connected  and  operated] 
in  this  way  will  have  a  very  long  life.  It  can  readily 
be  seen  that  this  arrangement  has  certain  advantages 
over  floating  the  battery  directly  on  the  exciter  bus,! 
particularly  where  the  alternator's  voltage  is  controlledj 


FIG.   3.     SMALL-SIZED  EXCITER  BATTERY 

by  a  "Tirrell  Regulator,"  and  therefore  the  exciter-bus 
voltage  varies  considerably. 

In  oil-switch  service  the  storage  battery  furnishes  the 
momentary  high  currents  used  to  open  and  close  auto- 
matic oil  switches  and  remote-control  regulating 
apparatus  either  in  power  stations  or  substations.  For 
furnishing  the  average  supply  of  energy  for  operating 
these  various  devices  it  is  standard  practice  to  install 
a  motor-generator  set  consisting  of  an  induction  motor, 
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driven  by  power  from  the  alternating-current  circuit, 
directly  connected  to  a  direct-current  generator.  The 
storage  battery  normally  floats  across  the  terminals  of 
the  direct-current  generator,  which  is  kept  running  con- 
tinuously, except  for  such  periods  when  it  may  be 
necessary  to  shut  down  for  inspection  or  repairs.  The 
generator  carries  the  steady  load  of  the  signal  lamps 
plus  a  small  charge  to  the  battery  to  provide  for  the 
average  demand  of  the  oil  switches.  For  this  purpose 
the  direct-current  generator  should  be  shunt  wound, 
so  that  when  the  heavy  demand  occurs,  due  to  the  open- 
ing or  closing  of  the  switches,  its  drooping  voltage 
characteristic  will  allow  the  battery  to  take  nearly  all 
the  excess  load. 

It  is  evident  that  if  a  battery  were  not  provided,  the 
motor  generator  would  have  to  be  of  sufficient  capacity 
for  the  maximum  demand  and  would  therefore  be  many 
times  larger  than  when  a  battery  is  used.  Also,  with  a 
motor  generator  only,  there  is  no  reserve  feature  what- 
ever. If  a  direct-current  circuit  of  sufficient  voltage  is 
available,  such  as  on  a  trolley  or  third-rail  system,  the 
battery  may  be  floated  and  charged  from  this  circuit 
through  suitable  resistance,  and  in  this  case  no  separate 
motor  generator  would  be  required. 

The  normal  voltage  of  oil-switch  control  circuits  is 
approximately  125  volts  and  generally  sixty  cells  of 
battery  are  used.  A  diagram  of  the  standard  method 
of  connecting  an  oil-switch  battery,  using  a  motor- 
generator  set,  is  shown  in  Fig.  5. 

In  order  to  permit  charging  the  battery  to  maximum 
voltage  by  raising  the  potential  of  the  generator  with- 
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PIG.   4.     WIRING  DIAGRAM   FOR  EXCITER  BATTERY 


out  subjecting  the  signal  lamps  and  remote-control 
apparatus  to  this  high  voltage,  a  tap  is  taken  from  the 
battery  to  the  switchboard  by  means  of  which  a  group 
of  ten  cells  may  be  cut  out.  At  the  beginning  of  charge 
the  entire  sixty  cells  are  connected  to  the  generator 
whose  voltage  is  raised  sufficiently  to  deliver  the  charg- 
ing current,  while  fifty  cells  are  connected  across  the 


control  circuit.  The  current  required  for  the  signal 
lamps  under  these  conditions  passes  through  the  end- 
cell  group  in  addition  to  the  charging  current  of  the 
main  battery  and  the  charging  of  the  end  cells  is,  there- 
fore, completed  before  that  of  the  main  battery.  The 
end-cell  group  is  then  cut  out,  and  the  charging  of  the 
remaining  fifty  cells  is  completed.  The  maximum  voltage 


FIG.    5. 


Motor-Generator  Set 
WIRING   DIAGRAM    FOR   OIL-SWITCH   BATTERY 


of  these  fifty  cel!'^  at  the  end  of  charge  may  be  nearly 
140  volts.  The  signal  lamps  will  stand  this  voltage  for 
a  short  time,  and  the  standard  remote-control  apparatus 
will  operate  satisfactorily  at  this  voltage. 

In  the  diagram.  Fig.  5,  the  negative  bus  is  divided 
into  two  sections,  and  two  single-pole,  double-throw 
knife  switches  A  and  B  are  provided,  one  connected  to 
each  section  of  the  negative  bus.  When  A  is  thrown 
down,  the  60  cells  of  battery  are  connected  across  the 
generator  terminals,  and  when  B  is  thrown  dovm,  the 
two  sections  of  bus  are  conrocted  together  and  current 
is  furnished  to  the  control  circuit  by  the  generator 
with  the  battery  floating  in  parallel  with  it.  This  is 
the  normal  position  of  these  switches. 

At  the  beginning  of  charge  switch  B  is  thrown  up, 
connecting  the  control  circuit  across  fifty  cells  and  the 
voltage  of  the  generator,  which  is  still  connected  across 
sixty  cells,  is  raised  until  the  desired  charging  current 
is  obtained.  When  the  end  group  is  fully  charged,  as 
indicated  by  free  gassing  and  a  maximum  specific 
gravity,  switch  A  is  throve  up,  cutting  out  the  end- 
cell  group  and  the  charging  of  the  main  battery  is 
completed. 

Oil-switch  batteries  have  sometimes  been  operated  on 
what  is  knovra  as  the  "straight  charge  and  discharge 
method."  That  is,  the  battery,  instead  of  being  con- 
tinually floated  on  the  motor  generator  or  charging 
source,  is  alternately  charged  and  then  allowed  to  carry 
the  entire  oil-switch  and  remote-control  load.  This 
involves  \>7orking  the  battery  to  a  considerable  extent, 
and,  therefore,  the  life  of  the  plates  will  not  be  so  long 
as  where  the  battery  is  floated  on  the  charging  source, 
as  previously  described.     Also,  to  furnish  a  reserve,  a 
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FIG.   6. 


FOUR-CELL  TRAY   UNIT   OF   AN   OIL-SWITCH 
BATTERY  SEALED  RUBBER  JARS 


larger  battery  is  required,  and  even  with  a  larger  bat- 
tery there  is  always  the  liability  of  an  emergency  occur- 
ring with  the  battery  in  a  discharged  condition,  which 


is  not  the  case  where  the  battery  is  floated;  therefore 
the  straight  charge-and-discharge  method  is  not  recom- 
mended except  in  cases  where  it  is  impossible  for  some 
reason  to  float  the  battery. 

Oil-switch  batteries  usually  are  of  the  glass-jar  type 
mounted  on  wood  racks  and  installed  in  separate  rooms 
provided  for  them.  Where  a  separate  room  is  not  avail- 
able, a  type  of  battery  has  recently  been  developed 
especially  for  oil-switch  service,  consisting  of  heavy 
elements  in  sealed  rubber  jars,  assembled  in  wood  trays. 
A  four-cell  tray  unit  of  this  type  of  battery  is  shown  in 
Fig.  6.  This  type  of  battery  is  shipped  filled  with 
electroly'je  and  charged,  and  is  ready  for  service  as 
soon  as  received.  On  account  of  its  sealed  construction 
it  can  be  placed  in  any  convenient  place. 

In  all  the  foregoing  classes  of  service  the  installation 
of  the  storage  battery  provides  another  valuable 
feature  mentioned  in  the  early  part  of  this  article,  and 
this  is  current  for  a  number  of  lights  in  the  power 
station  or  substation  in  an  emergency.  Those  con- 
nected with  power-plant  or  substation  work  realize  the 
importance  of  sufliicient  suitable  light  in  an  emergency 
or  shutdown  in  order  to  make  repairs  or  get  the  station 
in  operation  again,  and  there  is  no  piece  of  apparatus 
so  suitable  for  this  purpose  as  a  storage  battery.  For 
operating  a  few  lights  only,  a  very  small  battery  is 
required,  and  as  it  would  be  used  very  little,  the  depre- 
ciation and  maintenance  items  would  be  small. 


Precautions  When  Pumping  Ammonia  from  Coils 


By  B.  E.  hill 

Formerly    Refrigerating   Engineer,    Armour    &    Company,    Chicago 


TO  CLEAN  the  evaporating  coils  it  will  be  neces- 
sary to  transfer  the  ammonia  from  the  evaporat- 
ing coils  to  the  condenser,  and  in  case  the  coils 
are  submerged  in  a  brine  tank  the  engineer  should  make 
certain  that  there  are  no  leaks  before  pumping  them  out. 
The  brine  can  be  removed  before  pumping  out,  but  in 
this  case  air  would  be  taken  into  the  system.  The 
proper  thing  to  do  is  to  assure  oneself  that  there  are 
no  leaks  and  then  proceed  to  pump  the  ammonia  out 
of  the  coils  before  the  brine  is  removed,  as  by  so  doing 
the  brine  will  evaporate  thie  liquid  ammonia  much  faster. 
After  the  coils  have  been  pumped  down  to  as  low  a 
vacuum  as  possible,  shut  the  main  liquid  and  suction 
valves,  and  then  the  tank  coils  can  be  opened  without 
any  loss  of  ammonia  due  to  unevaporated  ammonia 
lying  in  the  coils. 

A  sure  method  of  cleaning  these  coils,  after  first  re- 
moving the  headers,  is  to  take  each  one  separately  and 
connect  up  a  steam  hose  of  sufficient  size  to  get  a 
high  velocity  of  steam  traveling  through  the  length  of 
the  coil.  The  heat  from  the  steam  will  warm  the  oil, 
and  the  velocity  of  the  steam  will  carry  it  through  and 
discharge  oil  and  dirt.  When  the  oil  is  all  out,  discon- 
nect the  steam  hose  and  attach  an  air  hose,  which  will 
absorb  and  carry  out  the  moisture  remaining  in  the 
pipe,  as  the  walls  of  the  pipe  will  remain  heated  a  suflS- 
cient  length  of  time  to  evaporate  the  moisture  and  allow 
it  to  be  carried  out,  which  will  leave  the  inside  surface 
clean  and  dry.  After  all  rubber  joints  have  been  ex- 
amined, tightened  and  replaced  where  necessary,  the 
coils  are  ready  to  be  connected  and  put  in  service. 
In  pumping  out  direct  expansion  coils,  especially 
where  the  coils  are  in  coolers  where  the  ammonia  fumes 


are  absorbed  by  the  stored  products,  extreme  care  should 
be  taken  to  see  that  there  are  no  ammonia  leaks  when 
the  coils  are  opened. 

There  is  considerable  damage  frequently  produced  in 
pumping  out  direct  expansion  coils.  The  only  safe  and 
sure  method  of  pumping  out  these  coils  is  to  find  all 
the  low  spots  in  the  coils  and  wherever  "live"  frost  is 
found,  apply  the  stick  test,  as  before  explained.  Do  not 
open  the  coil;  just  hold  a  vacuum  and  drive  out  the 
liquid  ammonia  by  applying  heat — blowtorch,  steam  or 
hot  water — till  there  is  no  stick,  and  where  there  is  no 
stick  there  is  no  liquid,  and  it  will  be  safe  to  open 
the  coil. 

It  is  well  to  take  the  extra  precaution  to  open  a  line 
leading  to  the  coil  somewhere  outside  the  cooler,  as 
there  may  be  a  leaky  valve,  and  in  this  case  it  may  be 
necessary  to  put  in  a  "blind"  outside  the  cooler. 

To  simply  pump  a  high  vacuum  on  the  coils  is  no 
assurance  that  the  coils  are  empty  in  the  case  of  a 
direct-expansion  system.  Take  an  ammonia  test  tube 
and  fill  it  with  liquid  anhydrous  ammonia  to  the  amount 
of  50  or  100  c.c.  and  allow  it  to  evaporate  in  a  room 
where  the  temperature  ranges  from  90  to  100  deg.  F. 
Note  how  long  it  will  take  to  evaporate.  This  will  give 
the  engineer  an  idea  of  how  long  he  will  have  to  hold 
the  vacuum  on  a  direct-expansion  coil  in  a  cold  room 
for  the  ammonia  to  evaporate.  The  vacuum  gage  may 
show  a  good  vacuum  for  an  hour  or  two  without  per- 
ceptible loss  after  being  pumped  down  and  still  leak 
when  the  coil  is  opened  and  warm  air  comes  in  direct 
contact  with  the  remaining  liquid  inside  the  pipes.  The 
better  way  is  to  make  sure  by  hunting  up  the  traps  or 
low  places  in  the  pipe  lines  and  then  apply  the  stick 
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test,  which  will  show  if  there  is  any  liquid  remaining 
in  the  lines. 

The  writer  has  taken  a  test  tube  and  filled  it  up  to 
the  50  c.c.  mark,  placed  the  cork  in  the  test  tube  and 
connected  a  hose  to  the  glass  tube  that  is  inserted  in 
the  cork,  and  pumped  a  vacuum  of  24  in.  At  first  the 
liquid  ammonia  boiled  violently,  as  the  reduction 
of  the  pressure  from  atmosphere  to  24  in.  or  12  lb. 
below  atmosphere  greatly  reduced  the  boiling  point, 
but  as  the  frost  formed  around  the  outside  surface  of 
the  testing  bottle,  the  boiling  settled  down  shortly 
until  it  was  barely  perceptible  and  required  an  hour 
or  so  to  complete  the  evaporation. 

If  desirable  to  make  a  test  for  the  purity  of  ammonia, 
secure  a  test  tube  or  flask,  which  usually  holds  from 
50  to  100  c.c.  The  flask,  if  made  to  test  with  100  c.c,  is 
made  with  the  bottom  end  reduced  in  size  to  1  c.c.  and 
the  1  c.c.  is  graduated  in  ten  parts,  the  lines  being  etched 


monia,  the  evaporation  will  be  complete,  but  if  there 
is  an  oily  residue  or  clear  substance  remaining  in  the 
bottom  of  the  tube,  the  ammonia  is  impure,  and  the 
percentage  of  impurities  by  volume  is  determined  by 
the  amount  of  residue  remaining  in  the  one  graduated 
c.c.  part  of  the  testing  flask. 

Suppose  the  remaining  impurities  in  the  one  gradu- 
ated c.c.  should  be  full  up  to  the  tenth  line,  or  one  c.c. 
remaining.  There  being  100  c.c.  in  the  flask  to  start 
with,  the  impurities  would  be  1  to  100  or  1  per  cent 
by  volume,  which  is  a  greater  impurity  than  is  ever 
found.  The  percentage  of  impurities,  however,  is  read 
direct  from  the  test  tube,  and  from  the  foregoing  it 
is  easy  to  read  the  percentage  at  any  other  point;  say, 
two  lines  high  would  represent  two-tenths  of  one  per 
cent,  or  two  c.c.  to  one  thousand,  etc. 

Besides  the  liquid  and  solid  impurities  there  are  others 
commonly  referred  to  by  engineers  as  "foreign  gases," 


INTERIOR  OF  THE  COMPRESSOR  ROOM  OF  A  LARGE   PACKING-HOUSE  REFRIGERATION  PLANT 


on  the  glass,  each  line  representing  one-tenth  of  one 
cubic  centimeter. 

To  take  a  sample  from  a  cylinder  of  anhydrous  am- 
monia, use  a  copper  wire  and  make  one  turn  around 
the  test  tube,  twisting  the  two  ends  of  the  wire  to- 
gether to  form  a  handle.  Next  connect  a  short  pipe  to 
the  valve  on  the  cylinder  and  open  slightly,  holding  the 
testing  flask  so  that  the  liquid  will  fill  the  flask  up  to 
the  line  marked  100  c.c;  next  place  the  cork  in  the 
flask,  which  is  provided  with  a  glass  tube,  bend  to  a 
half  circle  to  allow  the  gas  generated  by  the  boiling 
liquid  to  pass  out  without  raising  a  pressure,  and  the 
cork  is  placed  in  the  tube  to  prevent  the  moisture  in 
the  air  from  coming  in  contact  with  the  liquid  surface 
of  the  ammonia,  which  would  take  up  the  moisture  and 
^ive  an  incorrect  reading.  The  flask  is  then  immersed 
in  salt  or  calcium  brine  at  a  temperature  of  60  or  70 
deg.  F.  and  allowed  to  remain  there  until  the  liquid  is 
all  evaporated.     If  the  liquid  is  pure  anhydrous  am- 


the  most  common  to  be  found  in  the  ammonia  cylinder 
being  air  or  modified  air,  pyridine,  chlorine,  etc. 

To  determine  the  amounts  of  these  gases  would  re- 
quire the  services  of  a  chemist,  and  as  the  leading  manu- 
facturers of  today  have  reduced  these  gaseous  impari- 
ties to  a  minimum,  it  would  not  be  of  enough  concern 
for  the  engineer  to  go  to  this  expense.  He  can,  how- 
ever, raise  the  valve  end  of  an  anhydrous  rmmonia 
cylinder  to  be  tested  about  six  or  eight  inches  high, 
turn  the  valve  so  th^t  its  opening  will  look  down,  con- 
nect a  hose  and  submerge  the  hose  in  a  pail  of  water 
after  first  blowing  the  air  all  out  of  the  hose.  If  there 
are  any  gases  in  the  cylinder  other  than  anhydrous  am- 
monia gases,  bubbles  will  rise  to  the  surface  of  the 
water,  which  shows  that  there  are  gases  that  should 
not  be  there,  but  if  no  bubbles  appear,  the  ammonia  is 
pure  so  far  as  "foreign  gases"  are  concerned.  A  boil- 
ing-point determination  will  also  be  of  some  value  and 
can    be    made    with    a    good    chemical    thermometer. 
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A  New  High-Speed  Gas-Engine  Indicator 


A  BOUT  two  years  ago  the 
I\  United  States  Bureau 
J.  \  of  Standards  undertook 
the  development  of  a  special 
gas-engine  indicator  to  meet 
certain  special  research  re- 
quirements. Most  of  the  high- 
speed indicators  that  have 
been  developed  commercially, 
involve  the  use  of  either  a  pis- 
ton or  a  heavy  diaphragm  ac- 
tuating a  recording  mechan- 
ism, w^hich  must  be  mounted 
on  the  engine.  The  problem 
to  be  met  at  the  Bureau  of 
Standards  required  an  instru- 
ment that  could  be  mounted 
on  the  engine  which  was  in- 
closed in  a  concrete  chamber 
and  was  inaccessible  to  the 
observer.  The  indicating 
mechanism  must  therefore 
either  be  placed  outside  the 
chamber  containing  the  en- 
gine or  be  so  designed  that  it 
could  be  operated  from  with- 
out. The  high  speeds  and  pres- 
sures prohibited  the  use  of 
moving  parts  of  any  appre- 
ciable weight,  since  the  iner- 
tia of  these  parts  would  inter- 
fere with  the  ac- 
curacy of  the  in- 
dication. The 
type  of  instru- 
ment that  was  fin- 
ally adopted  for 
development  em- 
ployed a  very  thin 
metallic  dia- 
phragm, one  side 
of  which  is  sub- 
jected to  the  pres- 
sure to  be  meas- 
ured and  the 
other  to  any  de- 
sired pressure  ap- 
plied from  with- 
out. Fig.  1  is  a 
cross-section  of 
that  part  of  the 
apparatus  which 
is  mounted  di- 
rectly on  the  en- 
gine. The  body  of 
the  instrument 
consists  of  a  two- 
piece  brass  shell 
fitted  to  screw  in- 
to a  spark-plug 
hole  and  supplied 
with  a  water 
jacket.  These  two 
pieces,   marked   1 


A/r 
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Engine  Cylinder 


FIG.    1. 


SECTION   OF   NEW   INDICATOR    FOR 
HIGH-SPEED  GAS   ENGINES 


Air  Pressure  Gage5--->\y  /  j 
Graduated  mlbs.pers(j.:^      ^"■' 


t^erci/ry  Manometer 


FIG.    2. 


DIAGRAM   OF  AUXILIARY  APPARATUS   FOR  USE 
WITH   INDICATOR 


and  2  in  the  illustration,  are 
held    together    by    bolts    as 
shown,    and    can    be    readily 
separated  for  the  removal  or 
insertion  of  diaphragms.    The 
diaphragm,   which   is  of  steel 
with  about  one  inch  effective  j 
diameter,  is  mounted  between 
two  slightly  concave  support- 
ing plates  perforated  to  allow] 
the  pressure  to  reach  the  dia- 
phragm.   Its  thickness  may  be] 
from  0.002  to  0.006  in.  as  re- 
quired, and  the  range  of  mo- 
tion is  limited  to  about  O.Oll 
in.    The  center  portion  of  one! 
of    the    supporting    plates    isi 
electrically   insulated   in   such 
a  way  that  an  electric  circuit] 
is  made  or  broken  as  the  dia- 
phragm   makes   contact   with! 
this  support  or  departs  from  I 
it.     Air  under  pressure  from] 
a  convenient  reservoir  is  ad- 
mitted     through      the      pipej 
marked  "air,"  to  the  chamber  j 
above  the  diaphragm,  and  thej 
pressure  of  the  gases  in  the 
engine  cylinder  is  transmitted  j 
to  the  chamber  below  the  dia- 
phragm.   In  the  electric  cir- 
cuit   outside    the  1 
indicator     proper  ] 
are  a  battery  and 
telephone    receiv- 
ers.    To   measure 
the   maximum   or 
or  minimum  pres- 
sure in  the  cylin- 
der, air  at  an  in- 
termediate    pres- 
sure   is    admitted 
to    the    indicator 
above     the      dia- 
phragm.    When! 
the    pressure    in  1 
the    cylinder    be- 
comes more  than 
that     above     the 
diaphragm,     the 
latter     is     forced 
up,   making   elec- 
trical contact  with 
the     electrode. 
Each     time     this 
contact    is    made 
and  broken  a  click 
may  be  heard  in 
the  telephone  re- 
ceiver.    The     air 
pressure    is    then 
increased    until 
the   clicking   just 
ceases,    and    this 
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air  pressure  is  noted  as  the  maximum  in  the  cylinder. 
The  air  pressure  is  then  decreased  until  the  clicking 
ceases  again,  and  this  pressure  is  noted  as  the  mini- 
mum in  the  cylinder.  To  produce  a  complete  dia- 
gram, a  special  one-point  timer  is  mounted  on  the 
engine    shaft.      This    timer    is    so    designed    that    it 


FIG.  3.     POLAR  DIAGRAM  SHOWING  VARIATIONS  OF  PRES- 
SURE AT  THE  DIFFERENT  CRANK  POSITIONS 

may  be  moved  throughout  the  whole  360  deg.  and 
is  provided  with  a  graduated  ring  so  that  its  posi- 
tion may  be  accurately  noted.  The  timer  is  con- 
nected in  series  in  the  electrical  circuit  with  the  tele- 
phone receivers  and  the  indicator,  so  that  the  contact 
by  the  diaphragm  will  be  heard  in  the  receivers  only 
when  the  circuit  is  closed  through  the  timer.  To  get 
the  complete  diagram,  the  timer  is  set  at  a  given  point 
and  the  air  pressure  adjusted  until  the  clicking  just 
ceases,  when  the  pressure  is  observed  and  recorded  as 
the  pressure  at  that  particular  crank  position.  The 
timer  is  then  moved  to  another  position  and  the  same 
process  repeated,  until  the  pressures  for  a  complete  cycle 
at  every  ten  or  twenty  degrees  of  crank  angle  have 
been  recorded,  and  from  these  figures  the  diagram  is 
constructed  on  the  drawing  board. 

Fig.  2  shows  the  various  connections  of  the  external 
auxiliary  apparatus.  At  the  extreme  right  is  shown  the 
compressed-air  cylinder  to  represent  the  supply  of  high- 
pressure  air,  while  the  capacity  tank  represents 
a  small  receiver  to  be  used  in  accurate  adjustment  of  the 
pressure.  The  pressures  are  measured  by  either  one 
of  the  the  two  pressure  gages  shown  or  by  the  mercury 
in  the  manometer,  the  latter  being  used  for  measuring 


pressures  slightly  above  atmospheric  or  for  vacuums. 
The  water  aspirator  shown  is  provided  to  proauce  a 
vacuum  in  the  air  line,  when  measuring  pressures  below 
atmospheric.  The  connection  from  the  water-supply 
line  to  the  indicator  is  to  supply  cooling  water  for  the 
indicator  jacket. 

Fig.  3  shows  a  polar  pressure  diagram  made  by  the 
help  of  this  indicator.  The  radial  lines  shown  represent 
the  various  crank  positions,  and  the  pressures  are 
marked  off  on  these  lines  from  the  center  to  any  con- 
venient scale.  Through  the  points  thus  located  a  smooth 
curve  is  drawn,  and  the  diagram  is  complete  when  the 
points  at  which  the  various  valves  open  and  close  and 
the  point  of  ignition  have  been  located  and  marked. 

Fig.  5  shows  the  same  data  plotted  on  a  rectangular 
diagram.  In  this  case  horizontal  distances  represent 
crank  angles  from  the  top  center  and  vertical  distances 
represent  pressures.  The  points  are  laid  off  in  the  same 
manner  as  in  the  case  of  the  polar  diagram  and  a  smooth 
curve  run  through  them 

Fig.  4  shows  a  pressure-volume  diagram  which  cor- 
responds to  the  diagram  that  would  be  drawn  by  an 
ordinary  engine  indicator  if  it  were  possible  to  use  such 
an  instrument  with  a  high-speed  gas  engine.  In  this 
case  horizontal  distances  represent  volumes  and  vertical 
distances  pressures,  as  in  the  ordinary  diagram. 

This  indicator  requires  that  the  indicating  mechanism 
alone  be  mounted  on  the  engine,  the  recording  appara- 
tus all  being  mounted  at  any  desired  distance.     It  is 


FIG.    4. 
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PRESSURE-VOLUME    DIAGRAM    PLOTTED    FROM 
INDICATOR  OBSERVATIONS 


sensitive  to  from  0.1  to  0.2  lb.  per  sq.in.  over  a  pressure 
range  of  from  14  lb.  below  atmosphere  to  500  lb.  or 
higher  above.  It  apparently  has  no  limitations  as  to 
engine  speed  within  the  range  encountered  in  practice 
and  is  apparently  without  appreciable  inertia  errors  at 
any  observed  engine  speed.     It  will  give  not  only  the 
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average  pressure,  but  also  the  maximum  and  minimum 
pressures  at  any  desired  point  or  points  in  the  cycle.  It 
does  not,  however,  permit  the  recording  of  a  diagram 
of  the  pressures  occurring  in  a  single  individual  cycle, 
as  is  done  by  means  of  the  optical  devices  in  use. 

In  short  the  apparatus  is  adaptable  to  the  measure- 
ment of  cyclically  varying  gas  pressures  for  a  pressure 
range  of  from  minus  14  lb.  to  plus  500  lb.  and  any  speed 
likely  to  be  encountered  with  sensitivity  of  from  0.1 
to  0.2  lb.  per  sq.in.,  using  a  single  thickness  of  dia- 
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FIG.    5.      RECTANGULAR   DIAGRAM   PLOTTED   FROM 
INDICATOR  OBSERVATIONS 

phragm.  Pressures  up  to  at  least  1,000  lb.  can  be 
Measured  with  a  somewhat  thicker  diaphragm  and  a  cor- 
respondingly less  sensitivity.  The  design  and  develop- 
ment of  this  instrument  has  been  largely  the  work  of 
Dr.  H.  C.  Dickinson,  of  the  Bureau  of  S-tandards  in 
Washington. 

The  Bourdon  Gage  Spring 

By  W.  L.  Pakker 

Years  ago  M.  Bourdon  was  engaged  to  repair  the 
worm  pipe  of  a  still,  which  had  become  flattened.  He 
endeavored  to  restore  its  original  form  with  water 
pressure.  In  doing  so  the  flattened  tube  tended  to 
uncoil  itself,  and  further  experiments  showed  that  the 
action  of  uncoiling  might  be  applied  in  the  construc- 
tion of  a  pressure  gage. 

To  understand  the  action  of  the  Bourdon  spring 
tube,  it  should  be  borne  in  mind,  that  the  tendency  of 
pressure  in  a  closed  vessel  is  to  increase  the  volume 
of  it.  It  is  often  claimed  that  a  curved  tube  of  any 
cross-section  will  answer  for  a  gage  spring  only  that 
the  flattened  tube  is  more  sensitive.  This  is  in  error. 
The  flattened  tube  must  be  used.  Pressure  has  no 
more  tendency  to  straighten  out  a  curved  tube  of  cir- 
cular cross-section  than  it  has  to  curve  a  straight  tube 
of  circular  cross-section.  The  reason  is  that  in  both 
cases  the  volume  of  the  tube  would  be  reduced.  Pres- 
sure in  a  curved  tube  of  circular  cross-section  puts 
the  outer  portion  of  the  tube  under  tension  and  the 
inner  portion  under  compression.  The  circular  cross- 
section  is  maintained  and  the  curved  axis  remains 
unmoved  within  the  elastic  limit  of  the  tube. 

In  practice,  for  convenience,  the  short  axis  of  cross- 
Bection  AB  is  in  the  cylindrical  surface  containing  the 
curved  neutral  axis  of  the  tube,  as  shown  by  section  E 


in  the  illustration.  The  effect  of  pressure  in  the  tube 
is  to  force  the  sides  apart  or  to  lengthen  AB,  the  short 
axis  of  cross-section,  and  to  shorten  the  long  axis  CD. 
This  increases  the  curvature  of  the  cross-section  and 
reduces  the  curvature  of  the  tube,  forcing  its  free  end 
outwardly. 

If  the  tube  were  flattened  the  other  way  so  that  the 
long  axis  of  cross-section  CD  were  in  the  plane  of  the 
tube,  as  in  section  F  of  the  sketch,  the  effect  of  pressure, 
obviously,  would  be  to  force  the  free  end  of  the  tube 
inwardly.  The  limit  of  motion  of  the  free  end  of  the 
tube  in  each  case  would  be  reached  when  the  cross- 
section  of  the  tube  became  a  circle. 

From  the  foregoing  it  is  apparent  that  excess  pres- 
sure within  the  tube  will  force  the  free  end  outwardly 
or  inwardly,  depending  upon  the  cross-section  and  its 
disposition  in  each  case  with  reference  to  the  plan  of 
the  tube. 

The  spring  tube  indicated  by  the  drawing  was  taken 
from  a  well-known  make  of  gage  with  an  8-in.  dial  and 
graduated  to  30  lb.  The  coil  of  the  tube  was  5  in.  in 
diameter.  The  cross-section  was  flattened  as  in  the 
section  E  so  that  the  major  axis  CD  decreased  I  in. 
and  the  minor  axis  AB  increased  h  inch.  A  pressure 
of  15  lb.  moved  the  free  end  of  the  tube  I  in.  farther 
from  the  pipe  connection;  30  lb.  moved  it  i  inch.  An 
extension  with  a  pencil  attached  was  secured  to  the 


BOURDON  GAGE  SPRING  WITH  ATTACHED  PENCIL 

free  end  of  the  tube,  as  shown,  and  the  pressure  raised 
to  85  lb.  The  minor  axis  AB  of  the  cross-section  in- 
creased 0.02  inch.  Measurements  across  the  tube  at 
right  angles  showed  the  curve  of  the  tube  to  have  in- 
creased in  diameter  t\  and  k  in.  at  the  free  end.  The 
pencil  P,  161  in.  frorti  the  center  of  curvature  of  the 
tube,  described  an  arc  3  in.  long.  The  curve  is  believed 
to  be  an  ellipse  approaching  closely  to  a  circle. 
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Repairing  a  Shell-Type  Transformer 

How  a  High- Voltage  Transformer  Was  Dismantled  To  Have  a  Number  of  Damaged 

Coils  Replaced  and  How  This  Transformer  Was  Assembled 

After  the  Repairs  Were  Made. 

By  KENNETH  A.  REED 
Maintenance  Engineer,  Interboro  Rapid  Transit  Company,  New  York 


D 


KENNETH  A.    REED 


kU  R  I  N  G  a  severe 
I  lightning  storm,  a 
33,000-  to  2,300-volt 
bank  of  transformers  was 
struck  and  one  of  them 
broken  down  in  one  section 
of  the  winding.  The  trans- 
former was  of  the  oil-insu- 
lated, self-cooled  type,  and 
the  gases  that  formed  in  the 
tank  were  of  sufficient  vio- 
lence to  blow  the  top  off  and 
throw  out  a  considerable 
quantity  of  oil.  The  cus- 
tomer was  able  to  see  the 
tops  of  all  of  the  coils, 
and  taking  a  chance  on  those 
which  he  could  see  were 
burned  being  the  only  ones 
that  were  damaged,  he  or- 
dered new  coils  accordingly.  The  transformer  had 
been  taken  to  a  storage  warehouse  as  being  the  nilost 
convenient  place  for  making  repairs.  There  were  no 
facilities  whatever  for  handling  heavy  pieces  of  appa- 
ratus, and  the  most  that  could  be  said  for 
the  place  was  that  there  was  plenty  of  room. 
Strong  girders  were  found  to  have  been  used  in  the 
construction  of  the  building,  and  it  was  decided  to 
remove  the  core  of  the  transformer  from  the  case  by 
means  of  a  10-ton  chain  block  supported  from  one  of 
these  girders,  as  shown  in  Fig.  1. 

After  the  core  had  been  raised  above  the  level  of  the 
oil,  it  was  allowed  to  remain  suspended  there  for  sev- 
eral hours  to  permit  as  much  oil  as  possible  to  drip 
back  into  the  tank.  This  was  a  very  important  opera- 
tion from  a  comfort  point  of  view,  because  there  is 
nothing  quite  so  disagreeable  and  no  liquid  of  which  so 
small  a  quantity  will  spread  over  so  large  a  surface  as 
transformer  oil.  When  the  transformer  was  placed  in  the 
warehouse,  it  was  left  on  rollers,  which  permitted  get- 
ting the  tank  out  of  the  \vay  after  the  core  had  been 
raised  high  enough  to  clear  the  top  casting.  The  core 
was  then  lowered  to  the  floor,  and  wooden  blocks,  on 
the  tops  of  which  were  cushions  made  out  of  heavy 
express  paper,  were  placed  under  the  sections  of  the 
secondary  coils,  as  in  Fig.  2. 

After  removing  the  terminal  boards  and  main  top 
casting,  about  ten  inches  of  the  laminations  were  taker 
off,  and  a  long  wooden  beam  eight  inches  square  was 
inserted  between  the  inside  top  of  the  coils  and  the  lam- 
inations, the  transformer  being  of  the  shell  type.  This 
beam  was  then  picked  up  by  the  chain  block,  as  in  Fig. 
3,  and  a  portion  of  the  weight  of  the  core  was  thereby 
removed  from  the  floor  and  the  blocks  under  the  sections 
of  the  secondary  coils.  The  rest  of  the  laminations  were 
then  removed,  leaving  the  coils  suspended  on  the  beam 
and  chain  block. 
When  the  sling  was  fastened  to  the  end  of  the  beam 


nearest  to  the  damaged  section,  care  was  taken  to  leave 
sufficient  room  to  move  this  section  over  far  enough  to 
allow  another  sling  to  be  put  around  the  beam.  The 
weight  of  this  end  of  the  beam  was  then  taken  on  the 
second  sling  by  means  of  a  block  and  fall,  as  in  Fig.  4, 
which  left  the  damaged  section  of  the  winding  free  on 
the  extended  end  of  the  beam.  The  jumpers  between 
the  coils  of  this  group  were  sweated  off,  the  outside 
insulation  removed  and  the  coils  separated.  Fortunately, 
the  customer  had  diagnosed  the  trouble  correctly,  and 
had  ordered  exactly  the  right  number  of  new  coils  for 
making  repairs. 

Single  coils  were  removed  from  the  end  of  the  beam, 
one  at  a  time,  until  the  damaged  ones  had  been  taken 
off,  and  it  was  a  simple  matter  to  substitute  the  new 
coils  in  place  of  the  old  ones  and  then  reassemble  the 
coils  of  this  group.  All  the  jumpers  between  coils  were 
sweated  on  before  the  group  was  re-insulated,  in  order 
to  make  sure  that  no  stray  solder  was  left  in  the  wind- 


FIG.  1.     TRANSFORMER  BEING  LIFTED  FROM  TANK 

ing.  By  this  procedure  only  one  joint  was  left  to  be 
soldered  when  tho  group  was  connected  to  the  other 
part  of  the  winding.  After  placing  proper  insulation 
and  circulating  ducts  between  the  coils,  they  were 
clamped  tightly  between  boards  that  came  to  within 
about  six  inches  of  the  top  of  the  hole  in  the  coils 
through  which  the  laminations  are  built  up.  This  space 
was  ther.  taped  up  and  the  clamps  lowered  another  six 
inches,  and  so  on  until  the  entire  sides  were  bound 
together.  The  process  of  removing  this  group  from 
the  undamaged  part  of  the  winding  was  reversed,  and 
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after  binding  the  entire  winding  together,  similar  to 
the  coils  of  the  damaged  group,  sweating  on  the  one 
jumper,  insulating  all  joints  and  putting  the  outside 
box  insulation  in  place,  the  core  was  ready  for  the  build- 
ing up  of  the  laminations. 

The  bottom  casting  which  supports  the  laminations 
was  now  put  in  position,  and  the  blocks  with  cushion 


FIG.    2.     METHOD  OF  SUPPORTING  SECONDARY  COILS 

tops  were  shoved  under  the  secondary  coils,  as  was  the 
case  when  the  transformer  was  dismantled.  After  about 
twelve  inches  of  iron  had  been  built  up,  a  small  timber 
was  laid  on  top  of  the  laminations  and  a  jack  tightened 


FIG.  3.     WEIGHT  OF  THE  COILS  SUPPORTED  ON  SLING 

up  between  it  and  the  top  beam  for  the  purpose  of 
pulling  the  laminations  down  tight,  in  order  that  none 
of  them  would  be  left  over.  This  was  continued  until 
about  eighteen  inches  of  iron  was  in  place,  when  the 
through  beam  was  removed  and  the  top  casting  used  +o 


pull  the  laminations  down  tight.  This  was  repeated 
for  about  every  six  inches  of  iron  until  all  the  lamina- 
tions were  installed,  and  the  top  casting,  terminal  blocks, 
etc.,  were  put  in  place  permanently. 

During  the  time  the  transformer  was  being  rebuilt, 
there  were  several  very  rainy  days,  and  as  there  was  no 
heat  in  the  warehouse,  the  windings  absorbed  a  great 
deal  of  moisture,  which  required  that  the  transformer 
be  thoroughly  dried  out  before  being  put  back  in  the 
tank.  It  might  be  added  that  whenever  such  repairs 
are  made  to  any  high-voltage  oil-insulated  transformer, 
drying  out  is  almost  invariably  necessary,  regardless 
of  weather  conditions,  before  the  transformer  is  re- 
placed in  service.  The  most  convenient  method  of  dry- 
ing out  a  transformer  in  the  field,  and  the  one  used  in 
this  case,  is  by  short-circuiting  the  secondary  winding 
and  applying  low  voltage  at  normal  frequency  to  the 
primary,  provided  a  suitable  range  of  voltage  is  avail- 
able.   This  condition  as  a  rule,  is  easily  met  at  a  central- 


I 
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FIG.    4.      HOM'  THE  DAMAGED  COILS  WERE  REMOVED 

station  plant,  because  it  is  usually  possible  to  secure  as 
many  10-kw.  2,300-  to  220-1 10-volt  lighting  transform- 
ers as  might  be  desired,  and  by  series-parallel  combi- 
nations the  proper  voltage  can  be  obtained.  Before 
exciting  the  transformer,  thermometers  were  placed 
at  what  might  be  expected  to  be  the  hottest  points  in  the 
primary  and  secondary  coils,  and  in  order  to  avoid 
heating  the  transformer  windings  too  rapidly,  an  am- 
meter was  placed  in  the  secondary  circuit  and  the 
current  kept  at  a  safe  value  until  the  temperature 
stopped  rising.  This  precaution  was  necessary  because 
as  a  general  thing  under  such  conditions,  there  is  a 
tendency  for  the  coils  to  sweat,  and  serious  damage 
may  be  done  in  a  very  short  time. 

When  the  temperature  had  stopped  rising,  the  applied 
voltage  was  raised  slightly,  and  the  temperature  of  the 
hottest  point  brought  up  to  approximately  90  deg,  C, 
where  it  was  maintained  for  about  three  days  and 
nights.  During  this  time  both  the  day  and  night  shifts 
were  required  to  keep  a  log  showing  the  temperature 
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registered  by  each  of  the  thermometers  every  fifteen 
minutes.  The  current  was  then  cut  off,  and  insulation 
tests  made  with  a  "megger."  The  readings  obtained 
showed  the  transformer  to  be  thoroughly  dry  and  safe 
to  go  back  into  service.  It  was  accordingly  replaced  in 
the  tank  and  securely  bolted  in  position  and  the  oil, 
which  had  been  dehydrated  and  tested,  was  poured  in, 
the  tank  having  been  repaired  in  the  meantime. 

Shortly  after  the  current  had  been  applied  to  the 
primary  terminals,  with  the  secondary  short-circuited, 
and  the  temperature  had  risen  to  an  appreciable  degree, 
the  belief  that  the  winding  was  defective  became  preva- 
lent among  some  of  the  men  who  had  been  working  on 


the  transformer.  This  was  due  to  the  fact  that  the 
transformer  appeared  to  be  smoking  to  such  an  extent 
that,  had  such  been  the  case,  the  winding  would  have 
been  burning  up.  The  "smoke,"  however,  was  only  a 
vapor  caused  by  the  oil  on  the  laminations  being  vapor- 
ized by  the  rapid  rise  in  temperature.  Such  a  condition 
is  quite  likely  to  occur  with  any  oil  insulated  trans- 
former that  has  been  removed  from  the  tank  and  its 
temperature  raised  somewhat  higher  than  normal;  and 
to  one  who  had  not  observed  such  a  case  before,  it 
would  seem  very  serious.  The  vapor  was  very  simUar 
to  that  which  may  be  seen  rising  from  the  "breather" 
on  a  bearing  of  a  large,  high-speed  turbo-generator. 


Flue-Gas  Temperature  and  CO2  as  a  Guide  to 

Furnace  Operation 

With  Special  Reference  to  Oil  Burning 

By  CHARLES  C   PHELPS 


WHILE  test  data  on  combustion  are  important 
and  should  be  as  nearly  accurate  as  possible, 
some  simple  method  of  checking  furnace  per- 
formance is  necessary  for  everyday  economical  opera- 
tion in  the  boiler  room.  A  study  of  test  data  shows  that 
the  excess  of  temperature  of  the  flue  gases  above  that 
of  the  boiler  room  and  the  percentage  of  CO^  in  the 

TABLE  I.    RELATION  OF  FLUE-GAS  TEMPERATURE  TO  LOSS  FROM 
DRY  FLUE  GAS 

Case  1  Case  2 

Flue-gas  temperature  T  deg.  F 350  650 

Boiler-room  temperature  t  deg.  F 50  50 

T  —  t 300  600 

CO2  in  per  cent 12  12 

Loss  in  dry  flue  gas,  per  cent  of  total  heat  in  fuel 10.4  20.8 

flue  gases  give  a  guide  to  combustion  conditions,  and 
may  be  determined  quickly  enough  to  be  of  help  in  regu- 
lating the  furnace  action. 

It  is  a  known  fact,  corroborated  by  reference  to  tables 
of  chimney  losses,  that  with  a  given  fuel  and  with  a 
constant  percentage  of  CO^  in  the  flue  gases,  the  pro- 
portion of  the  fuel's  heat  which  is  lost  up  the  chimney 
in  the  dry  products  of  combustion  is  directly  and  exactly 
proportional  to  the  diflference  between  the  flue  tempera- 
ture and  the  boiler-room  temperature.  For  instance,  in 
the  example  given  in  Table  I,  representing  a  certain 
fuel,  it  will  be  noticed  that  the  heat  loss  in  the  dry  chim- 
ney gas  is  twice  as  great  in  the  second  case,  in  which 
the  temperature  diff"erence  is  twice  as  great. 

It  is  also  a  fact,  likewise  readily  verified,  that  when 
the  flue  temperature  remains  constant  the  heat  lost  up 
the  chimney  in  the  dry  products  of  combustion  is  almost 

TABLE  II.    RELATION  OF  CO,  TO  LOSS  FROM  DRY  FLUE  GAS 

Case  3  Case  4 

Flue-gas  temperature,  T  deg.  F 650  650 

Boiler-room  temperature,  t,  deg.  F 50  50 

T  —  t 600  600 

CO  J  in  per  cent 12  6 

Loss  in  dry  flue  gas,  percent  of  total  heat  in  fuel 20.8  40.8 

exactly  in  inverse  proportion  to  the  percentage  of  COj 
in  the  flue  gases,  as  shown  in  Table  II.  It  will  be  no- 
ticed that  in  case  4,  Table  II,  where  the  percentage 
of  CO,  is  half  as  great  as  in  case  3,  the  loss  is  about 
twice  as  great.  The  discrepancy  is  so  small  that  for  all 
approximate  calculations  it  may  be  assumed  that  the 
loss  is  exactly  in  inverse  proportion  to  the  CO..  when 


the  temperature  does  not  vary.     If  the  percentage  of 

CO,  had  been  4  instead  of  6  (one-third  of  12),  the  dry 

chimney-gas   loss   would  have  been   60.7   per  cent,   or 

approximately  three  times  as  great. 

From  these  statements  of  facts  it  is  apparent  that 

the  dry  chimney-gas  loss  with  a  given  fuel  is  approxi- 

T  —  t 

mately  proportioned  to  the  ratio    t-ttft.      This 

per  cent  CO2 

ratio,  therefore,  may  be  used  as  a  guide  for  the  opera- 
tion of  the  furnace. 

The  temperature  of  the  flue  gas  is  affected  by  the 
deposit  of  soot  and  dirt  on  tubes  or  in  flues  and  of  scale 
within  the  boiler,  by  the  condition  of  the  baffling,  arches, 
etc.,  and  by  the  rate  of  driving.  Therefore,  fluctuations 
in  the  flue  temperature  are  usually  small  and  infrequent 
in  comparison  with  the  fluctuations  in  the  percentage 
of  CO,  and  this  is  particularly  true  at  fairly  constant 
driving  rates.  Under  such  conditions  the  percentage 
of  CO,  by  itself  becomes  a  reliable  index  of  loss  in  the 
dry  chimney  gases.     For  this  reason  a  CO,  recorder 

TABLE  III.     TYPICAL  Olf.-FUEL  HEAT  BALANCE 

Per  Cent. 

1 .  Loss  due  to  heat  carried  away  in  dry  flue  gases 14 

2.  Lo?s  due  to  superheating  moisture  formed  by  burning  hydrogen 

in  oil 7 

3.  Loss  due  to  incomplete  combustion  (CO  and  hydrocarbons) 0.1 

4.  Loss  due  to  evaporation  of  moisture  in  fuel 0.1 

5.  Lossdue  to  heating  of  moisture  in  air 0.4 

6.  Lossdue  to  radiation  and  unaccounted  for 3.4 

7.  Heatabsorbedby  boiler  (including  vaporizing  of  fuel) 75 

alone,  without  a  pyrometer,  is  often  used  to  keep  records 
of  the  heat  lost  up  the  chimney,  although  a  recording 
pyrometer  is  also  highly  desirable. 

The  excess  air  is  entirely  responsible  for  the  so-called 
CO,  loss,  which  is  the  heat  loss  involved  in  heating  the 
excess  air  from  the  temperature  of  the  boiler  room  to 
that  of  the  flue  gas.  The  factors  first  mentioned — that 
is,  those  indicated  by  stack  temperatures — are  very 
largely  under  the  control  of  the  boiler-room  foreman, 
who  should  be  responsible  for  clean  boiler  surfaces,  etc. 
On  the  other  hand,  proper  air  supply  is  entirely  under 
the  control  of  the  fireman  and  the  percentage  of  CO,  is 
the  only  reliable  guide  to  him  in  adjusting  the  ratio  of 
air  to  fuel,  which  is  so  vital  in  securing  combustion 
efficiency. 

It  so  happens  that  in  oil  burning  the  loss  in  the  dry 
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chimney  gases  is  the  only  loss  that  fluctuates  to  any 
great  extent.  In  Table  III  are  shown  the  various  losses 
as  they  occur  in  the  heat  balance  of  a  typical  oil-burning 
boiler.  Loss  (3)  should  be  nonexistent  or  negligible  in 
quantity  in  a  well-designed  and  properly  operated  plant. 
Loss  (5)  is  likewise  unimportant.  Losses  (2)  and  (4) 
are  dependent  upon  the  composition  of  the  fuel  and  are 
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FIG   !     DRY  CHIMNEY  GAS  INDEX WHICH  INDICATES  BOILER 

COj 
EFFICIENCY 

Plotted  from  test  on  a  604-hp.  boiler  using  oil  of  13.2  deg.  Be.  with  an  average 
heating  value  of  18,200  B.t.u.  per  lb.  as  fired. 

Test  No 1  2  3  4  5  6  7 

Efficiency,  per  cent 81    I  82.8  82.4  83.3  81.5  76.4  75J 

Smoke None  None  None  None  None  None  Liglit 

haze 

Carbon  dioxide,  per  cent.      12.2  13.4  13.3  14.3  14.2  13.3  12.1 

Temperature  of  fiue  gases,  .__   ,  .,_  , 

Tdeg.fahr ...3G5.3  397.5  409.1  406.2  429.0  477.1  537.5 

Temperature     of     boiler  _,  _  ^.'B* 

room,  T  deg.  fahr 88.7  86.6  84.4  85.2  87.3  86.7  84.4 

(T— t) 296.6  310.9  324.7  321.0  341.7  390.4  453.1 

— '-^ 24.3       23.2       24.4       22.4       24.0      29.3      37.5 

Per  cent  CO2 


fixed  in  amount,  hence  they  cannot  be  appreciably  re- 
duced by  the  fireman.  Loss  (6)  may  vary  slightly,  but 
in  a  well-designed  plant  there  is  little  the  operator  can 
do  to  reduce  it. 

Loss  (1)  is  usually  greater  than  all  the  others  com- 
bined. Neglecting  the  slight  fluctuations  in  the  other 
losses,  it  is  apparent  that  as  the  dry  chimney-gas  loss 
increases,  the  efficiency  will  decrease  by  the  same  amount, 
and  vice  versa.  Referring  to  Table  III,  an  increase  in 
item  (1)  to  19  per  cent  would  result  in  a  decrease  in 
item  (7)  to  70  per  cent  and  a  decrease  of  (1)  to  9  per 
cent  would  result  in  an  increase  of  item  (7)  to  80  per 
cent.     Thus  it  follows  that  under  the  conditions  found 


in  oil-burning  practice  the  factor 


T  -t 


becomes 


per  cent  CO2 

almost  as  good  a  guide  to  over-all  boilei  efficiency  as  to 
chimney  losses.  Applying  this  line  of  reasoning  to  the 
data  furnished  from  tests  on  a  certain  plant  and  plotting 
Fig.  1  therefrom,  it  is  seen  that  this  factor  is  indeed  a 
remarkably  good  working  index  of  boiler  and  furnace 
efficiency,  although  not  a  mathematically  perfect  one. 
In  the  plot  the  horizontal  ordinates  represent  the  factor 

T-t 


.  r^r\    and  each  point  represents  the  value  of  this 
per  cent  CO2 

ratio  for  one  test.  The  vertical  ordinates  represent  the 
efficiency  in  per  cent.  The  points  are  nearly  all  on  a 
straight  line,  which  shows  that  the  boiler  efficiency  has 


a  simple  relation  to  the  factor 


T-t 


If  the 


per  cent  CO2' 

reader  has  data  on  several  efficiency  tests  .under  his 
own  conditions,  he  can  easily  make  up  a  chart  like  Fig.  1 
for  his  particular  fuel  and  boilers. 

The  writer  has  examined  a  great  many  tests  by  this 


method  and  has  found  it  to  check  up  almost  invariably. 
When  it  does  not,  the  usual  explanation  is  that  when 
the  average  CO^  is  used  instead  of  the  average  losses 
corresponding  to  CO^,  there  is  likely  to  be  a  discrepancy, 
which  is  especially  noticeable  when  the  CO^  fluctuates 
over  a  wide  range.'    For  momentary  values  of  the  factor 

T-t 

.  QQ  ,   the  points  on  an  eflficiency  index  chart 

such  as  Fig.  1  should  lie  almost  exactly  on  a  straight 
line.   Each  point  noted  in  Fig.  1  represents  an  average 


Carbon-Hydroqen   Ratio  in  Moisture- free  Fuel 

e 7  a  9  10 


16         15  14  15  12  .11  10 

Per  Cent  available  Hydrogen  in  Combustible 

FIG.    2.     PERCENTAGES   OF   CO,    CORRESPONDING   TO   VARIOUS 
PERCENTAGES  OF  EXCESS  AIR  FOR  DIFFERENT  FUEL  OILS 

C+OA  S 
Carbon-Hydrogen  ratio  ia         _  and  per  cent  available  hydrogen  is 


100  H 


H 
where  C,  R  and  S  represent  the  percentages  of  carbon,  hydrogen 


//-t-C-|-0.4S 

and  sulphur  respectively  in  the  oil  when  freed  from  moisture. 

APPROXIMATE  COMPOSITION  IN  PER  CENT  OF  OILS 
REPRESENTED  BY  DOTTED  LINES 

C           H             S             N          O  H,0 

Light  oil 84          13          0.8          0.2          I  I 

Medium  oil 85           12           0.8          0.2           I  I 

Heavy  oil 86           II           0.8          0.2           I  I 

value  of  CO,  and  temperature  over  a  seven-hour  test, 
hence  the  very  close  alignment  is  all  the  more  remark- 
able. 

From  the  foregoing  it  is  apparent  that  a  pyrometer 
and  CO.,  recorder  of  the  continuous  type  furnish  all  the 
information  required  to  conduct  what  practically  amounts 

'See  article  by  the  author,  page  297  Poiorr.  Feb.  24,  1920. 
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to  a  perpetual  efficiency  test  under  operating  conditions. 
The  COj  recorder  alone  serves  in  this  way  as  a  guide  to 
efficiency  in  many  plants  where  the  flue  temperature 
remains  fairly  uniform.  At  any  rate  the  information 
which  is  most  vital  in  keeping  the  greatest  single  item 
of  loss  down  to  the  minimum  is  furnished  by  the  CO, 
recorder. 

Fig.  2  shows  the  percentages  of  CO,  that  will  be  re- 
corded when  various  proportions  of  excess  air  are  used 
in  burning  fuel  oil  of  various  compositions.  Each  curve 
represents  a  different  percentage  of  excess  air.  The 
upper  curve  represents  the  theoretical  quantity  of  air  for 
complete  combustion ;  that  is,  0  per  cent  excess  air.  The 
vertical  scale  on  the  left  margin  represents  the  percent- 
ages of  COj.  The  lower  horizontal  scale  represents  per- 
centages of  hydrogen  in  various  hydrocarbon  fuels.  This 
represents  only  the  percentage  of  hydrogen  in  the  com- 
bustible matter  in  the  fuel  and  does  not  include  the 
hydrogen  in  moisture  in  the  fuel.  The  upper  horizontal 
scale  expresses  the  composition  of  the  same  range  of 
fuels  in  different  terms;  namely,  the  ratio  of  carbon  to 
hydrogen,  not  including  the  hydrogen  in  the  moisture 
in  the  fuel. 

Corrections  for  Sulphur  in  the  Fuel 

Sulphur  in  the  fuel  will  burn  to  sulphur  dioxide  (SOJ 
and  will  be  absorbed  by  the  absorbent  in  the  CO,  record- 
ing machine,  adding  to  the  apparent  CO,  percentage 
just  as  though  it  were  CO,.  Hence,  sulphur  must  be 
taken  into  account  if  it  is  present  in  appreciable  quanti- 
ties. The  easiest  way  to  take  account  of  the  sulphur  is 
to  multiply  its  percentage  by  0.4  and  add  this  result 
to  the  percentage  of  carbon,  thus  treating  SO^  as  though 
it  were  CO^.  The  factor  0.4  is  used  because  the  volume 
of  SOj  in  the  flue  gas  produced  by  a  given  weight  of 
sulphur  is  just  about  four-tenths  as  great  as  the  volume 
of  CO2  produced  by  the  same  weight  of  carbon.  Air 
contains  20.9  per  cent  by  volume  of  oxygen,  and  if  all 
this  were  converted  into  CO^  the  percentage  of  the  latter 
in  the  flue  gas  would  also  be  20.9.  Some  oxygen,  how- 
ever, is  required  for  converting  the  hydrogen  in  the 
fuel  into  water-vapor,  and  the  nitrogen  accompanying 
this  oxygen  appears  in  the  flue  gas.  Therefore,  the 
greater  the  percentage  of  hydrogen  in  the  fuel,  the  less 
will  be  the  percentage  of  CO^  in  the  flue  gas.  All  the 
curves  in  Fig.  2  will  illustrate  this  fact.  As  a  conse- 
quence, it  would  seem  that  with  fuel  oil  a  much  lower 
percentage  of  CO,  should  be  carried  than  with  fuel  low 
in  hydrogen — for  example,  anthracite  coal  or  coke. 
This,  however,  is  not  usually  the  case  for  the  reason 
that  oil  can  generally  be  consumed  with  a  much  smaller 
proportion  of  excess  air,  because  of  the  ease  of  obtain- 
ing a  thorough  mixture  of  the  air  and  fuel  during  the 
process  of  atomization.  The  amount  of  excess  air  that 
must  be  used  in  oil  burning  will  be  found  to  be  larger 
in  some  cases  than  in  others  owing  to  the  fact  that  some 
boiler  furnaces  are  not  designed  to  withstand  the  ex- 
tremely high  temperatures  that  accompany  minimum 
air  supply. 

Variables  Which  Affect  Amount  of  Air  Required 

Such  economical  adjustments  of  the  air  supply  as 
those  mentioned  cannot,  of  course,  be  maintained,  espe- 
cially with  oil  burners,  without  keeping  continuous 
records  of  the  percentage  of  CO,.  Every  little  change 
in  the  constantly  changing  conditions  of  operation  will 
necessitate  readjustment  of  the  air  supply.  Such  vari- 
able factors,  for  instance,  as  change  of  direction  and 


velocity  of  wind,  atmospheric  temperature,  barometric 
pressure,  percentage  of  humidity,  demand  for  steam, 
temperature  of  furnace,  quantity  of  dust  on  tubes  or  in 
flues,  amount  of  scale  in  boiler,  degree  of  superheat, 
condition  of  furnace  lining  and  baffling,  and  many 
others,  have  an  effect,  often  a  sudden  effect,  on  the 
quantity  of  air  and  fuel  required. 

The  usual  rule  in  burning  oil  is  to  cut  down  the  air 
supply  unti'  a  "light  haze"  appears  at  the  top  of  the 
stack.  From  the  test  data  accompanying  Fig.  1,  it  may 
be  observed  that  the  only  test  in  which  this  "light  haze" 
is  noted  showed  the  lowest  efficiency  of  the  series. 
While  this  is  not  sufficient  evidence  that  a  "light  haze" 
means  poor  efficiency,  it  suggests  that  it  may  not  be  a 
reliable  guide  to  the  best  operating  conditions. 

A  boiler  furnace,  whether  coal-  or  oil-fired,  cannot  be 
set  in  advance  to  meet  varying  operating  conditions,  as, 
for  instance,  the  valves  of  an  engine  are  set.  Continu- 
ous readjustment  is  necessary.  Sometimes  these  ad- 
justments must  be  made  every  few  minutes  and  some- 
times every  hour  or  even  at  longer  periods,  depending 
entirely  on  the  nature  of  the  load  and  the  conditions 
of  operation.  It  is  generally  conceded  that  in  no  other 
part  of  the  power  plant  is  the  personal  element  a  greater 
factor  than  in  the  boiler  room.  Certainly  in  no  other 
part  are  there  greater  opportunities  for  savings  than 
are  possible  in  connection  with  fuel  conservation,  and 
high  COj  is  the  key  to  fuel  saving.  There  is  no  substi- 
tute for  the  personal  element,  but  fortunately  it  pays 
handsomely  to  employ  human  brains,  guided  by  efficient 
CO2  instruments,  to  keep  the  air  and  fuel  in  balance  at 
all  times. 

Losses  Due  to  Low  CO, 

To  see  just  what  losses  are  involved  when  we  neglect 
the  COj  factor,  assume  an  oil  corresponding  to  that 
marked  "medium"  on  Fig.  3  and  that  this  oil  has  a  heat 
value  of  18,600  B.t.u.  per  pound  of  combustible.  If  we 
used  200  per  cent  excess  air,  the  percentage  of  CO, 
would  be  five,  and  at  this  figure,  with  650  deg.  F.  stack 
temperature  and  50  deg.  boiler-room  temperature,  the 
loss  of  heat  up  the  chimney  in  the  dry  gases  alone  (not 
including  the  losses  in  the  moisture^  would  equal  35.3 
per  cent  of  all  the  available  heat  in  the  fuel.  Plants  are 
actually  producing  as  bad  results  as  this  and  even  worse. 
Taking  the  same  tem.peratue  difference,  if  40  per  cent 
excess  air  is  supplied  the  dry  gas  loss  is  reduced  to  16.6 
per  cent,  while  if  operation  were  possible  at  10  per 
cent  excess  air  the  loss  would  drop  to  12.9.  per  cent. 

Fuel  conserv.^tion  and  particularly  fuel-oil  conserva- 
tion is  one  of  the  most  important  economic  problems  of 
this  day  and  generation.  The  best  way  to  conserve  it 
in  the  boiler  room  is  to  utilize  as  large  a  proportion  as 
possible  of  its  heat  in  doing  useful  work — that  is,  in 
evaporating  water  in  the  boiler — and  to  waste  as  small 
a  proportion  as  possible  up  the  chimney  by  keeping  the 
volume  of  the  exhaust  gases  as  small  as  possible  with 
the  aid  of  COj  instruments  and  by  keeping  the  tempera- 
ture of  the  flue  gabes  as  low  as  possible. 


The  electric-power  generating  equipment  on  the 
British  battle  cruiser  "Hood"  consists  of  an  unusual 
variety  of  apparatus.  Eight  generators  are  provided, 
each  of  which  can  supply  either  alternating  or  direct 
current  as  may  be  desired.  Four  of  these  generators 
are  driven  by  reciprocating  steam  engines,  two  by 
geared  high-speed  impulse  turbines  and  two  by  eight- 
cylinder  Diesel  oil  engines. 
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Mr.  Carle  has  inspected  practically  all  of  the  large  turbine  plants  of  the  country  with  the  object  of  de- 
termining the  efficiency  of  these  prime  movers  under  various  operating  conditions.  Observations  on 
these  trips  combined  with  his  oum  wide  experience  in  the  installation  and  operation  of  these  units  and  as 
chairman  of  the  Prime  Movers  Committee  of  the  National  Electric  Light  Association,  lead  him  to  the 
opinion  that  30,000  kw.  1,800  r.p.m.  60  cycles  and  35,000  kw.  1,500  r.p.m.  25  cycles  can  be  considered  for 
the  present  as  the  maximum  standard  sizes  of  single-shaft,  single-barrel  units.  Moreover,  during  the  past 
year  considerable  information  has  been  obtained  from  the  operation  of  these  large  units  as  well  as  from 
some  of  the  smaller  machines,  with  the  result  that  steps  are  being  taken  to  bring  about  helpful  co-oper- 
ation between  the  designers  and  the  men  under  whose  charge  they  operate. 


TO  BECOME  chief 
engineer  of  a  large 
power  corporation 
in  charge  of  its  diversified 
power  system  is  close — 
very  close  to  the  top.  Na- 
thaniel A.  Carle,  Chief 
Engineer  of  the  Public 
Service  Electric  Company 
of  New  Jersey,  has  at- 
tained this  position.  A 
forceful  personality  com- 
bined with  pronounced  ad- 
ministrative ability  and 
power  of  analysis  early 
marked  him  as  a  leader  of 
men,  and  from  the  time 
when  he  left  college  to  en- 
ter the  industrial  engi- 
neering field  until  today, 
his  progress  has  been 
steady  and  sure. 

Mr.  Carle's  activities 
are  not  confined  to  super- 
vision of  one  of  the  larg- 
est public  power  systems 
in  the  country,  but  he  also 
is  an  active  member  in  a 
number     of     engineering 

societies  and  is  at  present  serving  on  twenty-three  com- 
mittees. He  has  done  a  great  deal  of  investigation  work 
with  turbines,  and  as  chairman  of  the  Prime  Movers 
Committee  of  the  National  Electric  Light  Association, 
much  of  his  time  has  been  occupied  with  problems  con- 
fronting that  body. 

The  use  of  pulverized  fuel  in  large  power  plants  and 
increased  efficiency  in  the  boiler  room  are  hobbies  with 
Mr.  Carle,  and  much  research  work  has  been  done  by 
him,  with  the  result  that  the  Public  Service  Electric 
Company  is  getting  ready  to  install  an  experimental 
outfit  at  the  Marion  Station  within  the  near  future  for 
the  utilization  of  this  fuel.  If  this  proves  successful,  it 
will  be  applied  to  the  smaller  stations  first. 

His  work  in  connection  with  increasing  the  efficiency 
in  the  boiler  room  has  done  much  toward  making  the 
plants  of  his  company  safer  and  more  economical.  He 
is  a  strong  advocate  of  placing  an  experienced  high- 
priced  man  in  charge  of  the  boiler  room,  as  a  large 


Photo   by   Lnderwond  &  Vaderwood. 


percentage  of  the  plant 
saving  depends  upon  the 
performance  of  the  boil- 
ers. While  a  believer  in 
high  pressure  for  maxi- 
mum efficiency,  he  is  op- 
posed to  extremely  high 
pressures  until  a  more 
comprehensive  knowledge 
of  boilers  and  their  auxil- 
iary apparatus  and  their 
ability  to  carry  such  pres- 
sures has  been  gained. 

Mr.  Carle  was  born  in 
Portland,  Ore.,  May  28, 
1875.  When  he  was  six 
years  old  his  parents 
moved  to  Seattle,  Wash., 
and  it  was  here  that  his 
education  began.  He  re- 
ceived his  elementary  ed- 
ucation in  the  public 
schools,  followed  by  a 
course  in  mechanical  en- 
gineering at  Leland  Stan- 
ford, Jr.,  University,  from 
which  he  graduated  in 
1898.  While  at  the  Univer- 
sity, Mr.  Carle,  always  a 
lover  of  the  great  outdoors  and  extremely  fond  of 
athletics,  played  on  the  varsity  football  team  for  three 
years.  He  was  also  initiated  to  membership  in  the  Beta 
Theta  Pi  fraternity  and  the  honorary  engineering  so- 
ciety of  Sigma  Psi. 

Following  graduation  he  accepted  a  position  with  the 
Silver  Bow  Mining  Co.,  which  was  operating  at  Juneau, 
Alaska.  He  worked  underground  as  a  miner,  for  prac- 
tical mining  knowledge,  and  in  the  latter  part  of  1898  he 
was  employed  by  the  Canadian  Rand  Drill  Co.  at  Sher- 
brooke,  Quebec.  He  remained  there  until  1900,  then 
resigned  and  went  to  New  York  City,  where  he  became 
associated  with  Westinghouse  Church  Kerr  &  Co.  He 
supervised  and  directed  many  large  jobs  while  with  this 
company,  including  the  installation  of  a  large  power 
plant  in  the  Back  Bay  Station  of  the  New  York,  New 
Haven  &  Hartford  Railroad  at  Boston.  He  was  field 
engineer  on  the  construction  of  the  Kingsbridge  power 
station,  which  had  the  distinction  for  many  years  of 
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being  the  largest  and  most  economically  operated  power 
plant  in  New  York  City.  While  credit  is  due  to  the 
engineers  in  charge  of  the  operation  of  the  plant,  yet  it 
stands  out  as  a  monument  to  the  thoroughness  and 
ability  of  the  engineer  in  charge  of  installation  and 
construction,  for  efficiency  and  economy  in  operation 
cannot  be  gained  where  installation  is  faulty.  Follow- 
ing the  completion  of  this  work  Mr.  Carle  was  made 
first  assistant  to  the  superintendent  of  construction  on 
the  Long  Island  Power  Station  of  the  Pennsylvania  R.R. 
at  Long  Island  City  and  later  of  the  entire  electrification 
of  the  railroad. 

In  1906  he  was  sent  to  Denver,  Col.,  as  engineer  in 
charge  of  work  on  large  power-plant  construction  at 
the  coal  fields  and  in  the  electrification  of  the  railroad 
between  Denver  and  Boulder  for  the  Northern  Colorado 
Power  Co.  His  handling  of  these  jobs  made  such  a 
favorable  impression  on  the  officials  of  the  Northern 
Colorado  Power  Co.  that  in  1907  he  was  induced  to 
become  vice  president  and  general  manager  of  the 
company. 

He  resigned  from  the  Northern  Colorado  Power  Co. 
in  1909,  returned  to  Seattle,  his  boyhood  home,  and 
opened  offices  as  a  consulting  engineer.  He  later  be- 
came associated  with  the  Puget  Sound  &  Dredging  Co. 
His  work  finally  attracted  the  attention  of  the  Public 


Service  Electric  Co.  of  Newark,  N.  J.,  and  he  ac- 
cepted the  position  of  chief  engineer.  His  ability  was 
put  to  the  test  at  once.  He  was  called  upon  to  reorgan- 
ize and  enlarge  the  engineering  force  of  the  company 
and  accomplished  this  so  thoroughly  that  he  has  since 
been  in  charge  of  the  entire  engineering  and 
construction   work. 

The  company  operates  eighteen  generating  stations 
with  a  capacity  of  270,000  kw,,  and  100  substations  are 
supplied  with  power  over  the  system  of  850  miles  of 
overhead  and  underground  transmission  circuits  oper- 
ating at  13,200  and  26,400  volts.  During  the  war  over 
one  hundred  and  fifty  plants,  engaged  in  war  work, 
were  supplied  with  power. 

Despite  the  fact  that  his  work  claims  a  great  deal  of 
his  attention,  Mr.  Carle  finds  time  to  take  an  active 
interest  in  a  number  of  engineering  societies,  including 
the  American  Institute  of  Electrical  Engineers,  Engi- 
neering Council,  American  Society  of  Civil  Engineers, 
American  Society  of  Mechanical  Engineers  on  Power 
Tost  Codes  Committee,  Association  of  Edison  Illumi- 
nating Companies,  National  Electric  Light  Association, 
chairman  of  Prime  Movers  Committee  and  vice  chair- 
man Technical  and  Hydro-Electric  Section,  American 
Metric  Association,  and  the  American  Electric  Railway 
Association. 


Washery  Sludge  Burned  in  Pulverized 

Form  at  Seattle 


THE  Puget  Sound  Power  and  Light  Co.  at  Seattle, 
Wash.,  includes,  among  its  public  utilities,  a 
district  steam-heating  plant  of  4,100  boiler-horse- 
power, which  for  nearly  two  years  has  been  fired  with 
pulverized  high-grade  lignite.  The  results  shov^m  have 
been  so  favorable  that  all  those  connected  with  its 
operation  are  enthusiastic  advocates  of  this  form  of 
combustion. 

When  the  United  States  entered  the  war,  it  early 
seemed  probable  that  the  Federal  Government  would 
place  restrictions  upon  the  use  of  fuel  oil  on  the  Pacific 
Coast  and  that  consumers  remote  from  the  oil  fields 
would  be  forced  to  look  to  other  form.s  of  fuel.  Faced 
with  a  shortage  of  oil,  S-tone  &  Webster,  managers  and 
engineers  for  the  company,  undertook  a  careful  study 
of  the  possibilities  of  utilizing  the  local  grades  of  coal 
in  such  of  its  Seattle  plants  as  were  then  dependent 
upon  oil.  Early  in  the  spring  of  1917  one  of  the 
smaller  boilers  at  the  steam-heating  station  referred 
to  was  set  aside  for  experimental  purposes  and  an 
extensive  series  of  tests  conducted,  using  p^^actically  all 
grades  of  coal  locally  obtainable,  in  which  the  thorough 
practicability  of  combustion  of  these  coals  in  the  pul- 
verized form  was  fully  demonstrated. 

Pulverization  was  finally  decided  upon  as  most  favor- 
ably meeting  the  local  conditions.  It  was  particularly 
advantageous  at  Seattle  as  affording  means  for  efficient 
utilization  of  a  200,000-ton  sludge  dump  at  the  Renton 
mine  just  outside  the  city  limits.  The  adoption  of 
pulverized  fuel  had  also  the  important  advantage  of 
leaving  the  existing  oil-burning  equipment  immediately 
available  in  efficient  form.  Conversion  to  pulverized  fuel 
was  accordingly  made  by  Stone  &  Webster  the  follow- 
ing year. 

The   station    referred   to,    which    is    knovnl   as    the 


Western  Avenue  Station,  faces  on  Western  Ave.  and 
extends  through  to  Railroad  Ave.  on  the  harbor  front. 
It  is  about  two  blocks  from  the  center  of  the  retail 
shopping  district.  Originally,  the  station  was  designed 
as  an  ice  plant.  The  boilers,  many  of  which  were 
installed  twenty  years  ago,  were  set  with  low  furnaces 
and  with  aisle  space  so  narrow  as  to  make  a  satisfac- 
tory stoker  installation  impracticable.  Although  the 
small  furnaces  would  undoubtedly  have  curtailed  effi- 
ciency for  any  fuel,  while  burning  oil  the  lack  of  aisle 
space  involved  no  serious  interference  with  operation. 
A  change  to  coal,  however,  in  any  other  form  than 
pulverized,  without  rebuilding  the  entire  plant,  would 
have  called  for  hand  firing,  which  not  only  would  have 
been  most  difficult  from  a  labor  standpoint,  but  would 
have  restricted  the  consumption  to  high-priced  coal. 

The  present  boiler  plant  totals  4,100  hp.  in  rated 
capacity,  made  up  of  four  300-hp.,  three  400-hp.,  one 
500-hp.  and  two  600-hp.  boilers,  all  of  the  B.  &  W.  type. 
One  of  the  600-hp.  units  was  installed  at  the  same  time 
as  the  pulverized-fuel  preparation  plant  and  was  accord- 
ingly set  with  front  headers  eleven  feet  above  the  boiler 
floor.  All  the  other  boilers,  as  already  referred  to,  have 
low  furnaces,  with  headers  set  only  about  soven  feet 
above  the  floor. 

The  coals  mined  in  the  vicinity  of  Seattle  are  sub- 
bituminous  in  nature,  closely  bordering  upon  lignite, 
and  require  washing  in  preparation  of  all  the  smaller 
sizes.  At  the  Renton  mine,  washery  sludge,  regarded 
as  a  total  waste,  had  been  accumulating  for  years.  This 
material  carries  about  25  per  cent  moisture  and  has  an 
average  heat  value  of  about  7,300  B.t.u.  A  typical 
analysis  on  the  dry  basis  is  approximately  as  follows: 
Volatile  matter,  37  per  cent;  fixed  carbon,  38  per  cent; 
ash,  25  per  cent;  sulphur,  1  per  cent.     This  washery 


730 


POWER 


Vol.  51,  No.  18 


sludge  is  also  small  in  size,  about  50  per  cent  passing 
through  a  10-mesh  screen,  rendering  it  totally  unfit  for 
use  on  any  existing  form  of  mechanical  stoker. 

As  originally  reclaimed  from  the  dump,  the  sludge 
carries  such  a  high  content  of  clay  that  its  adhering 
qualities  would  render  it  practically  impossible  of  han- 
dling in  any  ordinary  form  of  conveying  apparatus. 
By  combining  some  washing  with  the  sluicing  process 
used  in  carrying  the  sludge  from  the  dump,  a  large  part 
of  this  clay  is  removed.  Regular  washing  tables  are 
now  being  installed  on  which  the  clay  will  be  com- 
pletely removed. 

The  Coal-Preparation  Plant 

The  plant  that  converts  the  raw  coal  into  pulverized 
coal  consists  of  three  main  divisions:  (1)  The  raw- 
coal  handling  system,  comprising  raw-coal  storage 
bunkers,  crusher,  crushed-coal  bunkers  and  intercon- 
necting conveyors;  (2)  the  drying  plant,  comprising 
the  driers  and  dry-coal  bunkers  with  conveyors  feeding 
the  driers  and  delivering  the  dried  coal  to  the  bunkers; 
(3)  the  pulverizing  plant,  comprising  the  pulverizing 
mills  with  their  feeders  and  the  necessary  conveying 
system  delivering  to  the  pulverized-coal  bunkers. 

The  Raw-Coal  Handling  System 

Lanitations  of  space  made  it  impracticable  to  provide 
sufficient  fuel  storage  within  the  station  building.  The 
desired  additional  raw-coal  storage  was  accordingly  in- 
stalled on  a  vacant  lot  adjoining  one  of  the  company's 
electrical  substations  and  immediately  across '  Western 
Ave.  from  the  steam-heating  plant.  The  three  raw-coal 
bunkers  erected  for  this  purpose  are  of  heavy  wood  con- 
struction, lined  with  galvanized  iron  and  have  a  total 
capacity  of  about  700  tons.  The  bunkers  are  served  by  a 
standard-gage  double  track  on  an  overhead  trestle  from 
which  hopper-bottoned  cars  discharge. 

From  the  bunkers  the  coal  is  fed  through  double 
rack-and-pinion  gates  to  a  20-in.  feeder  belt,  which  con- 
veys the  coal  to  a  single  roll-type  crusher  where,  when 
lump  or  run-of-mine  coal  is  used,  it  is  crushed  to  about 
one-half  inch  size.  A  bypass  chute  is  provided  around 
the  crusher,  so  that  the  smaller-sized  coal  can  be  fed 
directly  from  the  feeder  belt  to  the  conveyor  belt  lead- 
ing from  the  crusher  to  the  raw-coal  elevator.  The 
conveyor  belt  from  the  crusher  is  a  combination  incline- 
horizontal  belt,  20  in.  wide,  which,  carried  through  a 
tunnel  under  Western  Ave.,  delivers  the  crushed  coal 
to  a  double-strand,  fixed,  continuous-bucket  elevator, 
steel  incased,  which  elevates  the  coal  75  ft.  and  dis- 
charges it  onto  a  double-strand  steel  flight  conveyor  for 
distribution  to  the  crushed-coal  bunker. 

All  the  raw-coal  handling  equipment  has  a  capacity 
of  75  tons  per  hour;  with  buckwheat  coal  90  tons  has 
been  handled.  The  crushed-coal  bunker,  which  is  of 
reinforced  concrete,  has  a  capacity  of  about  350  tons. 

The  Drying  Plant 

To  convey  the  coal  from  the  crushed-coal  bunker  to 
the  two  driers,  two  apron  feeders  are  provided,  each 
served  by  a  5-ft.  by  10-in.  opening  at  the  bottom  of 
each  of  the  two  V-section  hoppers  formed  beneath  the 
crushed-coal  bunker.  Each  feeder  is  provided  with  a 
vertical  sliding  rack-and-pinion  gate  to  regulate  the  flow 
of  coal.  Both  feeders  discharge  into  a  common  chute, 
which  is  equipped  with  a  flopper  gate  and  steel-plate 
diaphragm  so  that  either  feeder  may  discharge  coal  into 
either  or  both  of  the  driers.     A  screw  fe3der  imme- 


diately beneath  each  apron  feeder  handles  the  drippings 
from  the  return  side  of  the  feeder  and  delivers  these 
drippings  into  the  feeder  discharge  chute  which 
branches  to  feed  the  two  driers.  Mechanical  agitators 
are  installed  in  the  branch  chutes  to  prevent  clogging. 
On  account  of  the  high  silt  content  the  sludge  in  the 
wet  state  is  of  particularly  sticky  consistency  and 
requires  positive  mechanical  movement  at  every  point. 

The  two  driers  are  of  the  indirect-fired,  rotary  type, 
with  settings  especially  designed  for  maximum  heat 
utilization.  The  cylinder  dimensions  are  respectively  5 
ft.  diameter  by  52  ft.  long  and  6  ft.  diameter  by  52  ft. 
long.  Pulverized  coal  is  used  for  the  drier  fuel.  The 
heat  absorbed  through  that  part  of  the  drier  cylinder 
within  the  heating  chamber  reduces  the  hot-gas  tem- 
perature to  about  500  deg.  F.  The  gases  finally  leave 
the  drier  at  a  temperature  of  about  270  deg.  F.  The 
coal  is  discharged  from  the  driers  at  a  temperature  of 
about  240  deg.  F. 

Induced  draft  for  the  driers  is  supplied  by  two 
turbine-driven  fans.  These  fans  discharge  into  insu- 
lated cyclone  separators  located  above  the  roof  of  the 
preparation  plant  proper,  where  all  but  the  finest  of 
dust  drawn  from  the  drier  with  the  exhaust  gases  is 
collected  for  return  to  the  system.  This  collected  dust 
is  delivered  by  screw  conveyor  to  the  dry-coal  elevator 
into  which  the  main  drier  is  discharged.  The  gases 
from  the  cyclone  separator  pass  to  an  exhaust  chamber, 
where,  before  being  finally  allowed  to  escape  to  the 
atmosphere,  they  are  washed  for  removal  of  the  small 
amount  of  dust  remaining.  Salt  water  from  the  harbor 
adjacent  to  the  plant  is  used  in  this  washer.  The  prox- 
imity of  the  plant  to  the  business  district  of  the  city 
necessitates  special  provisions  for  dust  prevention. 

From  the  driers  the  coal  is  discharged  over  magnetic 
separators  for  removing  tramp  iron  such  as  spikes,  bolts, 
nails,  and  into  the  dry-coal  elevator.  The  dry-coal 
elevator  is  of  the  single-strand,  fixed-bucket  type,  steel 
incased,  62  ft.  between  centers,  and  is  provided  with 
weighted  take-ups  to  compensate  for  temperature 
changes  met  in  such  service.  The  dry  coal  discharged 
at  the  top  of  the  elevator  is  distributed  by  screw 
conveyor  to  the  dry-coal  bunkers,  which  are  of  rein- 
forced concrete  and  have  a  capacity  of  about  150  tons. 

The  coal  as  it  reaches  the  dry-coal  bunkers  still 
carries  a  small  percentage  of  moisture  which  for  a  time 
continues  to  be  given  off  as  steam.  To  provide  for  the 
escape  of  this  steam  atmospheric  vents,  suitably  drained, 
are  installed.  It  is  found  in  practice  that  approximately 
one  per  cent  additional  moisture  is  given  off  by  the  coal 
in  the  bunkers  and  removed  by  this  means.  Other  vents 
are  also  provided  in  the  dry-coal  elevator  casing  to 
remove  such  moisture  as  may  be  liberated  between  the 
driers  and  bunkers. 

From  the  dry-coal  bunkers  the  coal  is  fed  to  the  pul 
verizing  mills. 

The  Pulverizing  Plant 

The  pulverizing  equipment  consists  of  three  42-in. 
Fuller-Lehigh  mills  of  a  capacity  about  3^  tons  per  hour 
each,  pulverizing  to  80  to  85  per  cent  through  a  200- 
mesh  screen  and  one  five-roll*,  high-side  Raymond  mill 
adjusted  to  a  capacity  of  about  four  tons  per  hour  for 
delivery  of  a  slightly  coarser  product.  The  pulverized 
coal  from  these  mills  is  delivered  by  screw  conveyor 
into  a  continuous-bucket,  single-strand,  centrifugal  dis- 
charge elevator  with  reinforced-concrete  casing.     This 
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elevator  discharges  into  a  screw  conveyor  distributing 
the  coal  to  the  pulverized-coal  bunkers  which  supply 
the  boiler  and  drier  furnaces.  The  bunkers  supplying 
the  boilers  provide  capacity  for  about  one-half  day's 
normal  operation  and  are  of  reinforced  concrete,  except 
in  the  case  of  two  bins  where  it  was  impracticable  to 
employ  this  construction. 

All  pulverized-coal  elevator  and  conveyor  casings  are 
of  dustproof  construction  as  are  the  connections  from 
both  Fuller  and  Raymond  mills.  Further,  to  insure 
absolute  dustlessness  within  the  preparation  plant  that 
part  of  the  pulverized-coal  system,  including  the  Fuller 
mills,  is  operated  under  a  slight  vacuum.  The  small 
exhauster  employed  for  this  purpose  is  arranged  to 
discharge  directly  to  certain  of  the  boiler  furnaces.  The 
vent  from  the  Raymond  mill  separator  is  similarly  dis- 
posed of. 

The  Combustion  Equipment 

The  pulverized-coal  feeders  are  of  the  screw-conveyor 
type,  each  operated  by  a  variable-speed  direct-current 
motor,  thus  providing  complete  control  of  the  coal  feed 
by  simple  rheostat  adjustment.  From  the  feeders  the 
pulverized  coal  is  picked  up  by  air  under  a  pressure  of 
about  five  to  six  ounces  and  delivered  to  the  burners. 
The  air  supply  is  furnished  by  turbine-driven  blowers 
delivering  to  a  central  blast  duct  beneath  the  pulverized- 
coal  bins,  from  which  branches  are  taken  off  to  the 
individual  feeders  and  burners.  Air  regulation  is  had 
by  means  of  valves  in  the  air-feed  lines. 

The  burners,  which  were  developed  by  the  Puget 
Sound  Power  and  Light  Co.'s  steam  superintendent,  are 
extremely  simple  in  construction,  consisting  merely  of  a 
special  mixing  elbow  delivering  the  aerated  coal  to  the 
furnace  horizontally  through  a  straight  pipe  nozzle  in 
such  manner  as  to  induce  with  the  fuel  jet  the  greater 
part  of  the  additional  air  required  for  combustion.  On 
account  of  the  low  setting  of  the  boilers  it  was  necessary 
to  place  the  burners  below  the  main  boiler  floor  to 
provide  the  required  space  for  combustion  of  the  fuel 
before  reaching  the  heating  surface. 

The  ash  resulting  from  combustion  varies  in  composi- 
tion from  a  fine  powder  to  slag;  some  is  deposited  as 
dust  on  the  tubes  and  back  of  the  bridge  wall,  some 
escapes  with  the  flue  gases,  but  the  major  portion  falls 
to  the  bottom  of  the  furnace  as  coarse  sand  and  rather 
soft  clinker.  The  dust  accumulation  on  the  tubes  is 
removed  by  mechanical  soot  blowers  supplemented  by 
a  hand  lance  once  or  twice  a  day  as  required.  The  ashes 
and  clinker  from  the  furnace  are  raked  out  at  regular 
intervals,  quenched  with  a  hpse,  conveyed  by  hand-dump 
cars,  are  elevated  by  electrically  operated  skip  hoist  to 
an  overhead  ash  bunker  from  which  they  are  discharged 
to  trucks  for  final  disposal. 

Operation 

Burning  the  pulverized  washery  sludge  as  described, 
boilers  are  regularly  operated  on  continuous  loads  of 
150  per  cent  to  175  per  cent  of  the  rated  capacity. 
The  station  as  a  whole  has  readily  carried  steam-heating 
loads  of  6,000  boiler-horsepower  and  has  showTi  over-all 
net  operating  efficiencies,  as  determined  from  steam 
production  per  pound  of  wet  sludge,  fully  equal  to  those 
obtained  with  mechanical  stokers  utilizing  the  better 
grades  of  coal  of  this  district,  of  larger  size  and  care- 
fully prepared.  Boiler  maintenance  has  been  markedly 
reduced.  With  oil  firing,  tube  failures  under  heavy 
loads  were  far  from  uncommon.     Since  the  adoption 


of  pulverized  coal,  such  failures  have  been  practically 
unknown. 

The  success  of  the  installation,  the  simplicity  and 
efficiency  of  combustion,  the  flexibility  in  capacity, 
attained  with  a  fuel  which  by  any  other  available  means 
it  would  have  been  impossible  to  utilize  at  all,  quite 
naturally  converted  the  operating  organization  and  offi- 
cials of  the  Puget  Sound  Power  and  Light  Co.  to 
enthusiastic  advocates  of  pulverized  fuel.  Nevertheless, 
they  do  not  look  upon  pulverization  as  a  universal 
panacea  for  the  high  cost  of  fuel,  but  urge  that  every 
situation  be  viewed  as  a  special  problem  and  that  all 
the  affecting  conditions  be  carefully  studied  before 
attempting  any  decision  as  to  the  best  form  for  com- 
bustion in  any  particular  case. 

Refrigerating  Eflfect  of  Natural 
and  Artificial  Ice 

By  John  H.  Ryan 

The  comparative  merits  of  natural  and  machine-made 
ice  is  an  old  story  in  the  ice  business  and  was  started 
by  the  natural-ice  men  claiming  that  their  ice  would  keep 
the  ordinary  box  colder  than  would  the  machine-made 
ice.  Thermometers  placed  in  the  boxes  bore  them  out 
in  their  argument,  as  the  refrigerators  always  showed 
two  or  three  degrees  colder  with  the  natural  ice. 

In  1913  I  was  chief  engineer  in  a  combined  brewery 
and  ice  plant  in  New  England  where  competition  was 
keen  in  the  ice  business.  We  bought  an  ordinary  house- 
hold refrigerator  that  held  approximately  one  cubic  foot 
of  ice  and  put  a  recording  thermometer  in  the  side  of 
the  box  and  then  put  the  box  in  one  of  the  ale-storage 
cellars  kept  at  a  constant  temperature  of  50  deg.  F.  We 
left  the  empty  box  with  all  doors  open  for  two  days 
to  be  sure  it  was  the  same  temperature  as  the  cellar. 
The  ice  to  be  used  was  set  to  one  side  of  the  ice- 
stoi'age  anteroom  for  the  same  length  of  time  so  that 
the  natural  and  artificial  ice  would  be  at  the  same 
temperature.  We  put  48  lb.  of  ice  in  the  box  to  test 
with  and  made  three  tests  of  each  kind  of  ice  alter- 
nately. The  elapsed  time  from  when  the  recording 
thermometer  started  to  drop  from  50  deg.  F.  to  when 
it  came  up  again  to  50  deg  F.  was  slightly  over  five 
days,  and  there  was  less  than  twenty  minutes  difference 
in  the  time  of  all  the  tests.  The  longest  elapsed  time 
was  with  one  of  the  natural-ice  pieces,  but  so  also  was 
the   shortest   time,    and   we  decided   it   a   draw. 

In  Boston  the  next  year  I  had  an  opportunity'  to 
observe  both  kinds  of  ice  in  a  grocer's  refrigerator,  and 
discovered  the  "joker"  to  be  in  the  manner  in  which 
the  ice  is  placed  in  the  box.  Natural  ice  gets  more 
handling  and  breaking  before  placing  in  the  customer's 
box,  and  it  is  so  rough  that  it  does  not  make  a  closely 
packed  mass.  The  air  can  circulate  all  around  each  cake, 
which  ccdIs  the  air  because  there  is  such  a  large  ice 
surface  in  contact  with  it.  With  manufactured  ice  the 
surfaces  are  so  smooth  that  they  lie  close  together  and 
freeze  into  a  solid  mass  and  the  only  surface  offered  to 
the  air  is  the  outside  of  the  frozen  mass,  which  is 
small  compared  to  the  rubble  surface  of  natural  ice.  In 
this  case  the  manufactured  ice  lasted  longer  while  not 
cooling  the  boxes  so  low.  By  instructing  our  drivers 
to  pile  the  can  ice  checkerboard  fashion  we  could  meet 
the  temperatures  obtained  with  natural  ice.  and 
increased   our  sales. 
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Rules  for  the  Safe  Operation  of  Steam 
Engines  and  Turbines 

By  E.  E.  clock 

Chief  Inspector,  Turbine  and  Engine  Department,  The  Fidelity  and  Casualty  Co.  of  New  York 


Starting  the  Engine 

No  engine  should  be  started  until  it  has  been 
thoroughly  inspected  since  its  previous  run.  Inspect 
for  loose  nuts,  keys,  fittings,  main  belt,  flywheel, 
receiving  pulley,  governor  and  governor  belt.  This 
should  be  done  at  the  end  of  the  run  to  allow  time 
for  adjustments  or  repairs.  This  applies  to  all 
auxiliaries  necessary  to  the  operation  of  the  engine. 

Removing  Water 

Be  sure  the  engine  is  warmed  up  and  the  cylinder 
and  steam  pipes,  exhaust  pipe,  receiver  and  coils, 
and  the  jackets,  are  free  of  water;  if  the  receiver 
is  of  cast  iron  be  sure  the  relief  valve  is  set  well 
within  the  safe  pressure  limits  and  that  it  is  of 
ample  capacity  to  free  the  receiver  of  all  steam 
the  high-pressure  cylinder  may  be  able  to  give  it 
under  any  or  all  conditions  of  sticking  or  broken 
valves. 

Starting  Machinery  at  Distance 

If  the  engine  is  belted  to  the  machinery  in  the 
plant  so  that  machinery  is  started  at  a  long  dis- 
tance from  the  engine,  the  engine  should  not  be 
started  until  a  warning  is  given  by  ringing  a  gong 
or  otherwise. 

Governing  Point 

When  the  engine  is  coming  up  to  speed,  the  gov- 
ernor should  be  watched  closely  for  any  sticking 
or  sluggishness.  Closely  note  its  full  ability  to  hold 
the  speed  down  to  not  over  four  per  cent  overspeed 
at  no  load.  Stand  by  till  the  engine  has  taken  a 
load  and  as  long  a  time  afterward  as  time  will 
permit;  the  engine  should  not  be  left  alone  till  it 
is  running  satisfactorily. 

Engine  Running  Alone 

The  engine  should  not  at  any  time  be  left  out  of 
the  sight  and  hearing  of  someone  capable  of  getting 
it  under  control  in  case  of  accident. 

Lubrication 

The  governor  should  not  be  handicapped  in  the 
control  of  the  engine  by  bad  lubrication.  Sediment 
in  combination  with  graphite  and  bad  or  gummy  oils 
causes  the  packings  rings  to  stick  in  the  piston. 
Use  graphite  sparingly  in  engines  provided  with 
self-adjustable  pressure  plates  or  balance  rings  or 
any  steam  surface  that  is  provided  with  water- 
grooved  packing. 

High-Test  Oils  in  Low  Temperatures 

Never  use  a  high-flashpoint  oil  on  a  low-tempera- 
ture engine;  600-test  oils  should  not  be  used  on 
engines  carrying  less  than  125  lb.  pressure  unless 
there  is  superheat.  It  is  not  advisable  to  use  the 
same  cylinder  oil  on  the  low-pressure  cylinder  that 
is  used  on  the  high  pressure. 

Driving  Belts 

All  of  the  surface  of  the  belt  should  be  kept  in 
contact  with  the  pulley  and  not  allowed  to  dry  out; 
neat's-foot  oil  or  castor  oil  will  usually  produce 
proper  surface  conlact.  Do  not  allow  belts  to  be- 
come soaked  with  lubricating  oil. 


Speed-Limit  Device 


Turbines . 

Turbines  must  be  guarded  against  water  entering 
with  the  steam.  Therefore  use  extra  care  in  warm- 
ing up  and  draining.  Frequently  inspect  the  regu- 
lating gear  and  know  that  the  speed-limit  device  is 
proven  to  be  in  order  by  frequent  testing.  Turbines 
should  be  immediately  taken  out  of  service  upon 
failure  of  the  speed-limit  device.  Atmospheric  relief 
valves  must  be  provided  and  kept  free  to  open 
quickly  and  easily  without  subjecting  the  low- 
pressure  end  of  the  turbine  to  undue  pressure. 

Relief  Valves 

Bleeder  or  extraction  type  turbines  should  be  pro- 
vided with  relief  valves  in  the  bleeder  or  extractor 
stage  to  relieve  the  turbine  of  all  the  steam  that 
comes  through  the  first  stage,  even  with  the  loss 
of  many  blades  or  buckets.  Also  provide  a  non- 
return valve  to  prevent  return  of  steam  from 
bleeder  line.  These  valves  must  be  frequently 
tested  to  insure  reliability. 

Tachometer  and  Circuit-Breakers 

No  turbine  should  be  operated  without  a  reliable 
tachometer  or  frequency  indicator;  and  all  turbines 
and  engines  feeding  to  a  common  busbar  should  be 
provided  with  proper  circuit-breakers  and,  if  direct 
current,  should  be  provided  with  reverse-current 
relays. 

Testing  Safety  Devices 

All  safety  devices  should  be  tested  regularly  and 
the  result  of  the  test  entered  on  a  log  sheet  pro- 
vided for  the  entering  of  all  tests,  including  safety 
valves,  relief  valves,  relays,  speed  limits,  etc.,  with 
the  time  and  date  of  tests  duly  entered  above  the 
signature  of  the  engineer  making  the  test. 

Flywheel 

Be  sure  the  flywheels  are  operated  with  an  ample 
margin  of  safety  on  strength  as  well  as  speed, 
using  the  formula 


1680 


Diameter  in  Feet 


=  Safe  Speed. 


Steam  Mains 

Be  sure  the  steam  mains  are  so  arranged  that 
the  drainage  or  condensation  will  flow  toward  the 
engine  and  are  properly  intercepted  by  a  suitable 
separator  and  trap.  Be  suie  the  trap  is  so  located 
that  it  may  be  watched. 

Pockets 

Be  sure  there  are  no  sags  or  pockets  in  the  steam 
main  that  would  allow  water  to  accumulate  and  go 
to  the  engine  in  slugs. 

Gagpots 

Gagpots  or  dashpots  on  governors  should  be  kept 
free  from  gum  or  dirt  accumulation,  as  this  pre- 
vents the  Corliss  type  of  governor  from  going  to 
the  low  or  safety  limit  and  the  flywheel  or  shaft 
governor  from  reaching  limits  necessary  for  the  full 
control  of  the  engine  under  a  sudden  release  of  load. 


Gaging  the  Governor 


Engines  running  under  very  widely  fluctuating 
loads  should  be  provided  with  a  speed  limit  device 
independent  of  the  governor. 


Never  under  any  circumstances  gag  the  governor 
to  prevent  it  from  shutting  down  under  overload  or 
low  steam  without  placing  a  man  at  the  engine  to 
remain  until  the  governor  can  be  restored  to  the 
safety  condition. 
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Sawmill  Drive  in  the 
Pacific  Northwest 

THE  lumber  industry  in  the  Pacific  Northwest  is 
reaching  proportions  that  are  greater  than  the 
pioneers  dared  to  hope.  Every  day  sees  a  demand  from 
some  quarter,  either  for  new  markets  altogether  or 
for  new  uses  for  available  timber.  Just  now  the  lumber 
industry  is  probably  larger  in  point  of  demand  and 
output  than  ever  before  in  its  history.  Considering 
Washington  alone,  7,250,000,000  feet  passed  out  of  that 
state  in  1918,  and  it  is  likely  that  the  1919  cut  will 
show  a  gain  despite  the  fact  that  the  serious  labor 
disturbances  of  that  year  reduced  output.  But  this 
year  the  great  mills  of  this  remarkable  Northwest 
country  are  passing  timber  at  an  astounding  rate.  The 
world  seems  to  be  drawing  heavily  upon  our  timber. 

Now,  in  an  industry  that  has  become  so  large,  one 
naturally  looks  for  big  things  mechanically,  and  is  not 
a  bit  disappointed  when  visiting  the  large  camps 
and  mills  on  Puget  Sound,  in  Oregon  and  in  Northern 
California.  In  fact,  one  is  rather  surprised.  It  is  not 
uncommon  to  see  a  man  at  a  keyboard  in  a  screech- 
ing, busy  mill,  pressing  the  many  keys  each  of  which 
operates  a  spinning  saw,  causing  it  to  lower  itself  and 
cut  a  board  to  a  certain  length  or  to  remain  uplifted, 
allowing  the  board  to  pass  and  be  cut  by  other  innumer- 
able saws  in  the  row,  all  at  the  discretion  of  the 
operator.  One  feels  the  might  of  the  country  and  the 
industry  when  standing  back  and  watching  the  little 
Japanese  laborers  on  the  carriages  where  the  grotesque 
mechanical  "niggers"  grip  the  huge  timber  and  flop  it 
over  on  its  side  like  the  man  in  Childs'  window  flops 
the  griddle  cakes.  It  is  to  feel  that  you  are  in  the 
midst  of  big  things  when  watching  the  tugging  cranes 
pick  up  a  whole  flat-car  of  logs,  each  two  to  ten  feet  in 
diameter,  and  roll  them  into  the  mill  pond. 

And  the  big  thing  about  it  is  that  it  is  all  a  power 
job — ^yes,  every  operation  from  cutting  and  transport- 
ing the  great  trees  to  delivering  the  finished  lumber  to 
the  shipping  docks  or  cars.  There  are  some  modern, 
high-grade,  high-pressure  steam  engines  and  apparatus 
up  there  in  the  echoing  woods  that  would  gladden  the 
hearts  of  Corliss  and  Watt.  There  are  engines,  tur- 
bines, air  compressors,  pumps,  electric  generators  and 
what  not  in  the  mills  that  would  turn  an  uninitiated 
engineer  in  search  of  variety  and  problems  green  with 
envy.  The  mechanical  engineer,  the  power  engineer, 
of  a  large,  modern  lumber  company  has  a  man's-size  job. 

And  it  begins  to  look  as  though  he  and  his  manu- 
facturing associates  are  about  to  introduce  high-tension, 
hydro-electric  current  into  their  field  on  a  large,  varied 
and  interesting  scale.  This  is  by  no  means  the  general 
practice.  The  thought  is.  How  general  is  it  likely  to 
become?  Distance  of  lumber  camps  from  transmission 
lines  is  a  factor ;  but  it  is  obvious  that  the  cheapest  con- 
struction will  do  to  connect  the  two,  for  the  work  is 
of  necessity  of  a  temporary  character.  More  specific 
and  detailed  technical  information  on  the  application  of 
electricity  to  lumber  camp  and  sawmill  work  is  needed. 


Another  Reason  for 
an  Operating  Code 

COMPARISON  of  instruction  pamphlets  that  usually 
accompany  all  new  apparatus  from  the  manufac- 
turers' shops  will  often  reveal  considerable  difference  in 
matters  of  detail  respecting  the  functioning  of  similar 
equipment.  Were  these  instructions  to  be  followed 
explicitly,  a  station  that  happened  to  contain  two  or 
more  makes  of  apparatus  for  like  service  would  find 
itself  employing  an  equal  number  of  methods  in  their 
operation.  What  usually  results  is  a  compromise  in 
op'^rating  practice  that,  in  the  opinion  of  the  manage- 
ment, best  meets  the  local  conditions. 

This  is  all  very  well  as  long  as  everything  runs 
smoothly,  but  as  a  rule  manufacturers  will  stand  back 
of  their  guarantees  only  to  the  extent  that  their  oper- 
ating instructions  are  carried  out.  Let  anything  happen 
to  the  apparatus  where  these  are  bemg  deviated  from, 
and  there  immediately  arise  grounds  for  possible  con- 
troversy. 

This  is  just  an  additional  point  in  the  argument  that 
has  previously  appeared  in  these  columns  for  the  estab- 
lishment of  an  operating  code  for  central  stations  or 
large  industrial  plants  along  the  lines  of  the  present 
Power  Test  Codes,  and  which  it  is  understood  is  now 
being  seriously  considered  by  the  Prime  Movers  Com- 
mittee of  the  National  Electric  Light  Association. 

A  Needed  Reform  in 
Marine  Boiler  Law 

WELL  back  toward  the  middle  of  the  last  century. 
Congress  enacted  laws  for  the  regulation  and 
inspection  of  steam  vessels  navigating  the  waters  of 
the  United  States.  It  is  proposed  to  amend  that 
portion  of  the  law  which  provides  for  the  allowable 
working  pressure  in  boilers.  A  bill  known  as  Senate 
Bill  Number  574  has  been  introduced  and  referred 
to  the  Senate  Committee  on  Commerce. 

The  present  law  provides  that  the  working  pressure 
shall  not  produce  a  "strain"  of  more  than  one-sixth  of 
the  tensile  strength  of  the  plate  when  the  longitudinal 
joints  are  single-riveted,  but  that  this  allowable  pres- 
sure may  be  increased  twenty  per  cent  if  the  "longi- 
tudinal laps"  are  double-riveted,  provided  the  rivet  holes 
are  fairly  drilled  and  not  punched.  This  section  of 
the  law  was  in  its  day  a  reasonable  attempt  to  insure 
safety,  although  the  use  of  the  word  "strain"  where, 
obviously,  "stress'  is  meant,  shows  that  the  authors 
were  not  familiar  with  engineering.  A  hard  and  fast 
rule  based  on  even  the  best  of  engineering  knowledge 
at  that  time  would  be  out  of  date  today.  How  much 
more  so  is  a  rule  whose  authors  probably  were  well 
meaning  but  apparently  not  engineers  ? 

Suppose  we  have  a  boiler  built  with  a  joint  efficiency 
of  fifty-six  per  cent  and  another  with  an  efliciency  of 
eighty-four  per  cent.  Obviously,  the  second  boiler  is 
half  as  strong  again  as  the  first,  assuming  both  to  have 
the  same  diameter  and  thickness  of  shell,  yet  the  old 
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rule  would  allow  both  the  same  working  pressure.  If 
Ihe  rule  would  make  the  first  boiler  safe,  then  the 
second  is  handicapped,  while  if  the  rule  is  reasonable 
for  the  second,  the  first  boiler  is  close  to  the  danger 
line  if  not  over  it.  Surely,  it  is  time  for  an  amendment 
of  this  rule. 

The  proposed  amendment  provides  that  the  allowable 
pressure  shall  be  determined  by  the  rules  of  the  Board 
of  Supervising  Inspectors.  Under  the  law  as  it  now 
stands,  this  board  makes  and  issues  rules  and  regula- 
tions for  the  construction  and  inspection  of  steam 
boilers,  hulls,  etc.,  and  these  rules  are  from  time  to 
time  amended  by  the  board  in  the  light  of  current 
engineering  progress.  It  would  seem  only  a  logical  step 
to  intrust  this  board  with  authority  to  fix  the  thick- 
ness of  the  boiler  shell  according  to  modern  engineering 
practice  instead  of  by  an  arbitrary  rule  which  is  sadly 
out  of  date. 

Grounded  Neutral 

TO  GROUND  or  not  to  ground  the  neutral  of  alter- 
nating-current systems  and  to  what  extent  ground- 
ing should  be  carried,  provided  it  is  decided  to  ground 
the  system,  is  a  much  discussed  question  on  which  about 
as  many  different  opinions  are  held  as  there  are  persons 
discussing  it.  This  was  evident  at  a  recent  meeting  of 
the  Association  of  Iron  and  Steel  Electrical  Engineers 
in  Pittsburgh,  for  after  over  two  hours'  deliberation  on 
the  question  of  grounded  neutral,  no  definite  decision 
was  reached.  However,  the  trend  of  the  discussion 
would  indicate  that  if  the  system  is  large,  such  as  those 
of  central  stations,  the  neutral  should  be  grounded,  while 
the  smaller  systems  should  be  operated  insulated  from 
the  ground. 

Three  elements  are  of  primary  importance  in  the 
operation  of  any  electrical  system;  namely,  protection 
to  life  and  property,  continuity  of  service,  and  protec- 
tion to  apparatus.  Of  the  three,  protection  of  life  and 
property  is  of  first  importance.  It  has  become  general 
practice  to  ground  the  neutral  low-voltage  circuits  when 
exposure  to  higher  potentials  exists,  such  as  when  the 
low-voltage  circuit  is  supplied  from  a  step-down  trans- 
former. Low-voltage  alternating-current  circuits  of  one- 
hundred  and  fifty  volts  and  less  are  usually  of  the  single- 
phase  type,  supplied  from  transformers  and  to  a  very 
large  extent  used  for  lighting  purposes.  Power  cir- 
cuits are  generally  operated  at  four-hundred  and  forty 
volts  and  above.  If  a  three-phase  four-hundred-and- 
forty-volt  circuit  is  connected  star  with  the  neutral 
grounded,  there  will  exist  from  either  phase  to  ground  a 
potential  of  two-hundied  and  fifty  volts.  Although  it  is 
not  generally  recognized,  statistics  show  that  on  circuits 
of  four  hundred  and  forty  volts  and  less  the  greatest 
danger  from  fatal  shocks  exists.  Of  ninety-nine  ffetal 
electrical  accidents  occurring  in  England  during  the 
period  1915  to  1918,  sixty-nine  happened  on  circuits 
having  a  potential  of  four  hundred  and  forty  volts  and 
less.  It  is  doubtful  if  any  of  these  fatalities  were  due 
to  voltages  higher  than  two  hundred  and  fifty,  since  the 
voltage  to  ground  on  any  of  these  circuits  was  not  above 
the  latter  value.  There  is  apparently  a  distinct  advan- 
tage in  operating  such  systems  ungrounded,  since  when 
the  neutral  is  grounded  a  potential  exists  to  ground  that 
can  cause  a  fatal  shock,  yet  it  is  not  in  general  con- 
sidered as  such  by  workmen.  Unless  the  system  is  kept 
insulated,  the  advantage  gained  by  insulating  the  neu- 
tral is  lost  and  a  more  dangerous  condition  is  created. 


On  potentials  above  five  hundred  and  fifty  volts  work- 
men in  general  will  take  proper  precautions  in  handling 
such  circuits  whether  they  are  grounded  or  ungrounded, 
consequently  there  is  little  or  nothing  to  be  gained,  so 
far  as  safety  to  life  is  concerned,  in  operating  the 
higher- voltage  systems  ungrounded. 

Continuity  of  service  and  protection  of  equipment  are 
so  interconnected  that  one  cannot  be  considered  without 
the  other,  since  if  the  apparatus  is  not  properly  protected 
it  will  be  subjected  to  abuses,  the  results  of  which  will 
be  reflected  in  frequent  shutdowns  of  the  equipment  for 
repairs.  If  the  neutral  is  grounded,  a  ground  on  any 
leg  of  the  circuit  will  cause  a  short-circuit  and  the  motor 
or  circuit  is  made  inoperative  until  the  defect  is  re- 
paired. This,  in  some  cases,  may  mean  serious  inter- 
ruption or  inconvenience  in  the  manufacturing  process. 
From  this  point  of  view  grounding  the  neutral  is  a  dis- 
tinct disadvantage,  especially  where  means  are-  provided 
and  put  into  effect  to  keep  the  system  insulated  at  all 
times. 

Where  systems  are  very  large,  and  few  industrial 
plants  come  within  this  category,  the  electrostatic  ca- 
pacity is  high  enough  to  set  up  very  heavy  surges  in 
the  system  in  case  of  an  arc  to  ground.  These  surges 
are  liable  to  break  down  the  insulation  of  equipment. 
In  such  cases,  if  the  neutral  is  grounded  the  circuit 
breaker  will  be  tripped  when  the  arc  first  occurs  and 
the  apparatus  relieved  of  excessive  voltages,  which 
might  cause  insulation  failure  at  the  time  of  the  dis- 
turbance or  at  some  future  time.  "How  large  should 
the  system  be  before  it  is  advantageous  to  ground  the 
neutral?"  is  apparently  the  question  around  which  cen- 
ters operating  power  systems  with  or  without  the  neu- 
tral grounded.  Many  central-station  systems  are  operat- 
ing with  the  neutral  grounded,  while  on  the  other  hand 
industrial  plants  are  operating  with  the  neutral  in- 
sulated. It  is  on  this  question  that  engineers  in  charge 
of  industrial  power  systems  have  an  interesting  field  for 
investigation. 

Turning  Waste  Into  Profit 

EACH  year  there  is  produced  in  the  lumber  industry 
of  the  Pacific  Northwest  thousands  of  tons  of  wood 
refuse  from  the  mills,  called  hog  fuel.  This,  ordinarily, 
is  a  nuisance  and  is  disposed  of  by  burning  either  in 
furnaces  constructed  for  the  purpose  or  in  a  great  pile 
a  short  distance  from  the  mill.  Its  fuel  value  is  high — 
dry,  it  averages  about  8,500  B.t.u.  per  pound. 

This  part  of  the  country  has  little  coal  other  than 
some  lignite,  which  is  confined  chiefly  to  a  small  area 
in  Washington.  Fuel  oil,  upon  which  the  steam  plants 
chiefly  depend,  comes  from  California  and,  like  fuel 
oil  in  the  East,  is  now  very  high  in  price.  Tests  have 
been  made  with  hog  fuel  under  steam  boilers  and  the 
results  are  so  favorable,  in  view  of  existing  fuel  condi- 
tions, that  there  is  being  developed  a  market  which 
promises  to  take  at  a  profitable  price  much  that  will  be 
produced  in  many  localities.  An  article  elsewhere  in 
this  issue  gives  particulars  about  the  boiler  perform- 
ance with  and  market  for  this  waste  fuel.  The  problem, 
by  the  way,  is  an  engineering  one  and  the  savmiill 
engineer  is  the  one  charged  with  the  solution. 


If  the  proposed  Congressional  junket  at  the  expense 
of  the  Government  is  carried  out  it  will  cost  Uncle  Sam 
quite  a  sum.  Somebody  has  suggested,  however,  that 
it  may  be  worth  the  cost  to  have  Congress  adjourn. 
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B.  T.  U.'s  Versus  Kilowatt-Hours  per  Ton 

of  Coal  as  Measure  of  Efficiency 

In  the  March  9  issue  R.  S.  McBride's  comments  on 
page  386  should  be  of  interest  to  everyone.  It  is  no 
fault  of  Mr.  McBride's  that  he  went  wrong,  but  rather 
of  the  United  States  Geological  Survey,  Division  of 
Power  Resources.  The  data  on  which  the  comments 
were  made  were  so  presented  that  he  had  a  right  to 
assume  that  the  fuels  used  in  all  cases  were  for  power 
production  only,  and  therefore  the  efficiency  with  which 
fuel  was  used  was  proportional  to  the  kilowatts  per 
ton  of  coal.  One  of  the  tables  presented  in  the  article 
is  reproduced  here: 

TABLE  I.    EFFICIENCY  OF  POWER  PRODUCTION  IN  TEN  STATES 

Results  for  four  months,  February,  March,  April  and  July,  1 9 1 9,  as  compiled  by 
U.  S,  Geological  Survey,  Division  of  Power  Resources.  Computed  on  the  basis 
of  four  barrels  of  oil  equals  one  ton  of  coal  and  20,000  cubic  feet  of  gas  equals  one 
ton  of  coal. 

Current  Fuel  Used 

Produced  Thousands  of  EflSciency 

Millions  Tons  of  Coal  Kw.-Hrs. 

state                             of  Kw.-Hr.  or  Equivalent  per  Ton 

New  York 1,124  1,420  792 

Pennsvlvania 958  1,610  595 

Illinois 784  1,311  597 

Ohio 776  1,282  605 

Massachusetts. 403  533  756 

Michigan 390  497  787 

New  Jersey 308  459  671 

West  Virginia 237  321  738 

California 222  310  716 

Indiana 213  585  364 

Average ....  662 

On  the  strength  of  this  information  Mr.  McBride 
derived  the  only  possible  conclusions  that  could  be  made 
if  depending  only  on  the  information  furnished  by  the 
table.  The  trouble  is  not  with  the  information  given, 
but  that  it  tells  only  half  the  truth,  and  the  deductions 
in  themselves  are  correct  from  the  point  of  view  of  the 
commentator,  but  are  far  from  representing  actual 
facts.  After  presenting  the  table  referred  to  Mr.  Mc- 
Bride comments  as  follows: 

This  first  comparison  shows  that  some  states,  such  as 
New  York,  Michigan  and  Massachusetts,  secure  twice  the 
current  production  per  ton  of  coal  as  is  obtained,  for 
example,  in  Indiana.  This  at  once  raises  the  question  as  to 
why  there  are  such  great  differences. 

All  of  the  ten  states  which  are  the  largest  users  of  power 
lie  in  the  northeastern  quarter  of  the  country  except  Cali- 
fornia. It  is  of  interest,  therefore,  to  notice  particularly 
the  results  in  some  of  the  Southern  and  Western  States. 
South  Carolina,  Georgia,  Alabama  and  Kentucky  similarly 
computed  in  comparison  show,  respectively,  417,  481,  324 
and  493  kilowatt-hours  produced  per  ton  of  coal  used.  Thus 
the  average  for  these  four  seems  to  be  less  than  for  the 
state?  which   are  larger  power  producers,  but   in   general 


the  average  is  not  as  low  as  Indiana,  already  mentioned. 
Some  of  the  Western  States  seem  to  be  the  worst  offenders 
in  the  way  of  low  efficiency,  for  in  North  Dakota  and 
Montana  the  average  current  production  is  only  approxi- 
r''.ately  150  kilowatt  hours  per  ton,  or  less  than  one-quarter 
of  the  average  in  the  states  which  are  the  largest  users. 

Kilowatt-hours  per  ton  is  the  standard  of  measure- 
ment of  efficiency,  the  only  thing  possible  from  the 
information  furnished  by  the  Division  of  Power  Re- 
sources, and  the  conclusion  that  there  are  public-service 
corporations  whose  efficiencies  are  in  the  ratio  of  5  to 
1  are  borne  out  by  the  material  considered.  Granting 
all  this,  the  only  thing  that  can  be  said  is  that  the 
conclusions  are  misleading  and  the  facts  in  the  case, 
if  properly  reported,  would  be  very  different. 

In  large  manufacturing  states  with  large  cities, 
power  plants,  in  order  to  satisfy  large  power  demands, 
are  made  up  of  large  units  operated  condensing,  and 
the  output  is  power  measured  only  in  kilowatts.  In 
this  class  of  power  plant  the  efficiency  is  and  will  be 
proportional  to  the  kilowatt-hours  per  ton  of  coal,  and 
this  standard  may  be  applied  to  this  class  of  power 
producer  without  modifications. 

In  agricultural  states  where  there  are  very  few  large 
cities,  and  with  a  large  number  of  small  towns  scattered 
throughout  the  state,  the  power  demand  is  not  large, 
although  important.  Stations  are  made  up  of  rela- 
tively small  units,  the  larger  of  these  operating  con- 
densing only  part  of  the  time  and  the  smaller  units 
most  noncondensing.  Theso  plants,  besides  produc- 
ing power,  furnish  heat  in  the  heating  season  and 
in  some  cases  make  ice  during  the  summer.  When 
the  winter  and  summer  are  fairly  balanced,  they  fur- 
nish heat  in  winter  and  refrigeration  in  summer,  the 
latter  service  consisting  chiefly  of  making  ice  with  ex- 
haust steam  in  an  absorption   system. 

In  the  state  of  Indiana,  where  heat  is  furnished 
throughout  the  season,  using  practically  all  of  the 
exhaust  for  four  months  and  perhaps  some  live  steam 
as  well  as  three  months  of  the  season,  the  electric 
output  is  simply  a  byproduct,  costing  very  little  as 
regards  fuel.  This  point  should  be  emphasized  par- 
ticularly in  the  case  of  North  Dakota  and  Montana  set 
forth  as  the  "worst  offenders,"  where  the  kilowatt- 
hours  per  ton  is  150.  In  these  states  the  heating  sea- 
son starts  in  September  and  ends  in  May  and  a  tem- 
perature of  30  to  40  deg.  below  zero  is  common.  Dur- 
ing six  months,  no  doubt,  the  plants  use  live  steam  as 
well  as  the  exhaust  available  from  power  production, 
and  during  the  remaining  two  months  75  per  cent  of 
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the  exhaust  is  utilized.  Measuring  their  efficiency  by 
kilowatt-hours  per  ton  of  coal  would  be  like  measuring 
the  dog  by  a  piece  of  its  tail. 

Coming  back  to  Indiana,  in  this  state  a  great  number 
of  public-service  plants  are  furnishing  heat.  Some  of 
the  larger  ones  are  equipped  with  condensing  and  non- 
condensing  units  so  as  to  make  use  of  the  exhaust.  For 
about  four  months  they  utilize  all  the  exhaust,  and  dur- 
ing two  months  of  the  four  most  of  them  use  live  steam, 
making  power  a  byproduct  instead  of  the  primary 
product. 

Farther  to  the  south,  in  fact  even  in  Illinois,  there 
are  plants  furnishing  heat,  ice  and  power,  and  in  local- 
ities fortunately  placed  they  may  and  do  use  exhaust 
steam  all  the  year  around.  In  such  plants  the  kilowatt- 
hours  per  ton  of  coal  could  not  be  expected  to  compare, 
say,  with  the  same  unit  measurement  of  a  large  power 
plant  operated  condensing  and  equipped  with  econ- 
omizers, superheaters  and  large  turbine  units.  But 
when  the  comparison  is  made  on  the  basis  of  true 
efficiency,  thermal  efficiency,  which  is  the  ratio  of  the 
output  to  the  input  in  B.t.u.,  the  results  will  be  all  in 
favor  of  the  small  plant  making  use  of  its  exhaust 
steam. 

Plants  being  compared  on  the  basis  of  kilowatt-hours 
per  ton  of  coal  may  show  efficiencies  in  the  ratio  of 
5  to  1,  and  the  same  plants  compared  on  their  thermal 
or  actual  efficiency  can  show  the  reverse;  that  is,  the 
plant  that  showed  five  times  as  many  kilowatt-hours 
per  ton  of  coal  may  be  actually  only  one-fifth  as  efficient. 
A  well-equipped  power  plant  situated  in  a  zone  of 
the  best  coal  produces  a  kilowatt-hour  on  less  than  two 
pounds  of  coal.  Plants  less  fortunate  as  to  coal  and 
average  equipment  require  between  two  and  three  pounds 
of  coal.  Although  a  rate  of  two  pounds  of  coal  per 
kilowatt-hour  is  excellent  practice,  the  figure  will  in- 
dicate that  less  than  12  per  cent  of  the  heat  in  the 
steam  is  utilized.  Granting  a  boiler  efficiency  as  high 
as  75  per  cent,  the  over-all  thermal  efficiency  of  such  a 
station  will  be  0.12  x  0.75  =  0.09,  or  9  per  cent. 

Now  the  diversified  power  plant  furnishing  heat  and 
power  in  North  Dakota  or  Minnesota  uses,  say,  ten 
pound  of  coal  per  kilowatt-hour  of  output  and  utilizes 
75  per  cent  of  the  heat  in  the  steam  the  year  around. 
The  chances  are  that  it  will  use  80  per  cent  of  the 
total  heat  in  the  case  of  an  eight  months'  heating  sea- 
son. Grant  that  the  boilers  are  operated  at  60  per  cent 
efficiency  over-all  the  year  around,  the  station  thermal 
efficiency  will  in  that  case  be  0.75  X  0.60  =  0.45  or  45 
per  cent. 

Summing  up,  the  first  power  plant  is  producing  a 
kilowatt-hour  on  two  pounds  of  coal  and  the  year 
around  is  operated  at  9  per  cent  thermal  efficiency.  The 
second  plant  produces  a  kilowatt-hour  on  ten  pounds  of 
coal  and  operates  the  year  around  with  45  per  cent 
thermal  efficiency.  The  ratio  of  kilowatt-hours  per 
unit  of  coal  is  as  5  is  to  1  and  the  ratio  of  thermal 
efficiency  is  exactly  the  reverse,  the  first  being  operated 
at  9  and  the  second  at  45  per  cent  efficiency.  It  will 
be  seen  why  kilowatt-hours  per  ton  of  coal  cannot  con- 
vey the  actual  facts  unless  some  detailed  explanation  is 
givon.  Using  the  ratio  of  the  output  of  the  station 
in  B.t.u.  to  the  input  would  give  the  true  station  effi- 
ciency and  would  not  require  any  explanation. 

Reports  of  this  kind  are  good  to  have,  but  the  data 
should  be  complete  and  not  misleading.  Let  us  hope 
that  the  Division  of  Power  Resources  of  the  United 


States  Geological  Survey,  seeing  the  interest  taken  in 
their  work,  will  favor  us  in  the  future  with  more  com- 
plete information  or  adopt  as  a  standard  of  measure- 
ment of  station  efficiency,  B.t.u.  instead  of  kilowatt- 
hours  per  ton  of  coal.  Henry  Misostow.  ^ 
Chicago,  111. 

Circumferential  Cracks  in  Crankshafts 

The  shaft  of  an  oil  engine  which  was  19  in.  diam- 
eter at  the  portion  where  the  flywheel  was  located,  had 
developed  a  crack  that  could  be  plainly  seen,  and  al- 
though the  engine  was  kept  in  operation,  the  engineers 
were  cautioned  to  watch  it  carefully  and  report  if  the 
crack  showed  signs  of  becoming  worse.  In  the  mean- 
time the  builders  were  notified  to  send  a  man  to  exam- 
ine the  shaft  and  advise  what  to  do.  I  was  sent  to  look 
into  the  matter. 

The  owners  would  not  allow  me  to  drill  into  the  shaft 
for  fear  of  weakening  it  still  further.  How  to  'deter- 
mine the  depth  of  the  circumferential  crack  was  a 
problem  that  had  to  be  solved.  I  had  no  precedents 
to  follow  and  had  never  read  anything  on  the  subject. 
The  engineers  on  the  job  had  tried  drop  black  mixed 
with  kerosene,  but  could  not  determine  the  depth  from 
the  story  it  told.  I  lay  awake  a  few  hours  that  night 
and  did  some  tall  thinking.  I  had  an  idea  that  rubbing 
Prussian  blue  mixed  with  kerosene  into  the  crack  (which 
extended  for  possibly  two-thirds  the  circumference  at 
the  root  of  the  fillet  where  it  turned  upward  toward 
the  larger  part  of  shaft  upon  which  the  flywheel  was 
keyed)  and  then  using  three  gasoline  torches  to  heat 
the  shaft,  would  give  a  pretty  fair  indication  of  the 
depth  of  the  crack  from  the  amount  of  coloring  matter 
that  would  ooze  out.  This  idea  was  carried  out,  but  it 
resulted  in  but  little  matter  oozing  out.  Then  I  let  the 
shaft  cool  while  plenty  of  Prussian  blue  was  applied,  as 
I  assumed  that  the  contraction  would  absorb  some  color- 
ing and  that  upon  heating  the  shaft  again  it  would  ooze 
out. 

However,  I  found  that  but  little  coloring  matter  was 
absorbed,  as  but  a  very  little  oozed  out — and  about 
the  same  amount  at  each  heating  of  the  shaft.  This  con- 
vinced me  that  the  crack  was  not  deep,  and  I  set  up  a 
turning  rig  and  took  a  light  cut  from  the  shaft.  It  was 
as  I  suspected  and  a  T^V-in.  chip  removed  all  signs  of 
the  crack.  The  engine  was  run  regularly,  and  two  years 
later  the  crack  again  appeared,  but  now,  after  6  years' 
operation,  it  is  no  worse.  No  doubt  an  internal  strain  in 
relieving  itself,  slightly  cracks  the  shaft.  The  only  thing 
possible  to  do  under  such  circumstances  is  to  watch  the 
crack  carefully,  keep  notes  regarding  its  conditions  and 
check  up  regularly,  and  upon  indications  of  its  getting 
worse,  get  a  representative  of  an  electric-welding  com- 
pany to  look  it  over  and  advise  if  they  can  cut  a  trench 
through  the  crack  and  afterward  fill  it  up  properly 
with  tne  same  metal  as  the  shaft. 

This,  to  my  mind,  would  be  the  most  logical  thing  to 
do.  Forging  the  shaft  would  require  its  removal  and 
sending  away,  which  would  result  in  the  loss  of  money 
while  the  engine  was  down.  I  hardly  think  that  reforg- 
ing  the  shaft  could  be  done  without  distorting  it  so  that 
it  would  require  re-turning  to  a  smaller  diameter  at  the 
bearings  and  crankpins  to  true  it  up.  This  would  neces- 
sitate new  bearings  all  around.  Hence,  I  consider  re- 
forging  of  a  shaft  illogical  and  altogether  too  costly. 
Electric  welding  and  building  up  looks  more  logical. 
New  York  City.  D.  L.  Fagnan. 
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Suggested  Damper  Arrangement 

Many  things  are  still  done  as  our  forbears  used  to 
do  them,  because  they  are  not  deemed  important  enough 
to  require  consideration.  For  instance,  take  the  set- 
ing  of  the  damper  construction  where  the  damper  slides 
in  a  cast-iron  frame.  Considerable  leakage  occurs 
where  such  dampers  are  mounted  in  the  orthodox  way, 
as  shown  in  Fig.  1.  There  is  generally  a  slot  provided 
in  the  brickwork  where  the  top  of  the  flue  touches  the 


FIG.  1.   ORIGINALi 
SETTING 


FIG.  2.     SUGGESTED 
DAMPER    SETTING 


back  wall  of  the  boiler  setting,  through  which  slot 
the  damper  may  be  placed,  in  the  frame  or  removed 
from  it.  This  slot  is  sometimes  closed  by  placing  loose 
bricks  over  it,  leaving  a  hole  through  which  the  oper- 
ating chain  passes. 

I  have  seen  many  installations  where  the  air  leakage 
at  this  point  was  considerable  and  might  easily  have 
been  avoided  by  placing  the  dampers  on  the  inside  of 
the  wall.  Fig.  2.  The  chain  leading  from  the  damper 
is  attached  to  the  periphery  of  a  grooved  sheave,  the 
diameter  being  such  as  to  allow  full  travel  of  the 
damper  with  about  three-quarter  revolution  of  the 
sheave.  This  sheave  is  secured  to  a  shaft  which  turns 
in  simple  bearings  mounted  in  the  side  walls  of  the 
boiler  setting.  One  end  of  shaft  passes  through  the 
side  wall  and  has  a  sheave  of  the  same  size  attached, 
on  the  periphery  of  which  the  chain  holding  the  coun- 
terweight is  attached.  With  this  arrangement  there 
will  be  very  little  leakage  through  the  bearing. 

Another  advantage  is  the  renewal  of  the  operating 
chain  in  front  of  the  manhole.  0.  Janzen. 

Half  Way  Tree,  Jamaica,  B.  W.  I. 

The  Need  of  Competent  Engineers 

In  the  April  6  issue  of  Power,  page  561,  an  illustra- 
tion is  given  of  an  incompetent  engineer.  I  would  like 
to  say  a  few  words  on  the  subject  of  incompetent 
engineers. 

I  was  in  a  large  steam  plant  in  this  locality  a  short 
time  ago  installing  a  Corliss  engine,  and  observed 
that  the  boilers  were  blowing  off  almost  continually.  I 
went  to  the  boiler  house  for  a  short  time  and  watched 
the  firemen  work.  1  asked  one  why  he  kept  the  boilers 
blowing  off  so  often  and  he  said  that  the  furnaces  had 
80  sq.ft.  of  grate  surface  and  that  there  was  about  50 
sq.ft.  covered  with  fuel.  I  asked  why  the  chief  did  not 
take  off  one  or  two  boilers,  and  the  reply  was  that  it 
would  make  it  easier  for  the  firemen  and  that  the  chief 


didn't  care  because  some  bad  coal  had  been  received 
about  a  month  before  and  as  a  result  the  steam  went 
down.  The  chief  had  said  it  would  not  go  down  again 
if  he  had  to  put  on  all  the  boilers,  as  it  was  better  to 
let  them  blow  than  shut  down.  This  engineer  has  a 
first-class  license,  but  he  was  wasting  approximately  40 
per  cent  of  the  fuel. 

He  could  tell  you  how  the  engines  and  pumps  were 
running  and  what  trouble  he  had  with  his  engineers  and 
oilers,  but  when  I  asked  about  his  boilers  and  what 
efficiency  he  was  getting  out  of  the  fuel,  he  said  that  he 
got  from  5  to  7  lb.  of  water  per  pound  of  coal,  but  that 
what  was  wanted  at  that  plant  was  steam,  as  they  had  to 
keep  going. 

I  say  such  men  as  this  should  not  be  allowed  to  oper- 
ate power  plants  of  any  kind.  If  there  were  many  like 
him,  the  employers  would  begin  to  think  that  engineers 
are  not  a  very  intelligent  class  of  men.  I  hope  the  day 
is  not  far  off  when  there  will  be  a  law  to  the  effect  that 
no  person  shall  be  allowed  to  operate  a  power  plant  until 
he  has  acquired  a  thorough  technical  and  practical 
kaowledge  of  combustion  and  power-plant  efficiency,  be- 
sides a  good  practical  knowledge  of  machinery. 

North  Tonawanda,  N.  Y.  C.  J.  Miller. 

Protecting  Lubricator  Gaskets 

The  following  shows  how-  trouble  with  lubricators 
was  overcome.  The  illustration  shows  the  connections 
that  v/ere  used  to  prevent  the  top  gasket  of  the  sight- 


CHANGED    PIPING    TO    THE    LUBRICATOR 

feed  glass  from  softening  and  squeezing  out  on  the 
stuffing  nut.  Instead  of  connecting  the  lubricator  feed 
pipe  direct  to  the  steam  pipe,  as  is  the  general  practice, 
I  used  two  45-deg.  elbows  and  a  close  nipple.  This 
arrangement  holds  the  condensation  between  the  lubri- 
cator and  the  ell  nearest  the  steam  line  and  so  prevents 
steam  from  coming  in  direct  contact  with  the  lubri- 
cator, thus  preventing  overheating  of  the  top  gaskets. 
Brooklyn,  N.  Y.  Leroy  W.  Haywood. 
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Unusual  Break  in  a  Ten-Inch 
Steam  Main 

At  five  o'clock  on  the  morning  of  March  15  a  ten-inch 
pipe  broke  loose  from  the  main  header  in  the  plant  of 
the  Union  Traction  Company  of  Indiana,  at  North 
Anderson,  causing  about  $3,000  damages.  Fortunately, 
no  one  was  injured  although  there  were  five  men  in 
close  proximity  to  the  place  of  the  accident.  The  sketch 
shown  will  give  a  good  idea  of  the  location  of  the  piping 
and  the  nature  of  the  break. 

The  exact  cause  of  the  accident  will  probably  never 
be  known,  as  the  evidence  submitted  by  the  operating 
force  leaves  the  matter  in  doubt.  The  watch  engineer 
in  charge,  who  was  close  by,  reported  that  there  was  a 
loud  explosion  on  the  boiler-room  side  of  the  division 
wall  and  instantly  the  pipe  broke  away  from  the  sepa- 
rator on  the  engine  and  broke  out  a  part  of  the  division 
wall,  which  allowed  the  full  force  of  the  steam  to  enter 
the  engine  room,  driving  all  the  operating  force  from 


Break  and  Bend: 
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BOILER  ROOM 


METHOD  OF  REPAIRING  BREAK   IN   STEAM   MAIN 

the  room.  The  pipe  bend  that  broke  off  from  the  sepa- 
rator was  thrown  about  thirty  feet  directly  upward, 
striking  the  roof  and  knocking  off  about  120  sq.ft.  of 
roof,  then  fell  back  on  one  of  the  engines,  which  for- 
tunately was  not  running. 

At  the  time  of  the  accident  there  was  165  lb.  pressure, 
and  within  a  few  minutes  the  entire  pressure  was  blown 
down  on  the  fourteen  boilers  that  were  in  service.  Di- 
rectly in  line  with  the  blast  of  steam  from  the  boiler 
room  were  four  rotary  converters  and  the  direct-current 
switchboard,  which  were  thoroughly  soaked  with  steam 
and  water.  The  converters  were  damaged  so  that  some 
of  them  were  out  of  commission  for  two  days,  badly 
crippling  the  through  service  between  Indianapolis  and 
Fort  Wayne  and  Indianapolis  and  Marion. 

There  was  considerable  difficulty  in  getting  the  plant 
started  again  due  to  the  fact  that  water  was  blown  down 
in  all  the  boilers  except  two.  As  the  plant  does  not 
have  city  water  connections,  the  start  was  made  on 
these  two  boilers.  There  was  a  partial  resumption  of 
service  six  hours  after  the  accident  and  a  full  resump- 
tion thirty-six  hours  afterward.  The  break  being  a 
nozzle  directly  off  the  main  steam  header  caused  the 
cutting  off  of  service  of  five  boilers  and  two  engines 
until  the  header  was  patched,  which  was  done  by  trim- 


ming the  broken  section  and  covering  the  hole  with  a 
piece  of  one-eighth  inch  sheet  packing  and  a  piece  of 
one-sixteenth  inch  sheet  iron  held  in  place  by  five  2-piece, 
wrought-iron  clamps  made  of  1  x  4^-in.  bars,  which 
made  a  perfectly  tight  job. 

There  were  three  breaks  in  connection  with  the  acci- 
dent, which  probably  happened  in  this  order:    First, 
the  initial  break  probably  occurred  in  the  nozzle  close 
to  the  header;  second,  when  the  break  occurred  at  the 
header,  the  bend  dropped  about  six  inches,  which  broke 
off  the  connection  at  the  top  of  the  separator;  third, 
when  the  section  of  pipe  was  blown  upward,  the  third 
break  occurred  at  the   flange  connection  between  the 
two  bends.    A  new  section  of  header  consisting  of  steel ' 
pipe  with  welded  nozzles  and  forged-steel  flanges  andj 
Crane   lap   joints   will   replace   the   broken    section   ofj 
header.    The  old  header  is  made  up  of  cast-iron  sectional 
from  six  to  eight  feet  long  and  has  been  in  service  fori 
nearly  twenty  years.     The  construction  of  the  headerj 
and  the  outlet  connections  to  the  engines  is  such  that! 
the  vibrations  due  to  the  pulsations  of  steam  to  the! 
engines  would  tend  to  set  up  a  crystallization  at  the] 
point  where  the  break  occurred.    This  is  one  theory  that] 
has  been  advanced  as  to  the  cause  of  the  accident. 


Distance  of  Bridge  Wall  from 
Boiler  Shell 

In  my  opinion  Mr.  Smythe  is  right  (Feb.  24  issue)] 
regarding  the  distance  between  the  bridge  wall  and  the! 
boiler  shell.  The  standard  for  boilers  50  to  60  in.  in 
diameter  is  9  in.  and  for  boilers  61  to  72  in.  in  diameter 
is  10  in.  between  the  bridge  wall  and  the  boiler  shell.  As 
the  boilers  in  question  are  78  in.  in  diameter,  a  distance] 
of  11  in.  would  be  about  right. 

At  the  city  water  works  of  Monticello,  111.,  we  have! 
two  80-hp.  boilers  60  in.  in  diameter,  and  the  bridge  wall 
is  set  9  in.  from  the  boilers.  Very  good  service  is 
given;  in  fact,  we  could  not  ask  for  any  better.  Our 
load  is  generally  very  light,  but  in  case  of  fire  we  are 
required  to  crowd  the  boilers,  and  even  then  we  get  very] 
good  results. 

I  believe  that  in  all  cases  the  bridge  wall  should  be  of 
flat  surface  and  not  made  to  conform  to  the  shape  of 
the  boiler.  It  is  also  a  good  plan  to  slope  the  front  of 
the  bridge  wall  45  deg.  toward  the  grates  by  stepping  the 
grates  up  as  they  are  laid  and  facing  them  with  some 
kind  of  heat  resisting  material.  W.  A.  Plimpton. 

Monticello,  111. 


I  had  trouble  with  a  marine  boiler  on  a  tugboat,  in 
that  I  could  not  get  it  to  steam.  The  captain  claimed 
that  the  bridge  wall  should  be  the  same  distance  from 
the  toiler  as  the  width  of  the  ashpan.  I  claimed  it  should 
be  a  larger  opening  over  the  bridge  wall  than  the  area 
of  the  air  space. 

He  had  his  way  first,  and  we  built  the  wall  with  a 
distance  of  8  in.  from  the  boiler.  The  boiler  did  not 
steam  so  well  as  before  the  change,  so  we  made  it  10  in. 
from  the  boiler,  which  gave  better  results.  Then  it  was 
made  with  a  distance  of  12  in.,  and  at  this  spacing  the 
boiler  steamed  easily  and  was  easy  on  fuel.  Hoping  to 
get  still  better  results,  the  bridge  wall  was  made  with 
a  14-in.  space,  but  conditions  were  worse,  so  the  12-in. 
space  was  adopted  as  that  seemed  to  work  the  best. 

Clear  Creek,  Canada.  George  A.  Millen. 
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g.,,  INQUIRffiS 
ir*  OF  GENERAL 
INTEREST 


Advantages  of  Turbo-Air  Compressors — What  are  the 
advantages  of  turbo-air  compressors?  A.  W.  L. 

Compactness,  adaptability  to  direct  connection  with  high- 
speed steam  turbines  or  electric  motors  and  capability  of 
yielding  an  output  of  compressed  air  free  of  oil  or  ex- 
plosive hydrocarbon  compounds  that  commonly  result  from 
cylinder  lubrication  of  reciprocating  air  compressors. 


Utilization  of  Discharge  from   Steam  Kettles — How  can 

we  utilize  the  heat  of  exhaust  from  steam  kettles?  Our 
engine  exhaust  is  insufficient  for  warming  our  buildings. 
Can  we  not  combine  the  exhaust  from  the  steam  kettles 
with  the  engine  exhaust?  T.  A.  M. 

When  properly  operated,  the  discharge  from  steam  ket- 
tles should  consist  of  only  hot  water  formed  by  condensa- 
tion of  the  steam  used,  and  the  most  economical  utiliza- 
tion of  the  heat  remaining  in  the  water  would  be  to  de- 
liver it  by  a  return  trap  to  the  boiler. 


Lap  and  Negative  Lead  of  Valve — What  is  the  difference 
between  lap  and  negative  lead  of  a  valve  ?  W.  P.  S. 

The  term  lap  is  used  to  signify  the  distance  the  admis- 
sion edge  of  a  valve  overlaps  the  admission  edge  of  its 
port  when  the  valve  is  in  the  middle  of  its  travel.  Lead 
is  the  distance  the  admission  edge  of  the  valve  has  un- 
covered the  admission  edge  of  the  port  when  the  piston 
is  at  the  beginning  of  a  stroke  from  the  same  end  of  the 
cylinder,  and  negative  lead  is  the  distance  the  admission 
edge  of  the  valve  overlaps  the  admission  edge  of  the  port 
when  the  piston  is  at  the  beginning  of  a  stroke  from  the 
same  end  of  the  cylinder. 


Percentage    of    Fuel    Energy    Realized    by    Engine — An 

engine  uses  25  lb.  of  steam  per  indicated  horsepower-hour, 
and  the  evaporative  economy  of  the  boiler,  under  the  oper- 
ating conditions,  is  8  lb.  of  water  per  pound  of  coal. 
Assuming  that  the  heat  value  of  the  coal  is  10,000  B.t.u.  per 
pound,  what  percentage  of  energy  contained  in  the  coal  is 
realized  by  the  engine?  R.  L. 

The  fuel  consumption  would  be  25  -;-  8  =  3.125  lb.  of  coal 
per  horsepower-hour,  and  as  1  hp.-hr.  =  33,000  x  60  = 
1,980,000  ft.-lb.,  there  would  be  1,980,000  -^  3.125  =  633,600 
ft.-lb.  realized  per  pound  of  the;  coal.  One  B.t.u.  is  equal  to 
777.5  ft.-lb.,  and  if  the  coal  contains  10,000  B.t.u.  per  pound, 
the  energy  in  a  pound  of  the  coal  would  be  7,775,000  ft.-lb., 
and  the  energy  realized  by  the  engine  per  pound  of  coal  used 
would  amount  to  633,600  x  100  -i-  7,775,000  =  8.15  per  cent. 


Setting  Safety  Cams  of  Corliss  Engine — What  is  the 
method  of  setting  the  safety  cams  of  a  corliss  valve  gear? 

G.  T. 

When  the  cutoffs  have  been  equalized,  drop  the  gover- 
nor to  its  lowest  possible  position  and  set  the  safety 
cams  around  to  such  a  position  that  they  will  prevent  the 
valves  from  being  picked  up,  or  at  least,  so  each  valve  ""Adll 
be  tripped  before  its  lap  is  uncovered.  Observe,  however, 
that  the  safety  cams  are  not  set  so  far  around  that  the 
valve  cannot  be  picked  up  when  the  governor  is  resting 
on  the  starting  pin  or  collar.  Also  place  the  governor  in 
its  highest  position  and  see  that  the  valves  are  not  opened 
in  that  position,  as  that  should  be  the  condition  to  prevent 
the  engine  racing  in  case  the  load  is  suddenly  removed. 


Form  of  Pump  Air  Chambers — Why  aro  pump  air  cham- 
bers made  larger  at  the  top  than  at  the  bottom?  Do 
they  give  more  cushioning  effect  than  if  they  were  merely 
the  size  at  the  bottom?  E.  M. 

For  easy  passage  of  water  in  and  out  of  the  air  chamber 
and  prompter  cushioning  action  of  the  air,  the  water  con- 
nection with  the  air  space  should  be  no  smaller  than  the 
pump  outlet;  but  there  is  no  advantage  to  cushioning  ef- 
fect by  having  the  air  chamber  larger  in  diameter  than 
the  connection,  except  to  afford  sufficient  volume  of  air 
space,  and  for  that  purpose  any  convenient  proportions 
may  be  employed.  Spherical,  pear-shaped  or  cylindrical 
forms  are  most  commonly  employed,  not  because  they 
produce  any  better  cushioning  effect,  but  because  they  meet 
the  requirements  cf  sufficiency  of  volume  with  compact- 
ness and  economy  of  construction. 


Regrinding  Plug  Cocks — What  is  the  best  method  of 
grinding  small  brass  plug  cocks  in  place?  Grinding  the 
plug  in  its  seat  with  a  carpenter's  brace  has  been  tried 
with  poor  results.  F.  L.  W. 

When  the  plug  is  badly  cut,  it  may  have  to  be  skimmed 
up  in  a  lathe,  or  if  the  seat  is  badly  cut,  it  will  need 
reaming  out  with  a  tool  that  has  the  correct  taper.  For 
grinding,  smear  the  plug  with  oil  and  fine  emery  or,  better, 
use  oil  and  pulverized  glass.  A  better  job  of  grinding  is 
done  by  oscillating  the  plug  by  hand,  occasionally  turn- 
ing it  to  a  different  position,  each  time  cleaning  off  the 
plug  and  seat  and  applying  a  thin  even  coating  of  the  grind- 
ing material.  The  operation  is  a  tedious  one,  but  is  nec- 
essary for  making  a  good  job  of  grinding  the  plug  and 
seat  to  good  conical  form.  Grinding  by  turning  the  plug 
clear  around,  as  with  a  brace,  is  likely  to  cause  scoring  of 
the  surfaces. 


Foaming  and  Priming  of  Boiler — What  is  foaming  and 
what  is  priming  of  a  boiler,  and  what  is  the  danger  of 
each?  J.  K. 

A  boiler  is  said  to  foam  if  the  steam  space  is  partially 
filled  with  unbroken  bubbles  of  steam,  and  to  prime  if  the 
steam  carries  water  with  it  from  the  boiler.  Foaming 
is  caused  by  any  materials  either  dissolved  or  suspended 
in  the  water  which  retard  or  interfere  with  the  free  sepa- 
ration of  steam  from  the  water.  More  generally,  the 
trouble  is  caused  by  oily  or  dirty  water  and  can  be  over- 
come by  feeding  and  blowing.  Where  thev'..  is  a  surface 
blow,  it  can  be  used  to  good  advantage.  Priming  may  be 
caused  by  foaming  or  by  particles  of  water  being  pro- 
jected into  the  steam  space  by  the  action  of  boiling  or 
activity  of  circulation  of  the  water.  When  due  tc  circula- 
tion, it  can  be  reouced  and  sometimes  stopped  by  check- 
ing the  fire  and  carrying  lower  water  level  in  the  boiler. 
The  dangers  of  foaming  and  priming  are  that  the  boiler- 
water  level  may  become  dangerously  lowered  from  sudden 
opening  of  the  safety  valve  or  from  water  carried  along 
with  steam  supplied  for  any  purpose,  and  when  carried 
over  into  an  engine,  the  water  is  likely  to  cause  a  smash. 


[Correspondents  sending  us  inquiries  should  sipn  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications and  for  the  inquiries  to  receive  attention. — 
Editor.] 
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Steam-Turbine  Economy  Characteristics* 


BY  A.  C.  FLORYf 


Characteristics  common  to  the  performance  of  mod- 
ern commercial  types  of  turbines.  Willans  total  steam 
line,  similar  straight  line  relations  of  the  total  quan- 
tities of  heat  and  the  inlet  pressure,  and  the  constant- 
volume  law  are  presented  graphically  to  bring  out 
the  general  principles  governing  turbine  economy. 


VARIATIONS  in  economy  and  performance  of  all 
types  of  turbines  conform  closely  to  certain  simple 
rules  or  laws.  The  Willans  Law,  which  states  that  the 
total  steam  passed  per  hour  by  a  constant  cutoff  throttling 
engine  when  plotted  as  a  function  of  the  brake  horsepower 
of  the  engine  at  constant  speed  will  be  a  straight  line,  is 
fundamental.  It  has  been  found  that  this  law,  which  was 
originally  applied  to  the  performance  of  constant  cutoff 
engines  regulated  by  throttling  the  steam  supply,  applies 
also  to  the  performance  of  all  types  of  steam  turbines. 

As  shown  in  Fig.  1,  the  Willans  total  steam  line  is  drawn 
from  data  of  the  estimated  consumption  of  a  5,000-kw. 
turbo-alternator  unit,  the  operating  conditions  being  steam 
of  225-lb.  gage  pressure,  125  deg.  F.  of  superheat;  vacuum, 
28.5  in.;  speed,  1,800  r.p.m.  In  this  diagram  the  Willans 
line  extended  indicates  that  the  apparent  total  steam  con- 
sumption at  no  load  under  the  constant  operating  condi- 
tions set  forth  would  be  about  8,000  lb.  per  hour.  If  this 
no-load  steam  consumption  is  deducted  from  the  total 
steam  for  various  loads  and  the  differences  divided  by  the 
respective  loads  in  kilowatt-hours,  the  result  will  be  a  con- 
stant amount  of  steam  required  for  each  kilowatt-hour 
produced,  up  to  the  bypass  point,  where  the  slope  of  the 
line  changes.  This  is  indicated  on  the  diagram  by  a  hori- 
zontal line  marked  "net  steam  per  kw-hr.,  lb."  If  the  no- 
load  steam  consumption  per  hour  is  divided  by  the  load 
at  any  point,  the  quotient  can  be  conventionally  termed 
"friction  steam  per  kilowatt-hour."  The  friction  steam  per 
kilowatt-hour  added  to  the  net  steam  per  kilowatt-hour 
and  plotted  will  produce  the  familiar  curve  showing  the 
steam  consumption  per  kilowatt-hour  as  a  function  of  the 
load.  Such  a  curve  is  shown  in  Fig.  1.  This  same  result 
may  be  obtained  more  directly  by  dividing  the  total  steam 
consumption  by  the  load  for  different  points  on  the  Willans 
line.  It  can  be  seen  that  the  Willans  Law  and  its  simple 
derivatives  make  a  convenient  and  relatively  simple  method 
of  showing  graphically  the  performance  of  a  machine  and 
for  checking  the  accuracy  of  a  series  of  variable-load  con- 
stant-speed tests  made  under  approximately  constant  con- 
ditions. 

It  is  also  characteristic  of  turbine  operation  that  the 
steam  inlet  pressure,  after  the  steam  has  been  reduced  in 
pressure  by  the  inlet  regulating  valve,  when  plotted  as  a 
function  of  the  load,  makes  a  straight  line  similar  in  form 
to  the  Willans  total  steam  line.  The  inlet  pressure — kilo- 
watt line  for  a  5,000-kw.  turbine  having  the  same  operat- 
ing conditions  as  before — is  shown  in  Fig.  2.  This  line 
forms  a  convenient  check  upon  the  accuracy  of  a  series  of 
tests,  provided  that  the  initial  steam  pressure,  quality  and 
vacuum  are  maintained  approximately  constant  at  all  the 
loads  at  which  the  tests  are  made. 

It  has  another  important  application  in  that  it  furnishes 
a  convenient  means  of  checking  the  internal  condition  of 
tho  turbine  while  it  is  in  operation.  If  the  inlet  pressure- 
kilowatt  line  of  a  turbine  is  obtained  when  the  unit  is 
known  to  be  in  good  condition  and  if,  subsequently  and 
while  the  machine  is  in  operation,  the  inlet-pi-essure  and 
kilowatt-load  readings  are  plotted  and  compared  with  the 
original   diagram,   it   is   obvious   that  any   change   in   the 


condition  of  the  turbine  will  be  revealed  by  a  change  in 
position  or  slope,  or  both,  of  the  line.  It  is  to  be  hoped 
that  some  such  procedure  will  come  into  general  use  since 
its  simplicity  would  not  burden  an  operating  engineer  and 
because  it  has  been  found  that  in  many  plants  there  is  a 
progressive  accumulation  of  dirt  or  scale  in  turbine  blad- 
ing which  ordinarily  is  not  brought  to  the  attention  of  the 
station  operators  until  a  large  decrease  in  the  load-carry- 
ing capacity  of  the  unit  results  or  until  there  is  a  serious 
accident  to  the  machine. 

Another  characteristic  common  to  steam  machines  which 
regulate  by  throttling  the  pressure  of  all  the  steam  ad- 
mitted to  the  turbine  cylinder  is  knovvTi  as  the  "constant- 
volume  law,"  as  it  is  based  on  the  fact  that,  with  such  reg- 
ulation, the  cubic  feet  of  steam  per  hour  entering  the  tur- 
bine nozzle  or  inlet  blading  is  approximately  constant  for 
all  loads  and  initial  steam  conditions.  This  is  illustrated 
by  Fig.  3,  in  which  are  plotted  data  from  tests  on  the  same 
5,000-kw.  turbine  showing  the  relation  between  the  Willans 
total  steam  line,  the  specific-volume  line  and  the  constant- 
volume  line.  The  specific-volume  line  represents  the 
volume,  in  cubic  feet  per  pound,  of  steam  at  the  test  inlet 
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FIG.   1.      WILLANS  TOTAL  STEAM  LINE 

pressure  and  quality  (moisture  or  superheat).  The  con- 
stant-volume line  is  obtained  from  the  products  of  the  total 
steam  per  hour  as  taken  from  the  Willans  line  and  the  cal- 
culated specific  volume  at  the  dift'erent  loads  as  covered 
by  the  tests. 

The  constant-volume  law  has  an  important  application 
in  turbine  work,  as  it  furnishes  a  means  for  estimating  the 
effect  of  changes  in  the  initial  steam  conditions  on  the 
weight  of  steam  that  the  turbine  will  pass  per  hour  at 
constant  speed.  As  an  example,  if  it  is  known  that  a  cer- 
tain turbine  will  pass,  without  the  bypass  being  open,  58,- 
000  lb.  of  steam  per  hour  with  a  pressure  of  150  lb.  gage 
and  dry  saturated  steam,  the  total  volume  of  steam  passed 
per  hour  at  the  turbine  inlet  will  be  58,000  lb.  X  2.75  cu.ft. 
per  lb.  =  159,500  cu.ft.  If  the  steam  conditions  are  changed 
to  225  lb.  gage  and  125  deg.  F.  superheat,  the  weight  of 
steam  per  hour  which  the  machine  will  then  pass  without 
the  bypass  being  open  will  be  in  inverse  proportion  to  the 
ratio  of  the  specific  volumes  of  the  steam  at  the  two  con- 
ditions, since  the  constant-volume  law  states  that  the  total 
volume  passed  per  hour  at  the  blading  inlet  is  constant. 
The  specific  volume  of  steam  at  225  lb.  gage  and  125  deg. 
superheat  being  2.3?5  cu.ft.  per  lb.,  the  turbine  would  then 
pass  (2.75  -^  2.335)  X  58,000  =  68,300  lb.  per  hour,  the 
bypass  not  being  open.  The  example  just  given  is  conven- 
tional, as  precisely  the  same  machine  would  not  be  used 
for  such  a  wide  variation  in  initial  steam  conditions,  but 
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the  principle  can  be  applied  with  accuracy  in  practice  to 
smaller  variations  in  steam  conditions,  and  by  combination 
with  a  knowledge  of  the  effect  of  steam  pressure  and  super- 
heat on  the  economy  of  any  particular  turbine,  forms  a 
simple  and  convenient  method  of  estimating  the  effect  of 
changes  in  steam  pressure  and  superheat  on  the  maximum 
load  that  can  be  carried  before  the  bypass  opens. 

With  constant  steam  pressure,  superheat  and  vacuum  the 
energy  available  for  work  per  pound  of  steam  based  on 
the  Rankine  Cycle  is  constant,  and  it  is  apparent  in  view 
of  the  Willans  Law,  that  if  the  total  B.t.u.  available  per 
hour  are  plotted  as  a  function  of  the  load  there  will  re- 
sult a  straight  line  such  as  is  shown  in  Fig.  4.  This 
diagram  is  plotted  from  an  estimate  for  a  5,000-kw.  tur- 
bine. The  characteristic  form  of  the  "total  B.t.u.  available 
per  hour-kilowatt"  line,  forms  an  additional  convenient 
check  on  the  accuracy  of  any  series  of  variable-load  con- 
stant-speed tests  below  the  bypass  point  and  the  "no  load" 
or  "friction"  B.t.u.  and  the  "net  B.t.u.  available  per  kilo- 
watt-hour," which  are  derived  from  such  plotted  data  and 
which  are  shown  on  the  diagram,  are  of  value  in  turbine- 
economy  estimates. 

The  value  of  the  net  B.t.u.  available  per  brake  horse- 
power-hour (considering  the  turbine  alone)  has  been  found 
to  be  dependent  only  on  the  proportion  of  the  blading  of 
turbines  which  conform  to  a  general  design  for  a  line  of 
machines  of  various  sizes  (within  certain  limits)  and  for 
different   operating   conditions,    and    this    value,   therefore, 


the  general  rules  given  would  have  been  more  strictly  cor- 
rect, but  for  ordinary  comparison  and  uses  the  convenience 
resulting  from  the  use  of  the  generator  output  as  a  load 
basis  for  plotting  characteristic  curves  more  than  offsets 
the  lack  of  accuracy. 

In  addition  to  those  units  of  economy  that  have  been 
plotted  as  a  function  ol  the  load  on  the  diagrams  ac- 
companying this  article,  the  total  heat  consumption  per 
hour  and  other  measures  of  performance  can  be  used  if 
the  object  of  the  work  being  done  makes  it  desirable.  The 
simplicity  of  the  Willans  Law  and  the  similar  straight-line 
relation  of  the  total  quantities  of  heat  and  the  inlet  pres- 
sure afford  an  easy  means  of  bringing  to  the  attention  of 
operating  engineers  the  general  principles  governing  tur- 
bine economy.  In  this  connection  it  is  well  to  point  out 
that,  in  a  multistage  throttling  turbine,  the  straight-line 
relation  between  the  load  and  stage  pressure  is  maintained 
at  all  stages  as  well  as  at  the  inlet  or  first  stage.  An 
understanding  of  such  points  would  add  to  the  efficiency 
of  an  operating  engineer,  as  it  would  give  him  a  clearer 
conception  of  the  working  of  the  machine  he  handles  and 
enable  him  to  better  judge  its  internal  condition  by  exam- 
ining the  operating  records. 

l*:  will  be  noticed  that  certain  of  the  diagrams  have  the 
bypass  marked  on  them  and  that  they  indicate  that  the 
straight-line  relation  between  the  total  quantities  and  the 
load  is  maintained  for  the  condition  resulting  from  ad- 
mission of  steam  to  an  intennediate  stage.     This  feature 
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is  practically  constant  for  different  steam  pressures,  super- 
heats, exhaust  pressures  and  fractional  loads.  The  values 
of  the  "no-load  or  friction  B.t.u  available,"  in  the  case  of 
a  similar  line  of  turbines,  are  dependent  on  the  sizes  of  the 
machines  only  (excepting  large  changes  in  the  exhaust 
pressure),  and  for  a  certain  size  this  value  is,  therefore, 
also  constant  for  different  operating  conditions.  With  data 
from  which  a  set  of  values  for  these  two  factors  can  be 
derived  for  a  line  of  turbines,  the  estimating  of  the  steam 
consumption  of  a  machine  at  different  loads  and  for  speci- 
fied operating  conditions  is  a  simple  matter. 

The  regulation  of  a  turbine  by  throttling  introduces  cer- 
tain losses  when  the  machine  is  operating  at  partial  load, 
because  of  the  effect  of  throttling  on  the  B.t.u.  available 
to  the  Rankine  cycle.  To  illustrate  the  relative  magnitude 
of  this  throttling-regulation  loss  at  different  loads  for  a 
5,000-kw.  1,800  r.p.m.  unit,  the  curve  shown  in  Fig.  5  has 
been  drawn.  It  is  based  on  operating  conditions  of  steam 
at  225  lb.  gage,  125  deg.  superheat  and  28J  in.  of  vacuum. 
For  convenience,  the  load  is  expressed  in  percentages  of 
full  load.  The  diagram  shows  the  theoretical  reduction  in 
energy  available  to  the  turbine  at  the  different  fractional 
loads  and  is  of  particular  interest  because  this  loss  is,  in  a 
measure,  inherent  in  the  necessary  constant-speed  regula- 
tion of  all  turbines. 

The  diagrams  have  all  been  based  on  the  power  output 
of  the  unit's  generator,  which  introduces  a  variable  factor 
due  to  the  generator  efficiency,  being  also  a  function  of 
the  load.  If  the  brake  horsepower  of  the  turbine  had  been 
used  as  the  basis  for  plotting  the  data,  the  application  of 


has  not  been  dwelt  upon,  as  it  is  evident  that  with  simple 
modifications  the  general  principles  given  apply  also  for 
that  part  of  the  power  output  in  excess  of  the  bypass  load. 

In  the  discussion  a  number  of  points  of  interest  came 
out.  Relative  to  turbine  design,  selection  of  metals  had 
to  be  made  carefully  with  respect  to  the  superheat  in  the 
steam.  Even  the  finest  gray  cast  iron  gx'ows  if  there  is 
much  superheat.  The  cause  of  this  growth  is  not  entirely 
the  amount  of  superheat  or  the  temperature  that  goes  with 
it,  but  the  tempe:-ature  fluctuations  encountered  and  the 
kind  of  iron  used. 

It  was  pointed  out  that  the  efficiency  relative  to  the  Ran- 
kine-cycle  efficiency  was  obtained  from  the  formula, 

^  ^ 3, 415 

B.t.u.  available  per  lb.  of  steam  X  lb.  of  steam  per  kiv.-hr. 
3,415  being  the  old  2,547  B.t.u.  (equivalent  to  1  hp.hr. ^ 
divided  by  0.746.  This  efficiency  ranges  from  50  ner  cent 
or  less  in  a  300-k^\.  machine  to  almost  80  per  cent  in  the 
large  machines.  In  the  large  sizes  the  variation  in  effi- 
ciency is  very  slight  from  size  to  size  as  the  curve  becomes 
quite  flat. 

In  reply  to  an  inquiry  as  to  whether  the  turbine  and 
generator  were  set  up  and  tested  before  shipment,  it  was 
stated  that  the  unit  is  set  up  complete  and  overspeeded  10 
per  cent  when  running  at  no  load.  The  overspeed  safety 
stop  is  tripped  three  or  four  times.  There  is  no  advantage 
in  running  a  turbine  at  load  before  being  erected  in  its 
perrnanent  location.  The  steam  turbine  itself,  before  con- 
necting the  generator,  is  overspeede'd  25  per  cent,  produc- 
ing 50  per  cent  excess  stresses.     It  is  important  to  set  the 
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generator  and  turbine  set  up  together  before  shipment. 
Final  balancing  of  these  units  is  largely  a  "cut-and-try" 
proposition.  In  balancing,  the  relative  positions  of  the  two 
elements  are  not  changed 

In  modern  turbine  design,  the  governor  does  not  usually 
open  the  bypass  until  the  machine  is  working  well  up  to 
capacity.  The  bypass  is  provided  so  that  upon  a  drop  of 
steam  pressure  or  vacuum  the  machine  will  hang  on  to  its 
load.  This  is  more  important  in  industrial  plants  than  in 
central-station  practice. 

The  fact  was  brought  out  that  the  deflection  of  the 
shaft  of  a 'modern  turbine  due  to  its  weight,  is  so  small 
that  difficulties  as|to  clearance  do  not  develop  from  this 
cause.  In  designing,  a  careful  attempt  is  made  to  keep  the 
normal  speed  reasonably  far  away  from  the  critical  speed. 
Shaft  deflection  may  result  in  not  permitting  the  bearings 
to  be  fully  effective,  and  so  modem  practice  tends  to 
shorten   bearing   lengths. 

Mr.  Mortimer,  president  of  the  North  America  Co.,  ex- 
plained   how   the    Willans    diagram    of    Mr.    Flory's    paper, 


^24 

\ 

> 

V 

(322 

\ 

|l8 

\ 

%. 

g>12 

r 

fe% 

olU 

1-8 

<i 

^t 

\ 

v^ 

|4 
2 

"v^ . 

L 

^ 

■---^ 

10  20  30  40  50  60  70  80  90  iOO 

Lo^d- Per  Cent 

FIG.   5.      THEORETICAT.  THROTTLING   LOSS   AT  DIFFERENT 
LOADS 

otherwise  known  as  a  "flow  curve,"  had  been  used  in  a 
practical  way  in  central-station  practice  by  the  Union  Elec- 
tric Light  and  Power  Co.  of  St.  Louis.  In  describing  a 
method  devised  by  him  to  more  closely  correlate  efficient 
boiler  capacity  with  the  electric  load,  he  emphasized  the 
Importance  of  the  men  in  the  turbine  room  knowing  a  half- 
hour  in  advance  what  load  was  to  be  carried  and  notifying 
the  boiler  room,  so  that  the  proper  boiler  capacity  could  be 
provided  at  the  time  required.  In  the  Ashley  Street  Sta- 
tion, St.  Louis,  there  are  machines  installed  in  1908,  1909, 
1911  and  1917.  Only  those  of  the  same  age  and  size  would 
have  the  same  steam  economy.  A  chart  was  constructed 
on  which  were  plotted  "kilbers"  against  kilowatt  load  for 
each  type  of  machine.  A  kilber  is  a  unit  expressing  thou- 
sands of  pounds  of  steam  per  hour.  By  referring  to  the 
load  diagram  of  yesterday  and  to  the  corresponding  day 
of  last  year,  the  load  operator  estimates  the  load  that  will 
be  on  the  system  one-half  hour  hence;  decides  what  units 
shall  be  used  to  carry  this  load,  refers  to  his  diagram  for 
the  quantity  of  steam  required;  adds  up  the  amounts  for 
the  total  number  of  kilbers  and  signals  to  the  boiler  room 
a  message  "at  4:30,  15,000  kilbers  will  be  required."  The 
boiler-room  foreman  decides  what  boilers  will  be  used  to 
meet  this  requirement.  It  has  been  found  that  this  assists 
materially  in  keeping  the  proper  relation  between  boilers 
under  steam  and  the  load  demand,  and  real  economies  have 
been  thus  effected.  Correction  is  required  if  steam  pressure 
or  vacuum  conditions  do  not  remain  constant. 


Reorganization  Plan  of  the  N.  E.  L.  A. 

Plans  for  the  reorganization  and  expansion  of  the  Na- 
tional Electric  Light  Association  have  been  completed  by 
M.  H.  Aylesworth,  executive  manager,  and  will  be  brought 
before  the  members  at  the  convention  in  May  for  final 
approval. 

A  general  survey  by  Mr.  Aylesworth  at  the  request  of 
the  National  Executive  Committee,  upon  the  recommenda- 
tion of  President  Ballard,  resulted  in  the  program  of  ex- 
pansion in  order  to  comply  with  demands  for  increased 
service  in   practical  co-operation. 

The  work  of  the  association,  including  appointment  and 
direction  of  the  headquarters  staff,  under  supervision  of 
president,  vice  presidents  and  National  Executive  Commit- 
tee, will  be  performed  by  the  executive  manager.  The 
organization  at  headquarters  has  been  divided  into  five  de- 
partments, under  the  direction  of  the  executive  manager 
and  acting  secretary.  The  rate-book  and  rate-research 
work,  which  formerly  was  carried  on  in  Chicago,  has  been 
placed  in  charge  of  Fred  W.  Herbert,  head  of  the  Company 
Service  Department.  This  department  will  dispense  in- 
formation and  give  to  small  and  large  companies  alike  the 
advantages  of  practical  development  demonstrations  of 
the  other  company  members. 

A  department  of  publicity  under  the  direction  of  George 
F.  Oxley  has  been  formed,  which  will  supervise  the  gather- 
ing and  dissemination  of  all  news,  activities,  etc.,  of  the 
association. 

Upon  the  recommendation  of  the  Technical  Section,  ap- 
proved by  the  National  Executive  Committee,  an  engineer- 
ing department  will  immediately  be  formed.  The  duties 
of  this  department  will  include  gathering  statistics  and 
formulating  a  program  on  the  practical  engineering  prob- 
lems that  are  affecting  the  industry  at  the  pi'esent  time. 

A  department  dealing  with  committee  activity  has  been 
formed  and  is  under  the  direction  of  A.  Jackson  Marshall, 
committee  secretary.  The  accounting  department  is  in 
charge  of  the  accounts  of  the  association  as  iwell  as  the 
membership  lists  and  the  mailing  of  all  material  to 
members. 

The  reorganization  plan  calls  for  the  division  of  the  asso- 
ciation into  geographic  divisions.  The  plan  that  has  been 
proposed  provides  two  methods  of  geographic  division  or- 
ganization. Where  strong  state  electrical  associations  or 
state  public-utilities  associations  exist,  the  annual  con- 
ventions and  meetings  may  be  held  without  regard  to  state 
boundaries,  while  other  states  will  function  through  a 
geographic  conference  composed  of  delegates  from  the 
respective  state  associations.  The  purpose  of  geographic 
division  organization  is  to  decentralize  where  possible,  the 
activities  of  the  national  association  and  harmonize  the 
work  of  the  state  association,  geographic  division,  and 
national  association  through  co-ordination  of  all  commit- 
tee activities  from  the  state  association,  through  the 
geographic  division  and  finally  into  the  executive  commit- 
tees of  the  national  association. 

Little  or  no  activity  pertaining  to  the  relation  of  the 
central  station  to  the  public  has  marked  the  work  in  the 
national  association.  A  Public  Relations  National  Section 
is  to  be  formed,  to  overcome  this  deficiency. 

Complete  co-operation  between  all  bi'anches  of  the  in- 
dusti-y  is  the  keynote  of  the  reorganization  plan,  and  every 
member  company  and  its  individual  company  will  have  a 
voice  in  the  management  of  the  association. 


The  Board  of  Trade  of  Alberta,  Can.,  has  appointed  a  com- 
mittee to  investigate  the  possibilities  of  the  waste  coal  from 
the  mines  in  the  generation  of  electricity  in  a  large  central 
plant  and  of  proper  distribution  of  this  power  to  manufac- 
turers and  municipalities  nearby.  The  fuel,  which  is  very 
low  in  price,  is  being  tested  with  a  view  to  increasing  its 
efficiency  by  pulverizing  before  it  is  utilized. 


Exports  of  electrical  machinery  and  appliances  from  the 
United  States  during  February,  1920,  show  that  batteries 
totaling  in  value  $526,972  were  shipped.  Dynamos  and 
generators  valued  at  $303,340  and  3,140  fans  valued  at 
$79,780  were  distributed  throughout  the  world;  incandescent 
lamps  (carbon)  valued  at  $9,746,  and  (metal)  lamps  with 
a  total  value  of  $363,391  were  exported;  magnetos,  spark 
plugs,  value,  $251,876;  motors,  value,  $381,203;  telegraph 
apparatus,  $16,750;  transformers,  $295,185;  and  miscella- 
neous electrical  apparatus  and  appliances  valued  at  $1,930,- 
537  were  expoi'ted. 
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Coal  Production  in  Washington  Decreased 
by  the  Miners'  Strike 

The  coal  produced  in  the  State  of  Washington  in  1919 
amounted  to  3,059,580  tons,  which  represents  a  decrease  of 
over  25  per  cent  from  the  production  of  1918.  The  major 
portion  of  this  decrease  is  due  to  the  national  coal  strike 
which  closed  the  mines  of  the  state  from  Nov.  1  to  Dec.  15, 
according  to  the  annual  report  of  the  state  inspector  of  coal 
mines,  James  Bagley. 

Mr.  Bagley  goes  on  to  say  that  the  increase  in  wages  to 
miners  in  the  last  few  years  and  the  high  cost  of  materials 
have  prevented  coal  from  displacing  fuel  oil  to  a  great 
extent  in  spite  of  the  constantly  rising  price  of  the  latter. 
Coal  from  British  Columbia  has  always  been  a  factor  in  the 
Washington  market,  and  Utah  and  Wyoming  coal  has 
recently  been  shipped  in  to  a  considerable  extent.  Also 
hydro-electric  power  has  taken  the  place  of  coal-burning 
plants,  especially  on  the  railroads.  The  result  of  these 
factors  is  a  gloomy  outlook  for  the  coal  mines  of  Wash- 
ington, as  at  present  it  seems  probable  that  most  of  them 
will  work  only  half  the  usual  time  during  the  coming  sum- 
mer months. 

During  1919  Whatcom  County  alone  showed  an  increase 
in  production.  This  exception  to  the  general  rule  was  due 
to  the  operation  of  the  Bellingham  mine,  which  was  under 
development  most  of  the  year. 

The  state's  maximum  production  was  reached  in  October, 
when  4,760  employees,  working  26.3  days,  produced  373,198 
tons.  This  was  due  to  the  increased  demand  in  anticipation 
of  the  big  strike.  The  average  value  at  the  mine  was  $3.59 
in  1919,  as  compared  with  $3.53  in  1918. 

The  coke  output  showed  a  decrease  of  about  55  per  cent 
of  the  1918  production.  Of  the  ,65,332  tons  produced,  almost 
36,000  tons  came  from  ovens  at  the  mines  at  Carbonado, 
Fairfax  and  Wilkeson.  The  decrease  is  largely  attributed 
to  the  lowered  demand  from  the  Tacoma  smelter  and  to 
the  fact  that  exports  of  coke  to  smelters  in  British  Columbia 
have  been  steadily  declining. 


Sidelights  on  N.  E.  L.  A.  Convention 

Visitors  to  the  N.  E.  L.  A.  Convention  at  Pasadena,  Cal., 
May  18-21,  by  special  aiTangements  such  as  are  not  obtain- 
able by  the  individual  tourist,  will  be  enabled  to  see  every 
feature  of  southern  California  life  within  the  shortest  space 
of  time  and  with  the  greatest  possible  convenience. 

Arrangements  have  already  been  completed  by  W.  L. 
Frost,  chairman  of  the  entertainment  committee,  for  a  trip 
to  Santa  Catalina  Island,  twenty-six  miles  from  the  main- 
land. The  island  is  a  famous  objective  for  tourists  and 
fisherman. 

Not  the  least  interesting  event  at  the  convention  will  be 
trips  through  various  motion-picture  studios,  about  sixty  of 
which  are  located  within  easy  riding  distance  of  head- 
quarters. The  delegates  will  be  given  an  opportunity  of 
seeing  "thrillers"  in  the  making. 

Excursions  have  been  planned  to  all  the  famous  beach 
resorts  which  extend  for  miles  along  the  Pacific  Coast. 

Trips  by  trolley  and  automobile  will  be  made  thi'ough 
what  is  known  as  the  "Orange  Empire."  The  trees  will  be 
loaded  with  fruit  at  the  time  of  the  convention. 

Mount  Lowe,  which  stands  a  mile  high  on  the  summit 
of  the  Sierra  Madre  range  is  another  trip  easily  taken  from 
the  Hotel  Huntington.  A  cable  railroad  and  a  wonderful 
piece  of  electrical  trolley  construction  are  the  means  of 
reaching  the  summit. 

John  B.  Miller,  president  of  the  Southern  California 
Edison  Co.,  has  opened  his  beautiful  home,  "Hillside,"  and 
the  wonderful  grounds  surrounding  it.  Delegates  and  their 
guests  will  be  entertained  at  tea  here  Thursday  afternoon. 
May  20  at  4  o'clock.  The  gardens  of  Hillside  are  said  to  be 
among  the  most  beautiful  in  southern  California. 

Engineers  and  technical  men  who  desire  to  visit  the  great 
hydro-electric  properties  of  the  power  companies  of  the 
Southwest,  will  be  provided  with  automobiles  and  guides  for 
excursions  into  the  mountains. 


Convention  of  American  Association  of 
Engineers 

The  sixth  annual  convention  of  the  American  Associa- 
tion of  Engineers  will  be  held  at  the  Planters  Hotel  in  St. 
Louis,  May  10  and  11.  A  number  of  interesting  speakers 
have  been  secured,  including  M.  0.  Leighton,  chairman 
of  the  National  Service  Committee  of  Engineering  Coun- 
cil, who  will  deliver  an  address  on  "Getting  Salaries  for 
Public  Service  Engineers  into  Budgets";  Francis  A.  Kellor, 
vice  chairman  of  the  Inter-Racial  Council  of  New  York, 
will  speak  on  "The  Manpower  Engineer — The  Opportunity 
of  Americanism"  and  Fred  Lavis  of  the  American  Interna- 
tional Corporation  of  New  York,  who  will  speak  on  "Oppor- 
tunities for  the  Engineer." 

Group  meetings  for  draftsmen,  federal  engineers,  min- 
ing engineers  and  railroad  engineers  will  be  held  on  the 
evening  of  the  tenth,  and  problems  peculiar  to  each  group 
will  be  considered  and  a  report  made  at  the  general  busi- 
ness session  on  the  following  day. 

A  number  of  constitutional  amendments  will  be  brought 
before  the  members  for  approval,  the  changes  including  the 
passage  of  constitutional  amendments  by  letter  ballot  and 
se\eral  amendments  covering  changes  in  entrance  fees  and 
annual  dues. 

A  schedule  for  the  regulation  of  salaries  of  engineers  in 
municipal  service  has  been  prepared  by  a  committee  of  the 
association,  and  will  be  placed  before  the  members  of  the 
board  of  airectors  at  their  next  meeting  in  St.  Louis  on 
May  9. 

Washington  State  Coal  Commission  Holds 
Preliminary  Meeting 

N.  D.  Moore  and  D.  F.  Buckingham,  the  latter  general 
manager  of  the  Roslyn  Fuel  Co.,  representing  the  mine 
owners,  and  Robert  S.  Harlin,  president,  and  Ernest  News- 
ham,  secretary,. of  District  No.  10,  United  Mine  Workers  of 
America,  representing  the  miners,  are  the  first  four  mem- 
bers of  the  commission  to  adjust  the  wages  and  working 
conditions  of  coal  miners  in  the  State  of  Washington.  These 
four  are  to  appoint  a  fifth  member.  A  preliminary  meeting 
of  the  four  commissioners  was  recently  held  in  the  offices  of 
the  Washington  Coal  Operators'  Association  in  Seattle. 

This  commission  was  provided  for  in  the  Government 
plan  developed  after  last  winter's  strike,  the  Washington 
State  situation  being  one  of  those  not  covered  in  the  general 
wage  decision. 

Piston  Bursts — Kills  Man 

The  bursting  of  a  piston,  whUe  being  heated,  which  had 
been  taken  from  a  locomotive  oi  the  Donora  Southern  R.R. 
to  the  blacksmith  shop  for  repairs,  instantly  killed  the  black- 
smith. 

The  accident  was  most  peculiar.  The  piston  had  been 
taken  out  of  a  locomotive  and  required  some  repairs  before 
it  could  be  replaced.  In  order  to  take  the  rod  out  of  the 
piston,  it  had  to  be  heated,  so  it  was  taken  to  the  black- 
smith shop  and  put  in  the  forge.  In  a  short  time  the 
pressure  in  the  hollow  piston  became  so  great  that  a  large 
piece  was  driven  out  of  the  head,  striking  the  blacksmith, 
who  was  standing  several  feet  distant,  and  breaking  his 
neck,  almost  instantly  killing  him. 


Figures  contained  in  the  eleventh  (1919)  annual  report 
of  the  Public  Service  Corporation  of  New  Jersey  show  that 
the  Public  Service  Electric  Co.  was  called  upon  to  supply 
power,  which  exceeded  in  volume  the  output  of  energy  in 
1918.  It  is  estimated  that  during  1918  war  industries 
consumed  about  90  per  cent  of  the  commercial  power  load. 
When  the  war  ceased  this  power  was  absorbed  by  other 
industrial  activities.  The  day  load  of  the  60-cycle  serv- 
ice in  the  "lorthem  zone  for  1919  ran  as  high  as  126,000 
kw.,  compared  with  a  maximum  of  109,000  kw.  in  1918. 
In  the  southern  zone  the  day  load  reached  24,000  kw.,  as 
against  22,000  kw.  the  year  before. 
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Pennsylvania  Electric  Association 
Discusses  Power  Factor 

How  vitally  important  power  factor  has  become  in  the 
operation  of  alternating-current  power  systems  was  very 
clearly  reflected  in  the  second  meeting  of  the  year  held  by 
the  Western  Geographic  Section  of  the  Pennsylvania  Elec- 
tric Association,  in  which  approximately  200  members  and 
guests  participated.  The  meeting  was  held  in  the  William 
Penn  Hotel,  Pittsburgh,  April  21.  Chairman  E.  C.  Stone 
presided  at  both  sessions,  one  being  held  in  the  morning  and 
the  other  in  the  afternoon,  with  a  luncheon  served  in  the 
hotel  at  noon.  In  opening  the  morning  session.  Chairman 
Stone  gave  a  general  outline  of  the  power-factor  problem,  in 
which  he  said  in  part: 

Every  reduction  in  the  cost  of  producing  and  delivering 
electrical  energy  to  the  job  opens  up  new  fields  for  its 
utilization,  thereby  furthering  the  prosperity  and  develop- 
ment of  the  community  through  greater  use  of  power.  The 
proper  solution  of  the  power-factor  problem  means  a  further 
reduction  in  the  cost  of  electrical  energy.  It  is,  therefore,  a 
most  vital  problem.  Consider  the  Duquesne  Light  Co.'s 
system  for  example.  If  the  power  factor  of  all  connected 
equipment  utilizing  the  company's  service  could  be  raised  to 
unity,  the  entire  electrical  system,  including  generators, 
lines,  substations  and  transformers,  could  be  made  to  carry 
35,000  kw.  more  load  than  it  carries  at  the  present  time,  and 
the  only  additional  investment  required  to  accomplish  this 
would  be  for  an  increase  in  the  capacity  of  turbines  and 
boilers  at  the  power  plant  to  bring  them  up  to  the  greater 
capacity  of  the  electrical  system. 

The  production  and  transmission  of  energy  through  an 
electrical  circuit  involves  two  functions:  First,  the  delivery 
of  the  energy  for  utilization  in  lamps,  motors,  etc.;  second, 
the  supplying  of  the  necessary  excitation  for  maintaining 
the  magnetic  fields  essential  to  the  operation  of  trans- 
formers and  motors,  which  constitute  a  large  part  of  the 
utilizing  equipment.  The  energy  must  obviously  be  supplied 
from  the  power  plant.  The  excitation,  or  wattless  current, 
however,  may  often  be  supplied  more  economically  from  a 
point  nearer  to  the  load,  thereby  raising  the  power  factor 
and  increasing  the  capacity  of  generators,  lines  and  trans- 
formers. The  engineer's  problem  thus  becomes:  First,  the 
design  of  utilizing  equipment  that  will  operate  at  high 
power  factor,  as  for  example,  the  synchronous  motor;  sec- 
ond, where  this  cannot  be  done,  the  providing  of  power- 
factor  corrective  apparatus,  such  as  the  condenser,  which 
will  compensate  for  the  low  power  factor  of  the  utilizing 
equipment;  third,  the  joint  application  of  high  power-factor 
equipment  and  power-factor  corrective  apparatus  in  such 
manner  and  at  such  points  on  the  transmission  and  dis- 
tribution system  as  will  combine  to  make  the  most  econom- 
ical system  possible,  consistent  with  satisfactory  operating 
conditions  for  the  consumer. 

Rates  Should  Encourage  High  Power  Factor 

The  commercial  problem  of  power  factor  involves  the 
development  of  a  rate  schedule  that  will  bring  about  the 
working  out  of  the  engineer's  problem  so  that  the  com- 
munity as  a  whole  will  obtain  its  supply  of  power  at  the 
minimum  cost.  This  necessitates  rate  provisions  which, 
first,  will  make  it  profitable  to  the  power  customer  to  utilize 
his  power  at  the  most  economical  power  factor,  and  secondly, 
will  differentiate  between  the  power  customer  who  corrects 
his  power  factor  and  the  customer  who  does  not,  so  that  the 
former  will  not  be  obliged  to  carry  any  of  the  burden 
imposed  by  the  latter. 

One  of  the  principal  hindrances  to  the  development  of 
power-factor  schedules  has  been  the  difficulty  in  measuring 
power  factors  in  a  manner  that  was  sufficiently  simple, 
economical  and  reliable  to  be  used  as  a  basis  for  billing.  At 
the  present  time  a  joint  committee  of  the  A.  I.  E.  E.  and 
the  N.  E.  L.  A.  is  studying  this  problem  with  a  view  to 
defining  power  factor  accurately  so  that  manufacturers  will 
be  given  a  basis  on  which  to  design  suitable  metering 
equipment.  In  the  meantime  a  number  of  prominent  com- 
panies are  making  use  of  the  method  which  employs  a 
standard  polyphase  watt-hour  meter  specially  connected  to 
register  the  kilovolt-ampere-hours  of  wattless  component, 
instead  of  the  usual  kilowatts  of  true  energy.  At  the 
present  moment  it  seems  quite  probable  that  this  method 
will  come  into  such  extensive  use. 

Two  papers  were  presented  at  the  morning  session: 
"Power  Factor  and  Kilovolt-Ampere  Measurements,"  by 
W.  H.  Pratt;  and  "Analysis  of  Power-Factor  Conditions  on 
a   Large  Central-Station   System,"  by  C.   L.   Rupert.     Mr. 


Pratt  outlined  the  various  conditions  under  which  power 
factor  and  kilovolt-amperes  must  be  measured  and  described 
the  methods  of  making  these  measurements.  The  speaker 
expressed  the  opinion  that,  in  general,  the  different  methods 
of  measurement  are  satisfactory.  He  said  that  the  most 
serious  part  of  the  problem  is  due  to  wave-form  distortion. 
He  described  a  new  type  of  meter  containing  two  elements 
connected  together  through  a  pawl-and-ratchet  arrange- 
ment, that  would  measure  kilovolt-amperes  with  only  one 
per  cent  error,  over  a  phase-displacement  range  of  44  deg., 
it  being  possible  to  select  the  44-deg.  range  anywhere 
between  1  and  90  deg.  displacement.  Abstracts  from  both 
Mr.  Pratt's  and  Mr.  Rupert's  papers  will  appear  in  later 
issues. 

During  che  luncheon  H.  W.  Diggs,  chairman  of  the  Four- 
Minute  Speaker  War  Organization,  and  A.  M.  Lynn,  presi- 
dent of  the  West  Penn  Power  Co.,  delivered  addresses.  Mr. 
Diggs  urged  greater  co-operation  between  the  public-service 
utilities  and  the  public.  Co-operation  is  abroad  in  the  land, 
said  the  speaker,  and  wherever  it  has  been  tried  the  outcome 
has  been  satisfactory.  The  man  who  said,  "The  public  be 
damned,"  has  gone  out  of  business.  This  one  statement  has 
done  more  harm  to  public  utilities  than  anything  else. 
Public  opinion  is  a  powerful  thing,  the  speaker  said,  and 
emphasized  this  point  by  calling  attention  to  how  public 
opinion  had  broken  the  steel-mill  workers'  strike,  coal- 
miners'   strike  and  was  also  breaking   the  railway  strike. 

Demand  for  Power  Exceeds  Supply 

In  discussing  the  various  problems  relative  to  central- 
station  operation,  A.  M.  Lynn,  president  of  the  West  Penn 
Power  Co.,  pointed  out  that  the  power  companies  today 
could  sell  more  power  than  they  could  finance  the  necessary 
extensions  for,  consequently,  one  of  the  most  difficult  prob- 
lems in  the  operation  of  utilities  had  become  that  of  finance. 
Coal,  said  the  speaker,  that  cost  $2.95  per  ton  at  the  power 
plant  during  the  war  will  probably  cost  at  least  $4.15  per 
ton  when  the  coal  and  railway  situation  is  adjusted.  Mr. 
Lynn  illustrated  the  great  economies  that  had  resulted  from 
the  interconnection  of  the  various  power  systems  by  calling 
attention  to  a  case  where  5,000  hp.  had  been  supplied  from 
a  company  operating  in  central  Pennsylvania  to  another 
company  in  central  Virginia,  but  to  do  this  it  was  necessary 
to  transmit  this  power  through  three  different  systems. 

At  the  afternoon  technical  session  two  papers  were  pre- 
sented: "Induction  and  Synchronous  Motors  for  Industrial 
Applications,"  by  C.  W.  Drake;  and  "Power-Factor  Correc- 
tion," by  Robert  Treat.  Mr.  Drake  gave  a  very  careful 
analysis  of  the  application  of  both  types  of  alternating- 
current  motors.  He  said  that  overloaded  systems  were  the 
cause  of  increased  interest  in  power-factor  corrections,  and 
laid  stress  on  selecting  the  correct  size  of  induction  motors, 
pointing  out  that  it  was  ordinarily  possible  to  increase  the 
power  factor  5  to  10  per  cent,  and  in  exceptional  cases  20 
per  cent,  over  what  is  obtained  in  general  practice,  simply 
by  the  proper  selection  of  induction  motors. 

The  relative  costs  of  synchronous  and  induction  motors 
were  taken  up  by  Mr.  Treat  in  his  paper  and  shown  on  a 
set  of  curves.  An  abstract  of  both  papers  will  appear  in  a 
later  issue. 

During  the  discussion  considerable  difference  of  opinion 
was  expressed  regarding  penalizing  customers  for  low 
power  factor.  However,  increasing  the  demand  charge  in 
proportion  to  the  power  factor  when  the  customer  failed  to 
maintain  the  power  factor  above  a  given  value,  or  else  meter 
both  the  kilowatt-hours  and  the  kilovolt-ampere-hours,  bill- 
ing the  customer  for  both,  were  the  two  methods  that  appar- 
ently met  with  most  favor.  In  addition  to  the  demand 
charge,  to  compensate  for  reduced  use  of  power  equipment, 
some  were  of  the  opinion  that  something  should  be  included 
in  the  rate  to  compensate  for  the  increased  losses. 

It  was  felt  by  many  that  the  burden  of  correcting  for  low 
power  factor  should  be  up  to  the  consumer,  since  in  most 
cases  the  trouble  was  due  to  underloaded  motorS;  conse- 
quently the  customer  had  within  his  control  the  means  of 
maintaining  a  good  power  factor.  To  illustrate  the  effect 
of  the  small  customer's  load  on  the  power  factor  of  a 
system,  attention  was  called  to  one  case  where,  if  the  power 
factor  of  all  the  large  customers'  loads  was  increased  to  87 
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per  cent,  it  would  improve  the  power  factor  of  the  system  as 
a  whole  only  about  3  per  cent,  or  raise  it  from  70  to  approx- 
imately 73  per  cent. 

In  discussing  the  different  types  of  corrective  devices,  it 
was  acceded  that  in  the  case  of  poor  voltage  regulation  the 
synchronous  machine  would  tend  to  improve  conditions 
where  static  condensers  had  the  effect  of  making  them 
M'orse.  One  case  was  mentioned  where  on  the  2,200-volt 
side  of  the  transformers,  at  the  end  of  a  long  transmission 
line,  the  voltage  dropped  as  low  as  1,400  volts,  and  by  a 
proper  use  of  the  synchronous  machines,  already  on  the 
system  it  was  possible  to  maintain  around  2,000  volts. 

From  a  survey  made  of  23  companies  only  six  of  them 
did  not  penalize  their  customers  for  low  power  factor.  A 
total  of  15  penalized  on  a  demand-charge  basis,  6  penalized 
for  power  factors  less  than  80  per  cent,  and  5  for  power 
factors  less  than  85  per  cent.  Only  three  of  the  companies 
discounted  for  good  power  factors. 

In  discussing  the  question  of  using  rotary  converters  for 
power-factor  correction,  it  was  brought  out  that  the  load  on 
the  machine  should  not  exceed  the  arithmetical  sum  of  the 
active  and  reactive  loads.  That  is,  if  the  machine  is  oper- 
ating under  80  per  cent  normal  load  it  will  be  able  to  supply 
only  20  per  cent  reactive  leading  kilovolt-amperes  to  the 
alternating-current  system,  instead  of  60  per  cent  for  a 
synchronous  motor. 


N.  E.  L.  A.  Convention  Program 

The  program  of  the  National  Electric  Light  Association 
for  the  forty-third  annual  convention  to  be  held  at  Pasadena, 
Cal.,  May  18-22,  has  been  completed  and  everything  is  now 
in  readiness  for  the  event.  The  headquarters  of  the  con- 
vention is  the  Hotel  Huntingtan,  Pasadena,  one  of  the  largest 
and  most  modern  hotels  in  southern  California.  It  is  located 
in  the  beautiful  San  Gabriel  Valley,  with  the  Sierra  Madre 
Range  and  Mt.  Wilson  in  the  background. 

The  convention  activities  will  be  formally  opened  by 
Governor  William  D.  Stephens  of  California,  who  will  deliver 
the  address  of  welcome  to  the  members  of  the  association. 
President  Ballard  will  respond  to  the  welcome  on  behalf  of 
the  organization.  H.  Aylesworth,  executive  manager,  will 
next  address  the  assembly  with  an  outline  of  the  compre- 
hensive plan  of  reorganization  which  will  be  placed  before 
the  delegates  for  final  approval. 

Genei-al  sessions  will  be  held  during  the  mornings  and 
special  sessions  in  the  afternoon. 

Franklin  T.  Griffith,  of  the  Portland  Light  and  Power  Co., 
will  read  the  report  of  the  committee  on  Water  Power 
Development.  Following  this,  A.  E.  Silver,  of  the  Electric 
Bond  and  Share  Co.,  chairman  of  the  Inductive  Interference 
Committee,  will  read  a  report  covering  the  work  of  that 
body.  Frank  M.  Kerr,  of  the  Mountain  Power  Co.,  of  Butte, 
Mont.,  will  present  a  paper  on  "Electification  of  Steam  Rail- 
roads." Other  reports  and  speakers  will  be:  "Electrical 
Resources  of  the  Nation,"  by  M.  S.  Sloane,  of  the  Brooklyn 
Edison  Co.;  George  B.  Foster,  of  the  Commonwealth  Edison 
Co.  of  Chicago,  chairman  of  the  Electric  Vehicle  Section  of 
the  association,  will  deliver  An  address  on  "Development, 
Manufacture  and  Marketing  of  the  Electrical  Vehicle"; 
Zena  W.  Carter,  secretary  of  the  Material  Handling  Ma- 
chinery Manufacturers'  Association,  of  New  York,  will  read 
a  paper  entitled  "Electric  Machinery  for  All  Handling";  and 
the  Committee  on  Public  Information,  of  which  John  F. 
Gilchrist,  of  the  Commonwealth  Edison  Co.,  of  Chicago,  is 
president,  will  give  figures  and  facts  showing  the  value  of 
proper  publicity  of  association   activities. 

During  the  first  afternoon  session  of  the  convention  on 
May  19,  Nathaniel  A.  Carle,  chief  engineer  of  the  Public 
Service  Electric  Co.,  of  Newark,  N.  J.,  will  read  the  report 
of  the  Prime  Movers  Committee,  of  which  he  is  chairman, 
and  during  the  second  afternoon  session  on  May  20,  R.  F. 
Schuchardt,  of  the  Commonwealth  Edison  Company,  ot 
Chicago,  will  present  the  report  of  the  Committee  on 
Electrical  Apparatus. 

On  Friday,  May  21,  at  the  afternoon  session.  James  H. 
McGraw,  president  of  the  McGraw-Hill  Co.,  Inc.,  will  read  a 


report  of  the  Committee  on   Federal  and  Municipal  Trans- 
portation. 

•  The  social  and  pleasure  end  of  the  convention  has  not 
been  forgotten.  Extensive  plans  for  the  entertainment  of 
delegates  have  been  made  by  the  entertainment  committee. 


HOTEL  HUNTINGTON.  PASADENA.  N.  E.  L.  A.  CONVENTION 
HEADQUARTERS 


Included  in  this  part  of  the  program  are  numerous  excur- 
sions to  places  of  interest  and  beauty  by  automobile,  trolley, 
boat  and  train.  Everjrthing  possible  has  been  done  so  that 
the  visitors  can  make  the  most  of  their  opportunities  of 
viewing  life  in  southern  California. 


Governing  Boards  of  Founder  Societies 
Meet  in  Chicago 

Upon  the  invitation  of  the  board  of  direction  of  the 
Western  Society  of  Engineers  the  governing  boards  of  the 
four  Founder  Societies  met  contemporaneously  in  Chicago 
on  April  19  and  20.  The  Western  Society  has  a  plan  to 
unite  all  engineers  in  Chicago  into  one  all-embracing  society 
for  combined  action  in  technical  advancement,  public  affairs 
and  the  upbuilding  of  the  profession.  The  primary  reason 
back  of  the  invitation  was  to  give  an  opportunity  for  a 
discussion  and  a  clear  understanding  of  the  inter-relations 
of  the  Western  Society  and  the  Chicago  chapters  of  the 
Founder  Societies,  as  well  as  the  genex-al  plans  for  sei-vice. 
The  opportunity  for  an  intei -hange  of  ideas  between  the 
various  representative  bodies  came  at  a  luncheon  on  Tues- 
day. Business  as  usual  and  the  problems  confronting  each 
society  were  taken  up  at  individual  meetings  of  the  respec- 
tive councils  throughout  the  two  days. 

On  Monday  evening  there  was  a  joint  engineering 
societies  dinner  at  which  the  engineei's  of  the  community 
had  an  opportunity  to  meet  and  welcome  to  the  city  the 
visiting  bodies  from  the  four  great  natioval  societies.  A. 
Stuart  Baldwin,  past  president  of  the  Western  Society  of 
Engineers,  was  toastmaster  and  in  his  opening  remarks 
referred  to  the  four  founder  societies  as  the  foundation  on 
which  all  other  engineering  associations  had  been  formed 
and  pointed  out  the  early  tendency  toward  separation  and 
division,  each  new  society  specializing  in  its  own  particulai 
field.  Recently,  the  pendulum  had  sAvung  in  the  opposite 
direction.  Engineers  of  the  present  day  were  drawing 
together.  They  realized  that  in  union  there  is  strength  and 
that  the  maximum  of  service  can  result  only  through  unison 
of  effort  and  co-operation. 

The  toastmaster  called  in  turn  upon  Arthur  P.  Davis, 
president  of  the  American  Society  of  Civil  Engineers; 
Arthur  Fietcher,  representing  the  American  Institute  of 
Mining  and  Metallurgical  Engineers;  Fred  J.  Miller,  presi- 
dent of  the  American  Society  of  Mechanical  Engineers,  and 
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Calvert  Townley,  president  of  the  American  Institute  of 
Electrical  Engineers.  Each  in  his  own  way  spoke  of  the 
change  that  had  come  over  the  minds  of  men  in  the  last  five 
years,  affecting  their  viewpoint  and  their  feelings  toward 
one  another.  To  keep  abreast  of  the  times,  it  was  recog- 
nized that  all  societies  must  broaden  their  fields  and 
functions.  Man  can  attain  age  by  mere  existence,  but  engi- 
neering societies  must  do  something  to  keep  alive.  They 
should  always  stand  ready  to  adopt  new  ideas. 

It  was  conceded  that  there  was  need  for  more  teamwork 
among  engineers.  To  do  effective  work  for  the  city,  the 
state  and  the  nation  they  should  combine.  There  should 
be  publicity  to  enlighten  the  public  about  engineers  and 
their  work  so  that  confidence  might  be  placed  in  their 
judgment.  In  rendering  service  to  the  public  it  was  the 
thought  that  views  expressed  should  be  on  the  technical 
side  of  the  question.  In  other  words,  the  enginer  should 
in  a  sense  be  an  expert  witness,  not  a  politician.  In 
co-operative  public  service  they  should  not  adopt  the  self- 
ish aim  of  advancing  themselves  and  the  profession. 
Rather  they  should  serve  the  public,  do  something  for  them, 
and  the  public  in  turn  would  reciprocate. 

By  joint  activity  there  was  expectation  of  dealing  more 


effectively  than  ever  before  with  public  matters.  There 
were  one  hundred  thousand  engineers  in  the  country  sepa- 
rated into  several  hundred  organizations,  each  doing  some- 
thing in  its  own  way.  If  they  could  be  made  to  understand 
that  no  attempt  was  being  made  to  interfere  with  their 
work  and  that  they  were  requested  to  participate  only  in 
questions  of  public  interest,  they  should  be  willing  to 
cooperate  and  it  was  the  consensus  of  opinion  that  they 
would. 

As  the  closing  event  in  a  most  enjoyable  evening,  en- 
livened by  community  singing  and  an  orchestra.  Dr.  Theo- 
dore G.  Soares,  from  the  faculty  of  the  University  of 
Chicago,  delivered  an  address  on  "Efficient  Democracy." 
He  impressed  the  audience  with  the  need  for  the  spiritual 
and  the  ideal  as  well  as  the  practical.  In  the  great  under- 
takings of  the  day,  there  must  be  cooperation  and  more 
able  direction  than  ever  before.  The  problem  of  the  day 
was  not  to  find  big  things  to  do,  but  to  find  enough  big 
men  to  do  the  work  waiting  for  them.  There  was  need  for 
expert  advice  in  questions  of  finance,  education,  engineer- 
ing and  for  a  more  intelligent  democracy  to  choose  its  ex- 
perts. The  public  must  find  the  men  who  are  best  capable 
to  lead. 


iiniiiiiiiiiiniiiiiiiiiiiiiiv 


Personals 


niiiiiiiiiiiiiiiiiiiiiiii 


George  Li.  Myers,  who  has  been  con- 
nected with  the  Pacific  Power  and  Light 
Co.,  Portland,  Ore.,  for  several  years,  has 
been  made  assistant  to  the   president. 

Brent  Wiley,  formerly  manager  of  the 
steel  mill  section,  Westinghouse  Electric  and 
Manufacturing  Co.,  has  been  appointed  as- 
sistant to  manager,  industrial  department. 
Mr.  Wiley  will  wssume  charge  of  mill  in- 
dustries. 

George  M.  Ogle  has  been  appointed  to 
take  charge  of  the  consulting  engineering 
department  of  the  Vulcan  Iron  Works, 
Inc.,  Jersey  City,  N.  J.  Mr.  Ogle  was 
formerly  chief  electrical  engineer  of  the 
United  States  Shipping  Board  Emergency 
Fleet   Corp. 

Otto  F.  Stroman,  formerly  manager  of 
the  price  section  of  the  Westinghouse  Elec- 
tric and  Manufacturing  Co.,  Pittsburgh, 
Pa.,  has  been  appointed  assistant  to  the 
manager  in  the  industrial  department.  Mr. 
Stroman's  duties  will  include  development 
of  new  apparatus,  commercial  activities,  etc. 

C.  H.  Kennedy,  M.  E.,  formerly  New  York 
district  manager  of  the  Kennedy  Valve 
Manufacturing  Cb.,  has  been  appointed 
general  sales  manager,  with  headquarters 
at  the  plant,  Elmira,  N.  Y.  J.  S.  Hanlon, 
of  the  Boston  office,  will  assume  charge  of 
the  New  York  office,  and  G.  W.  Waters, 
formerly  of  the  sales  department  of  the 
New  York  office,  will  be  the  Boston  rep- 
resentative. 


Society  Affairs 


The  American  Society  of  Meclianical  En- 
gineers  Will  hold  its  annual  dinner  at  the 
Engineers'   Club   on  May   25. 

The  American  Society  for  Testing  Mate- 
rials will  hold  its  annual  meeting  at  Asbury 
Park,  New  .Tersey,  .Tune  22-25. 

The  New   Yorlt  Section  of  the   A.   S.  M.  J3. 

will  meet  at  tht^  Engineering  Societies 
Building  on  May  11.  "Symposivim  on  Cost 
Accounting"  will  be  the  topic  of  the  meeting. 

The  National  Klectric  Liglit  Association 
BiXecutive  <'onunittee  at  a  recent  meeting, 
voted  lo  change  the  name  of  the  Technical 
and  Hydro-Electric  Section  to  the  Technical 
Section. 

A  State  Chapter  of  the  A.  S.  K.  is  being 
considered  by  members  of  the  profession  in 
North  Dakota.  A  meeting  was  held  on 
.\t)iil  2:i  for  the  formation  of  tentative 
plans  of  organization. 

The  American  Societ.v  of  Mechanical  En- 
gineers, New  Haven  Branch,  Connecticut 
Section,  will  meet  on  May  12.  The  subject 
of  the  evening  will  be  "Airplanes,"  by  a 
speaker  from   the   Ballaudet  Corp. 


The  Society  for  the  Promotion  of  Engi- 
neering Education,  Pittsburgh,  Pa.,  will 
hold  its  next  meeting  at  the  University  of 
Michigan,  Ann  Arbor.  June  29  to  July  2. 
The  keynote  of  the  meeting  will  be  co- 
operation. 

The  Canadian  Association  of  Stationary 
Engineers  will  hold  its  thirty-first  annual 
convention  at  Woodstock,  Ontario,  June  22- 
24.  The  annual  exhibition  of  power  equip- 
ment and  supplies  will  be  held  in  connection 
with   the   convention 

The    Micliigan    Central    Railroad    Section 

of  the  American  Association  of  Engineers 
recently  adopted  a  resolution  offering  the 
services  of  each  of  its  members  to  the  man- 
agement of  the  railroad  when  strikes  made 
it  necessary. 

The     National     Executive     Committee     of 

the  N.  E.  L.  A.  has  given  final  approval  to 
proposed  changes  in  the  constitution  of 
the  association.  The  changes  provide  for 
reorganization  at  headquarters  and  changes 
in   the   form   of  organization. 

The  American  Society  of  Civil  Engineers 

has  voted  against  the  proposal  to  co-operate 
actively  with  other  engineering  societies 
in  the  formation  of  a  broader  organization 
to  secure  united  action  of  the  engineering 
and  allied  technical  professions  in  matters 
of   common    interest. 

Tlie    American    Water    AVorks    Association 

will  hold  its  fortieth  annual  convention  at 
Montreal,  Canada,  June  21-24.  The  Wind- 
sor Hotel  has  been  selected  as  headquar- 
ters. Aftejnoon  and  everung  sessions  will 
be  held  and  a  number  of  papers  presented, 
covering  water-supply  problems. 

An  Illustrated  tecture  will  be  given  in 
the  banquet  hall  of  the  Engineers'  Club, 
:!2  West  40th  Street,  Wednesday  evening. 
May  5  at  8  o'clock,  by  H.  F.  J.  Porter, 
M.E.,  Topic:  "Mr.  Cornelius  Henry  Dela- 
mater — The  Businessman  ;  Captain  John 
Delamatei — The  Engineer." 

The  Taylor  Society,  the  national  organi- 
zation for  the  promotion  of  scientific  man- 
agement in  industry,  will  hold  a  meeting 
at  Rochester,  N.  Y.,  May  6-8  under  the 
auspices  of  the  Industrial  Management 
Council  and  the  Manufacturers'  Council 
of  the  Rochester  Chamber  of  Commerce. 
The  papers  to  be  presented  at  the  meet- 
ing will  cover  every  phase  of  produc- 
tion, management  and  industrial  relations, 
including  sales  promotion  and  office  opera- 
tions. 

The     North     Central    Geographic     Division 

of  the  N.  E.  Tj.  a.  was  organized  April  13, 
at  a  conference  of  electrical  men  of  Min- 
nesota, North  Dakota  and  South  Dakota. 
in  the  Hotel  Radisson,  Minneapolis,  Minn. 
.\  resolution  was  adopted,  consolidating  the 
South  Dakota  Electrical  Association  with 
the  Minnesota  State  Electrical  Association 
into  the  North  Central  Geographic  Division, 
and  officers  were  elected  to  serve  until  the 
first  annual  convention,  which  will  be  held 
at  the  Hotel  Radisson,  Minneapolis,  June 
.16  and  17. 

The  American  Institute  of  Electrical  En- 
gineers will  hold  its  thirty-sixth  annual 
c'onve.ition  at  the  Greenbrier  Hotel,  Sulphur 


Springs,  W.  Va.,  June  29  to  July  2.  The 
tentative  program  follows:  Electrical  Ma- 
chinery Committee,  Symposium  on  tempera- 
ture conditions  prevailing  inside  large  al- 
ternating-current generators ;  Protective 
Devices  Committee  ;  Special  Committee  on 
Determination  of  Power  Factor,  preliminary 
report  and  papers ;  Electrical  Machinery 
Committee,  symposium  on  excitation.  Mis- 
cellaneous Session :  "Alternating-Current 
Commutator  Motors,"  by  J.  I.  Hull ;  "High- 
Tension  Insulator  Porcelain,"  by  W.  D. 
Peaslee,  "Wattless  Power  and  Magnetic 
Energy,"  by  J.  Stephian  ;  "The  Corona  Volt- 
meter— II,"  by  J.  B.  Whitehead  and  Mr. 
Ishiku. 


Business  Items^ 


I 


iiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiMitiiiiiiiiiiiiiiiiiiniitiiiiiiiniiiiiiii 

The    Combustion    Engineering    Corp.    has 

leased  the  property  at  43-45-47  Broad  St., 
New  York  City,  and  will  soon  begin  opera- 
tions on  the  construction  of  a  modern  ten- 
story  structure,  which  it  will  occupy  as 
soon  as  completed.  ''"he  property  was 
leased  for   $1,500,000. 

The    International    General    Electric    Co. 

has  secured  a  contract  for  the  electrifica- 
tion of  the  Paulista  Railway  Co.'s  lines 
betwen  Jundiahy  and  Compinas,  Brazil,  a 
distance  of  76  miles.  The  equipment  to  be 
supplied  includes  twelve  locomotives,  mate- 
rial for  the  transmission  line  and  substa- 
tion and  a  2,000-volt  overhead  of  the  twin- 
catenary  construction.  The  contract 
amounts  to  nearly   $2,000,000. 


.iiitiiiiiiiiiiiiiiitiiiiiiMHiinii 
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Trade  Catalogs 


iiiitiiHiniiiiliiiiiiii 


The  Bic-Wil  Co.,  manufacturers  of  heat 
insulating  products,  Cleveland,  Ohio,  has 
completed  the  publication  of  a  new  16-page 
catalog"  describing"  in  detail  materials  for 
pipes  distributing  hot  liquids  and  vapors 
such  as  circulating  of  oil  through  under- 
ground pipes  enclosed  in  heated  conduit 
and*  distribution  of  low-pressure  steam. 
A  copy  will  be  sent  on  request. 

The  American  Steam  Conveyor  Corp.  of 
New  York  and  Chicago  has  ready  for  dis- 
tribution a  24-page  booklet  entitled  "The 
American  Trolley  Carrier."  The  booklet 
describes  a  one-man  method  of  handling 
fuel  by  means  of  the  apparatus  manufac- 
tured by  this  comjjany.  A  copy  will  be 
sent  on  request. 

Tlie  De  Laval  Steam  Turbine  Co.,  Tren- 
ton, N.  J.,  has  ready  for  distribution  a 
new  44-page  catalog  entitled  "Centrifugal 
Pumps."  The  booklet  describes  and  con- 
tains a  number  of  illustrations  of  De  Laval 
single-  and  multiple-stage  centrifugal 
pumps  and  explains  the  use  of  pump-charac- 
teristic curves  in  adapting  pumps  to  various 
services,  the  adaptation  of  centrifugal  pumps 
to  different  types  of  drives,  the  information 
desired  by  the  manufacturers  in  order  to 
design  a  pump  to  suit  given  conditions,  etc. 
Formulas  and  tables  are  given  for  calcu- 
lating horsepower,  efficiencies,  the  reading 
of  venturi  meters,  friction  in  pipe  lines  etc. 
A  copy  of  the  catalog  will  be  sent  on  request. 
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i  COAL   PRICES  I 

Pric-es  of  steam  coals  both  anthracite  and  bitu- 
minous, f.o.b.  mines,  unless  otherwise  stated,  are  as 
follows: 

ALANTU;  SEABOARD 

Anthracite — Coals  supplying  New  York,  Phila- 
delphia and  Boston: 

Mine 

Pea 5.30 

Buckwheat $3 . 40fe $3.75 

Rice 2.75®   3.25 

Barley 2.25®  2  50 

Boiler 2.50 

Bituminous — Steam  sizes  supplying  New  York, 
Philadelphia  and  Boston: 

I.atrobe $4.25(a$4.5a 

Connellsville  coal 4.25®   4   50 

Cambrias  and  Somersets 4 .  35®  5   15 

Clearfields 4 .  00®   4   75 

Pocahontas 6. 50®   7 .  00 

Now  River   6. 50@  7 .  00 


BUFFALO 

Bituminous — Prices  f.o.b.  Buffalo: 

P  ttsburgh  slack $6 .  00 

Mine-run 6 .  25 

Lump 6.25®  6.50 

Youghiogheny 6.75 


CLEVELAND 

Bituminous — Prices  f.o.b.  mines: 

No.  6  slack $3.25@$4  00 

No.  8  slack 4  .  25 

No.  8— l-in 3.50®  4  00 

No.  6  mine-run. 3 .  50®    4 .  00 

No.  8  mine-run 4 .  50 

Pocahontas — Mine-run 3 .  25®  4  00 

ST.   LOUIS 

Anthracite — Probably  not  more  than  20  per  cent 
of  the  demand  in  this  market  can  be  supplied.  Prices 
effective  Apr.  1  were  as  follows: 

Williamson 

and  Mt.  Olive 

Franklin  and 

Counties  Staunton         Standard 

Mine-run...  .$2. 65® 2. 80  $3.00®3.50  $3.00('  3.50 
Screenings...    2.50®2.65     2.50®3.00     2.50®3.00 

Lump 3  75®4.50    3.75@4.50 

Williamson-Franklin  rate  to  St.  Louis  is  $1  10; 
Other  rates  95c. 


CHICAGO 

Bituminous — Prices  f.o.b.  mines: 
Illinois 

Southern  Illinois 

Franklin,    Saline    and 

Williamson  Counties 

Mine-Run $3 .  00®  $3 .  1 0 

Screenings 2 .  60®   2.75 

Central  Illinois 

Springfield  District 

Mine-Run $2.  75® $3.  00 

Screenings 2.50®  2.60 

Northern  Illinois 

Mine-Run $3  50® $3. 75 

Screenings 3 .  00®  3 .  25 

Indiana 

Clinton  and  Linton 

Fourth  Vein 

Mine-Run $2.  75® $2. 90 

Screenings 2 .  50®  2 .  65 

Knox  County  Field 

Fifth  Vein 

Mine-Run $2.  75® $2.  90 

Screenings 2 .  50®   2 .  60 

Brazil  Block     $4  25®  $4  50 


Freight  rate 

Chicago 

$1.55 

1   55 


$1.32 
1.32 


$1.24 
1.24 


$1.27 
1.27 


$1.37 

1.37 

$1  27 


New  Construction 


PROPOSED    WORK 

MaxN.,  Ro8ton — Fay,  Sixfford  >:  Thorn- 
dike,  -Archts.,  15  Beacon  St.,  will  soon 
award  the  contract  for  the  con.struction 
of  a  9  story,  130  x  19:!  ft.  garage  on  Knee- 
land  St.  Power  for  heat  and  el.vatt  .•  will 
be  installed  in  same.  Total  estimated  cost, 
$750,000.      Owner's   name    withheld. 

Mits.s.,  Mattapan  (Boston  P.  O.) — The 
Commonwealth  of  Massachusetts.  3 "  State 
House,  Boston,  will  soon  award  the  con- 
tract for  the  construction  of  a  nurses' 
building,  dormitory  and  dining  room,  etc., 
at  the  Boston  State  IIos))ital,  here.  A 
steam-heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $285,000.  Ken- 
dall, Taylor  &  Co  ,  93  Federal  St.,  Boston, 
-Vrchts. 

N.  ¥.,  Brooklyn  —  The  Syndicate,  215 
Montague  St.,  plans  to  build  a  150  x  154 
ft.  theatre  on  Grand  and  Keap  Sts.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $500,000.  Ad- 
dress   W.    .\.    Small. 

N.  Y.,  Biiffalo-— The  Hotel  Statler  Co., 
Washington  St.,  is  having  plans  prepared 
for  the  construction  cf  a  17  story  hotel 
and  theatre  l)uilding  oi  Franklin  and  Mo- 
hawk Sts.,  Delaware  Ave.  and  Niagara  Sq. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $5,500,000. 
George  B.  Post.  101  Park  .-Vve.,  New  York 
City,    Archt. 

N.  Y.,  Fillmore — The  Fillmore  Electric 
Co.  plans  to  construct  a  water  power  plant, 
here.  The  plant  will  develoj)  600  hp.  at  low 
water.  Water  wheels,  dynamos  and  other 
power  house  equipment  will  be  installed 
in   same.      W.    L.   Y'oung,   Pres. 

N.  Y.,  New  York  (Bronx  Borough) — The 
Amer.  Legion  of  the  Bronx  Council  c/o 
Starrett  Sz  Van  Vleck,  Archts.,  8  West  40th 
St.,  is  having  plans  prepared  for  the  con- 
struction of  a  4  story,  100  x  200  ft.  club 
house.  A  steam  heating  system  will  be 
intalled  in  same.  Total  estimated  cost, 
$400,000. 

N.  Y.,  New  York  (Richmond  Boro) — The 
Bd.  Educ.  500  Park  Ave.,  New  York  City 
received  bids  for  the  installation  of  heating 
and  ventilating  apparatus  at  P.  S.  11,  from 
Glllis  &  Geoghegan,  537  West  Bway.,  $58.- 
700  ;  W.  J.  Olvany,  177  Christopher  St.. 
$59,962  ;  D.  J.  Rice,  42nd  St.  and  Lexington 
Ave.,    $62,690.      All    of   New    York    City. 

N.  Y.,  New  York  —  The  Knickerbocker 
Hospital.  131st  St.  and  Amsterdam  Ave.,  is 
having  plans  prepared  for  the  construction 
of  an  8  story.  141  x  201  ft.  hospita"'  on 
Convent  Ave.  and  130th  St.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $1,250,000.  J.  Oakman,  345 
5th  Ave.,  Archt.  and  Engr. 

N.  Y.,  New  York — The  State  Bank,  363 
Stone  Ave.,  Brooklyn,  is  having  plans  pre- 
pared for  the  construction  of  an  8  story 
25  X  100  ft.  bank  and  office  building  at  349 
West  34th  St  .A  steam  heating  system 
will  be  Installed  in  same.  H.  R.  Mainzer. 
105   West   40th   St.,    .^rcht.    and   Engr. 

N.  Y.,  Oisining — Charles  F.  Rattigan. 
Supt.  of  Prisons,  Capitol.  Albany,  will  re- 
ceive bids  until  May  18  for  furnishing  and 
installing  pumping  apparatus,  including  two 
275  gal.  per  minute  centrifugal  pum'is. 
two  25  hp.  motors,  pijie  connections  in  pump 
house  and  reservoir,  etc.  at  the  Sing  Sing 
Prison,  here 

N.  Y.,  Utica — The  Bd.  Educ  received 
bids  for  the  installation  of  a  heaiing  sys- 
tem in  the  proposed  school  building  in  the 
16th  Ward  to  be  known  as  the  Horatio  Sey- 
mour School,  from  the  Mohawk  Valley 
Heating  Co..  302  Broad  St..  $43,982  to 
$63,510  ;  W.  T.  Cantwell.  306  Bleecher  St . 
$44,262  to  $49,988:  H.  .1.  Brandeles.  435 
Lafayette   St.,   $50,909   to   $75,255. 

N.  J.,  Haekensack — The  Hackensack 
Hospital,  3rd  St..  is  having  plans  pre- 
pared for  the  construction  of  a  hospital 
building.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated 
cost,  $750,000.  Crow,  Lewis  &  Wick,  200 
5th  Ave.,  New  York  City,  .\rchts.  and 
Engrs. 

N.  J.,  Jersey  City — J.  B.  Hamilton,  173 
Jewett  .\ve.,  is  in  the  market  for  a  500 
cu.ft.  belt  driven  air  compressor  and  a 
150  hp.,  440  volt,  3  phase,  60  jycle  slip 
ring    a.c.    motor. 

N.  J..  Kearny  (Arlington  P.  O.) — The 
Bd.    Educ.    plans    to    build    a    3    story    high 


school.  A  steam  heating  system  will  be 
installed  in  .same.  Total  estimated  cost. 
$400,000.  Guilbert  &  Betellfe,  665  Broad 
St.,   Newark,   Archts. 

N.  J.,  Soutli  River — The  Bd.  of  Pub. 
Wks.  and  the  Borough  Council  will  receive 
bids  until  May  10  for  the  design,  con- 
struction, delivery  and  erection  of  build- 
ing, machinery  and  equipment  for  an  ad- 
dition to  the  Electric  Generating  Station. 
K.    B.    Medden,    Kuiit. 

Pa.,  WilkeH-Ba.-re — St.  Mary's  Catholic 
Church  i)lans  to  build  a  3  .story,  80  x  250 
ft.  convent  on  South  Wa.shington  St.  A 
steam  heating  system  will  be  installed  in 
same.      Total   estimated    cost,    $500,000. 

Md.,  Baltimore — The  Johns  Hopkins 
I'niversity.  ilomewood  St.,  is  having  plans 
r)repared  for  the  construction  of  a  3  story 
college  addition.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.  $300,000.  Carrere  &  Hastings,  T,-d 
Vanderbilt  Ave.,  New  York  City,  Archts. 
and   Engrs. 

n.  C,  WaHhington — The  U.  S.  Capitol 
Buildings  and  Grounds  Office,  received  bids 
for  installing  a  refrigeration  system  in  thf 
second  wing  of  the  U.  S.  Capitol,  da)  work 
complete,  (lb)  complete  except  refrigera- 
tion system,  (Ic)  refrigeration  system  ^2) 
v\ork  complete  according  to  bidder's  speci- 
fication, (2b)  same  as  lb.  according  to 
bidder's  specification,  (2c)  same  as  Ic,  ac- 
cording to  bidder's  specification,  from  W. 
G.  Cornell  Co,  923  12th  St..  N.  W.,  fla) 
$236,730.  (lb)  J62.630,  (Ic)  $174,900; 
York  Mfg.  Co..  York,  Pa..  (Ic)  $273,725, 
(2c)  $215,645  ;  Carrier  Eng.  Corp.,  39  Cort- 
landt  St..  New  York  City,  (2a)  $340,900 
nlternate  $317,300  and  $272,500,  (2b)  de- 
duct   $235,100. 

X.  C.  Charlott — Albert  Kahn,  Archt.. 
Marquette  Bldg.,  Detroit,  will  soon  award 
the  contract  for  the  construction  of  a  6 
story.  90  x  198  ft.  service  station  on  West 
Trade  and  Poplar  Sts.,  for  C.  C.  Codding- 
ton.  Steam  boilers,  etc.,  will  be  installed 
in     same.       Total    estimated    cost.    $300,000. 

N.  C,  Kingrston — Joe  Dawson.  Mayor, 
and  the  City  Council.  City  Hall,  will  re- 
ceive bids  until  May  11  for  furnishing 
power  plant  equipment  including  one  1,500 
kw  .  1,875  kva.  at  SO^^  P.E.  turbo  gener- 
ator unit,  one  surface  condenser  complete 
with  dry  vacuum  and  hot  well  pumps,  one 
25  kw.  turbine  driven  exciter  unit,  two  25 
kw..  6.6  amp.  series  street  lighting  trans- 
formers, two  horizontal  motor  driven  cen- 
trifugal circulating  pumps,  two  500  hp.  225 
lb.  horizontal  water  tube  boilers,  one  1.500 
hp.  open  feed  water  heater.  2  superheaters, 
2  underfeed  mechanical  stoker  units  com- 
iilete.  boiler  feed  pumps.  2  brick  settings  for 
>>oilers.  etc. 

S.  C,  Charleston — J.  A.  Wetmore.  Super- 
\ising  Archt..  Treasury  Dept..  Wash..  D.  C. 
received  bids  for  the  construction  of  a 
lighting  plant  from  John  R  Proctor.  Inc.. 
74  Cortlandt  St..  New  York  Citv.  $23,988  : 
Carleton  Mace  Eng.  Co..  18  Tremont  St.. 
Boston.  Mass..  $35,056  :  G.  K.  Eng.  Co..  22 
Laight    St.,    New   York    City,    $46,340. 

La..  !>ronroe — The  Monroe  Light  &  Power 
Co.  plans  to  rebuild  plant  recently  destroyed 
by  fire  aii'l  will  be  in  the  market  for  new 
machinerj . 

O..  Columbus — The  city  will  soon  award 
the  contract  for  the  construction  of  a 
pumning  station  for  the  Shenard  main 
trimk  sewer,  and  installation  of  equipment. 
Total    estimater     cost,    $30,000. 

O.,  fronton — The  Bd.  Educ.  is  having 
'dans  prepared  for  the  construction  of  a 
2  story,  100  x  110  ft.  high  school.  .\  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost.  $500,000.  F.  L.  Pack. 
•nrd.   New   Hayden    Bldg..    Columbus,    .Archt. 

O.,  Ravenna — The  McElrath  Tire  &-  Rub- 
ber Co..  1836  Euclid  Ave..  Cleveland,  is 
having  plans  prepared  for  the  construction 
of  a  1  and  2  storv.  100  x  300  ft.  factory 
and  a  30  X  50  ft.  boiler  hou.-°.  One  150 
hp.  boiler  will  be  installed  in  same.  Total 
estimated  cost,  $150,000.  P.  J.  McElrath. 
Pres.  D.  C.  Smith.  Lennox  Bldg..  Cleve- 
land, Archt.     H.  M.  Bixler,  Akron,   Engr. 

:Mioh.,  Flint — Smith.  Hinchman  &  Grylls. 
.\rchts.  and  Engrs..  710  Washington  Ar- 
cade, will  soon  award  the  contract  for  the 
construction  of  a  3  story,  73  x  152  ft. 
sales  building  on  East  5th  St..  for  the 
Dort  Sales  Co.  A  steam  heating  system 
will  be  installed  in  same.  Totfil  estimated 
cost,    $100,000. 

Mich..  Hillsdale — The  Bd.  of  Pub.  WTcs.. 
City  Hall,  will  receive  bids  until  May  21 
for  furnishing  power  planf  equipment  in- 
cluding 1  approximately  1.000  kw.  steam 
turbo    generator    with    condenser,    one    400 
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hp.  water  tube  boiler  with  stokers,  one 
1,500  gal  per  minute  motor  driven  centri- 
fugal pumping  unit. 

111.,  Chicago — Ernest  A.  Mayo,  Archt., 
53  West  Jackson  Blvd.,  will  soon  award 
the  contract  for  the  construction  of  a  1 
and  2  story,  300  x  300  ft.  factory  on 
North  Central  and  Grand  Aves.,  for  the 
Casey-Hudson  Co.,  361  East  Ohio  St.  A 
;steam  heating  system  will  be  installed  in 
same.       Total    estimated    cost,     $300,000. 

Wis.,  Hartford — The  Kissel  Motor  Car 
Ck>.  is  having  plans  prepared  for  the  con- 
struction of  a  1  story  boiler  plant.  Three 
300  hp.  boilers,  stokers,  etc.,  will  be  in- 
stalled in  same.  Cahill  &  Douglas,  217 
West    Water    St.,    Milwaukee,    Engrs. 

Wis.,  Milwaukee — The  School  Bd.,  10th 
and  Prairie  Sts.,  will  soon  award  the  con- 
tract for  the  construction  of  a  1  story,  22 
X  40  ft  boiler  house  at  the  Garfield  School. 
Two  boilers  will  be  installed  in  same. 
Total  estimated  cost,  $50,000.  Van  Ryn 
and  De  Gelleke,  Caswell  Block,  Archts.  and 
Engrs.      Noted    April    27. 

Mo.,  Kansas  City — Harlan  &  Harlan 
Machine  Wks.,  308  B'way,  is  in  the  market 
for  two  250,  two  350  and  two  500  hp. 
water  tubular  boilers  for  150  lb.  working 
pressure. 

Tex.,  Austin — The  State  Bd.  of  Control 
■will  receive  bids  until  May  10  for  the  in- 
stallation of  a  complete  heating  system  m 
the  asylum  for  the  insane.  C.  H.  Page  & 
Bros.,   Engrs. 

Okla.,  Paden — The  city  is  having  plans 
prepared  for  the  construction  of  water- 
works systen.  including  pumping  station, 
65,000  gal.  tank  and  tower,  etc.  Total 
estimated  cost,  $65,000.  H.  G.  Olmsted  & 
Co.,  Oil  Exch.  Bldg.,  Oklahoma  City,  Engr. 

Okla.,  Pryor — The  city  voted  $35,000 
bonds  to  improve  the  waterworks  includ- 
ing purification  plant,  pumping  station  and 
high  line.  V.  V.  Long  &  Co..  Oklahoma 
City,  Engr. 

Okla.,  Walters — ^The  city  voted  $125,000 
bonds  to  construct  waterworks,  sewers  and 
electric    light    plant. 

Utah,  Brigham — ^The  city  plans  to  rebuild 

the     iiresent     hydro-electric    plant    and     in- 

<irease  the  capacity  to  1,500  hp.,  etc.     Total 

^estimated    cost,    $125,000.      C.    O.    Raskelly, 

*  Engr. 

Wash.,  Olympia  —  The  State  Capitol 
Comn.  will  soon  award  the  contract  for  the 
construction  of  a  power  house.  A  steam 
heating  system  will  be  installed  in  same. 
Total  e.stimated  cost,  $100,000.  Wilder  & 
White,  50  Church  St.,  New  York  City, 
Archts.   and  Engrs.     Noted  March   30. 

Cal.,    San    Francisco — The     Bd.     of    Pub. 

WT<s.  will  soon  award  the  contract  for  the 
construction  of  a  3  story  school  building  on 
Pacific  Ave.  Contract  for  inscallation  of 
heating  svstem  will  be  sublet.  Total  esti- 
mated cost.  $204,000.  John  Reid,  Jr.,  1st 
Natl.    Bank   Bldg.,    Archt. 

Cal.,  Victor ville — The  Mojave  River  Ir- 
rigation Dist.  voted  $5,000,000  bonds  to 
purchase  and  complete  Little  Bear  Dam  of 
Arrowhead  Reservoir  and  Power  Co.  power 
development  and  distributing  system  to 
serve  27,000  acres.  F.  E.  Trask.  Central 
Bldg.,   Los   Angeles,   Engr. 

Ont.,  London — The  Pub.  Utilities  Comn. 
plans  to  build  a  dam  on  the  Thames  River 
at  Springdale  and  develop  1,000  hp.  to  help 
the  electrical  power  situation.  Hydraulic 
turbines,  Renerators,  electrical  switch  appa- 
ratus, transformers,  circuit  breakers,  etc., 
will  be  installed  in  same.  Total  estimated 
cost,  $300,000.  E.  V.  Buchanan.  Hydro 
Bldg.,   Engr. 

Ont.,  Sarnia — S.  B.  Coon  &  Son,  Archts., 
36  Toronto  St.,  Toronto,  will  receive  bids 
until  May  5  for  the  construction  of  a  3 
story  high  school,  for  the  Bd.  Bduc.  A 
vacuum  steam  heating  system  with  blower 
and  ventilation  system  will  be  installed  in 
same.  Total  estimated  cost,  $325,000. 
Mclvern  F.  Thomas,  229  College  St., 
Toronto,  Engr. 

Ont.,  Toronto — The  United  Hotels  Ltd., 
King  Edward  Hotel,  will  soon  award  the 
contract  for  the  construction  of  a  16  story 
hotel  addition  on  King  St.,  E.  A  vacuum 
Rteam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $2,000,000. 
Harkness,  Loudon  &  Hertzberg,  Confedera- 
tion Life  Bldg.,  Engrs.  Watt  &  Bl.ackwell, 
79  Adelaide  St.,  E.  and  Senween  &  Johnson, 
Ellicott  Sq.,  Buffalo,  N.  T.,  Archts. 

CONTRACTS  AWARDED 

Conn.,  Bristol — The  city  has  awarded 
the  contract  for  the  construction  of  a  2 
story  grammar  school  on  Burlington  Ave., 
to    the    Triangle    Constr.      Co..      57      South 


B'way,  Yonkers,  N.  Y.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated    cost,    $250,000. 

Conn.,  Danielson — The  Goodyear  Cotton 
Mills,  Inc.,  will  build  2  story  housing  build- 
ings. A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$500,000.     Work  will  be  done  by  day  labor. 

Conn.,  Danielson — The  Goodyear  Tire  & 
Rubber  Co.,  East  Market  St.,  Akron,  O., 
has  awarded  the  contract  for  the  con- 
struction of  a  1,  2  and  4  story  manufactur- 
ing plant,  to  the  Hunkin  Conkey  Constr. 
Co..  Century  Bldg.,  Cleveland,  O.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,   $3,500,000. 

N.  Y.,  Brooklyn — The  Bd.  Educ,  500 
Park  Ave.,  New  York  City,  has  awarded 
the  contract  for  the  installation  of  heating 
and  ventilating  apparatus  in  P.  S.  182,  to 
Daniel  J|  Rice,  405  Lexington  \ve.,  New 
York  City,   at  $153,380. 

N.  Y.,  Brooklyn — The  Bd.  Educ,  500 
Park  Ave.,  has  awarded  the  contract  for 
the  installation  of  heating  and  ventilating 
apparatus  in  P.  S.  20,  to  Gillis  &  Geoghegan, 
537  West  B'way,  New  York  City.  Esti- 
mated  cost,    $155,994. 

N.  Y.,  New  York — The  Beth  Israel  Hos- 
pital Association,  Inc.,  70  Jefferson  St.,  has 
awarded  the  contract  for  the  construction 
of  a  12  story,  107  x  184  ft.  hospital  on 
Livingston  PI.,  between  16Lh  and  17th  Sts., 
to  G.  Richard  Davis,  30  East  42nd  St.  A 
steam  heating  system  will  be  installed  in 
same.     Total  estimated  cost,    $1,750,000. 

N.  Y.,  New  York — The  Curb  Holding  Co., 
44  Court  St.,  Brooklyn,  will  build  a  12 
story,  134  X  135  ft.  office  building  on  Wash- 
ington St.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$1,750,000.  Work  will  be  done  by  day 
labor. 

N.  Y.,  New  York — The  Heckscher  Bldg. 
Corp.,  50  East  42nd  St.,  will  build  a  24 
story,  100  x  162  ft.  office  building  on  57th 
St.  and  5th  Ave.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.  $3,000,000.  Work  will  be  done  by 
day  labor. 

N.  Y.,  New  York — Liggett  Winchester  & 
Ley.  19  West  44th  St.,  has  awarded  the 
contract  for  the  construction  of  a  25  story, 
100  X  240  x  11  X  54  ft.  office  and  store 
building  on  57th  St.  and  8th  Ave.  to  Fred 
T.  Ley,  19  West  44th  St.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,   $2,500,000. 

N.  J.,  Hoboken — The  Bd.  Educ.  has 
awarded  the  contract  for  installing  a  heat- 
ing svstem  in  the  proposed  school  2,  to 
John  Cooney,  210  North  4th  St.,  Harrison. 
N.   J.,   at   $112,494. 

Pa.,  Farrell — The  Colona  Trust  Co., 
B'way,  has  awarded  the  contract  for  the 
construction  of  a  bank  building  to  the 
R.  H.  Howes  Constr.  Co..  105  West  49th 
St.,  New  York  City.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost.   $300,000. 

Pa..  Philadelphia — The  Children's  Hos- 
pital, 18th  and  Fitzwater  Sts.,  has  a-warded 
the  contract  for  the  construction  of  a  3 
story,  57  x  82  ft.  hospital  addition,  to  the 
Rovdhouse  Arey,  112  North  Broad  St.  A 
steam  heating  system  and  power  house 
equipment  will  be  installed  in  same.  Total 
estimated    cost,    $100,000.      Noted    Feb.    2. 

Penn.,  Reading — Dives,  Pomeroy  &  Stew- 
art have  awarded  the  contract  for  the  con- 
struction of  a  7  story,  60  x  207  ft.  de- 
partment store  addition  on  6th  and  Penn 
Sts..  to  L.  S.  Focht  &  Sons,  Baer  Bldg.  A 
steam  heating  system  will  be  installed  in 
same.     Total  estimated   cost.    $400,000. 

Pa.,  Pittsburgh — The  Peoples  Ice  Co.  has 
awarded  the  contract  for  the  construction 
of  a  1  story,  55  x  237  ft.  ice  plant,  to  the 
W.   T.   G'-ange  Constr.   Co. 

Md.,  Baltimore — The  Maryl?nd  Casualty 
Co.,  Baltimore  St.  and  Guilford  Ave.,  has 
awarded  the  contract  for  the  construction 
of  a  3  story,  300  x  300  ft.  administration 
building  and  other  buildings  including 
power  house,  etc.,  to  the  Arundel  Corp.. 
1515  Fidelity  Bldg.,  and  for  the  installa- 
tion of  boilers,  to  The  Erie  City  Iron 
Wks.,  Erie,  Pa.  Total  estimated  cost, 
$3,000,000.     Noted   April   13. 

Md.,  Baltimore — Norton.  Bird  &  Whit- 
man, 501  5th  Ave.,  New  York  City,  will 
build  a  theatre  building.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost,  $300,000.  Work  will  be 
done  by  day  labor. 

lia.,  Shreveport — The  Consolidated  Sana- 
tarium  Co.  has  awarded  the  contract  for 
the  construction  of  a  5  story,  40  x  300  ft. 
hospital     on     Louisiana     Ave.,     to     Garson 


Bros.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$500,000. 

O.,  Akron — H.  Thomas  c/o  W.  A.  Swasey, 
Archt.,  101  Park  Ave.,  New  York  City,  will 
build  a  theatre.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $250,000.  Work  will  be  done  by  day 
laljor. 

O..  Cleveland — The  Amer.  Steel  &  Wire 
Co.,  Western  Reserve  Bldg.,  has  awarded 
the  contract  for  the  construction  of  a  1 
story,  50  X  138  ft.  boiler  house  on  Lake- 
side Ave.,  to  the  Amer.  Bridge  Co.,  Frick 
Bldg.,  Pittsburgh,  Pa.  Estimated  cost, 
$150,000. 

O.,  Cleveland — The  Globe  Wernicke  Co., 
128  East  4th  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  6  story,  50 
X  189  ft.  commercial  building  at  2044 
Euclid  Ave.,  to  the  H.  K,  Ferguson  Co., 
6532  Euclid  Ave.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,    $250,000. 

Mich.,  Bay  City — The  Bigelow  Cooper 
Co..  Marquette  Ave.,  has  awarded  the  con- 
tract for  the  construction  of  a  1  story,  55 
X  150  ft.  dry  kiln  addition  and  a  40  x  40 
ft.  power  house  on  Marquette  Ave.,  to  the 
Bay  City  Stone  Co..  1704  Woodside  Ave., 
at   $50,000. 

Mich.,  Northville — The  Bd,  of  Health. 
233  St.  Antoine  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  group  of 
buildings  to  be  constructed  at  the  proposed 
Detroit  Municipal  Tuberculosis  Sanatarium, 
including  a  1  story,  47  x  87  ft.  power 
house  and  a  40  x  120  ft.  laundry,  to  John 
Finn  &  Son,  2328  Woodward  Ave.,  Detroit, 
at    $1,460,800.      Noted    April    13. 

III.,  Chicago^ — The  MacDonald  Machine 
Co.,  3204  Shields  Ave.,  has  awarded  the 
contract  for  the  construction  of  a  1  story, 
150  X  400  ft.  machine  shop  at  7600  South 
Racine  Ave.,  to  J.  J.  Schworm,  1374  South 
La  Salle  St.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$250,000.  The  Austin  Co..  208  South  La 
Salle    St.,   Archt.    and   Engr. 

Wis.,  Oshkosli — The  Diamond  Match  Co., 
Ill  Bway.,  New  York  City,  has  awarded 
the  contract  for  the  construction  of  an  88 
X  360  ft.  block  storage  building,  to  the 
Hutter  Constr.  Co.,  128-136  Western  Ave., 
Fond  du  Lac.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$250,000. 

Wis.,  Sheboygan — The  Badger  State  Tan 
ning  Co.,  South  Water  St.  and  Maryland 
Ave.,  has  awarded  the  contract  for  the 
construction  of  a  4  story,  105  x  342  ft. 
tannery,  to  the  Westinghouse,  Church,  Kerr 
Co.,  Inc..  37  Wall  St.,  New  York  City.  A 
steam  heating  system  and  steam  power 
will  be  installed  in  same.  Total  estimated 
cost,   $750,000. 

la.,  Bippey — A.  E.  Jensen,  Secy.  Bd. 
Educ,  has  awarded  the  contract  for  in- 
stalling heating  and  plumbing  systems  in 
the  proposed  2  story,  63  x  105  ft.  school, 
to  the  Bailey  Plumbing  Co.,  404  Grand 
Ave.,  Des  Moines,  at  $22,547.  Noted 
March  30. 

la.,  Waterloo — The  Waterloo  Gas  Engine 
Co.,  Miles  St.,  has  awarded  the  contract 
for  the  construction  of  a  3  story,  100  x  120 
''t.  factory,  to  George  F.  Scales,  Lafayette 
Bldg.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$500,000. 

Minn.,  Fairmont — The  city  has  awarded 
the  contract  for  the  construction  of  a  cen- 
tral heating  plant,  to  Robb-Bain  Eng. 
Co.,  1414  16th  Ave.,  North.  Minneai>olis. 
Estimated   cost.   $150,000. 

Minn.,  Keewatin  —  The  School  Dist.  9. 
Itasca  Co.,  has  awarded  the  contract  for 
the  construction  of  a  2  story.  160  x  174  ft. 
high  school,  to  J.  M.  and  W'.  A.  Elliott, 
Exch.  Bldg.,  Minneapolis.  A  steam  heating 
and  mechanical  ventilating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$440,000. 

N.  D.,  McVille — The  city  has  awarded 
the  contract  for  the  construction  of  a 
125,000  gal.  reservoir  and  the  installation 
of  3  pumps,  etc.,  to  Gedney  &  Murphy, 
Fargo,   at  $60,355.      Noted   April    27. 

Mo.,  Kansas  City — The  Kansas  City 
Federal  Reserve  Bank  has  awarded  the 
contract  for  the  construction  of  a  16  story. 
115  X  145  ft.  bank  and  office  building  on 
Grand  and  10th  Sts.,  to  the  George  A.  Ful- 
ler Constr.  Co.,  175  5th  Ave.,  New  York 
City.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$3,605,000. 
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Electrical  i»rices  on  following  page  are  prices  to  tlie  power  plant  by  jobbers  in  tlie  larger  buying  centers  east  of  tlie 
Mississippi.     Elsewliere  tlie  prices  will  be  modified  by   increased    freiglit    charges    and    by    local    conditions. 


POWER-PLANT  SUPPLIES 


HOSE  — 

Fire  50-Ft.  Lengths 

Underwriters'  2|-in 78c   per  ft. 

Common,  2J-in 35  % 

Air 
First  Grade        Second  Grade       Third  Grade 

!-in.  perft $0  55  $0.35  $0.25 

Steam — Discounts  from  List 
First  gradp 25%  Second  grade 35% Third  grade.    .  .40% 

RUBBER    BELTING — The    following    discounts    from    list    apply    to    trans- 
mission rubber  and  duck  belting: 

Competition 50-10%  Best  grade 25% 

Standard    40% 

LEATHER    BELTING — Present  discounts  from  list  in  fair  quantities  (j  doz. 
rolls) : 


Light  Grade 

25% 


Medium    Grade 
20% 


Heavy  Grade 
10-5% 


( For  cut,  best  grade,  2.5%,  2nd  grade,  30% 
RAWHIDE  LACING  }  For  laces  in  sides,  best,  81c  per  sq.  ft. ;  2nd.  78c. 
(Semi-tanned:  cut,  20%;  sides,  83c  persq.  ft. 

PACKING — Prices  per  pound: 

Rubber  and  duck  for  low-pressure  steam $1 .  00 

1.70 

1.00 

1.20 

1.70 

.90 

1.50 

.50 

.70 

.50 

.30 


Asbestos  for  high-pressure  steam 

Duck  and  rubber  for  piston  packing 

Flax,  regular 

Flax,  waterproofed 

Compressed  asbestos  sheet 

Wire  insertion  asbestos  sheet 

Rubber  sheet 

Rubber  sheet,  wire  insertion T 

Rubber  sheet,  duck  insertion 

Rubber  sheet,  cloth  insertion 

Asbestos  packing,  twisted  or  braided  and  graphited,  for  valve  stems  and 

stuffing  boxes 

Asbestos  wick,  5-  and  1-lb.  balls      


I  30 

.85 


PIPE    AND    BOILER   COVERING — Below  are  part  of  standard  lists,  with 
discounts. 


fiFE  COVERING 

Standard   List 
Pipe  Size  Per  Lin.Ft. 

1-in.  $0  27 


2-in. 
6-in. 
4-in. 
3-in. 
8-in. 
lO-in. 


85%  magnesia  high  pressure 

For  low-pressure  heating  and  return  lines 


{I 


BLOCKS  AND  SHEETS 
Price 
Thickness  per  Sq.Ft. 

Hn.  $0.27 

1  -in.  .30 
U-in.                                      .45 

2  -in.  .  60 
2i-in.  .  75 

3  -in.  .  90 
3Mn.                                    1 .  05 

List 

ply 50%  off 

3-ply 52%  off 

2-pIy 54%  off 


GREASES — Prices  are  as  follows  in  the  following  cities  in  cents   per    pound 
for  barrel  lots: 


Cup 

Fiber  or  sponge. 
Transmission . .  . 

Axle 

■Gear. 


Cin-_ 
cinnati 


6i 


Car  journal 1 2(gal.) 


Chicago 
6  6 
8.6 
8.1 
4.8 
6.1 
4  7 


St. 

Louis 

6.7 

13 

13 

4.75 
7.5 
4.7 


Bir- 
mingham 


H 


Denver 

10.5 

13.75 

12.5 

7.0 

8.5 

9.0 


COTTON   WASTE — The   following   prices   are   in  cents   per   pound: 

. New  York  ■ 

Current            One  Year  Ago  Cleveland           Chicago 

White 13.00                    13100  16.00        II. OOto  14.00 

Colored  mixed..  ..    9.00  to  12.00      900tol200  1200          9.50to12.00 


WIPING  CLOTHS— Jobbers'  price  per  1000  is  as  follows: 

Cleveland 

Chicago 


13ix  13J 

$52  00 

41    00 


13}x  20J 

$58.00" 

43  50 


LINSEED  OIL — These  prices  are  per  gallon: 
New  York  - 


■ Chicago ■ 

Current  One  Current  One 

Year  Ago  Year  Ago 

$1.87  $1.55  $2.05  $1.66 

1.87*  1.70  2.30  1.86 

*To   this   oil  price  must  be  added  the  cost  of  the  cans  (returnable),"  which  is 
$2.25  for  a  case  of  six. 


Raw  in  barrels  (5  bbl.  lots) 
5-gal.  cans 


WHITE  AND  RED  LEAD- 


-Base  price  per  pound: 
-Red- 


Current 


-White- 


I  Year  Ago         Current  I  Yr.  Ago 


Dry 

lOO-lb.  keg 15.50 

25- and  50-lb.  kegs...    15  75 

l2Hb.  keg 16.00 

l-lb.  cans 18.50 

5-lb.  cans 20.50 

500  lb.  lots  less  10%  discount; 


In  Oil 
17  00 
17  25 
17  50 
20.00 
22.00 


Dry 
13  00 
13  25 
13  50 

15  00 

16  00 


In  Oil 
14   50 

14  75 

15  00 

16  50 

17  50 


2000  1b.  lots  les-s   10-2^%,. 


Dry 

and 

In  Oil 

15   50 

15  75 
16.00 
15.00 

16  00 


Dry 
and 
In  Oil 
13  00 
13  25 
13  50 
15  00 
16.00 


-The  following  quot<:;;ions  are  allowed  for  fair-sized  orders  from  ware- 


RIVETS- 

house: 

New  York       Cleveland        Chicago 

Steel  A  and  smaller 30%  40%  45% 

Tinned 30%,  40%,  45% 

Boiler  rivets,  ;,  i,  I  in.  diameter  by  2  in.  to  5  in.  sell  as  follows  per  100  lb.: 
New  York.       $6  00     Cleveland..  $4.00     Chicago       $5  37     Pittsburgh. ..$4  72 

Structual  rivets,   same  sizes: 
New  York.    .    $6   10     Cleveland..  $4. 10     Chicago       $5.47     Pittsburgh... $4  82 


b.  works, 
$75-80 
45-50 
45-50 
40-45 
50-55 
80-8S 
50-55 


REFRACTORIES— Following  prices  arc  f. 

Chrome  brick net  ton 

Chrome  cement net  ton 

Clay  brick,  1st  quality  fireclay net  M. 

Clay  brick,  2nd  quality net  M. 

Magnesite,  dead  burned net  ton 

Mai-nesite  brick,  9  x  4j  x  2J  in net  ton 

Silicj  brick net  M. 

Standard  size  fire  brick,  9  x  4^   x   2j  in 
cheaper  per  1000. 

St.  Louis— Fire  Clav,  $35  to  $50. 

Birmingham— Silica,   $51-50  @   55:ifire  clay.   $45  @    50 
chrome,  $85. 

Chicago — Second  quality,  $25  per  ton. 

Denver — Silica,  $18:  fire  clay,  $12:  magnesite,  $57.50. 

BABBITT  METAL — Warehouse  prices  in  cents  per  pound: 
-New  York .   • Cleveland 


Pittsburgh  district: 
at  Chester,  Penn. 
at  Chester,  Penn. 
at  Clearfield,  Penn. 
at  Clearfield,  Penn. 
at  Chester,  Penn. 
at  Chester,  Penn. 
at  Mt.  Union,  Penn. 


The  second  quality  is  $4  to  $S 


magnesite,  $85; 


Best  grade. . . 
Commercial., 


Current 


90  00 
50  00 


One 

Year  Ag( 
87.00 
42  00 


Current 


74   50 
21   50 


One 

Year  .\go 

79   00 

18  00 


Current 


-Chicago- 


One 
Year   .\go 
70.00  75  00 

15  00  15  00 


SWEDISH    (NORWAY)    IRON— The  average  price  per  100  lb.,  in  ton  lots,  is: 

Current  One  Year  Ago 

NewYork $21-26  25   50-30.00 

Cleveland 20  00  20  00 

Chicago 16   50  16  50 

In  coils  an  advance  of  50c.  usually  is  charged. 

Domestic  iron  (Swedish  analysis)  is  selling  at  1  2c.  per  lb. 

SHEETS — Quotations  are  in  cents  per  pound  in  various  cities  from  wareho\>se; 
also  the  base  quotations  from  mill: 

New  York- 


Large 
Mill  Lots 
Pittsburgh 
3  55-6  00 
3  60-6 . 05 
3  65-6  10 
3   75-6  20 


Blue  Annealed 

No.  10 

No.  12 

No.  14 

No.  16 

Black 

Nos.  18  and  20 4   15-6  30 

Nos.  22  and  24 4   20-6  35 

No.  26 4  2S-6.40 

No.  28 4  35-6  50 

Galvanized 

No.  10 4  70-7   50 

No.  12 4  80-7  60 

No.  14 4.80-7   60 

Nos.  18  and  20 5    10-7  90 

Nos.  22  and  24 5.25-8  02 

No.  26 5.40-8.20 

No.  28 5  70-8  50 


Current 
7   12(0)8   30 
7   17(3)8  05 
7  22(^8.  10 

7  32(5)8  20 

8.50@9  50 
8.55@9.55 

8  60®  9  60 
8  70@9  70 


One 
Year  Ago  Cleveland  Chicago 


7  95 

8  00 
8  05 
8    15 


6  80 
6.85 

6  90 

7  00 


5  50 
5  55 
5  50 

5  90 
6.05 

6  20 
6.50 


8  50 
8  60 
8  60 

8  90 

9  05 
9  20 
9   50 


7  15 
7  20 

7  35 
7.65 

8  05 
8.20 
8.50 


9  75@1I  50 
9  85@11  60 
9  85(3)11.60 
10  IOC  11  85 
1 0  25(3)  1 2  00 
10  40®  1 2  '5 
10  70@12.-.5 

*For  painted  corrugated  sheets  add  30c.  per  10001b.  for  5  to  28  gage;    25c.  for 
19  to  24  gages;  for  galvanized  corrugated  sheets  add  15c.,  allgages. 

PIPE — -The  following  diccounts  are  for  carload  lots  f.  o.  b.  Pittsburgh;   basing 
card  of  Jan.  1 ,  1919,  for  steel  pipe  and  for  iron  pipe : 
BUTT  WELD 

Iron 


Inches 
i,  i,  andf... 

i'io'i.. '.'.'.'.'. 

2 

2^  to  6 

i,  J  andf.. 
to  I i ."..'.'.". 


Steel 
Black 
50i% 
54i% 
57  J  % 


Black 
30*  % 


Galvanizea 
23i% 


50^% 

"1% 


Galvanized  Inches 

24%  I  to  4 

40% 
44% 

LAP  WELD 

35%  2 325% 

41%  2Mo6 34i% 

BUTT  WELD,  EXTRA  STRONG  PLAIN  ENDS 

...    481%  29%  J  to  1i 39*% 

i.:. 5M%  39% 

|to  li 50J%  43% 

LAP  WELD,  EXTRA  STRONG  PLAIN  ENDS 

2   48%  37%  2 33J% 

2Uo4 51%  49%,  2ito4 35f  % 

4Jto6 50%  59%  4ito6 .        34*% 

Stock  discounts  in  cities  named  are  as  follows : 

-New  York-       -Cleveland-       Chicago    — 

Gal-                       Gal-  Gal- 
Black  vanized  Black  vanized  Black         vanized 
40%       24%       40%,       31%,  54%,            405% 
35%       20%       42%       27%  50%            37J% 
Malleable  fittings.    Class  B  and  C,  from  New  York  stock  sell  at  list  +  23%, 
Cast  iron,  standard  sizes,  net. 


21  i% 

245% 


205% 

235% 
225% 


-J  to  3  in.  steel  butt  welded. 
25  to  3  in.  steel  lap  welded 


750 


POWER 
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BOILER  TUBES — The  following  are  the  prices  for  carload  lots,  f.  o.  b.  P:tt 
burgh: 


Lap  Welded  Steel 

3^  to  4Un 40^ 

2i  to  3iin 30^ 

2Jin 24 

1}  to  2  in 19^ 


Chaicoal    Iron 
3J  to  4,;  in 15'. 

3  to  31-  in I 

2^  to  2J  in +    I 

2    to  2i  in +16 

U  to  I J  in +29 

-Cold  Trawn  or  Hot  Rolled 

Per  Net  Ton 

U  in $207 

2  to  2i  in 177 

2}  to  33  in 167 

4  in 187 

4Mo  5  in 207 

These  prices  do  not  apply  to  special  specifications  for  locomotive  tubes  nor  to 
special  specifications  for  tubes  for  the  Navy  Department,  which  will  be  subject  to 
special  negotiations. 

ELECTRICAL  SUPPLIES 


I  in.. 
M  in. 

II  in. 
IJ  in. 


Standard  Commercial  Seamless- 
Per  Net  Ton 

$327 

267 

257 

207 


ARMORED  CABLE- 


B 


Size 


Three  Cond. 
M  Ft. 
$138  00 
170  00 
235  00 
375  00 
500  00 
Krom  tne  above  lists  discounts  are: 

Less  than  coil  lots Net  List 

Coils  to  1,000  ft    10% 

I  000  ft.  and  over 15% 


Two  Cond 
M  Ft. 

No.  14  solid $104  00 

No.  12  'Olid 135  00 

No.  lO.r.lid 185.00 

No.  8  stranded..        285.00 
No   6  stranded..  .      400.00 


Two  Cond. 

Lead 

M  Ft. 

$  1 64  00 

225.00 

275  00 

520  00 

560  00 


Three  Cond. 

Lead 

M  Ft. 

$210  00 

265.00 

325.00 

500.00 


BATTERIE  S,  DRY — Regular  No.  6  size  red  seal,  Columbia,  or  Ever-Ready: 

Each,  Net 

Less  than  12 $0  45 

12  to  50 38 

50  to  125  (bbl.) 35 

125  (bbl.)  or  over 32 


CONDUITS.  ELBOWS  AND  COUPLINGS 

— These  prices  are  f .  o.  b 

New  York 

with  1 0-day  discount  of  5  per  cent. 

^- —  Con 

duit 

^ Elbows 

. Couplings  

Black 

Galvanized 

Black 

Galvanized 

Black 

Galvanized 

Size,  In.     2,500  to 

2,500  to 

2,500  to 

2,500  to 

2,500  to 

2,500   to 

5,000  Lbs. 

5,000  Lbs. 

5,000  Lbs. 

5,000  Lbs. 

5,000  Lbs. 

5,000  Lbs 

J            $80  50 

$85   59 

$19   13 

$20.27 

$7.04 

$7  46 

J            1 06  5 1 

113   51 

25    17 

26.67 

10  07 

10  67 

1              157   59 

167   79 

37  25 

39  47 

13   09 

13   37 

4            213    II 

227  01 

48  46 

50.26 

18  30 

18.98 

IJ            254.93 

271.43 

64  62 

67  02 

22.61 

24.45 

2             342  99 

365    19 

118.47 

122.87 

30   15 

31.27 

2i            542  30 

377  40 

193.86 

200.00 

43  08 

44,68 

3             709    16 

755   06 

511    96 

536   16 

64  62 

67.02 

3^            871    24 

935  64 

1,141    62 

1,184  02 

86   16 

89   36 

4           1,064  93 

1,130  33 

1,319  32 

1,368  32 

107   70 

ni  70 

4^         1,240  79 

1,318  99 

1,997  83 

2,072  03 

161    55 

167   55 

5           1,445  96 

1,534  76 

2,773   27 

2,866.27 

177   70 

184   30 

6          1,875.84 

1,991.04 

3,446  40 

3,574.40 

258.48 

268  08 

Standard  lengths  rigid.  1 0  ft. 

Standard  lengths  flexible 

iin.,  100ft 

Standard 

lengths  flexible,  i  to  2  m.,  50  ft. 

CONDUIT  NON-METALLIC, 

LOOM— 

Size  I.  D.,  In. 

Feet  per 

Coil 

List,  Ft 

^ 

250 

$0  05 

250 

.06 

1 

250 

.09 

^ 

200 

.12 

f 

200 

.15 

Coils... 

. .  .  40%  off 

,' 

150 
100 

.18 
.25 

Less  CO 

Is,  25%  off 

u 

100 

.33 

1'. 

Odd  lengths 

.40 

2 

Odd  lengths 

55 

CUT-OUTS— Following  are  net 

prices  each  in  standard-package  quantities: 

CUT-OUTS,  PLUG 

S.  P.  M.  L 

$0.11          T. 

P.  to  D.  P. 

S.  B 

..  .    $0.24 

D.  P.  M.  L 

.11          T. 

P.  to  D.  P. 

T.  B 

38 

T.  P.  M.  L 

.26         T. 

P.  S.  B.  .. 

.33 

D.  P.  S.  B 

.19         T. 

P.  D.  B... 

.54 

D.  P.  D.  B 

.37 

CUT-OUTS,  N.  E. 

C.  FUSE 

0-30  Amp 

31-60 

.'^mp.           60-100  Amp. 

D.  P.  M.  L 

..      $0.33 

$0 

84 

$1.68 

T.  P.  M.  L 

.48 

1 

20 

2.40 

D.  P.  S   B 

.42 

1 

05 

T.  P.  S.  B 

.81 

1 

80 

D.  P.  D.  B 

.78 

2 

10 

T.  P.  D.  B 

I    35 

3 

60 

T.  P.  to  D.  P.  D.  B 

90 

2 

52 

FLEXIBLE  CORD— Price  per  1,000  ft.  in  coils  of  250  ft.: 

No.  1 8  cotton  twisted $22 .  00 

No.  1 6  cotton  twisted 27  00 

No.  1 8  cotton  parallel 26.50 

No.  1 6  cotton  parallel 34 .  50 

No.  1 8  cotton  reinforced  heavy 34  00 

No.  1 6  cotton  reinforced  heavy 42  00 

No.  1 8  cotton  reinforced  light 30  00 

No.  16  cotton  reinforced  light 36.75 

No.  1 8  cotton  Canvasite  cord      . 28  50 

No.  1 6  cotton  Canvasite  cord 32   00 

FUSES.  ENCLOSED— 

250-Volt                                               Std.  Pkg.  List 

3-amp.  to    30-amp 100  $0  25 

35-amp.  to    60-amp 1 00  35 

65-amp.  to  lOO-amp 50  90 

no-amp.  to  200-amp 25  2  00 

225-amp.  to  400-amp 25  3  60 

42S-amp.  to  600-amp 10  5 .  50 


600-Volt                                            Std.  Pkg.  List 

"  amp.  to     30-amp 100  $0.40 

35-anip.  to    60-amp 100  .60 

65-amp.  to  1 00-amp 50  150 

I  1 0-amp.  to  200-amp 25  2.50 

?^5-amp.  to  400-amp 25  5. 50 

450-amp.  to  600-amp 10  8.00 

Discount:   Less  l-5th  standard  package 30% 

l-5th  to  standard  package 40% 

Standard  package 52% 

FUSE  PLUGS,  MICA  CAP— 

0-30  ampere,  standard  package    $4  75C 

0-30  ampere,  less  than  standard  package 6.  OOC 

LAMPS — Below  are  present  quotations  in  less  than  standard  package  quantities 


■  Straight-Side  Bulbs 
Mazda  B- 


Watts 
10 
15 
25 
40 
50 
60 
100 


Plain 
$0  35 
35 
.35 
35 
35 
.40 


Frosted 
$0.38 
.38 
.38 
.38 
38 
45 
.92 


No.  in 
Package 
100 
100 
100 
100 
100 
100 
24 


Pear-Shaped  Bulbs  ■ 
Mazda  C- 


Watts 
75 
100 
150 
200 
300 
400 
500 
750 

1,000 


Clear 

$0  70 

1    10 

1  65 

2  20 
3.25 

30 
70 
50 
50 


Frosted 
$0.75 
15 


No.  in 
Package! 
50 
24 
24 
24 
24 
12 
12 


Standard  quantities  are  subject  to  discount  of  1 0%  from  list.     Annual  contracts 
ranging  from  $  1  50  to  $300,000  net  allow  a  discount  of  1 7  to  40%  from  list. 

PLUGS,  ATTACHMENT— 

Each 

Hubbell  porcelain  No.  5406,         standard  package  250 $0.  24 

Hubbell  composition  No.  5467,    standard  package     50 .32 

Benjamin  swivel  No.  903,  standard  package  250 .20 

Hubbell  current  taps  No.  5638,   standard  package    50 .40 


RUBBER-COVERED  COPPER  WIRE— Per  1000  ft.  in  New  York. 


-\o. 
14. 

12. 

10 
8 
6. 
4. 
2. 
I 
0 

00 

000. 

0000.. 


Solid 
Single  Braid 
. .    $  1 2  00 
..      13.25 

18.30 
..      25.54 


Solid 
Double  Braid 
$16  00 
15  70 
21  00 
28.60 


Duplex 

$28  50 

30  70 

41.50 

56.77 


?rJces  per  'OOd  tr    for  Rubber-Covered  Wir 

^- Denver -^ 

.Single     Double 
Braid    Braid     Duplex 
!  4 $  1 9 .  50  $24  00  $39 .  50 


10 
8 
6. 
4. 
2. 
1 

0. 

00. 

000. 

0000. 


28.92 
40.32 
63  84 


Pittsburg — 23c.  base:    discount  50% 


33    12 

45    12 

69.24 

97  86 
145  20  .. 
189  00  .. 
251.40  .. 
305  40  .. 
317  40  ... 
451.20  .. 
St.  Louis 


65   52 
89.64 


Stranded, 
Double  Braid 
$13.90 
18  05 
23  85 
32  70 
51    40 

70  00         

101  80        

131.86        

1 60  00        

193  50         

235  20        

288.60  .        .. 

In  Following  Cities: 

.— —  Birmingham  ■ 

Single     Double 
Braid    Braid     Duplex 
$12.23        ...    $33  60 

24  00   57.02 

33  60   75.94 

60.10    

$93.41      

120.40     

155  23     

188.77     ... 

229.19     .    . 

278.64     . 

338.41 


-30c.  base. 


SOCKETS,   BRASS  SHELL— 

. -J  In.  or  Pendant  Cap • '   In.  Cap  ■ • 

Key  Keyless  Pull  Key  Keyless  Pull 

Each  Each  Each  Each  Each  Each 

$0  33  $0  30  $0.60  $0.39  $0  36  $0.66 

Less  l-5th  standard  package +50% 

1-5th  to  standard  package +20% 

Standard  package — 10% 

WIRE,  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  1 8  B.  &  S,  regular  spools  (approx.  8  lb.) 55i\  lb. 

No.  18  B.  &  S.  regular  1-lb.  coils 56c.  lb. 

WIRING  SUPPLIES— 

Friction  tape,  ]  in.,  le.ss  100  lb.  60c.  lb.,  100  lb,  lots 55c.  lb. 

Rubber  tape,  J  in.,  less  100  lb.  65c.  lb.,  100  lb.  lots 60c   lb. 

Wire  solder,  less  100  lb.  50c.  lb.,  100  lb.  lots 46c.  lb. 

Soldering  paste,  2  oz.  cans  Nokorode. $1 .20  doz. 


SWITCHES,  KNI RE- 


TYPE "C"  NOT  FUSIBLE 


Size, 
Amp. 

30 

60 
100 
200 


Single  Pole, 

Each 

$0.42 

.74 

I.  SO 

2.70 


Double  Pole, 

Each 

$0.68 

1.22 

2.50 

4.50 


Three  Pole, 
Each 
$1   02 

1.84 

3.76 

6.76 


Four  Pole. 

I  Each 

$1.36 

2  44 

5.00 

9.00 


TYPE  "C"  FUSIBLE,  TOP  OR  BOTTOM 

30  .70  1.06  I   60 

60  1.18  1.80  2.70 

100  2.38  3.66  5.50 

200  4.40  6.76  10.14 

Discounts: 

Less  than  $10.00  list  value +25% 

$10  to  $25  list  value +10% 

$25  to  $50  list  value +5% 

$50  to  $200  list  value —10% 

$200  list  value  or  over —15%: 


2.12 
3.60 
7.30 
13.50 
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Power  and  Refrigeration  for  Model  Ice 
Cream  and  Dairy  Plant 

Modern  450-ton  Three-Unit  Refrigerating  Plant  Using  High-Speed  Two-Cylinder  Ammonia  Com- 
pressors, Cross-Connected  So  That  Either  Cylinder  May  Be  Used  on  High  or  Low- 
Temperature  Service — Power  and  Lighting  Are  Supplied  by  a  450-Kw.  Electric 
Generating  Condensing  Plant,  the  Cooling  Water  Being  Conserved  by 
a  Large  Cooling  Tower   on  the  Roof  of  the    Building 


ONE  of  the  largest  ice-cream  and  dairy  plants  in 
the  country  is  being  operated  in  Cincinnati,  Ohio, 
by  the  French  Bros.  Bauer  Company.  It  has  now  been 
in  operation  for  about  a  year,  being  a  consolidation  of 
two  former  plants,  one  engaged  mainly  in  the  produc- 
tion of  ice  cream  and  the  other  in  the  manufacture  of 
butter  and  pasteurization  and  distribution  of  milk  and 


FIG.   1.     ICE-CKEAM  HARDENING  ROOMS,  CAPACITY. 
THIRTTf -THREE    THOUSAND    GALLONS 


cream  for  Cincinnati  and  the  surrounding  territory. 
Both  of  the  plants  also  manufacture  ice,  but  not  in 
sufficient  quantity  for  packing  the  ice  cream  during  the 
summer  months. 

As  each  of  the  old  plants  required  a  full  force  of 
operators,  this  naturally  made  the  cost  of  production 
higher  than  would  have  been  the  case  in  one  plant,  and 
as  the  equipments  had  become  inadequate,  it  was  de- 
cided to  build  a  new  plant  of  sufficient  capacity  for  the 
combined  output  of  the  two  old  ones,  with  a  reasonable 
allowance  for  future  increase. 

The  building,  constructed  of  reinforced  concrete 
throughout,  was  erected  on  the  site  of  an  old  brewery. 
The  underground  cellars,  with  their  heavy  arched  ceil- 
ings, retaining  walls  and  many  intricate  underground 
passages,  offered  an  interesting  problem  in  the  design 
of  the  foundations  and  basements,  with  the  purpose  of 
reducing  the  excavation  work  and  new  foundation  walls 
to  the  minimum.  All  reinforced-concrete  floors  through- 
out the  building,  where  considerable  water  is  used  on 
the  floor,  are  waterproofed  with  three-ply  membrane 
waterproofing  and,  with  some  exceptions,  finished  on  top 
with  three  inches  of  concrete.  In  the  bottle-filling  and 
ice-cream  making  departments  the  floors,  after  having 
been  waterproofed,  are  finished  with  Terrazzo,  and  for 
the  shipping  platform  the  finish  is  vitrified  brick  pav- 
ing.    All  cold-storage  rooms,  as  well  as  the  ice  tanks. 


are  insulated  with  corkboard  with  all  exposed  surfaces 
on  walls  and  ceilings  plastered  with  portland-cement 
plaster.  The  exterior  of  the  building  is  finished  with 
red  brick  facing  between  concrete  beams  and  columns 
at  each  floor,  and  the  building  is  trimmed  with  terra 
cotta. 

To  give  some  idea  of  the  power  and  refrigerating  ic- 
quirements  and  the  general  arrangement,  a  brief  sur- 
vey of  the  various  departments  may  be  of  interest.  At 
the  two  basement  levels,  the  lower  being  28  ft.  below 
the  sidewalk,  are  the  boiler  and  engine  rooms,  ice  tanks, 
daily  ice  storage  and  a  3,000-ton  season  ice-storage 
rooni.  On  the  first  floor  of  the  building  is  the  bottled- 
milk  storage  room,  ice-cream-can  washing  room,  ice- 
cream-making and  the  ice-cream  hardening  depart- 
ment and  the  loading  platform.  The  driveway  is  under 
the  building  proper  along  the  east  and  south  sides. 
Being  about  30  ft.  wide,  the  long  span  over  the  drive- 
way necessitated  on  each  floor  above  it  beam  and  girder 


FIG.    2.       ONE    OF    THE    150-TON    REFRIGERATING    UNITS. 
VERTICAL  HIGH-SPEED  COMPRESSOR  IN  BACKGROI^ND 


construction,  while  the  rest  of  the  building  is  flat-slab 
construction  with  the  columns  placed  on  25-ft.  centers.- 

Under  the  south  driveway  is  the  salt  bin,  from  which 
salt  is  elevated  to  hoppers  on  the  second  floor  and 
spouted  to  the  first  floor  as  required  for  the  packing  of 
ice  cream  in  tubs. 

One-half  of  the  second  floor  is  taken  up  by  general 
offices  and  the  remainder  of  the  space  by  the  bottle- 
and  can-washing  departments,  the  bottle-filling  depart- 
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ment,  the  ice-cream  mixing  department  and  the  cold- 
storage  rooms  for  fruits  and  other  supplies  used  by 
the  ice-cream  mixing  departments.  On  the  third  floor 
one-half  of  the  space  is  utilized  for  storage  purposes 
and  the  other  half  for  the  butter-making  department, 
butter  cold-storage  rooms  and  for  pasteurizing  milk 
and  cream.  The  fourth  floor  also  has  storage  space 
and,  in  addition,  the  milk-receiving  department  and 
chemical  laboratory. 

From  the  foregoing  it  will  be  noticed  that  the  various 
departments  are  so  located  in  the  building  that  after 
the  milk  and  cream  are  received  on  the  fourth  floor,  they 
follov^  through  the  manufacturing  process  by  gravity 
until  the  products  are  ready  for  distribution  on  the  first 
floor. 

Milk  and  cream  are  received  at  the  plant  in  cans, 
M^hich  are  raised  to  the  fourth  floor  by  a  continuous 
can  elevator  provided  w^ith  an  automatic  loading  table 


below  the  mixing  tanks.  The  sour  cream  for  butter 
making  is  elevated  to  the  fourth  floor,  the  same  as 
the  sweet  milk  and  cream,  is  weighed  in  a  separate 
scale  tank  and  then  pasteurized,  ripened  and  made  into 
butter  on  the  third  floor. 

The  m.echanical  equipment  and  refrigerating  plant 
were  designed  for  a  maximum  output  in  eight  hours 
per  day  of  pasteurizing  and  cooling  13,000  gal.  of  milk 
and  sweet  c^-eam,  10,000  gal.  of  sour  cream,  the  making 
of  25,000  lb.  of  butter,  the  freezing  and  hardening  of 
7,000  gal.  of  ice  cream,  together  with  maintaining  nec- 
essary temperatures  in  cold-storage  rooms  and  the  mak- 
ing of  100  tons  of  ice  per  day, 

A  careful  analysis  of  the  load  factor  during  the  vari- 
ous months  of  the  year  in  the  older  plants  and  as  esti- 
mated for  the  different  periods  of  the  day  based  on  the 
new  output  disclosed  the  fact  that  the  maximum  load 
would  obtain  for  about  seven  hours  of  the  day ;  that  the 


FIG.   3.      VIEW  OF  THREE  ICE-FREEZING   TANKS   EACH  HAVING   NOMINAL    CAPACxTY   OF  THIRTY   TONS 


on  the  first  floor  and  an  automatic  discharge  table  on 
the  fourth  floor.  An  electric  high-speed  platform  ele- 
vator serves  as  a  reserve  unit  in  case  of  breakdown. 

On  the  fourth  floor  the  milk  cans  travel  by  gravity 
on  a  roller  conveyor  to  the  milk-weighing  tanks.  After 
the  milk  is  emptied,  the  empty  cans  travel  to  the  sec- 
ond floor  to  the  can-washing  department  on  a  spiral 
conveyor,  and  after  being  washed  they  are  discharged 
to  the  first  floor  on  another  spiral  conveyor. 

The  milk  and  cream  from  the  scale  tanks  are  pumped 
to  a  holding  tank  and,  after  having  been  clarified,  go 
to  the  milk  and  cream  storage  tanks,  then  to  the  pas- 
teurizers and  to  cooling  and  holding  tanks  on  the  third 
floor.  The  milk  and  cream  are  bottled  on  the  second 
floor,  loaded  into  cases  and  sent  to  the  milk-storage 
room  on  the  first  floor  on  a  spiral  conveyor. 

After  having  been  pasteurized,  the  cream  for  ice- 
cream making  flows  by  gravity  to  the  ice-cream  mixing 
tanks  on  the  second  floor  and  again  gravitates  to  the 
ice-cream  freezers  placed  on  the  first  floor  immediately 


load  for  the  other  seventeen  hours  would  be  about  one- 
third  of  the  mrximum  load,  and  that  the  average  maxi- 
mum load  for  the  year  would  be  about  two-thirds  of  the 
maximum  daily  output.  These  interesting  estimates 
made  it  appear  advisable  in  so  far  as  was  possible  to 
arrange  the  different  mechanical  units  (boilers,  gener- 
ating units  and  ammonia  compressors)  into  three  of 
each  kind,  thereby  giving  flexibility  in  operation  and 
making  the  best  provisions  for  spare  units  and  spare 
parts. 

Throughout  the  design  of  the  plant  the  fundamental 
idea  of  arranging  the  process  of  manufacture  to  re- 
duce the  labor  and  power  cost  to  the  minimum  was 
carried  out,  in  that  all  products  are  handled  by  gravity 
in  so  far  as  is  possible,  and  in  selection  of  the  mechani- 
cal equipment  choice  was  made  of  the  most  efficient 
types  foi  the  purpose  intended. 

To  conform  with  latest  practice,  high-speed  ammonia 
compressors  were  installed.  Efficiency  was  the  primary 
factor  in  the  selection,   and  space  limitations  compli- 
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FIG.  4.      GENERAL  PLAN  OF  STEAM  PIPING  IN  ENGINE,  COMPRESSOR   AND   BOILER  ROOM 
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FIG.    5.      SECTIONAL   ELEVATION  THROUGH   POWER  PLANT 


cated  by  large  building  columns,  necessitated  vertical  speed  of  150  r.p.m.  The  rating  is  150  tons  of  refrigera- 
units.  As  intimated  previously,  there  are  three  ma-  tion,  A  feature  giving  unusual  flexibility  to  the  opera- 
chines,  each  of  the  vertical,  inclosed,  single-acting,  high-  tion  is  the  connection  of  each  cylinder  to  both  high- 
speed type,   having   two    18   x   20-in.   cylinders   and   a  and  low-temperature  lines  so  that  a  cylinder  may  be  de- 
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voted  to  either  service  or  both  lo  the  same  service,  as 
required.  At  times  of  light  load  one  machine  will 
take  care  of  both  classes  of  work,  and  when  the  load 
is  heavy  enough  to  require  two  machines,  but  perhaps 
not  evenly  divided,  three  of  the  four  cylinders  may  be 
used  in  one  service  and  the  fourth  cylinder  in  the 
other. 

Horizontal  poppet-valve,  simple  condensing  engines, 
20  X  24-in.,  drive  the  compressors.  As  will  be  evident 
from  Fig.  2  a  layshaft  geared  to  the  mainshaft  operates 


FIG.   6. 


AMMONIA  FLOODED 'CONDENSERS  AND  COOLING 
TOWERS  ON  ROOF 


the  poppet  valves,  which  are  placed  horizontally.  Cams 
on  this  layshaft  open  the  exhaust  valves,  and  they  are 
seated  by  springs  provided  in  the  bonnet.  An  eccen- 
tric and  a  secondary  shaft  open  the  steam  valves  at 
the  top  of  the  cylinder,  the  closing  being  effected  by 
springs  as  in  the  case  of  the  exhaust  valves.  For  ad- 
justment of  load,  the  valve  stems  may  be  screwed  in 
or  out.  A  centrifugal  governor  on  the  layshaft  con- 
trols the  opening  of  the  steam  valves  and  consequently 
the  speed  of  the  unit. 

Force-feed  lubrication  is  provided  for  the  steam  cyl- 
inder and  gravity  oiling  for  the  bearings.  A  centrif- 
ugal pump,  belt-driven  from  the  mainshaft,  draws  the 
oil  from  the  crankpit  and  elevates  it  to  a  pedestal  filter 
from  which  it  flows  back  to  the  bearings.  For  the  com- 
pressor lubrication  there  is  also  a  belt-driven  pump 
which  pulls  the  oil  from  the  crankcase  and  discharges 
it  through  a  twin  pressure  filter  to  the  seven  bearings 
within  the  crankcase.  There  is  thus  continuous  circu- 
lation of  the  oil,  and  electric  alarms  are  provided  to 
indicate  any  stoppage  in  the  flow  of  oil. 

Serving  the  ammonia  compressors  there  are  three 
banks  of  atmospheric  condensers  of  the  flooded  type, 
aggregating  40  stands  of  2-in.  pipe,  12  high  and  20  ft. 
long.  The  condensers,  equipped  with  all  necessary  dis- 
charge, liquid,  drain  and  pump-out  headers,  are  located 
on  the  roof  of  the  building. 

For  making  ice  there  are  three  ice-freezing  tanks, 
each  79  ft.  long  x  15  ft.  2  in.  wide,  arranged  for  432 
three-hundred-pound  cans  and  piped  with  10,000  ft.  of 
11 -in.  extra-heavy  steel  ammonia  piping,  the  coils  being 
arranged  for  the  flooded  system.  Each  tank  is  equipped 
with  two  20-in.  horizontal  agitators,  one  agitator  being 
placed  at  each  end  of  the  tank.  Each  agitator  is  belt- 
driven  at  150  r.p.m.  by  a  3-hp.  motor  having  a  speed  of 


1,010  r.p.m.  As  all  the  ice  is  used  for  packing  ice  cream 
in  tubs,  it  is  made  from  city  water  and  is  opaque,  no 
attempt  being  made  to  manufacture  clear  ice.  The  nor- 
mal capacity  of  each  tank  is  30  tons. 

To  pull  the  ice,  each  tank  is  equipped  with  a  one-ton 
electric  hoist.  The  can  is  first  dipped  and  the  cake  of 
ice  delivered  upon  the  dump,  from  which  it  slides 
through  an  automatic  door  into  the  daily  storage  of 
500  tons  in  the  first  basement.  From  here  the  ice 
is  conveyed  either  to  the  season  storage  of  3,000  tons' 
capacity  or  for  immediate  use  to  the  first  floor  or  to 
the  ice  crushers  on  the  second  floor.  The  ice  is  de- 
livered to  the  crushers  automatically,  and  the  elevator 
cage  returns  to  the  basement  automatically  after  hav- 
ing delivered  the  ice.  The  motors  for  the  crushers  and 
elevators  are  controlled  from  the  shipping  room  on 
the  first  floor  and  are  electrically  interlocked,  so  it  is 
impossible  to  operate  the  ice  elevators  without  having 
first  started  the  crusher.  The  ice  from  the  crushers 
is  spouted  to  the  wagons  in  the  driveway  or  to  the 
Si\ipping  platform  as  desired. 

All  refrigerating  work  for  cooling,  holding  vats, 
pasteurized  milk  and  cream  and  for  all  refrigerated 
rooms  for  milk,  cream  and  butter  is  done  by  means  of 
brine  circulation,  for  which  is  provided  a  shell-type 
brine  cooler  having  2,400  sq.ft.  o-^  exchange  surface. 
The  brine  is  circulated  by  means  of  two  centrifugal 
brine  pumps,  brass-fitted  throughout  and  direct  con- 
nected to  motors  by  means  of  flexible  couplings.  One 
pump  has  a  capacity  of  600  gal.  of  brine  per  minute  and 
the  other  a  capacity  of  200  gal.  per  minute. 

The  fifteen  40-quart  ice-cream  freezers,  chain-driven 
by  2-hp.  motors,  are  provided  with  brine  circulation, 
the  brine  being  at  a  temperature  of  — 10  deg.  F.  For 
this  purpose  is  provided  a  shell-type  brine  cooler  hav- 


FIG.    7.      JOHN   O.    BENNETT,    CHIEF    ENGINEER.   IN  HIS 
ENGINE   ROOM 


ing  750  sq.ft.  of  exchange  surface,  and  the  brine  is 
circulated  by  means  of  a  300-g.p.m.  centrifugal  brass- 
fitted  pump  directly  connected  to  a  1,700-r.p.m.  motor. 
After  being  frozen,  the  ice  cream  is  hardened  in  a 
battery  of  nine  hardening  rooms  arranged  side  by  side 
and  each  connecting  with  a  receiving  vestibule  on  the 
north  end  and  a  delivery  vestibule  on  the  south  end. 
These  hardening  rooms  have  a  capacity  for  storing  a 
maximum  of  about  33,000  gal.  of  ice  cream  at  one 
time.  Each  hardening  room  is  provided  with  an  overhead 
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coil  bunker  arranged  with  baffles  and  direct-expansion 
coils  over  which  the  air  circulation  is  blown  by  means 
of  a  2,100-cu.ft,  fan  driven  by  a  2-hp.  motor.  The 
coils  are  arranged  as  a  full  gravity  flooded  system. 
From  an  accumulator  24  in.  diameter  by  8  ft.  high, 
located  on  the  second  floor,  the  liquid  gravitates  to  the 
coils.  Provision  is  made  for  defrosting  the  coils  of 
the  hardening  rooms  either  by  passing  the  discharge 
ammonia  gas  from  the  refrigerating  machines  through 
the  coils  or  by  means  of  a  brine  spray  over  the  coils. 
These  two  systems  of  defrosting  can  be  used  together 
or  independently  as  desired. 

The  milk-storage  room  is  refrigerated  by  air  circu- 
lation from  a  coil  bunker  placed  on  a  concrete  platform 
in  the  corner  of  the  room.  The  coil  bunker  is  piped 
with  2,400  ft.  of  2-in.  galvanized  brine  piping,  and  the 


As  the  engines  driving  the  electric  generators  and 
ammonia  compressors  are  operated  condensing,  two 
steam  surface  condensers  have  been  provided,  each 
having  capacity  to  condense  steam  at  the  rate  of  14,- 
000  lb.  per  hour  and  to  maintain  a  vacuum  of  25  in. 
when  supplied  with  1,000  gal.  of  cooling  water  per 
minute  at  a  temperature  of  95  deg.  As  auxiliaries 
there  are  two  motor-driven  and  one  steam-driven  dry- 
vacuum  pumps  and  two  motor-driven  condensate  pumps. 
The  water  of  condensation  is  discharged  into  the  feed- 
water  heater. 

Circulating  water  for  the  steam  and  ammonia  con- 
densers ir  cooled  by  an  atmospheric-type  cooling  tower 
placed  on  piers  on  the  roof  of  the  building.  It  is  124 
ft.  long,  19  ft.  wide,  30  ft.  high,  and  arranged  in  10 
spray  decks.    The  tower  has  capacity  to  cool  2,000  gal. 


PIG.   8.      CIRCULATING   PUMPS,   STEAM   CONDENSERS   AND  FEED-WATER  HEATER 


air  is  circulated  by  means  of  two  fans  of  3,00C-cu.ft. 
per  minute  capacity,  each  direct  connected  to  a  3-hp. 
motor. 

All  the  dairy  machinery  about  the  plant  is  equipped 
with  direct  motor  drive  as  well  as  all  vacuum,  water- 
circulating  and  brine  pumps.  An  auxiliary  steam 
driven  pump  for  each  service  is,  however,  provided  in 
case  of  emergency.  The  electric  current  for  motors 
and  lighting  is  generated  by  three  150-kw.  125/250- 
volt  200  r.p.m.  three-wire  direct-current  generators 
connected  to  15  x  22-in.  simple  condensing  nonreleasing 
Corliss-type  engines.  Energy  for  power  is  taken  off 
the  outside  wires  at  250  volts;  for  lighting  there  is 
three-wire  125-volt  distribution.  A  2,000-ampere  two- 
wire  watt-hour  meter  measures  the  total  energy  con- 
sumed by  the  power  circuits,  and  a  300-ampere  three- 
wire  watt-hour  meter  registers  the  current  used  for 
electric  lighting. 


of  water  per  minute  from  a  temperature  of  130  deg. 
to  within  an  average  of  about  4  deg.  above  the  wet- 
bulb  temperature,  depending  upon  weather  and  wind 
conditions.  The  water  from  the  cooling-tower  pan 
passes  over  the  ammonia  condensers,  from  the 
ammonid-condenser  pan  drains  to  the  steam  condensers 
and  is  returned  to  the  top  of  the  cooling  tower.  The 
cooling  water  is  circulated  by  means  of  three  5-in.  cen- 
trifugal pumps  each  driven  by  a  40-hp.  motor  and  hav- 
ing a  capacity  for  handling  700  gal.  of  water  per  min- 
ute. Except  for  the  distance  from  the  roof  to  the  top 
of  the  tower  and  the  friction  on  the  piping,  the  cir- 
culating system  is  balanced.  An  altitude  valve  controls 
the  level  of  the  water  in  the  ammonia-condenser  pan, 
the  small  amount  of  makeup  water  needed  to  overcome 
windage  and  evaporation  being  automatically  admitted 
from  the  city  mains. 

The  building  is  heated  by  exhaust  steam  during  the 
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winter  months.  The  necessary  supply  for  this  pur- 
pose and  for  heating  the  feed  water  is  obtained  from 
the  boiler-feed  pumps,  the  auxiliary  steam-driven  brine 
and  water  pumps,  provided  as  reserve  units,  the  vacuum 
pump  for  the  heating  system  and  from  one  of  the 
engines  driving  the  electric  generators,  which  is  ar- 
ranged with  a  bypass  exhaust  connection  so  that  it  may 
be  operated  noncondensing  during  the  winter  months. 

In  the  boiler  room  as  well  as  in  other  departments 
of  the  plant,  the  three-unit  plan  was  followed,  the  equip- 
ment consisting  of  three  Stirling  boilers  rated  at 
394  hp.  and  served  by  top-feed  V-shaped  stokers  hav- 


FIG.    9. 


VIEW   OF   TOP-FEED   STOKERS  AND   COAL.   FEEDS 
FROM  OVERHEAD  BUNKER 


ing  approximately  80  sq.ft.  of  grate  area,  giving  the 
usual  ratio  to  steam-making  surface  of  1  to  50.  The 
operating  steam  pressure  is  145  lb.  gage  with  no  super- 
heat. Through  an  8-in.  line  provided  with  a  main  stop 
valve  and  an  automatic  nonreturn  valve,  each  boiler  is 
connected  to  a  12-in.  main  steam  header,  which  is  cross- 
connected  to  a  distributing  header  of  10  and  8-in. 
diameter  running  lengthwise  of  the  engine  room.  From 
either  side  supply  lines  lead  to  the  generator  and  com- 
pressor units.  The  header  is  suspended  from  the  ceil- 
ing and  is  anchored  to  prevent  vibration.  The  engines 
exhaust  into  a  common  exhaust  main  increasing  in 
diameter  from  12  to  28  in.  on  its  way  through  a  floor 
trench  to  the  condensers.  From  this  line  there  is  an 
atmospheric  relief  with  connection  to  the  feed-water 
heater,  and  as  previously  mentioned  an  independent  ex- 
haust or  bypass  from  one  of  the  engines  to  supple- 
ment the  exhaust-steam  supply  for  heating  purposes. 

A  tapered  breeching  receiving  the  gases  from  each 
boiler  leads  to  a  reinforced-concrete  chimney  having  an 
internal  diameter  of  8  ft.  at  the  top  and  measuring 
200  ft.  high  from  the  boiler-room  floor  line.  At  each 
boiler  uptake  there  is  a  5  x  8-ft.  damper  and  a  main 
damper  in  the  smoke  flue  near  the  stack.  Reviewing 
some  of  the  dimensions,  it  will  be  seen  that  for  each  10 
sq.ft.  of  steam-making  surface,  there  are  0.2  sq.ft.  of 
connected  grate,  0.1  sq.ft.  of  individual  damper  and 
0.04  sq.ft.  of  stack  area. 

Ohio  or  West  Virginia  coal,  the  fuel  burned,  is 
dumped  from  wagons  or  trucks  in  the  driveway  directly 
into  a  150-ton  concrete  bunker  over  the  boiler  furnaces 
The  bunker  has  a  flat  bottom,  with  gates  opening  to 
the  magazines  at  each  side  of  the  stoker.    Ashes  from 


the  furnaces  are  removed  from  the  basement  by  an  8-in. 
steam-jet  ash  conveyor,  provided  with  an  intake  in  the 
bottom  of  each  stoker  pit.  The  ashes  are  discharged 
to  a  reinforced-concrete  ash  tank  on  the  second  floor 
and  from  there  spouted  to  wagons  or  trucks  in  the 
driveway. 

Boiler-feed  water  is  heated  in  an  open  feed-water 
heater  having  53.7  cu.ft.  of  steam  space  and  101.8  cu.ft. 
of  water-storage  space.  The  total  volume  of  the  heater 
is  thus  1C5.5  cu.ft.,  which,  in  normal  operation,  calling 
for  two  boilers,  reduces  to  approximately  0.2  cu.ft.  per 
rated  boiler  horsepower.  All  condensation  from  live 
steam  and  exhaust  lines  is  collected  by  pumps  and  traps 
and  discharged  to  the  feed-water  heater,  as  well  as  the 
condensation  obtained  from  the  steam  condensers  and 
the  heating  system.  Any  makeup  water  required  enters 
the  heater  under  float  control  from  the  city  mains. 

Exhaust  steam  from  the  boiler-feed  pumps  and  aux- 
iliary steam  pumps  throughout  the  plant  is  used  to 
heat  the  feed  water,  which  is  pumped  to  the  boilers  by 
either  one  of  two  10-  and  6-  by  12-in.  duplex  piston- 
pattern  pumps. 

The  new  plant  is  a  model  of  its  kind,  from  both  a 
sanitary  and  an  operating  standpoint.  The  complete 
undertaking,  including  buildings  and  mechanical  equip- 
ment, was  designed  and  installed  under  the  direction  of 
the  Tait  &  Nordmeyer  Engineering  Co.  of  St.  Louis. 


Burton  Duplex  Water-Tube  BoUer 

T.  Howard  Burton,  who  for  years  has  been  indenti- 
fied  with  the  manufacture  of  a  single-drum  water-tube 
boiler  of  the  old  Worthington  type,  has  perfected  the 
two-drum  duplex  type  of  boiler  shown  in  Figs.  1  and  2, 
and  through  the  DePere-Burton  Co.,  DePere,  Wis.,  of 
which  he  is  president,  is  placing  this  boiler  on  the 
market.  It  is  a  one-pass  boiler  for  the  gases  provided 
with  two  cross-drums  at  opposite  ends  of  the  setting. 
Although  the  criss-cross  arrangement  of  the  tubes  of 
the  older  boiler  has  been  retained,  the  sectional  con- 
struction has  been  eliminated.  Instead  of  individual 
headers  at  either  end  of  a  tube  section  the  lower  ends 
of  the  tubes  enter  a  large  water-box  header,  extending 
the  full  width  of  the  boiler.  The  tubes  lead  obliquely 
upward  across  the  path  of  the  gases  and  enter  their 
respective  drums.  The  ixeader  is  thus  eliminated  at 
one  end,  and  the  arrangement  gives  maximum  liberat- 
ing surface  for  the  steam  generated,  as  each  tube 
delivers  its  steam  directly  to  the  drum,  thus  eliminating 
the  nipple  connections  between  the  header  and  drum  com- 
mon to  most  t>Tpes  of  water-tube  boilers.  The  water  legs 
being'  arranged  at  right  angles  to  the  tubes,  slope 
upward  and  outward  at  each  end  of  the  combustion 
chamber.  An  extension  of  the  water  leg  with  blowoff 
connections  eliminates  the  necessity  for  a  mud  drum. 

Water  connection  from  the  drum  to  the  water  leg 
on  the  same  side  and  immediately  beneath  it  is  made 
by  curved  circulating  tubes,  one  end  leaving  the  drum 
radially  and  the  other  end  entering  the  top  of  the  water 
leg  approximately  in  line  with  it.  The  curved  tubes 
are  easy  to  place  and  make  a  flexible  connection,  as  they 
will  bend  slightly  under  the  contraction  and  expansion 
of  the  boiler  parts. 

Fig.  1,  a  sectional  elevation,  shows  how  the  tubes  are 
arranged  in  vertical  rows,  adjacent  rows  sloping  in 
opposing  directions.  A  vertical  row  eleven  tubes  high 
leads  from  the  header  or  water  leg  at  the  left  side  of 
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Fig,  1  and  enters  the  drum  at  the  right  side  of  the 
drawing.  In  ihe  next  vertical  row  the  tubes  connect 
the  header  at  the  right-hand  side  of  the  setting  and 
the  drum  at  the  opposite  side.  Thus  the  rows  of  tubes 
alternate  in  the  direction  of  their  slope  and  cross  over 
the  combustion  chamber.  This  arrangement  finally  sub- 
divides the  gases  of  combustion,  and  as  the  space 
between  the  vertical  rows  of  tubes  is  twice  as  great  out- 
side of  the  intersecting  area,  the  gases — tending  to  fol- 
low the  path  of  least  resistance — spread  out  and  cover 
the  steam-making  surface  in  the  tubes.  To  further 
control  the  flow  of  gases,  baffles  may  be  placed  horizon- 
tally, as  indicated  on  the  upper  tubes. 

As  most  of  the  tubes  are  curved,  they  allow  for  expan- 
sion and  contraction  and  tend  to  reduce  leakage  that 
may  be  caused  by  movement  at  the  joints.     The  tubes 


FIG.    1.      LONGITUDINAL   SECTION    THROUGH    BOILER 

may  be  cleaned  from  within  the  drums  and  instead  of 
pulling  them  out  through  handholes  in  the  header,  they 
may  be  removed  in  the  combustion  chamber.  .  Both 
features  are  big  time  savers  and  tend  to  reduce  the 
time  it  is  necessary  to  keep  a  boiler  off  the  line  for 
cleaning  or  tube  removal. 

An  outer  shell  is  provided  which  may  be  varied  con- 
siderably in  construction  and  design.  As  will  be 
noticed  in  the  sectional  view,  about  one-half  of  the 
surface  of  each  drum  is  exposed  to  the  heat  of  the 
gases.  The  short  circulating  tubes  between  the  drums 
and  the  water  legs  are  iiisulated  from  the  hot  gases 
so  that  the  water  in  the  drums  may  settle  readily  to 
the  water  legs  and  there  will  be  no  tendency  to  reverse 
the  circulation. 

This  design  of  boiler  can  be  installed  in  exceptionally 
low  headroom,  and  the  heating  surface  per  square  foot 
of  floor  space  covered  is  unusually  large.     By  the  use 


of  the  large  water-box  headers,  sectional  headers  and 
mud  drums  are  eliminated.  By  leading  the  tubes  into 
the  drums  one-half  the  header  requirement  is  eliminated 
and  maximum  steam-liberating  surface  is  provided.  As 
a  consequence  the  boiler  steams  rapidly.  In  the  water 
Itgs  key  caps  are  provided  opposite  each  tube,  but  the 
latter  may  be  removed  within  the  combustion  space  and 


FIG.    2.      CROSS-DRUM    AND    WATER-BOX    HEADER 

may  be  cleaned  from  the  drum,  so  that  the  frequent 
removal  of  caps  is  avoided.  The  superheater  is  con- 
veniently placed  and  being  in  the  path  of  the  outgoing 
gas,  tends  to  insure  a  low  exit  temperature.  Being 
centrally  located  and  extending  the  full  width  of  the 
setting,  the  uptake  induces  an  even  distribution  of  the 
gases  over  the  heating  surface.  Three  soot-blowing 
elements  are  provided,  and  as  a  result  of  their  action 
the  soot  falls  directly  on  the  grate  and  is  automatically 
removed  with  the  ashes. 


A  paper  entitled  "Economical  Supply  of  Electric 
Power,"  presented  by  William  S.  Murray  at  the  recent 
convention  of  the  A.  I.  E.  E.,  has  resulted  in  the 
appointment  of  the  following  special  committee  to  be 
known  as  the  "Committee  on  Super-Power  System"  to 
carry  on  the  movement  outlined  by  Mr.  Murray: 
W.  S.  Murray,  consulting  engineer,  chairman ;  Harold  V. 
Bozell,  of  Electric  Raihvay  Journal;  H.  W.  Buck, 
consulting  engineer;  John  W.  Lieb,  vice-president,  New 
York  Edison  Co.:  Malcolm  MacLaren,  professor  of  Elec- 
trical Engineering,  Princeton  University;  William 
McClellan,  of  Cleveland  Illuminating  Co.;  Charles  S. 
Ruffner,  of  North  American  Co.,  N.  Y.;  David  B. 
Rushmore,  General  E^lectric  Co.;  Charles  F.  Scott,  Yale 
University,  and  Percy  N.  Thomas,  consulting  engineer, 
New  York. 
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Motors  for  Driving  Ventilating  Fans 

Characteristics  of  Motors  for  Fan  Drives — Comparisons  Between  Alternating-Current  and 

Direct-Current  Motors— Methods  of  Control — Formula  for  Calculating 

the  Horsepower  Required  To  Drive  Fans. 

By  WILLIAM  H.  EASTON 

Industrial    Engineer,    Westinghouse    Electric    and    Manufacturing  Company 


V: 


WILLIAM  H.  EASTON 


ENTILATING 
fans  are  fairly 
sim'ple  devices,  but 
unless  they  are  driven 
by  a  motor  that  is  prop- 
erly selected  to  suit 
both  the  fan  Itself  and 
the  particular  service 
for  which  it  is  used, 
the  days  of  the  man  in 
charge  will  be  full  of 
trouble.  There  are 
many  types  of  motor, 
each  with  its  own  spe- 
cial characteristics  of 
speed,  torque  and  me- 
chanical construction, 
and  there  are  several  different  methods  of  controlling 
the  speed  of  each  type  of  motor.  However,  only  a  few 
of  these  types  are  suitable  fpr  fan  service  under  any  cir- 
cumstances, and  when  a  particular  application  is  care- 
fully analyzed,  it  will  generally  be  found  that  to  obtain 
satisfactory  and  economical  operation,  the  choice  of 
proper  motors  is  very  limited. 

The  subject  of  the  selection  of  motors  for  ventilating 
fan  drives  is  a  broad  one  and  cannot  be  adequately 
covered  in  a  short  article,  but  there  are  some  funda- 
mental principles  that  may  be  of  interest  and  assis- 
tance to  operating  engineers. 

Reliability  of  operation  is  one  of  the  first  requisites 
of  a  satisfactory  ventilating-fan  motor,  as  the  unit  is 
generally  placed  in  an  out-of-the-way  position,  where 
constant  supervision  is  impossible.  Hence,  the  motor 
must  be  able  to  operate  constantly  with  very  little  care 
and  attention,  which  means  superior  commutation ;  dust- 
proof,  nonleaking  bearings  with  dependable  lubrication; 
high-grade  insulation,  with  protection  against  dust, 
moisture,  acid  fumes,  etc.;  and,  especially,  a  record  of 
satisfactory  operation. 

High  efficiency  of  operation  is  also  a  necessary 
feature,  for  a  ventilating-fan  motor  will  ordinarily 
operate  continuously  for  long  periods  of  time,  so  that 
a  difference  of  one  or  two  per  cent  in  the  energy  con- 
sumption will  form  quite  an  item  in  the  annual  operat- 
ing expense.  Thus,  assuming  energy  at  only  one  cent 
per  kilowatt-hour,  the  cost  of  operating  a  25-horse- 
power  motor  of  86.5  per  cent  efficiency  at  full  load  ten 
hours  a  day  for  365  days  will  be  $788,  whereas  a  motor 
of  84  per  cent  efficiency  will  entail  an  expense  of  $810 
for  the  same  period.  This  shows  that  it  would  be  poor 
economy  to  purchase  a  motor  of  low  efficiency  merely 
because  of  slight  advantage  in  price,  especially  where 
the  cost  of  energy  is  greater  than  one  cent  per  kilo- 
watt-hour. Efficiency  must,  of  course,  be  considered 
for  the  speeds  at  which  the  motor  is  actually  to  run, 
and  it  will  be  found  that  some  motors  of  good  full- 
speed  efficiency  have  a  low  efficiency  at  other  speeds. 
Quiet  operation  is  usually  very  important.     Any  noise 


made  by  the  ventilating  unit  will  be  transmitted  to 
other  parts  of  the  building  through  the  air  ducts,  and 
any  noticeable  humming  or  roaring  would  be  intoler- 
able in  such  buildings  as  theaters,  hotels,  hospitals  and 
offices.  Mechanically,  the  motor  should  be  light  and 
compact,  and  when  it  is  to  drive  an  overhung  fan,  it 
must  have  ample  strength  of  shaft  and  bearings  to  sup- 
port the  fan. 

Either  direct-current  or  alternating-current  motors 
can  be  used  for  driving  fans,  and  usually  the  question 
j'S  to  which  type  is  to  be  selected  is  settled  definitely 
by  the  kind  of  energy  available.  But  where  a  choice  is 
possible,  it  will  almost  invariably  be  made  in  favor  of 
direct-current    machines,  for  the  following  reasons: 

Direct-current  motors  in  all  sizes  can  be  obtained 
with  slow  speeds,  so  that  they  are  suitable  for  direct 
connection  to  the  ordinary  type  and  size  of  ventilating 
fan.  Alternating-current  motors  of  the  small  sizes, 
on  the  other  hand,  are  not  supplied  in  slow  speeds 
and  hence  must  usually  be  belted  to  the  fans  they 
drive.  There  are  some  examples  of  alternating-current 
motors  of  less  than  50  horsepower,  which  are  directly 
connected  to  ventilating  fans,  but  fans  of  such  high 
speed  are  liable  to  be  noisy  in  operation. 

The  speed  control  of  direct-current  motors  is  far 
superior  to  that  of  alternating-current  types.  Speeds 
that  are  both  higher  and  lower  than  the  normal  motor 
speed  can  be  obtained,  and  with  proper  selection  of 


FIG.  1.     DIRECT-CURRENT  MOTOR  DIRECTLY  CONNECTED 
TO  VENTILATING   FAN 

motor  and  control,  efllicient  operation  can  be  secured,  over 
the  entire  speed  range.  The  speed  of  an  alternating- 
current  motor,  however,  can  only  be  reduced  below 
normal,  increased  speed  being  unobtainable;  and  on 
speed  reductions  below  20  per  cent  a  considerable  loss 
in  efficiency  occurs. 

It  must  not,  however,  be  assumed  that  alternating- 
current  motors  cannot  be  used  for  ventilating  service. 
There  are  thousands  of  entirely  satisfactory  alternating- 
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current  installations  of  all  types  throughout  the 
country,  and  though  in  some  extreme  instances  it  may 
be  desirable  to  install  some  means  of  producing  direct- 
current,  especially  for  the  ventilating-fan  motors,  such 


FIG.  3.   SQUIRREL^CAGE 
ALTERNATING  -  CURRENT 
MOTOR  BELTED  TO  VEN- 
TILATING FAN 


FIG.  2.  FAN  MOTOR  CON- 
TROLLED AUTOMATICALLY 
THROUGH  PUSH-BUTTONS- 
CONTROLLER  TO  THE  LEFT 


cases  are  exceptional.  Ow- 
ing to  the  fact  that  there  is 
an  extensive  demand  for 
direct-current  ventilating- 
fan  motors,  manufacturers 
have  developed  lines  espe- 
cially designed  for  this  serv- 
ice. One  such  line  com- 
prises motors  ranging  from 
i  to  50  horsepower  in  ca- 
pacity, and  almost  all  these 
are  supplied  in  27  different 
normal  speeds,  ranging 
from  90  to  525  r.p.m.  These 
motors  are  of  the  shunt 
type  for  operation  on  230- 
volt  circuits  and  are  de- 
signed for  speed  ratios  of  i  to  2  by  field  control ;  that  is, 
if  the  normal  speed  of  the  motor  is,  say,  300  r.p.m.,  it  can 
be  increased  in  any  desired  number  of  steps  to  600  r.p.m. 

For  driving  a  fan  continuously  at  constant  speed,  a 
motor  of  the  proper  normal  speed  is  selected,  and  the 
control  equipment  consists  simply  of  a  starting  box. 
Ordinarily,  the  starter  is  of  the  hand-operated  type, 
but  automatic  starters  are  being  used  more  and  more 
extensively  because  the  motor  can  be  started  and 
stopped  from  one  or  more  push-button  stations  located 
where  convenient.  As  ventilating  fans  are  frequently 
installed  in  places  difficult  of  access,  remote  control  is 
often  very  convenient.  Another  advantage  of  the  auto- 
matic starter  is  that  it  prevents  injury  to  either  the 
motor  or  the  starter  by  cutting  out  the  starting  resist- 
ance either  too  slowly  or  too  rapidly.  If,  as  is  usually 
the  case,  it  is  necessary  to  change  the  speed  of  the 
fan,  either  of  three  methods  of  changing  the  speed  of 
the  driving  motor  may  be  employed : 

1.  Field  Control:  In  this  method,  resistance  is  intro- 
duced in  the  shunt-field  circuit  of  the  motor.  The  speed 
increases  as  the  amount  of  resistance  is  increased,  so 
that  the  normal  speed  of  the  motor  is  the  lowest  that 


can  be  obtained  by  this  method  of  control.  The  chief 
feature  of  field  control  is  that  the  loss  of  energy  in 
the  resistance  is  negligible.  It  is,  therefore,  used 
wherever  possible,  and  where  the  speed  range  is  not 
too  great  the  general  practice  is  to  seiect  a  motor  with 
a  normal  speed  that  corresponds  to  tne  lowest  speed  of 
the  fan  and  to  use  field  control  for  the  higher  speeds. 

2.  Armature  Control:  In  this  method  resistance  is 
introduced  into  the  armature  circuit  of  the  motor,  and 
as  the  effect  is  to  reduce  the  motor  speed,  the  normal 
speed  of  the  motor  is  the  highest  that  can  be  obtained 
by  this  scheme.  Speed  reductions  of  50  per  cent  of 
the  normal  speed  can  be  obtained  by  armature  control, 
but  as  there  is  a  considerable  loss  of  energy  in  the 
resistance  (amounting  to  about  19  per  cent  of  the 
motor's  input  at  full  load),  it  is  not  often  employed. 
However,  where  a  fan  is  operated  most  of  the  time  at 
constant  speed,  with  occasional  small  speed  reductions, 
this  method  is  satisfactory. 

3.  Combined  Field  and  Armature  Control:  Where  a 
very  wide  speed  range  is  essential,  combined  field  and 
armature  control  can  be  employed,  since  with  its  use 
a  standard  ventilating  motor  can  be  operated  over  a 

speed  range  from  one-half 
the  normal  speed  to  two 
times  normal  speed.  Thus  a 
motor  with  a  normal  speed 
of  300  r.p.m.  would  have  a 
range  of  from  150  to  600 
r.p.m.,  or  a  1:4  ratio.  Spe- 
cial controllers  for  all  three 
methods  are  supplied  by  va- 
rious manufacturers.  Man- 
ually operated  controllers 
are  in  general  use,  but  au- 
tomatic controllers  with  re- 
mote control  are  gaining  in 
popularity.  Automatic  con- 
trol usually  consists  of 
start-and-stop  push-buttons 
With  a  manually  operated 


FIG.    4. 


WOUND-ROTOR    ALTERNATING-CURRENT   MOTOR 
BELTED  TO   VENTILATING   FAN 


speed-changing   rheostat   located    on   the   man   control 
panel,  but  it  is  also  possible  to  control  the  speed  by 
means  of  push-buttons. 
There  are  two  types  of  alternating-current  polyphase 
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motors  in  general  use  for  operating  ventilating  fans — 
the  squirrel-cage  and  the  wound-rotor.  As  stated  pre- 
viously, the  smaller  sizes  are  not  made  for  slow  speeas, 
so  that  they  are  ordinarily  belted  to  the  fans  they  drive, 
chain  drive  being  too  noisy  for  most  applications.  The 
squirrel-cage  motor  is  the  simplest  type  /made,  so  that 
it  is  always  used  whenever  possible.  It  is,  however, 
strictly  a  one-speed  machine,  so  that  it  can  be  used 
only  for  constant-speed  applications. 

The  wound-rotor  motor  is  similar  to  the  squirrel- 
cage  motor  in  construction  except  that  resistance  can 
be  introduced  into  the  rotor  circuit.  The  use  of  resist- 
ance in  the  rotor  circuit  gives  speed  ranges  similar 
to  direct-current  armature  control;  namely,  it  provides 
speeds  less  than  normal,  the  minimum  reduction  being 
about  50  per  cent,  and  as  there  is  a  loss  of  energy  in 
the  resistance,  it  is  not  particularly  efficient  except  at 
small  speed  reductions.  However,  the  wound-rotor  motor 
will  be  found  to  be  satisfactory  for  the  great  majority 
of  ventilating  applications,  so  that  its  use  can  be  taken 
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FIG.   5.     MANUALLY  OPER- 

ATSD     DIRECT-CURRENT 

STARTER    AND    SPEED 

REGULATOR 


FIG.  6.    AUTOMATIC  DIRECT- 
CURRENT    CONTROLLER 
FOR  USE  W^ITH  PUSH- 
BUTTONS STATIONS 


for  granted  in  localities  where  alternating  current  only 
is  available,  unless  a  careful  analysis  of  the  application 
shows  that  a  direct-current  motor  is  necessary. 

Wound-rotor  motors  are  also  frequently  used  for 
strictly  constant-speed  ventilating  service  because  they 
can  be  started  without  taking  excessive  current  from 
the  line,  whereas  a  squirrel-cage  motor  takes  consider- 
ably more  than  full-load  current  during  the  starting 
period.  Under  certain  conditions  this  characteristic 
makes  the  squirrel-cage  motor  objectionable,  in  which 
case  wound-rotor  motors  are  used  instead.  Alternating- 
current  motors  can  be  equipped  with  either  hand- 
operated  or  automatic  starters.  Single-phase  motors, 
in  sizes  up  to  10  horsepower  can  be  operated  from 
lighting  circuits  and  are  extensively  used  for  driving 
fans  and  blowers. 


The  horsepower  required  to  drive  a  centrifugal  fan 
can  be  estimated  from  the  following  formula: 

■■  5.2  X  Q  X  WG 

^^~     33,000  X  £7 
Where 

HP  =  horsepower  of  meter 
Q  =  cubic  feet  of  air  per  minute ; 

prG  =  pressure  of  air  in  inches  by  water  gage; 
ff  =  efficiency  of  fan,  which  is  approximately  0.5 
for  steel  plate  fan,  0.65  for  Sirocco,  and  0.45 
for  cone  type. 

The  following  mathematical  relations  are  theoretically 
true  for  all  centrifugal  fans:  Volume  of  air  delivered 
varies  as  the  speed;  pressure  of  air  delivered  varies  as 
the  square  of  the  speed;  horsepower  required  varies  as 
the  cube  of  the  speed.  Hence  a  fan,  which,  when 
operated  at  100  r.p.m.  delivers  8,000  cu.ft.  of  air  at 
i  oz.  pressure,  requires  2  hp.,  will,  when  operated  at 
200  r.p.m.,  deliver  16,000  cu.ft.  of  air  at  2  oz.  pressure 
and  will  require  16  hp.  It  is  therefore  necessary,  in 
selecting  a  motor  for  driving  a  fan,  to  figure  the  horse- 
power requirements  at  the  maximum  speed  of  the  fan. 

Reduction  of  the  area  of  the  inlet  or  discharge  of  a 
centrifugal  fan  will  reduce  the  power  required,  whereas 
increasing  the  area  of  either  will  increase  the  power. 
Disc  fans  produce  a  relatively  low  pressure,  and  it  is 
customary  to  figure  their  output  on  a  basis  of  velocity. 
The  relations  between  volume,  speed  and  horsepower  for 
centrifugal  fans  hold  good  for  disc  fans.  However,  if 
the  outlet  of  a  disc  fan  is  restricted,  the  pressure  and 
the  power  required  increase,  and  with  a  totally  closed 
outlet  the  power  needed  is  almost  double  that  with  an 
unrestricted  outlet. 

Simple  Beit-Lacing  Rules 

By  E.  J.  Black 

Improper  belt  lacing  is  probably  the  most  common 
mistake  that  users  make  in  the  use  of  belting,  and  it 
is  the  one  that  causes  the  most  serious  trouble.  By  ob- 
serving the  following  simple  rules  the  belt  will  give  the 
best  service  of  which  it  is  capable. 

Cut  the  ends  of  the  belt  square.  Do  not  depend 
upon  your  eye  or  use  an  ordinary  ruler.  If  the  end  is 
cut  slantwise,  the  pull  will  come  on  one  side. 

Make  the  holes  as  small  as  practicable.  Use  an  awl 
rather  than  a  punch,  whenever  possible. 

Leave  a  sufficient  margin  at  the  edge  of  the  belt 
without  holes  so  as  not  to  impair  its  strength.  In 
belts  2  to  6  in.  wide  the  holes  should  be  at  least  i  in. 
from  the  edge,  I  in.  for  belts  6  to  12  in.  wide  and  i  in. 
for  belts  12  to  18  in.  wide. 

Make  two  rows  of  holes  in  parallel  lines  straight 
across  the  width  of  the  belt,  and  stagger  them  so  that 
the  strain  comes  upon  different  portion?  of  the  belt. 

Be  sure  that  the  holes  in  the  two  ends  to  be  joined 
match,  otherwise  there  will  be  a  "jog"  in  the  belt, 
and  this  may  result  in  tearing  the  belt  lengthwise. 

Use  flexible  lacing,  being  careful  to  have  it  propor- 
tionate to  the  Size  of  the  belt.  A  heavy  lacing  is 
likely  to  cause  trouble. 

In  lacing  the  belt,  make  the  pulley  side  as  smooth 
as  possible.  Rough  places  and  ends  should  be  turned 
away  from  the  pulley. 

In  using  metal  fasteners  on  rubber  belts,  select  those 
which  piace  the  strain  on  the  lengthwise  strands.  The 
crosswise  strands  are  not  so  strong  as  those  which 
run  lengthwise. 
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Charts  for  Graphical  Determination  of  Pipe  Sizes 
and  Velocity  of  Flow  of  Steam 

By  H.  M.  BRAYTON 

Mechanical  Engineer  and   Designer,   Semet   Solvay   Company,    Syracuse    New   York 


A  PREVIOUS  article  by  the  writer  in  the  April 
27  issue  gave  graphical  charts  for  the  deter- 
mination of  pipe  sizes  and  steam  velocities  with- 
out calculation.  The  theory  of  the  charts  was  given 
sufficiently  to  enable  the  reader  to  construct  them  him- 
self and  on  any  desired  scale.  The  formulas  given 
for  the  flow  of  steam  involved  the  number  of  cubic  feet 
of  steam  or  quantity  which  passed  a  given  section  in 
a  given  unit  of  time.  This  quantity  is  not  always  de- 
sired, and  if  omitted  the  formulas  may  be  combined 
and  much  simplified. 

To  recall  these  formulas  they  will  be  repeated  here. 
Equation  1  gave  the  following: 

Q  =  AV=  0.00545  D'V 
in  which 

Q  =  Quantity  in  cubic  feet  per  minute  which  passes 
a  given  section  of  pipe; 

D  =  Diameter  (internal)  of  pipe  in  inches; 

V  =  Velocity  of  steam  in  pipe  in  feet  per  minute ; 
A  =  Internal  area  of  pipe  in  square  feet ; 

and  equation  2  gave  the  following  formula: 

Q  =.   W  V 
in  which 

Q  =  Quantity  as  before ; 

W  =  Weight  of  steam  flowing  in  pounds  per  minute ; 

V  =z  Specific  volume  of  steam  or  number  of  cubic 
feet  per  pound.    Chart  for  dry  steam  only. 

It  will  at  once  be  apparent  that  these  two  formulas 
may  be  combined  and  eliminate  Q  thus: 

Q  =  0.00545  D^V  =  W  V 
in   which   the  symbols   designate   the  same   values   as 
before.    This  formula  may  be  written. 


0.00545  D^ 
V 


W 
V 


As  this  equation  is  a  straight  proportion,  it  may  be 
built  up  into  another  form  of  Z  chart.  Such  a  chart 
would  have  the  advantage  that  all  reasonable  values  of 
the  diameter  may  be  given  on  one  chart  instead  of  two 
as  was  necessary  when  the  value  of  Q  was  included. 

Fig.  1  shows  a  chart  drawn  up  for  the  foregoing 
formula.  To  use  this,  it  is  merely  necessary  to  either 
know  or  assume  four  of  the  variables,  and  the  other 
may  be  quickly  found.  It  is  more  often  desired  to 
obtain  the  diameter  of  pipe  necessary  or  the  velocity 
of  steam  in  a  given  size  of  pipe.  In  the  illustration 
shown  by  m.eans  of  dot-dash  lines  all  the  values  are 
assumed  except  the  weight  of  steam  which  may  be  ex- 
pected to  pass  through  the  pipe.  The  values  chosen  are: 
Pressure,  230  lb.;  pipe  size,  12  in.;  velocity  of  steam 
in  pipe,  10,000  ft.  per  min.  The  pressure  of  230  lb. 
represents  a  specific  volume  of  about  two  as  shown  from 
the  curve.  This  point  is  merely  connected  with  the 
value  of  the  diameter,  and  then  the  point  representing 
the  velocity  on  its  scale  is  connected  through  the  inter- 
section of  the  first  line  with  the  diagonal  and  extended 
until  it  cuts  out  the  value  of  the  weight  W  on  its 
scale.  In  a  similar  manner  if  the  reader  will  connect  the 
values  of  F  =   12,000  and   W  =  30  found  on  their 


respective  scales  and  mark  the  point  of  intersection  of 
this  line  with  the  diagonal  and  then  draw  a  line  through 
this  point  on  the  diagonal  to  the  value  of  I>  =  4  in.,  this 
line  will  be  found  to  cut  out  a  value  on  the  V  scale  of 
about  4.3.  If  this  point  is  carried  up  to  the  pressure- 
volume  curve  and  projected  down  to  the  pressure  scale, 
it  will  be  found  to  read  105  lb.  This  means  that  this 
pressure  would  be  necessary  to  enable  a  14-in.  pipe  to 
carry  30  lb,  of  dry  steam  at  a  velocity  of  12,000  ft.  per 
min.  All  this  procedure  is  the  work  of  but  a  few  sec- 
onds and  gives  the  results  well  within  the  desired  range 
of  accuracy. 

The  theory  of  this  chart  is  somewhat  different  from 
those  given  in  the  previous  article  and  will  be  given 
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P^IG.   1.      CHART  TO  DETERMINE  PIPE  SIZE  OF  STEAM 
FLOW  IN  PIPES 

here  to  enable  the  reader  to  construct  it  at  his  own 
convenience  and  at  any  size  he  may  desire.  Fig.  2  illus- 
trates tne  method  of  procedure.  Two  parallel  lines  con- 
nected by  a  diagonal  are  drawn  as  shown.  These  lines 
may  be  any  desired  distance  apart,  as  the  theory  is  inde- 
pendent of  the  angle  which  the  diagonal  makes  with  the 
verticals.  The  chart  is  based  on  the  simple  laws  of  pro- 
portion, and  these  must  be  rigidly  held  to  in  deter- 
mining the  equations  of  the  scales.  Proportion  is  here 
illustrated  by  similar  triangles  which  are  formed  by 
the  dash-dot  lines  used  in  solving  the  formula  by  means 
of  the  chart.  The  equations  of  the  scales  follow: 
X  =  m,  (0.00545  D') ;  Y  =  m,  V;  Z  = 
m,  W;  T  =  m^V 
The  values  of  m„  m,,  m,  and  w,  are  known  as  the  mod- 
ulus of  the  respective  scales  and  may  be  of  any  value 
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the  designer  desires.  Their  actual  numerical  value  is 
determined  on  the  limits  of  the  variables  and  the  size 
of  the  chart  which  it  is  desired  to  construct.  These 
two  points  must  be  settled  upon  before  actual  con- 
struction can  begin.  The  limits  which  the  writer  chose 
in  this  case  are  shown  on  the  chart,  Fig.  1.  In  general 
the  greater  the  limitations  desired  in  the  chart  the 
better  accuracy  obtainabla  If  the  reader  never  has 
occasion  to  deal  with  steam  pipes  larger  than  10  in., 
for  example,  the  chart  should  not  be  made  for  larger 
size. 

Once  the  limits  are  determined  and  the  length  of  the 
various  scales  settled,  it  is  a  simple  matter  to  determine 
the  values  of  the  moduli.  It  will  usually  be  found 
convenient  to  make  the  scales  about  10  in.  long.    This 


Volume:  Y=2V' 
Velohi.ty: 


Diameter:  X=  0.365 D'^ 


FIG.   2.     ONE  OF  THE  STAGES  OF  CONSTRUCTING  THE 
CHART   SHOWN  IN  FIG.    1 

10  in.  will  then  represent  the  value  of  X,  for  example, 
when  D  has  its  maximum  value.  With  X  equal  to  10 
and  the  maximum  D  known,  it  is  simple  arithmetic  to 
solve  for  m,.  The  other  moduli  are  found  in  the  same 
manner  except  m^.  When  the  other  three  have  been 
determined,  then  m,  is  fixed  because  from  the  nature 
of  the  proportion  and  similar  triangles  the  following 
must  hold: 


rriz 


rrii 
necessary 


or  rrii 


THz  Ms 


It  is,  then,  necessary  only  to  select  the  first  three 
moduli  and  the  fourth  follows  automatically.  Of  course 
it  is  possible  to  definitely  assign  values  to  any  three 
of  these  moduli  and  calculate  the  fourth.  The  reader 
must  not  assume  that  only  the  first  three  can  be  deter- 
mined by  the  designer.  In  fact,  it  often  happens  that 
it  is  better  to  select  the  others.  The  designer  has  a 
free  hand  in  this  matter.  Again,  it  may  be  found  that 
the  fourth  scale  calculated  comes  absurd;  that  is,  much 
too  small  or  too  large  in  proportion  to  the  other  scales. 
In  such  a  case  the  designer  may  be  able  to  use  a  multi- 
plier in  the  proportion.  He  may  multiply  the  numer- 
ators or  the  denominators  of  the  fractions  by  some 
number.  Of  course  it  is  evident  that  if  the  numerator 
of  one  fraction  is  multiplied  by  a  number  in  this  man- 
ner, the  other  must  be  also;  otherwise  the  proportion 


would  not  hold  and  the  formula  would  no  longer  be  true. 
In  the  formula  being  considered  it  would  be  permissible 
to  multiply  the  V  by  a  number  if  the  value  of  V  were 
also  multiplied  by  the  same  number.  Simply  multiplying 
the  two  terms  of  a  fraction  by  a  number  does  not  affect 
the  results.  In  some  cases,  when  the  moduli  do  not 
work  out  well,  it  may  be  necessary  to  change  the  limits 
of  the  variables  or  the  length  of  the  scales. 

In  the  chart  shown  here  the  following  moduli  were 
selected : 

m,  =  6.67,  m^=2,  7rL,  =  0.002,  m,  =  0.0006.  It  is  al- 
ways advisable  to  select  these  values  in  even  numbers 
when  possible.  By  this  is  meant  not  necessarily  even 
digits,  but  numbers  that  are  easy  to  ky  out,  such  as  the 
value  of  m^  and  m.  given  above.  This  is  not  always  pos- 
sible, but  should  be  kept  in  mind  and  will  save  time  in 
constructing  the  chart  later  on.  The  principal  point  in 
selecting  these  values  is  to  make  all  the  scales  take  all 
the  room  allowable.  It  will  be  observed  in  this  chart 
that  all  the  four  scales  are  of  about  equal  length  and 
take  the  full  length  of  the  line.  The  equation  of  the 
scales  in  our  problem  then  becomes, 

X  =  6.67  (0.005451)')  =  0.0365D,  =  72  V; 
Z  =  0.002  W;  T=  0.0006  V. 
With  these  equations  it  is  a  simple  matter  to  lay  out 
the  scales.  With  different  values  of  the  variables  sub- 
stituted into  their  respective  equation,  a  corresponding 
value  of  X,  Y,  etc.,  is  obtained.  These  values  are  dis- 
tances and  are  to  be  laid  off  from  the  point  of  intersec- 
tion with  the  diagonal.  Each  point  must  be  marked 
with  the  value  of  the  variable  used  in  obtaining  the 
distance.  For  example,  in  the  V  equation  when  V  =  2, 
then  y  =i  4  in.,  which  means  that  a  point  4  in.  from 
the  starting  point  is  marked  and  labeled  2  cu.ft.  on  the 
diagram. 

The  pressure-volume  curve  is  plotted  from  values 
taken  from  the  steam  tables  for  dry  or  saturated  steam. 
This  curve  is  plotted  to  enable  one  to  quickly  determine 
the  pressure  without  reference  to  the  tables. 

British  Control  of  Fuel  Oil 

In  a  recent  address,  Paul  Foley,  Director  of  Opera- 
tions, United  States  Shipping  Board,  stated  that  al- 
though 65  per  cent  of  the  world's  current  petroleum 
production  is  being  drawn  from  the  United  States, 
practically  all  the  visible  future  production  is  under 
the  control  of  Great  Britain.  Furthermore,  although 
production  in  the  United  States  is  available  to  all  other 
nations  on  equal  terms  with  our  own,  that  under  British 
control  and  located  in  the  middle  area  of  the  world  is 
available  only  to  British  nationals.  The  practical  effect 
of  these  restrictions  is  that  while  British  ships  can 
secure  fuel  oil  in  United  States  and  Caribbean  ports 
on  the  same  terms  as  our  own  and  also  obtain  what 
they  require  overseas  from  the  nearest  producing  field, 
American  requirements  overseas  can  be  met  only  at 
British  terms  and  must  reflect  the  long  haul  from 
American  and  Mexican  seaboards.  An  important  step 
in  correcting  this  evil  is  that  we  should  take  advantage 
of  the  fact  that  the  control  which  our  British  cousins 
enjoy  has  been  attained  by  means  of  capital  loaned  by 
the  United  States  Government.  With  this  in  mind  we 
should  iiisist  that  the  same  principle  of  equal  oppor- 
tunity now  extended  to  British  nationals  in  American 
producing  fields  be  extended  to  American  nationals  in 
British  producing  fields. 
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Overhauling  and  Aligning  the  Engine 

Detailed  Instructions  Regarding  the  Alignment  of  the  Connecting  Rod,  the  Cross- 
head  Guides,  Crosshead-Shoe  Adjustment,  Vertical  and  Horizontal  Alignment 
of  the  Crankshaft,  Worm  Bearings  and  Crankpin  Error 

By  THOMAS  W.  AIREY 


IT  IS  obvious  that  in  the  course  of  time  the  power- 
plant  engine  will  require  overhauling  and  repairing, 
and  all  repairs  must  be  skillfully  executed  and  the 
final  adjustments  made  in  accordance  with  the  align- 
ment of  the  various  parts.  The  want  of  alignment  may 
have  been  made  manifest  by  the  constant  heating  of  the 
main  bearing,  the  heating  or  pounding  of  the  crankpin 
brasses  or  by  a  knocking  in  the  cylinder  and,  possibly, 
by  an  appreciable  loss  of  power.  As  a  general  rule 
this  want  of  alignment  is  induced  by  wear  or  is  incurred 
by  repairs  or  adjustments  that  are  made  from  time  to 
time  without  due  consideration  being  given  to  the  align- 
ment. 

An  error  of  alignment  may  exist  in  any  direction, 
but  the  error  may  be  located,  if  the  test  is  made  at 
four  equidistant  parts  of  the  revolution;  for  instance, 
on  the  two  dead  centers  of  the  crank  and  at  the  highest 
and  lowest  points,  or  half -stroke  of  the  path  of  rotation 
of  the  crankpin. 

It  is  not  an  uncommon  practice  for  the  engineer  to 
use  the  connecting  rod  as  a  means  of  locating  an  error 
of  alignment  in  any  of  these  directions  because,  owing 
to  the  length  of  the  rod,  the  error  becomes  magnified 
and  is  thus  miore  plainly  discernible,  but  in  using  the 
connecting  rod  as  a  means  of  testing  the  alignment 
one  must  know  that  the  bore  of  the  crank  brasses  are 
at  a  true  right  angle  with  the  center  line  of  the  rod. 

Aligning  the  Guides 

A  not  uncommon  method  employed  by  engineers  for 
aligning  the  guide  with  the  cylinder  and  main  bearing 
is  by  using  the  piston  and  gland  after  the  rings  have 
been  removed  from  the  piston  and  the  packing  from 
the  stuffing  box.  The  bottom  shoe  of  the  crosshead  is 
then  adjusted  until  the  gland  enters  the  stuffing  box 
freely  when  tried  from  any  part  of  the  stroke.  Suppose 
that  the  piston  is  a  good  fit  in  the  cylinder  and  that  the 
gland  is  a  loose  fit  on  the  rod ;  then  the  piston  rod  would 
fall  in  the  direction  of  the  line  AB,  Fig.  1,  AA  repre- 
senting a  line  through  the  center  of  the  cylinder  bore 
and  in  alignment  with  the  center  of  the  main  bearing 
C.  Then  it  follows  that  if  the  guide  is  set  by  the  gland 
only,  it  would  be  set  to  the  line  B  and  would,  therefore, 
be  out  of  alignment  with  the  main  bearing,  as  shown. 

Suppose  that  the  gland  was  a  good  fit  to  the  piston 
rod  and  stuffing  box,  but  that  the  piston  was  a  slack 
fit  in  the  cylinder;  then  the  gland  would  not  remain 
tight  because  the  piston,  being  suspended  in  the  cylin- 
der, the  overhanging  weight  of  the  piston  would  cause 
rapid  wear  of  the  neck  ring,  the  piston-gland  bore  and 
also  of  the  guide  surface,  and  in  a  direction  parallel 
to  the  line  AE,  Fig.  2,  thus  gradually  letting  the  head 
of  the  piston  fall  to  the  bottom  of  the  cylinder  bore, 
touching  the  end  of  the  cylinder  first  at  F;  thus  the 
close  fit  of  the  piston  in  the  cylinder  and  the  gland  to 
the  piston  rod  and  stuffing  box  are  alone  depended  upon 
as  a  guide  whereby  to  set  the  piston  rod  and  its  guide 
in  alignment  with  the  center  of  the  main  bearing. 


The  better  method  of  aligning  is  that  of  stretching  a 
line  through  the  cylinder  and  stuflRng  box,  the  line  being 
passed  through  a  small  hole  in  the  end  of  a  piece  of 
iron  plate  G,  Fig.  3,  that  is  secured  to  the  head  end  of 
the  cylinder  by  one  of  the  stud  bolts.  The  line  is  then 
passed  through  the  bore  of  the  stuffing  box  and  over 
a  supporting  bracket  H,  a  weight  /  being  attached  at 
the  end  to  keep  the  line  tight.  The  line  AA  is  then 
set  central  to  the  bore  of  the  cylinder  and  stuffing  box, 
as  shown. 

To  test  the  guide  path  for  alignment  (supposing  the 
guide  to  be  of  the  channel  pattern),  take  a  height  gage 
G,  Fig.  3,  and  placing  the  base  on  the  surface  of  the 
path  J,  adjust  the  point  of  the  gage  until  it  just  touches 
the  line  at  K.  Then  move  the  gage  to  the  other  end 
of  the  guide  and  test  the  distance  L,  and  if  K  and  L 
are  coincident,  then  the  guide  is  in  alignment.  If  K 
and  L  are  not  coincident,  the  guide  must  be  scraped 
down  until  the  two  measurements  coincide,  and  finally 
bedded  to  a  surface  plate.  The  top  surface  of  the  guide 
must  next  be  tested  for  parallelism  with  the  bottom 
surface  and,  if  incorrect,  must  be  treated  in  a  similar 
manner. 

Next  make  a  gage  M,  Figs.  4  and  5,  having  a  true 
and  straight  edge  and  fit  it  in  between  the  flanges  of 
the  path  at  one  end,  as  at  N  and  0,  Fig.  4.  Then  take 
a  square  P,  and  while  pressing  the  back  firmly  upon  the 
guide  surface,  bring  the  blade  gently  up  to  touch  the 
line  A,  holding  the  square  firmly  in  this  position,  and 
with  a  fine-pointed  scriber  draw  the  line  Q  on  the  gage 
M,  using  the  blade  of  the  square  as  a  guide.  Then 
move  the  gage  to  the  other  end  of  the  path  and,  with 
the  square  held  firmly  on  the  guide  path  surface,  test 
the  line  Q,  already  marked  on  the  gage,  with  the  line 
A.  If  the  two  coincide,  then  the  inside  faces  of  the 
path  flange  are  true  and  parallel  to  the  line  A.  Should, 
however,  the  width  between  the  inside  faces  of  the 
guide  flange,  when  tried  at  each  end  of  the  gage,  not 
coincide,  then  the  inside  faces  must  be  made  true  and 
parallel  with  the  line  A. 

Testing  the  Crosshead 

Take  the  crosshead  R  and  fit  a  true  taper  mandrel  in 
the  piston-rod  bore  and  then  place  the  mandrel  between 
lathe  centers,  as  shown  at  Fig.  6.  Then  adjust  the 
crosshead  in  the  lathe  centers  until  the  side  face  of  the 
crosshead  is  true  to  a  square  tried  from  the  lathe  bed. 
With  a  scribing  block,  the  point  being  set  to  the  lathe- 
spindle  center  and  the  base  resting  on  the  lathe  bed, 
draw  a  line  across  the  boss  end  of  the  crosshead  and 
also  the  gudgeon  end  of  the  crosshead,  as  shown  at 
S  and  T.  Then  move  the  crosshead  round  in  the  centers 
one-fourth  turn,  as  shown  in  Fig.  7.  Setting  the  sliding 
surface  of  the  crosshead  true  with  the  square  from  the 
lathe  bed  and  with  the  same  setting  of  the  scribing 
block,  draw  a  line  across  the  ends  of  the  crosshead 
shoe,  as  shown  at  U  V,  and  mark  the  line  lightly  with 
the  center  punch,   taking  the  measurement  from   the 
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gage  M,  Fig.  5.  Check  them  with  the  crosshead  or  take 
the  gage  M  and  lay  it  on  the  end  of  the  crosshead  shoe, 
as  shown  by  Fig.  6,  the  point  Q  being  set  to  coincide 
with  the  lines  WW  on  the  shoe.  If  the  crosshead  is 
true,  the  ends  of  the  gage  N  and  0  should  be  coincident 
with  the  face  of  the  crosshead  shoe.  If,  however,  the 
two  are  not  coincident,  and  it  should  be  found  neces- 
sary to  provide  new  shoes,  the  measurements  must  be 
performed  in  strict  accordance  with  the  marking  NQO 
on  the  gage  M.  The  top  of  the  path  and  the  top  shoe 
of  the  crosshead  must  also  be  tested  in  like  manner. 
The  bottom  shoe  of  the  crosshead  may  next  be  ad- 
justed until  the  distance  from  the  sliding  surface  of 
the  shoe  to  the  center  line  ST,  Fig.  6,  and  the  distance 
from  the  surface  of  the  guide  path  to  the  line  A,  as 
shown  at  K,  Fig.  3,  are  coincident.  The  bottom  shoe 
jrtast  also  be   tested   for   parallelism   with   the   center 


its  bearings  under  such  conditions,  the  crankpin  journal 
would  heat,  and  if  any  end  play  existed  there  would 
also  be  a  knocking  or  pounding.  In  order  to  bring  the 
crankshaft  into  true  alignment,  a  side  adjustment  of 
the  main-bearing  brasses  must  be  made  until  the  line 
AA  cuts  the  center  of  the  crankpin  journal  when  tried 
on  both  dead  centers. 

If  the  connecting  rod  is  used  to  test  the  vertical 
alignment  and  it  is  coupled  up  to  the  crankpin,  it  would 
be  held  parallel  with  the  line  H;  thus  the  other  end 
of  the  rod  would  be  thrown  over  to  one  side  of  the 
crosshead  pin.  Then  move  the  crank  round  to  the 
other  dead  center,  and  the  small  end  of  the  rod  would 
still  be  thrown  over  to  the  same  side  of  the  crosshead 
pin,  but  to  a  lesser  degree.  Thus,  by  testing  the  align- 
ment with  the  crank  on  the  dead  center  nearest  the 
cylinder,  the  error  is  more  plainly   indicated. 
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FIGS.   1  TO   7.      DETAILS  OF  ALIGNING  CROSSHEAD  AND  CROSSHEAD  GUIDES 


line  ST.  The  crosshead  is  then  ready  for  bedding  in 
the  guide,  the  top  shoe  being  adjusted  to  the  desired  fit. 

To  test  the  vertical  alignment  of  the  crankshaft,  or 
to  ascertain  if  the  crank  is  parallel  with  the  crosshead 
journal,  move  the  crank  W ,  Fig.  8,  around  to  nearly 
the  dead  center  or  until  the  crankpin  XB  just  touches 
the  line  AA  that  is  central  through  the  cylinder,  as 
shown.  With  a  pair  of  cklipers  test  the  distance  YA 
with  that  of  ZA,  Fig.  9.  Then  move  the  crank  around 
until  the  pin  touches  the  line  A  on  the  other  dead  center 
and  test  the  distance  AB  and  AC.  If  all  measurements 
coincide,  the  crankshaft  is  in  true  alignment.  If,  how- 
ever, ZA  and  CA  are  equal,  but  measure  less  than  YA 
and  BA,  the  center  of  the  crankpin  journal  length  will 
be  outside  the  line  AA.  This  may  be  caused  by  the 
flange  of  the  main-bearing  brass  being  too  thick,  if  a 
new  one  has  been  put  in. 

Supposing  that  YA  and  BA,  Fig.  9,  are  not  coincident 
and  that  the  crankshaft,  instead  of  being  in  alignment, 
as  represented  by  the  line  D,  Fig.  10,  is  in  the  posi- 
tion represented  by  the  lines  E.  Then  the  center  of 
the  crankpin  journal  would  be  on  one  side  of  the  line 
A,  as  at  F,  on  one  dead  center,  and  on  the  opposite 
side  of  the  line  A,  as  at  G,  when  tried  on  tJie  other 
dead  center.     If  the  connecting  rod  were  coupled  up  to 


The  reason  for  this  will  be  seen  by  referring  to  Fig. 
10,  where  AA  represents  a  line  true  with  the  cylinder 
bore  and  the  guide;  E  is  'he  center  line  of  the  crank- 
shaft, and  F  and  G  represent  points  central  to  the 
length  and  diameter  of  the  crankpin.  The  center  line 
of  the  connecting  rod  is  represented  for  one  dead  center 
by  a  line  passing  through  R  and  F  and  for  the  other 
dead  center  by  JG.  It  will  also  be  observed  that  the 
point  /  falls  on  one  side  of  the  line  AA  and  that  the 
point  G  falls  on  the  opposite  side,  although  the  center 
line  of  the  connecting  rod  is  the  same  in  both  cases 
cited. 

It  is  not  always  wise  to  couple  up  the  connecting 
rod  to  its  respective  bearings  even  though  ii  is  known 
that  the  crankpin  is  in  true  alignment  unless  one  is 
assured  that  the  bore  of  the  la^'ge  and  small-end  brasses 
are  at  a  true  right  angle  to  the  center  line  of  the  rod. 
Even  then  it  is  better  to  take  no  risks,  especially  as 
an  error  of  5^  in.  in  a  3-in.  length  of  journal  will  throw 
the  rod  out  of  alignment  i  in.  in  a  6-ft.  length. 

Couple  the  large  end  of  the  rod  to  the  crankpin  and 
tighten  up  the  adjusting  screws  so  as  to  just  be  able 
to  move  the  rod.  Then  try  the  other  end  of  the  rod 
with  the  crosshead,  and  if  the  rod  points  true  with  the 
jaws  of  the  crosshead,  it  is  in  alignment.     If  the  rod, 
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instead  of  being  true  with  the  crosshead,  points  over 
to  one  side,  as  represented  by  the  line  K,  Fig.  11,  the 
bore  of  the  crankpin  brasses  must  be  scraped  out  at 
L  and  M  and  rebedded  until  the  rod  points  true  in  the 
crosshead,  or  parallel  with  the  line  A  A.  The  rod  should 
also  be  tried  for  alignment  with  the  crankpin  by 
coupling  up  the  small  end  of  the  rod  and  lowering  the 
other  end  onto  the  crankpin.  When  it  is  true,  it  will 
fall  laterally  between  the  collars  of  the  crankpin. 

After  making  repairs  or  adjustments,  it  is  a  good 
plan  to  check  up  the  piston  clearances,  for  if  the  clear- 
ances are  kept  right  no  ridge  should  form  at  the  ends 
overrun  a  little  into  the  counterbore,  but  it  is  possible 
of  the  cylinder  or  guide,  as  part  of  the  piston  head  will 
that  a  small  ridge  may  form  at  the  cylinder  ends  due 
to  the  weight  of  the  piston  head  and  rings,  which  pass 
but  part  way  over  the  end  surface  of  the  cylinder.  It 
therefore  becomes  obvious  that  the  connecting  rod 
should  be  kept  at  its  original  length,  as  near  as  pos- 


placed  on  the  straight  edge,  as  shown,  and  the  main 
bearing  is  raised  until  the  bubble  stands  in  the  same 
position  as  when  the  level  is  placed  on  the  cylinder 
bore  or  along  the  piston  rod  or  guide  path. 

Supposing  that  the  main  bearing  has  worn  low,  this 
would  cause  the  crankshaft  to  drop  from  its  normal 
position,  which  is  in  line  with  the  center  line  of  the 
cylinder  guides  and  connecting  rod,  to  below  the  center 
line ;  then  the  crank  would  be  out  of  alignment  as  repre- 
sented by  the  line  P  Q,  Fig.  13.  Should  the  wear  of  the 
brasses  be  excessive,  the  result  would  be  serious,  as 
the  crank,  dropping  low  in  its  bearing,  would  cause 
part  of  the  piston  movement  and  pressure  that  should 
be  exerted  on  the  crank  after  leaving  the  dead  center 
to  be  exerted  on  it  before  it  reaches  the  dead  center, 
thus  causing  a  back  pressure  and  involving  a  loss  of 
power. 

If  the  connecting  rod  is  used  as  a  means  of  testing 
the  horizontal   alignment   of   the   crankshaft,    the   test 
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FIGS.    8   TO   19.      SHOWING  METHODS   OF  TESTING    CRANKSHAFTS   FOR  VARIOUS   ALIGNMENTS 


sible,  by  using  suitable  liners  with  the  brasses.  If  this 
is  neglected,  a  ridge  may  form  in  time  in  the  cylinder, 
and  if  due  consideration  is  not  given  to  the  changing 
length  of  the  rod  it  may  become  so  adjusted  as  to  cause 
the  piston  head  to  strike  the  ridge,  a  knock  in  the 
cylinder  being  the  result. 

A  method  of  testing  the  horizontal  alignment  of  the 
crankshaft,  viewed  from  the  crankpin  end  of  the  engine, 
as  adopted  by  some  engineers,  is  to  take  a  spirit  level 
and  place  it  across  the  guide  path  or  on  some  machined 
part  on  the  top  of  the  cylinder  and  note  the  position 
of  the  bubble.  The  level  is  then  placed  along  the  top 
of  the  crankshaft,  and  if  it  indicates  that  the  shaft  is 
wearing  low  in  one  of  its  bearings,  the  main  bearing 
brass  is  set  up  until  the  bubble  in  the  level  coincides 
with  the  position  when  tested  on  the  cylinder  top. 
Another  method  sometimes  adopted  for  testing  the 
horizontal  alignment  is  to  find  the  center  at  the  end 
of  the  crankshaft,  as  .shown  at  Fig.  12.  From  the 
center  scribe  the  dotted  circle  N  of  a  diameter  equal 
to  that  of  the  crankpin  shoulder.  If  there  is  no  crank- 
pin shoulder,  then  the  circle  must  equal  the  diameter 
of  the  crankpin.  The  crankpin  is  then  placed  on  the 
dead  center  and  a  straight  edge  0  placed  with  the 
edge  coincident  with  the  shoulder  of  the  crankpin  and 
the  perimeter  of  the  circle  N.    The  spirit  level  is  then 


should  be  made  with  the  crank  in  its  highest  or  lowest, 
or  half-stroke  position.  Should  the  test  be  made  with 
the  crank  on  the  dead  center,  assuming  that  the  vertical 
alignment  of  the  crankshaft  is  correct,  then  the  con- 
necting rod  end  would  fall  laterally  between  the  crank- 
pin shoulders;  whereas,  if  the  test  were  made  with  the 
crank  on  its  highest  and  lowest  position,  or  half-stroke, 
and  the  bearing  was  wearing  low,  the  error  would  be 
plainly  seen,  the  connecting  rod  falling  on  one  side  of 
the  crankpin  when  in  its  highest  position  and  on  the 
other  side  when  tried  with  the  crank  in  its  lowest 
position. 

This  will  be  more  clearly  understood  by  referring  to 
Fig.  14,  where  AA  represents  a  line  through  the  crank- 
shaft, which  is  somewhat  out  of  parallel  with  the  cross- 
head  journal,  owing  to  the  wearing  dovm  of  one  of  its 
bearings.  R  and  S  are  lines  representing  the  crankpin 
in  its  highest  and  lowest  positions,  and  T  represents  a 
line  through  the  crosshead  pin  which  is  in  true  align- 
ment with  the  cylinder  and  guide.  U  and  V  are  points 
central  to  the  diameter  and  length  of  the  crankpin,  and 
WW  denotes  what  would  be  the  path  of  revolution  of 
the  crankpin  were  the  crankshaft  in  true  alignment 
with  the  line  TT ;  but  as  the  shaft  is  out  of  alignment, 
the  path  of  revolution  is  from  U  to  V,  the  center  of  the 
crankpin  falling  on  one  side  of  the  line  WW,  as  at  U, 
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in  its  highest  position,  and  on  the  opposite  side,  as  at 
V,  at  its  lowest  position.  Suppose  that  the  connecting 
rod  is  coupled  up  and  adjusted  to  the  crankpin  R,  then 
the  bore  of  the  crankpin  brasses  would  be  held  in  a 
position  parallel  to  R,  and  the  bore  of  the  small  end 
would  be  held  parallel  to  TT.  When  the  crank  is  in 
its  lowest  position,  the  bore  of  the  crankpin  brasses 
will  be  held  parallel  to  S  and  the  small  end  will  be  held 
parallel  to  TT.  Starting  from  the  dead  center,  X,  the 
twisting  of  the  rod  will  gradually  increase,  attaining 
its  maximum  when  the  crank  reaches  its  highest  point, 
or  half-stroke,  and  then  gradually  diminishing  until 
the  other  dead  center  is  reached,  when  on  passing  over, 
the  twist  will  again  be  taken  up,  attaining  its  maximum 
when  the  crank  reached  its  bottom  or  half-stroke  posi- 
tion, as  shown  at  V,  and  again  gradually  diminishing 
until  the  dead  center  is  again  reached. 

If  the  connecting  rod  is  used  as  a  means  whereby  to 
test  the  horizontal  alignment  of  the  crankshaft,  the  test 
must  be  made  with  the  crank  in  its  highest  and  lowest, 
or  half-stroke  position,  for  reasons  explained  in  refer- 
ence to  Fig.  14.  To  test  the  horizontal  alignment  of 
the  crankshaft  by  a  line  AA,  Fig.  15,  through  the 
cylinder  and  guide  path,  use  a  plumbline  hung  over  the 
crankpin  and  adjusted  to  a  position  central  to  the 
crankpin  length,  as  at  Z.  If  the  shaft  is  in  alignment, 
the  plumbline  should  just  touch  the  line  AA,  but  if 
otherwise  a  spirit  level  is  placed  along  the  top  of  the 
crankshaft,  as  shown  at  B,  and  the  main  bearing  is 
adjusted  until  the  bubble  stands  in  the  center  and  the 
plumbline  Y  just  touches  the  line  A.  If  the  center  of 
the  crankshaft  and  the  line  A  are  coincident  with  a 
square  C  held  against  the  face  end  of  the  crankshaft, 
the  edge  of  the  blade  should  coincide  with  the  shaft 
center  and  the  line  A,  as  shown. 

Testing  Alignment  of  Crankpin 
Testing  for  crankpin  error  in  alignment  with  the 
crankshaft  is  more  difficult.  It  has  already  been  pointed 
out  that  an  error  in  alignment  may  exist  in  any  direc- 
tion, but  if  the  test  is  made  at  four  equidistant  parts 
of  the  stroke,  as,  for  instance,  on  the  two  dead  centers 
and  at  the  highest  and  lowest  or  half-stroke  position 
of  the  crank,  the  error  may  be  located.  If  the  con- 
necting rod  is  coupled  to  the  crankpin,  the  crank  being 
placed  on  the  dead  center,  and  the  small  end  of  the 
connecting  rod  is  uncoupled,  it  will  be  difficult  to  deter- 
mine, should  the  small  end  be  out  of  alignment,  whether 
the  error  is  due  to  want  or  alignment  of  the  crankpin  or 
to  the  crankshaft  itself.  However,  there  is  this  dif- 
ference between  the  two  cases.  If  the  error  is  due  to 
want  of  alignment  of  the  crankshaft,  the  small  end 
of  the  rod  will  point  out  on  the  same  side  of  the  cross- 
head  pin  no  matter  on  which  dead  center  the  crankpin 
stands;  but  when  it  is  due  to  the  crankpin  being  out 
of  alignment,  the  rod  end  will  fall  on  one  side  of  the 
crosshead  pin  on  one  dead  center  and  on  the  opposite 
side  when  tried  with  the  crank  on  the  other  dead  center. 
It  has  also  been  shown  that  when  the  shaft  is  out 
of  alignment,  the  center  point  of  the  crankpin  would 
fall  on  one  side  of  the  cylinder  center  line  AA  on  one 
dead  center  and  on  the  opposite  side  when  on  the  other 
dead  center,  as  at  F  and  G,  Fig.  10,  and  at  U  and  V, 
Fig.  14;  but  when  the  crankpin  is  out  of  alignment 
with  the  crankshaft,  the  path  of  the  center  point  on 
the  pin  will  remain  in  the  true  plane. 

This  is  shown  at  Fig.  16,  where  D  represents  a  line 
through    the   crankshaft;    E   E    represents    the    center 


through  the  crankpin;  F  F  represents  a  line  through 
the  center  of  the  crankpin  when  on  the  other  dead 
center;  G  and  H  are  points  central  to  the  crankpin  on 
the  respective  dead  centers;  'and  A  A  is  the  cylinder 
center  line  and  also  represents  the  path  of  rotation  of 
the  crankpin  center  point.  Thus,  during  the  path  of 
rotation  of  the  center  points  the  crankpin  remains  in 
the  true  plane. 

Crankpin  Out  of  Alignment 

Suppose  that  the  crankpin  is  out  of  alignment  in  the 
direction  shown  in  the  figure  and  the  connecting  rod 
is  coupled  up  to  the  crankpin;  then  the  center  line  of 
the  connecting  rod  would  be  held  in  the  position  repre- 
sented by  the  line  /  and  the  small  end  of  the  rod,  being 
coupled  up  to  the  crosshead  pin,  which  is  at  right  angle 
to  A  A,  the  rod  at  that  end  is  held  in  a  position  parallel 
to  AA.  Then  the  adjusting  of  the  brasses  to  their  re- 
spective journals  would  tend  to  bind  or  spring  the  rod, 
one  end  being  held  parallel  to  A  A  and  the  other  parallel 
to  /.  On  the  crank  reaching  the  opposite  dead  center, 
FF  representing  its  center  line  and  J  the  center  line 
of  the  connecting  rod  at  right  angle  to  FF,  the  want  of 
alignment  in  the  pin  would  throw  the  small  end  of  the 
connecting  rod  on  the  opposite  side  of  the  crosshead 
on  the  cylinder  center  line  A  A,  as  represented  by  the 
line  J.  Thus  the  connecting  rod  is  sprung  twice  at  each 
revolutii  n  and  is  twice  jammed  from  side  to  side  of 
the  crosshead  at  each  revolution. 

Suppose  the  error  in  the  alignment  of  the  crankpin 
is  shown  to  exist  in  an  opposite  direction,  as  in  Fig.  17, 
EE  representing  a  line  through  the  crankpin  on  one 
dead  center.  AA  is  a  line  true  to  the  cylinder  bore,  D 
is  the  center  line  of  the  crankshaft,  and  G  and  H  are 
points  central  to  the  diameter  and  length  of  the  crank- 
pin. It  will  be  obvious  that  the  position  of  the  con- 
necting rod  will  be  reversed  from  that  showTi  by  Fig. 
13,  and  that  in  coupling  the  connecting  rod  to  the  crank- 
pin the  rod  would  be  held  in  the  position  of  the  line  / 
and  the  rod  end  will  be  thrown  over  to  the  opposite 
side  of  the  crosshead  or  cylinder  center  line  AA,  as 
shown.  As  the  crankpin  reaches  the  other  dead  center, 
the  rod  will  be  held  in  the  position  parallel  with  the 
line  J.  It  is  by  this  difference  that  it  is  possible  to 
know  in  which  direction  the  crankpin  is  out  of  align- 
ment. 

Supposing  that  the  crankpin  is  out  of  alignment  when 
the  crank  is  in  its  top  and  bottom  or  half-stroke  posi- 
tion, then  with  the  connecting  rod  coupled  to  the  crank- 
pin it  would  fall  to  one  side  of  the  crosshead  pin  with 
the  crank  on  its  top  half-stroke,  and  to  the  other  side 
when  tried  with  the  crank  on  the  bottom  half-stroke. 
Thus  again  the  direction  in  which  the  crankpin  is  out 
of  alignment  may  be  known  by  its  position. 

The  result  of  an  error  in  the  crankpin  alignment  is 
shown  by  Fig.  18,  where  the  large  end  of  the  connecting 
rod  is  coupled  up  to  the  crankpin.  If  the  connecting 
rod  is  coupled  up  at  the  small  end  to  the  crosshead 
pin,  which  is  in  true  alignment,  the  connecting  rod 
will  be  held  true  and  parallel  to  AA.  It  will  be  seen 
that  the  bore  of  the  crank  brasses  come  in  contact  with 
the  crankpin  only  at  the  points  K  and  L  on  one  dead 
center  and  at  M  and  N  on  the  other  dead  center.  If 
the  crank  is  moved  around,  bringing  the  crankpin  at 
the  top  cf  its  revolution,  as  shown  in  Fig.  19,  the  center 
line  of  the  pin  will  stand  parallel  to  that  of  the  cross- 
head  pin,  0  P  representing  the  crosshead  pin  and  Q  Q 
a  line  through  the  crankpin. 
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Play  will  therefore  exist  between  the  pin  and  the 
bore  of  the  brasses.  Starting  from  the  dead  center,  as 
shown  by  Fig.  18,  the  play  or  lost  motion  gradually 
increases,  attaining  its  maximum  when  the  pin  reaches 
the  half-stroke  position,  as  shown  by  Fig.  19.  On 
passing  the  half-stroke  position  the  lost  motion  grad- 
ually diminishes  until  passing  the  dead  center,  when 
the  rod  is  thrown  over  to  the  side  of  the  crosshead  pin 
and  at  the  same  time  the  crankpin  pounds  in  the  con- 
necting-rod brasses. 

On  the  crankpin  reaching  its  bottom  half-stroke  posi- 
tion, the  lost  motion  has  again  reached  its  maximum 
and  again  diminishes  as  it  reaches  the  other  dead 
center,  and  on  passing  over  the  rod  is  again  forced  to 
one  side  of  the  crosshead  pin,  but  in  an  opposite  direc- 
tion, and  at  the  same  time  a  pounding  of  the  crankpin 
in  the  connecting-rod  brasses  again  occurs.  Thus  the 
rod  is  throvra  over  to  the  side  of  the  crosshead  twice 
in  each  revolution,  and  the  crankpin  pounds  twice  in 
each  revolution.  If  an  attempt  is  made  to  stop  the 
pounding  by  tightening  up  the  brasses  to  take  up  the 
lost  motion,  the  end  will  be  sprung  or  twisted  and  heat- 
ing will  result. 


per  sec.  at  full  gate.  This  velocity  is  quite  high,  since 
good  practice  would  limit  the  velocity  at  such  point 
to  2  ft.  per  sec.  The  square  corners  in  Fig.  1  are 
not  favorable  to  good  efficiency,  and  at  the  point  marked 
B  there  was  a  distinct  pocket  about  10  in.  deep  and 
about  12  in.  square  in  plan.  This  was  credited  to 
the  high  velocity  and  the  reversal  in  the  stream  at 
that  point.  Further  trouble  from  eddies  being  sus- 
pected, the  owner  was  asked  to  dump  a  quantity  of 


Improving  an  Inefficient 
Water  Power-Plant 

By  John  S.  Carpenter 

A  few  changes  in  the  shape  of  the  flume  resulted 
in  increasing  the  output  of  a  66-in.  vertical  hydraulic 
turbine,  from  about  92  per  cent  to  107  per  cent  of 
its  rating. 

This  turbine,  which  was  direct-connected  to  an 
umbrella-type  generator  on  the  floor  above,  was  rated 
at  600  hp.  under  15  ft.  head.  The  owner  complained 
that  he  could  only  get  554  hp.  out  of  the  unit 
with  the  gates  wide  open.  The  waterwheel  builder 
disclaimed  all  responsibility  when  he  found  that  the 
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PIG.    1.      ORIGINAL  SHAPE  OP  FLUME.   SHOWING 
STREAM    LINES 


true  head  acting  on  the  wheel  was  only  14.5  ft.  as 
against  15  ft.  and  left  the  owner  to  his  own  devices. 
Power,  the  owner  said,  was  v^orth  at  least  $150  per 
hp.  per  year  and  he  could  afford  to  spend  up  to  $5,000 
to  get  the  plant  running  so  that  the  wheel  would  give 
its  rated  power. 

After  the  plant  was  thoroughly  gone  over,  among 
other  things  it  was  found  that  the  water  velocity  at  a 
cross-section  marked  AA   in   Fig.   1  was  about  3.1   ft. 


PIG.    2.      SHAPE    OP    PLUME    AS    ALTERED,    SHOWING    IM 
PROVEMENT   IN   STREAM   LINES 


shavings  and  thin  sticks  into  the  penstock  and  take 
several  flashlights  of  the  portion  above  the  wheel.  The 
stream  lines  shown  in  Fig.  1  were  traced  from  the 
resulting  photographs  of  the  direction  and  distribution 
of  the  sticks. 

It  is  to  be  regretted  that  the  actual  photographs 
cannot  be  reproduced  on  account  of  their  being 
lost,  negatives  and  all.  The  lines  of  flow  were  rather 
well  defined  back  to  a  point  behind  the  gateshaft;  be- 
yond that  it  was  difficult  to  trace  out  the  paths,  be- 
cause the  water  flowed  more  or  less  uniformly.  It 
should  be  mentioned  that  to  get  the  effect  shown  it  was 
necessary  to  close  down  the  head  gates  about  halfway 
to  lower  the  headwater.  It  will  be  seen  that  the  gate- 
shaft  was  put  in  about  the  worst  place  possible,  as 
far  as  efficiency  goes.  The  reversals  and  eddies  are 
very  plainly  shown  on  the  original  photographs  and 
caused  quite  a  loss  in  power. 

To  straighten  out  matters,  the  writer  recommended 
that  the  flume  be  made  spiral  in  form  as  shown  in 
Fig.  2.  This  meant  cutting  into  a  concrete  wall  as 
much  as  30  in.  in  one  place,  replacing  the  reinforcing 
steel  and  building  a  projection  on  the  outside  of  the 
wall.  The  proposition  was  looked  on  with  anything 
but  favor.  Finally,  it  was  decided  to  cut  right  through 
the  wall  and  replace  with  a  new  section.  While  the 
tearing  up  was  going  on,  it  was  found  that  the  gate- 
shaft  could  be  moved  to  the  opposite  side  of  the 
penstock  out  of  the  waterway,  and  behind  a  thin  cur- 
tain wall. 

It  is  not  alleged  that  the  outline  shown  in  Fig.  2, 
a  tracing  of  an  actual  photograph,  is  the  best  possi- 
ble shape.  It  is  merely  a  patch  job.  As  to  results,  by 
changing  the  shape  as  shown  and  by  doing  some  tail- 
race  excavation,  whereby  9  inches  more  head  was  ob- 
tained, the  output  was  increased  to  639  hp.,  to  the 
joy  of  the  ov^'ner.  The  total  cost  of  the  changes  was 
$2,786,  and  the  work  was  done  in  the  dry  season,  when 
water  was  low  and  scarce. 
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AMMONIA  COMPRESSOR  OP  THE  HIGH-SPEED  TYPE.  ELECTRICALLY  DRIVEN,  AMERICAN  ICE  CO.,  WASHINGTON.  D.  C. 

Refrigeration  Study  Course — IX 
The  High-Speed  Ammonia  Compressor 

By  H.  J.  Macintire 


AS  ALL  engineers  know,  the  four-valve  steam 
l\  engine,  and  particularly  the  Corliss  type,  is  the 
J.  .X.  most  efficient  of  all  reciprocating  engines,  And 
yet  there  are  many  medium-  and  high-speed  enjjines 
that  have  a  ready  sale  for  all  kinds  of  work  and  to 
all  locations.  The  reasons  for  this  substitution  lie 
in  the  fact  of  smaller  size  and  smaller  first  cost  of 
the  machine  itself.  It  is  not  expected  that  so  high  a 
prime-mover  efficiency  will  be  obtained,  but  these  con- 
siderations, as  regards  lesser  floor  space  required, 
lesser  engine-room  volume,  possible  use  of  the  exhaust 
steam  for  heating  purposes,  and  lower  initial  cost  of 
the  installation,  overbalance  the  disadvantages. 

In  the  refrigerating  field,  however,  the  conditions  are 
not  exactly  the  same.  A  score  of  years  ago  rotative 
speeds  of  30  to  40  r.p.m.  were  usual,  then  came  speeds 
of  60  to  70  r.p.m.,  and  finally  100  r.p.m.  for  the  larger 
and  140  to  160  for  the  smaller  machines  (usually  the 
twin  vertical  type).  Of  late  years  attempts  have  been 
made  to  increase  the  speeds  still  more,  and  encouraging 
success  has  been  obtained,  the  main  difficulties  encoun- 
tered being  purely  mechanical  ones  due  to  poor  lubri- 
cation or  faulty  machine  design.  Defects  which  cause 
wrecking  of  the  machine  and  loss  of  life  are  infrequent. 
Designed  properly,  so  as  to  maintain  lubrication 
and  to  be  amply  strong,  the  future  of  the  high-speed 
compressor  seems  bright,  especially  as  the  high  speeds 
make  it  possible  to  connect  directly  with  synchronous 
motors  in  sizes  of  fifty  tons  or  over.  As  will  be  seen 
later,  there  is  no  appreciable  loss  in  economy  at  high 


speeds    provided    a    good    form    of    valve    is    used    and 
large  opening  a>-ea  for  the  valve  provided. 

As  has  been  shown  in  another  part  of  this  studj' 
course,  the  refrigeration  duty  is  dependent  on  the 
weight  of  ammonia  pumped  and  condensed  in  the  con- 
denser. For  any  particular  set  of  conditions  the  weight 
of  ammonia  condensed  varies  with  the  piston  displace- 
ment; but  the  volumetric  efficiency  varies  with  different 
conditions  of  head  and  suction  pressures,  the  quality 
of  the  suction  gas  and  the  amount  of  clearance.  For 
example,  the  real  volumetric  efficiency  may  be  anywhere 
from  80  per  cent  to  50  per  cent  or  less.  If  the 
volumetric  efficiency  (the  ratio  of  the  efl:ective  stroke 
to  the  actual  piston  stroke)  remains  the  same,  it  means 
that  the  capacity  of  the  compressor  (the  tonnage)  may 
be  increased  by  speeding  up  the  machine. 

The  Valves  Are  Gas-Operated 

Ammonia  compression  is  similar  to  air  compression, 
and  the  same  design,  with  suitable  changes,  can  be  used 
for  either  kind  ox  work.  However,  mechanically  oper- 
ated valves  for  refrigeration  have  never  been  a  success, 
on  account  of  lack  of  constant  conditions  as  regards 
both  suction  and  head  pressure,  and  also  because  of 
the  extra  difficulty  due  to  having  additional  packing 
in  the  cylinder  where  the  valve  stems  pass  through  to 
the  valve  chest.  The  valves  are  therefore  gas-operated, 
of  one  design  or  another. 

High-speed  compression  must  have  a  special  form  of 
valve.     The  i-eason  for  this  is  easily  seen  on  consider- 
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ing  the  problem.  It  will  be  remembered  that  the  suction 
and  discharge  valves  are  opened  and  closed  by  the  action 
of  a  difference  of  pressure.  In  the  case  of  the  suction 
valve  the  pressure  must  be  less  on  the  inside  than  on 
the  outside  of  the  cylinder,  and  the  discharge  valve 
requires  a  greater  pressure  on  the  inside  than  on  the 
outside  of  the  cylinder  in  order  to  open.  This  difference 
of  pressure  increases  with  the  weight  of  the  valve  and 
the  speed  with  which  it  is  opened  (the  effect  of  inertia). 
Again,  as  the  piston  speed  increases,  the  size  of  the 


So  it  is  in  the  case  of  the  valves  of  ammonia  or  aii 
compressors.  As  the  speed  increases,  the  force  neces- 
sary to  open  or  close  the  valves  quickly  becomes 
excessive.  The  sudden  application  of  the  force  neces- 
sary for  the  purpose  tends  to  weaken  the  material  also. 
For  these  reasons  the  demand  is  for  a  type  ol  valve 
that  is  light  in  weight,  a  demand  that  has  been  met 
by  means  of  the  ribbon,  feather  or  plate  valves. 

As  has  been  already  mentioned,  the  valves  used  for 
ammonia  compressors  are  those  which  have  found  suc- 


FIG.  1.  THE  FEATHER  VALVE  IN  SECTION  AND  AS  USED  IN  THE  COMPRESSOR  CYLINDER 


valve  openings  must  increase  so  as  to  allow  the  gas  to 
pass  in  or  out  with  the  least  practicable  effort. 

The  effect  of  inertia  can  be  seen  by  common  examples : 
A  boat  in  the  water,  or  a  train  of  cars,  requires  some 
time  at  full  power  to  attain  even  moderate  speed.  A 
paper  may  be  jerked  from  under  a  book,  which  if 
moved  slowly  could  have  carried  the  book  along.  The 
skater  or  the  "flivver"  starting  fiom  rest  requires  full 
power  to  attain  speed  quickly.  These  examples  are  all 
subject  to  the  law  that  the  force  required  to  change 
the  velocity  of  a  body  varies  as  the  product  of  the 
weight  of  the  body  and  the  change  of  velocity. 


cess  in  their  application  to  air  compression,  both  in 
moderate  pressures  and  the  nominal  pressures  required 
for  blast-furnace  compression.  One  of  the  most  widely 
known  of  these  is  the  plate  valve. 

The  plate  valve,  as  its  name  suggests,  usually  is  made 
of  a  thin  sheet  of  steel,  is  hardened  and  desirably 
tempered,  and  is  ground  down  to  a  correct  flat  surface. 
In  the  older  types,  the  Borsig  and  Gutermuth  valves, 
and  the  more  recent  design,  the  Mesta  valve,  flexibility 
is  obtained  by  means  of  perforating  the  plate  (after 
the  principle  of  a  spiral)  so  that  the  movement  of  the 
plate  is  easy  of  accomplishment. 
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The  main  objection  to  such  a  design  is  the  fact  that 
the  valve  is  fastened  to  the  seat  by  means  of  a  machine 
screw  attached  to  a  central  part  of  the  spring.  This 
means  that  the  valve  lifts  off  its  seat  by  a  bending 
action  similar  to  the  deflection  of  a  cantilever.  The 
operating  resuit  is  trouble  due  to  occasional  breaking 
on  account   of   repeated   stress   along   the   position   of 


FIG.  2. 


THE  PLATE  TYPE  OF  AMMONIA-COMPRESSOR 
VALVE 


maximum  bending.  Although  trouble  of  this  sort  is 
reduced  by  heat  treatment  and  by  selected  materia!  used 
in  the  plate  valve,  and  is  only  a  slight  difficulty  used 
with  air  compression,  yet  for  ammonia  this  type  of 
valve  has  not  been  entirely  satisfactory.  One  of  the 
latest  of  the  plate  valves  is  a  distinct  variation  from 
previous  plate  valves.  It  is  more  like  a  disc  and  is 
flexibly  held  on  its  seat  by  means  of  a  spring.  In 
consequence,  there  is  no  call  for  deflection  of  the  mate- 
rial, and  no  causing  of  fracture  on  that  account.  The 
valve  lifts  off  its  seat  more  like  a  disc  valve  in  the 
water  end  of  a  pump. 

Valves  of  the  ribbon  or  feather  type  have  not  come 
into  common  use  at  present  for  ammonia  compression. 
They  have  been  used  in  .certain  special  cases,  but  as 
yet  have  not  been  put  on  the  market  in  quantity. 
However,  their  success  warrants  further  consideration 
on  the  part  of  the  engineers. 

The  Plate  Valve  in  Action 

There  seems  to  be  a  difference  of  opinion  in  regard  to 
the  relative  advantages  of  the  various  types  of  valves. 
The  main  objection  to  the  use  of  the  plate  valve  seems 
to  be  in  the  alleged  large  resulting  unbalanced  pressure. 

Referring  to  Fig.  2,  it  will  be  seen  that  the  plate 
Valve  has  to  overlap  the  ports  enough  to  secure  a  firm 
seat.  This  amount  may  be  ^  in.  all  around  the  port. 
The  result  is  that  some  engineers  claim  that  an  unbal- 
anced pressure  is  present,  caie  to  the  much  greater  area 
of  valve  on  the  top  as  compared  with  the  area  subject 
to  vapor  pressure  on  the  underside  of  the  valve.  Thi.«^ 
difference  of  area  would  appear  to  be  from  25  to  35  per 
cent  of  the  port  opening.    If  such  a  condition  prevailed, 


the  compression  would  have  to  be  carried  to  an  amount 
greater  than  the  condenser  pressure  by  a  similar 
amount,  as  for  example,  200  lb.  in  the  case  of  a  150-lb. 
condenser  pressure.  However,  it  is  not  clear  that  such 
a  condition  exists,  as  may  be  seen  by  the  indicator 
diagram  shown,  which  is  taken  from  an  actual  test. 
Although  the  writer  has  seen  some  indicator  diagrams 
which  show  that  an  excess  pressure  is  obtained,  the 
majority  of  diagrams  show  little  pressure  in  the  cylin- 
ders in  excess  of  the  head  pressure. 

In  the  horizontal  compressors  using  the  plate  or 
feather  valve,  the  suction  and  discharge  valves  are 
identical,  and  frequently  of  the  same  size,  but  the  ver- 
tical high-speed  compressors  usually  have  some  different 
type  of  valve.  For  vertical  compressors,  if  the  old- 
type  balanced  valve  in  the  piston  head  is  used,  then 
the  poppet  discharge  valves  (usually  a  number  of  small 
valves)  are  used.  If  the  plate  valve  is  used,  then  a 
modified  plate  valve  or  valves  using  a  special  dashpot 
attachment  for  quiet  seating  is  made  use  of.  The  latter 
valve  has  been  especially  successful  at  high  speeds, 
and  400  r.p.m.  has  been  obtained  without  undue  noise. 
The  valve  is  not  one  of  extreme  thinness,  like  the  early 
air-compression  valves  or  even  the  older  plate  valves, 
but  like  the  more  recent  plate  valve,  it  is  quite  appre- 
ciably thick  and  depends  on  the  cushioning  effect  of 
the  dashpot  to  reduce  the  final  velocity  of  closure. 

Quite  different  from  the  so-called  plate  valve,  but 
similar  in  its  action,  is  the  "feather"  valve.     This  is 
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FIG.   3.      TWO  TYPES   OF  HIGH-SPFT^D  VALVES 

an  arrangement  of  strips  of  thin  spring  steel,  arranged 
as  shown  so  that  the  valve,  or  the  strips,  bow  upward 
and  thereby  open  a  passage  for  the  flow  of  the  gas. 
The  cover  plate  is  designed  so  as  to  limit  the  amount 
of  opening  and  prevent  excessiv  iefiection,  which  could 
cause  quick  breakage  of  the  valves. 

Clearance 
For  years  we  have  heard  of  the  dire  effects  of  clear- 
ance, and  how  this  should  be  reduced  to  a  minimum. 
It  is  true  that  clearance  will  reduce  the  capacity  of  the 
compressor,  but  the  power  input  (horsepower  per  ton  of 
refrigeration)  need  not  be  increased  appreciably.  This 
conclusion  may  be  readily  seen  from  the  following: 
The   gas    remaining   in    the    clearance    volume    at    the 
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end  of  the  compression  stroke  begins  to  expand  on 
the  return  stroke  and  does  work  on  the  piston  during 
the  expansion.  Of  course  there  are  factors  like  com- 
pressor friction  and  faulty  expansion,  but  the  energy- 
returned  on  re-expansion  is  nearly  equal  to  the  work 
of  compression.  The  result  is  that  it  is  only  necessary 
to  increase  the  piston  displacement  when  the  clearance 
becomes  greater  than  h  or  1  per  cent.  The  result  is 
a  larger  engine,  or  one  using  higher  relative  speeds 
than  if  small  clearances  were  possible  or  practical. 

On  the  other  hand,  high  speed  requires  careful  bal- 
ancing of  the  reciprocating  parts  and  enough  clearance 
to  bring  the  compressor  to  rest  at  the  end  of  the  stroke 
without  knocking.  Incidentally,  the  plate  form  of  valve, 
because  of  the  cages  used  to  secure  it  accurately  in 
position  and  to  enable  it  to  function  properly,  requires 
a  clearance  of  4  to  7  per  cent.  The  re-expansion  under 
such  conditions  varies  with  the  pres- 
sure range  carried  in  the  compressor 
(the  ratio  of  the  head  to  the  suction 
pressures)  and  may  be  from  25  to 
50  per  cent.  As  mentioned,  this  cuts 
down  the  tonnage  of  the  machine 
which  is  proportional  to  the  weight 
of  gas  entering  the  suction  valve 
each  stroke,  but  the  cost  of  a  ton  of 
refrigeration  is  only  slightly  greater. 
The  tonnage  lost  by  clearance  may 
be  made  up,  however,  by  increasing 
the  speed. 

Of  late  years  there  has  been  a 
steady  increase  in  the  demand  for 
electric-motor-driven  ammonia  com- 
pressors and  for  direct  connection  to 
the  motor.  It  will  be  remembered 
that  rope  and  belt  drives  are  often 
inefficient,  varying  as  they  do  from 
85  to  95  per  cent.  In  the  larger  com- 
pressors it  IS  possible  to  secure  low- 
speed  motors  so  that  direct  connec- 
tion is  quite  practical.  However,  the 
induction  motor,  because  of  its  small 
air  gap,  cannot  be  used,  and  recourse 
has  to  be  made  to  the  synchronous 
motor,  which  has  a  large  air  gap  and 
the  property  of  operating  with  unity 
power  factor  if  desired.  Direct  con- 
nection to  oil  engines  is  employed  to 
some  extent  although  it  is  not  general. 

At  present  the  main  troubles  with 
this  type  of  compressor  are  those  due 
to  faults  in  the  design  and  lack  of 
care  on  the  part  of  the  operating  en- 
gineer.    The   compressor    for    high- 
speed    conditions     requires     proper 
lubrication  at  all  times.     The  machine  work  must  be 
accurate,  the  lubricating  system  must  be  adequate  and 
the   material   annealed    or   heat-treated.      Finally,   the 
compressor  mrst  be  balanced. 


Carrick  Graduated  Combustion  Control 

In  burning  coal  there  should  be  no  sudden  changes  in 
draft.  Movement  of  the  damper  position  should  be 
gradual,  not  closed  suddenly  and  then  fully  opened 
as  in  automatic  regulation  of  the  open-and-shut  type. 
When  there  is  a  bright  fire  on  the  grate  and  the 
load  drops  off,  the  steam  pressure  increases.  The  opera- 
tor or  the  regulator  closes  the  damper.  Immediately 
the  furnace  is  transformed  into  a  gas  producer  owing 
to  the  extreme  change  in  the  air  supply,  which  has  been 
suddenly  reduced,  and  carbon  monoxide,  CO,  results  in 
the  flue  gases.  Then  the  load  increases,  the  steam  pres- 
sure drops  and  the  damper  is  opened.  The  combustible 
gas  that  has  been  bottled  up  is  released  up  the  stack 
unburned,  an  excess  of  air  is  admitted,  and  there  is  a 
decided  waste.    In  either  case  there  is  a  loss  in  economy. 


FIG. 


Seattle's  two  municipal  generating  stations,  with  a 
combined  capacity  of  50,000  kw.,  will  be  increased  by 
the  erection  of  a  new  plant.  Work  has  already  been 
started  on  the  first  unit,  which  provides  for  a  capacity 
of  36,000  kw.  The  power  site  is  on  the  Skagit  River, 
100  miles  northeast  of  Seattle,  and  electrical  energy  at 
160,000  volts  will  be  transmitted  to  the  city. 


Mercury  Resenfoir 


1.      DIAGRAMMATIC     VIEW     OP"       CARRICK     SYSTEM     OF     GRADUATED 
REGULATION,   SHOWING   THE   MAIN   AND   AUXILIARY    CONTROLS 


and  with  this  happening  many  times  throughout  the  day 
there  is  a  loss  of  fuel. 

To  meet  the  requirements,  automatic  control  must 
function  so  as  to  graduate  over  a  predetermined  range 
and  to  hold  the  damper  in  a  floating  position;  that  is, 
hold  the  damper  in  a  definite  position  for  a  definite  sot 
of  conditions  and  move  it  to  a  new  position  for  a  change 
in  any  of  the  variables  such  as  flow  of  steam,  feed- 
water  supply  or  furnace  condition.  Stoker  speed  or 
coal  feed  should  change  an  amount  corresponding  to  the 
change  in  the  damper  position,  and  the  coal  feed  and 
air  supply  should  be  changed  simultaneously.     Every 
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damper,'  stoker  engine  or 
motor  and  forced-draft 
blower  should  be  controlled 
individually  or  so  arranged 
that  the  relation  of  the 
damper  or  blower  to  the 
stoker  speed  can  be  read- 
ily changed  and  properly 
correlated. 

A  system  has  been  de- 
veloped recently  by  the 
Carrick  Engineering  Co., 
of  Chicago,  to  fulfill  these 
requirements.  It  controls 
the  fuel  feed  and  damper 
position  jointly  to  corre- 
spond with  the  load,  hold- 
ing the  proper  relation  for 
efficient  results.  Owing  to 
a  graduated  movement  it 
takes  and  holds  any  inter- 
mediate position  that  is  re- 
quired for  the  load  carried 
and  moves  to  a  new  posi- 
tion if  there  is  a  slight 
change  in  the  load  or  steam 
flow,  in  feed  water,  or  in 
furnace  conditions.  This 
system  is  designed  to  main- 
tain the  proper  relation  be- 
tween the  fuel  and  air  sup- 
ply   by    individual    control 

of  the  stoker  engines  or  motors,  dampers,   forced-  or 

induced-draft  fans. 

There  is  a  master  control  with  a  column  of  mercury 


FIG.      2.      TYPICAL      AUX- 
ILIARY  CONTROL 


using  the  steam  pressure  to  actuate  the  travel  of  the 
mercury  instead  of  atmospheric  pressure.  The  column 
of  mercury  is  two  inches  high  for  every  pound  of  steam 
pressure,  so  that  for  every  ounce  of  pressure  change 
there  is  one-eighth  inch  of  mercury  travel. 

Referring  to  Fig.  1,  a  mercury  reservoir  shown  in  the 
lower  left-hand  corner  is  connected  by  a  column  with 
an  upper  mercury  cylinder  which  contains  a  free  mov- 
ing float.  The  latter,  by  means  of  a  yoke  and  side  rods, 
has  cable  connection  to  the  arm  of  the  hydraulic  cylinder, 
showm  at  the  right  of  the  control  panel.  The  chain  con- 
nection between  the  floating  plunger  yoke  and  the  hy- 
draulic piston  passes  around  the  floating  wheel  or  valve 
gear  shown  at  the  center  of  the  panel.  Just  below  this 
wheel  is  a  four-way  pilot  valve  which  controls  the  flow 
of  water  from  the  city  pressure  either  to  the  top  or  the 
bottom  of  the  hydraulic  cylinder,  depending  on  whether 
the  steam  pressure  rises  or  falls,  thus  raising  or  lower- 
ing the  piston  of  the  valve.  It  will  be  noticed  that  the 
wheel  lever  is  free  to  move  with  a  rotating  motion  as 
well  as  up  and  down,  due  to  a  slot  provided  in  the 
bracket  supporting  the  wheel.  Also  the  hydraulic  piston 
cannot  move  until  the  four-way  pilot  valve  is  opened. 

Assuming  an  increase  in  steam  pressure,  the  result  is 
an  immediate  increase  in  the  mercury  level  in  the  upper 
well  or  cylinder;  the  plunger  will  rise  just  as  soon  as 
the  change  in  steam  pressure  reaches  one  ounce,  the 
movement  being  one-eighth  inch.  This  will  raise  the 
wheel,  slightly  turning  it  and  at  the  same  time  raising 
the  entire  valve  gear  and  the  pilot  valve  piston,  as  the 
hydraulic  piston  must  remain  stationary  until  the  fore- 
going operation  takes  place.  As  soon  as  the  piston  of 
the  pilot  valve  is  raised,  water  from  the  city  mains  is 
admitted  to  the  top  of  the  hydraulic  cylinder,  causing 
the  piston  to  move  downward,  lowering  that  side  of  the 
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wheel  lever  and  automatically  returning  the  piston  of 
the  pilot  valve  to  a  neutral  or  closed  position. 

When  this  balance  takes  place,  the  master  control 
holds  that  position  until  there  is  another  change  in  pres- 
sure. A  drop  in  pressure  operates  just  the  reverse. 
The  mercury  plunger  is  low^ered;  the  piston  of  the 
pilot  valve  is  lovv^ered;  water  is  admitted  to  the  bottom 
of  the  hydraulic  cylinder  and  the  hydraulic  piston  moves 
upward,  pulling  the  valve  piston  back  to  neutral,  when 
there  is  a  balance  between  the  mercury  and  the 
hydraulic. 

The  operation  of  the  master  control  is  transmitted  to 
each  individual  auxiliary  (see  Figs.  1  and  2),  there 
being  one  auxiliary  for  each  individual  damper,  stoker 
engine  or  motor,  forced-draft  fan,  etc.  These  auxiliaries 
are  all  connected  to  the  master  by  a  rope  or  chain,  and 
the  connections  are  run  through  conduit  pipes  with 
special  conduit  pulleys  so  constructed  as  to  make  it  pos- 
sible to  turn  an  angle  of  any  degree.  Where  an  auxiliary 
is  installed,  a  special  insert  is  provided  so  that  a  break 
can  be  made  in  the  main  conduit  line  and  a  branch  cable 
taken  off  for  the  auxiliary.  As  the  master  moves,  so 
moves  each  auxiliary,  thus  giving  individual  control  to 
each  particular  part  of  the  equipment  that  enters  the 
combustion  process. 

One  of  the  features  of  the  graduated  control  is  the 
adjusting  set  that  is  used  on  each  auxiliary.  By  means 
of  this  adjuster  one  boiler  can  be  set  ahead  or  back  of 
the  others,  and  the  load  can  be  carried  on  a  certain  num- 
ber of  boilers  up  to  a  predetermined  rating,  and  the 
other  boilers  can  then  be  cut  into  service  automatically 
and  at  any  rate  desired. 

Where  engines  or  turbines  are  used  for  driving 
stokers  or  fans,  a  special  chronometer  valve  is  employed, 
which  is  designed  to  supply  steam  under  graduated 
control.  Roughly,  the  valve  is  of  the  vertical  piston 
type  with  a  rectangular  opening  through  the  piston  and 
a  corresponding  rectangular  port  in  the  body  of  the 
valve.  The  length  of  stroke  of  the  piston  is  determined 
by  the  auxiliary  control  so  that  the  flow  of  steam  to  the 
stoker  or  fan  engine  will  correspond  with  the  require- 
ments. There  is  also  provision  for  micrometer  hand 
adjustment  to  turn  the  piston  of  the  valve  and  thus  vary 
the  width  of  the  port  to  suit  the  requirements  of  any 
particular  machine. 

An  illustration  of  the  operation  of  the  control  system 
may  be  had  from  Fig.  3,  which  presents  comparative 
records  taken  on  a  500-hp.  water-tube  boiler  for  twenty 
consecutive  hours.  The  load  chart  is  at  the  top  and 
the  damper  position  just  below.  Other  simultaneous 
readings  that  have  been  plotted  are  uptake  temperature, 
differential  draft  and  steam  pressure. 

Notice  that  at  7  p.m.  for  the  load  of  900  hp.  the 
damper  is  nearly  wide  open.  From  then  until  about  8:30 
the  load  diminishes  and  the  damper  position  changes  to 
correspond.  Also  between  four  and  five  o'clock  the  next 
morning  the  load  gradually  increases,  and  again  the 
damper  changes  its  position,  gradually  opening  up  little 
by  little,  until  when  the  peak  is  reached,  the  damper  is 
in  the  right  position  to  supply  the  proper  draft  and 
produce  the  rate  of  combustion  necessary  to  carry  the 
load  efficiently.  The  speed  of  the  stoker  has  been  in- 
creased in  the  same  proportion  so  that  the  efficient 
relation  between  the  draft  and  fuel  bed  established  for 
the  grade  of  coal  burned,  has  been  maintained  auto- 
matically and  with  much  closer  precision  than  is  pos- 
sible with  hand  regulation. 


Financing  Improvements  for  the 
Power  Plant 

By  Paul  R.  Duffey 

Many  security  and  trust  companies,  as  well  as  other 
financial  institutions,  are  daily  investing  large  sums 
of  money  in  the  manj^  classes  of  enterprises  needing 
a  working  capital  to  make  them  operative.  A  large 
majority  of  such  enterprises  net  good  interest  to  the 
investors.  Some  fail  from  many  causes  which  tend 
toward  failure  even  though  the  investment  looked  good. 

The  thought  appeals  to  me  that  financial  institutions 
would  do  well  to  invest  money  in  improving  obsolete 
power  plants  which  are  now  being  run  at  a  loss  due  to 
lack  of  capital  for  necessary  improvements,  and  place 
the  plants  on  up-to-date  operating  bases.  My  idea 
is  for  the  financial  institutions  to  have  their  engineers 
go  over  the  plants  applying  for  funds  and  make  detailed 
reports  of  present  operation,  etc.,  and  place  the  pro- 
posed requirements  for  proper  consideration. 

Citing  for  an  example  a  steam  generating  plant  of 
around  two  thousand  boiler-horsepower,  the  boilers 
being  hand-fired  and  the  plant  under  test  shows  an 
over-all  boiler  furnace  and  grate  eflSciency  of  from  54 
to  58  per  cent.  The  total  cost  per  year  for  operating 
this  plant,  present  and  proposed  is  as  follows: 

Present  Proposer! 

Labor    $12,467.84  $6,679.16 

Fuel    49,131.20  39,304.99 

Handling-   fuel    1,200.00  600.00 

Water     1,686.15  1,686.15 

Maintenance    2,706.62  2,706.62 

Supplies    300.00  300.00 

Total  per  year $67,491.81  $51,276.92 

Present  operation.  $67,491.81  ;  proposed  operation,  $51,276.92  ; 
.saving  per  year,   $16,214.89. 

Overhead  charges  have  been  disregarded,  as  they 
would  remain  about  same  as  at  present. 

In  order  to  bring  about  this  saving,  which  would 
build  the  over-all  efficiency  of  the  plant  up  to  75  per 
cent,  a  capital  investment  of  5^33,785  is  required.  It 
is  proposed  that  the  financiers  invest  this  amount  and 
have  the  plant  operated  at  the  new  figures  of  $51,276.92 
per  year  and  that  they  receive  from  the  industry  for 
which  they  have  made  the  improvements  the  sum  of 
$67,491.81  per  year,  the  present  operating  costs,  for  a 
period  of  time  sufficient  to  net  10  per  cent  on  the 
investment  of  $33,785  and  that  as  soon  is  the  latter 
amount  plus  10  per  cent  interest  has  been  earned,  the 
plant  should  be  turned  over  to  the  owners  in  full.  Thus 
the  owner  would  have  in,  say,  three  years  the  new 
up-to-date  plant  fully  paid  for  out  of  the  savings 
effected. 

Any  additional  cost  of  labor,  fuel  and  supplies  during 
this  period  is  to  be  borne  by  the  company  on  a  basis 
of  the  old  plant  figures  or  present  costs.  In  other  words, 
this  is  simply  purchasing  a  plant  on  the  installment 
plan,  the  same  as  other  more  or  less  familiar  com- 
modities. 


During  the  past  few  years  the  number  of  gasoline- 
consuming  engines  and  vehicles,  including  pleasure  cars, 
trucks,  motor  boats,  tractors  and  farm  engines,  has 
increased  to  such  an  extent  that  there  is  danger  in  the 
near  future  of  an  acute  shortage  of  this  most  important 
fuel.  In  the  United  States  alone  there  are  4,000,000 
automobiles,  250,000  trucks,  500,000  motor  boats,  75,000 
farm  engines,  making  a  total  of  5,575,000  gasoline- 
consuming  engines. 
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Present  fuel  conditions,  involving  both  shortage  and  high  price,  indicate  that  power  users,  and  espe- 
cially industrials,  must  adopt  a  course  of  improvement  in  plant  design  and  equipment,  as  has  been  thr- 
case  in  Europe.  Formerly,  power  cost  in  many  industrial  establishments  ivas  so  small  a  percentage  of 
manufacturing  cost  that  it  received  but  the  scantest  attention  and  economy  was  but  little  observed.  It 
will  become  a  vital  question  whether  the  isolated  plant  or  the  central  station  is  the  ultimate  solution.  In 
all  probability  some  development  such  as  W.  S.  Murray's  super-power  system  will  occur,  but  can  supplant 
the  isolated  plant  in  general  only  if  some  of  the  inherent  advantages  of  the  latter  are  also  developed  in 
the  central-station  system;  namely,  the  large  use  of  low-pressure  steatn  for  heating  and  processing  and 
the  use  of  refrigerating  plants  and  similar  service  for  off-peak  load.  In  short,  the  percentage  of  thermal 
recovery  from  the  fuel  must  be  increased  by  the  development  of  all  the  services  noiv  given  by  an  isolated 
plant  to  its  factory,  before  the  central  idea  can  give  a  real  fuel  economy,  due  to  its  inherent  advantages 
of  size  diversity  factor  and  higher-grade  technical  supervision. 


DURING  the  year  1908  it  became  evident  that  in  a 
very  short  time  additional  power  would  be 
required  for  the  New  York  subway.  The  Fifty- 
ninth  Street  power  plant  of  the  Interborough  Rapid 
Transit  Co.,  in  which  the  subway  power  was  generated, 
was  equipped  with  nine  compound  engines,  having  a 
maximum  capacity  of  7,500  kw.  each.  A  careful  study 
of  the  situation  resulted  in  a  decision  to  install  a 
7,500-kw.  low-pressure  turbine  in  connection  with  each 
engine.  The  importance  of  the  station  and  the  success 
of  the  new  arrangement  attracted  nation-wide  attention 
to  the  work  and  to  the  man  who  directed  it.  The 
superintendent  of  motive  power  was  H.  G.  Stott,  but 
details  of  design  and  construction  were  largely  the  work 
of    R.    J.    S.    Pigott,    chief    draftsman,    motive    power 


department,  and  later  assistant  engineer  in  charge  of 
construction. 

Mr.  Pigott,  who  was  born  in  England  in  1886,  was 
graduated  from  Columbia  University  in  1906  with  the 
degree  of  mechanical  engineer.  In  that  year  he  became 
an  assistant  engineer  in  the  motive  power  department 
of  the  Interborough  Rapid  Transit  Co.  and  the  next 
year  was  made  chief  draftsman  in  the  same  department. 
It  was  while  he  was  in  this  position  that  the  plans  for 
the  low-pressure  turbine  installation  were  taken  up, 
and  he  had  an  opportunity  to  show  his  ability  in  the 
handlinj  of  real  power  problems.  This  job  involved  not 
only  the  erection  of  the  new  turbine  units,  but  a  rear- 
rangement of  the  piping  and  condensing  equipment  to 
comply  with  the  changed  conditions. 
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Since  the  whole  plan  was  to  a  large  extent  an  experi- 
ment, one  turbine  was  installed  and  numerous  tests 
made  on  the  combined  unit  to  determine  how  nearly 
the  entire  plan  might  be  expected  to  come  up  to  the 
predicted  performance.  This  test  work  alone  presented 
a  number  of  new  problems  for  solution.  One  of  these 
involved  the  determination  of  the  quality  of  the  low- 
pressure  steam  going  to  the  turbines.  As  a  result  of 
considerable  experimental  work  the  conclusion  was 
reached  that  the  ordinary  perforated-pipe  sampling 
tube,  which  was  found  to  give  satisfactory  results  with 
high-pressure  steam,  really  acted  as  a  separator  with 
low-pressure,  so  that  the  sample  taken  through  such  a 
tube  was  very  far  from  being  a  representative  sample 
of  the  steam  in  the  pipe.  A  sampling  tube  was  designed 
with  a  single  orifice  pointed  against  the  direction  of 
steam  flow  and  proportioned  so  that  the  velocity  of 
steam  in  the  tube  should  be  very  nearly  equal  to  that 
flowing  in  the  pipe.  It  is  interesting  to  note  that 
Professor  Rateau,  the  famous  French  engineer,  has 
taken  occasion  to  confirm  Mr.  Pigott's  findings  in  con- 
nection with  the  investigation  of  the  quality  of  low- 
pressure  steam. 

In  1911  Mr.  Pigott  became  superintendent  of  con- 
struction for  the  New  England  Engineering  Co.,  and  in 
1912  professor  of  steam  engineering  at  Columbia  Uni- 
versity. In  1913  he  returned  to  the  Interborough  Rapid 
Transit  Co.  as  construction  engineer.  This  position  he 
held  until  1915,  laying  out  and  installing  three  30,000-kw. 
turbines  with  all  other  plant  changes.  During  his  two 
periods  of  service  with  this  company  Mr.  Pigott  was 
responsible  for  the  design  and  installation  of  a  number 
of  appliances  and  procesess  which  resulted  in  improved 
power-production  economy.  Among  these  was  the 
design,  some  years  ago,  of  a  traveling  screen  for  use 
at  the  Fifty-Ninth  Street  station  in  the  circulating- 
water  inlet.  This  is  believed  to  be  the  first  use  of  this 
type  of  screen  in  power-station  work.  At  the  Seventy- 
Fourth  Street  station  of  this  company  Mr.  Pigott  did 
considerable  work  in  connection  with  the  use  of  furnace- 
wall  ventilation  to  prevent  burning  out  linings  in  boiler 
furnaces. 

In  1917  Mr.  Pigott  went  to  Bridgeport,  Conn.,  as 
consulting  engineer  and  power  superintendent  for  the 
Remington  Arms  Co.  At  that  period  the  enormous 
expansion  of  the  Remington  works  called  for  by  the 
war-time  emergency  required  a  complete  design  for  the 
new  plant.  Mr.  Pigott  undertook  the  design,  construc- 
tion and  operation  of  all  power  and  plant  service  sys- 
tems, and  in  doing  so  contributed  an  important  bit  to 
the  country's  war-time  needs.  During  this  period  he 
also  found  time  for  work  in  the  reorganization  of  the 
production  departments  of  the  Bridgeport  Brass  Co. 
and  for  the  development  of  design  and  construction  data 
for  the  Sanford-Riley  Stoker  Co. 

While  the  requirements  of  his  work  have  at  times 
turned  Mr.  Pigott's  attention  to  other  fields,  his  prin- 
cipal interest  has  always  been  in  the  field  of  economical 
power  production.  In  a  recent  interview  he  describes 
himself  as  a  power-plant  man  and  nothing  else,  but  his 
success  in  the  solution  of  problems  along  broader  lines 
shows  him  to  have  ability  in  other  directions. 

Since  1919  Mr.  Pigott  has  been  industrial  engineer  for 
the  Bridgeport  Chamber  of  Commerce.  In  discussing 
recently  the  questions  of  fuel  economy,  he  stated  that 
one  of  the  arguments  that  prevail  against  the  small 
isolated  plants  is  the  inability  of  such  a  plant  to  support 


the  necessary  expert  supervision  to  produce  power  to  the 
best  advantage.  In  answer  to  a  question  he  said  that  his 
work  for  the  Bridgeport  Chamber  of  Commerce  con- 
sisted to  a  large  extent  in  furnishing  advice  with  regard 
to  improvement  in  fuel  economy  to  the  various  power 
plants  in  and  around  Bridgeport. 

Mr.  Pigott  is  a  member  of  the  American  Society  of 
Mechanical  Engineers,  of  the  American  Institute  of 
Electrical  Engineers  and  of  the  Society  of  Automotive 
Engineers.  His  membership  in  these  professional 
societies  has  not  been  merely  passive,  as  is  shown  b: 
the  large  amount  of  committee  work  which  he  has  done. 
He  is  chairman  of  the  F\cid  Meters  Committee,  a  mem- 
ber of  the  Power  Test  Code  Committee,  formerly  chair 
man  and  present  memiber  of  the  Research  Committee  of 
the  Mechanical  Engineers.  During  the  war  he  was 
advisory  engineer  for  the  Connecticut  Fuel  Administra- 
tion and  chairman  of  the  Bridgeport  Committee  of  the 
Naval  Consulting  Board,  and  also  engineer  for  the 
Bridgeport  Smoke  Abatement  Commission. 

Adjustable  Ratchet  Wrench 

A  self-adjusting  ratchet  wrench  that  will  take  the 
place  of  several  sizes  of  open-end  wrenches,  especially 
designed  for  heavy-duty  work  and  a  time  saver,  due  to 
the   self-adjusting  feature  and  the   ratchet  action,   is 
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PARTS  AND  APPLICATION  OP  RATCHET  WRENCH 

being  brought  out  by  the  Allan-Diffenbaugh  Wrench 
and  Tool  Co.,  6250  South  Halsted  St.,  Chicago,  111.  The 
parts  are  interchangeable.  Referring  to  the  illustra- 
tion, the  upper  view  shows  the  parts,  the  lower  left  view- 
shows  the  jaws  wide  open,  and  the  lower  right  view 
shows  the  jaws  closed  on  a  nut.  To  operate,  simply 
place  the  jaws  over  the  nut,  and  pull  on  the  handle;  the 
harder  the  pull  the  harder  the  jaws  will  grip.  To  let 
go  of  the  nut,  release  on  the  handle,  which  will  loosen 
the  grip  of  the  jaws  and  permit  a  ratchet  action  on 
the  nut. 
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Distance  of  Boiler 
Above  Grate 

SOME  weeks  ago  a  reader  inquired  how  high  a  seventy- 
two-inch  horizontal  return-tubular  boiler  should  be 
set  above  the  grate.  The  editor  answered  thirty  to 
sixty  inches  for  ordinary  fuel  and  hand-firing.  A  cor- 
respondent thought  it  should  be  from  four  to  five  feet, 
and  the  question  has  been  the  subject  of  considerable 
discussion. 

It  is  not  so  many  years  ago  that  the  editor's  figures 
would  have  been  considered  excessive.  The  average 
height  above  the  grate  of  the  six  seventy-two-inch 
boilers  treated  in  "Barrus'  Boiler  Tests,"  published  a 
quarter  of  a  century  ago,  is  less  than  twenty-seven 
inches.  The  catalogs  of  several  large  builders  of  boilers 
of  this  type  give  from  twenty-seven  to  thirty-four 
inches.  Up  to  the  latter  part  of  1914  the  Hartford 
Steam  Boiler  Inspection  and  Insurance  Company  recom- 
mended twenty-eight  inches  as  the  minimum  distance 
for  a  seventy-two-inch  boiler,  but  has  recently  revised 
its  practice  to  thirty-six  inches  for  anthracite  and  forty 
for  bituminous  coal.  Osborn  Monnett,  who  attained 
considerable  reputation  as  a  furnace  and  combustion 
expert  while  at  the  head  of  the  smoke-prevention  depart- 
ment of  the  City  of  Chicago,  says  not  over  thirty  inches, 
even  for  Illinois  coal,  and  Mr.  Misostow,  his  successor, 
is  for  a  lower  value  still.  Several  of  the  boilers  that 
were  set  forty-eight  inches  abov^e  the  grate  in  the  days 
when  Chicago  was  experimenting  with  smoke  prevention 
have  been  lowered  with  improved  results. 

Is  it  not,  after  all,  a  question  of  rate  of  combus- 
tion? Is  not  a  certain  minimtim  volume  necessary  for 
the  most  effective  combustion  of  a  given  weight  of 
carbon  and  hydrogen  in  a  given  time,  and  is  not 
increased  height,  and  thus  greater  volume,  necessary 
for  a  furnace  in  which  high  rates  of  combustion  are 
used,  although  the  lower  settings  in  common  use  may  be 
sufficient  for  more  moderate  rates  of  firing?  The  aver- 
age rate  in  the  Barrus  tests  was  less  than  twelve  and 
one-half  pounds  per  square  foot  of  grate  per  hour,  and 
the  average  capacity  only  slightly  above  seventy-five 
per  cent  of  the  rated. 

Much  stress  is  put  upon  furnace  volume  where 
powdered  coal  is  used.  In  oil-fired  Babcock  &  Wilcox 
boilers  sixty  to  eighty  cubic  feet  per  burner  with  a 
maximum  capacity  of  three  hundred  and  fifty  pounds 
per  hour  is  supplied.  This  is  from  0.17  to  0.23  of 
a  cubic  foot  per  pound.  The  same  builders  allow  ten 
cubic  feet  of  furnace  volume  per  square  foot  of  active 
grate  area  for  multiple-retort  underfeed  stokers.  This 
would  be  0.25  of  a  cubic  foot  per  pound  for  a  firing 
rate  of  forty  pounds  of  combustible  per  hour. 

A  high  setting  means  greater  first  cost,  more  chance 
for  radiation  and  air  infiltration  and  a  less  immediate 
and  perhaps  less  complete  use  of  the  radiant  heat. 
The  contention  of  the  advocate  of  the  low  setting  that 
the  boiler  gets  more  heat  from  radiation  is  met  by 
the  assertion  that  the  heat,  once  it  is  generated  in  the 


furnace,  cannot  get  away  and  will  be  absorbed  in  the 
tubes  if  it  is  not  in  the  fire  sheets.  It  may  be  but 
the  low-setting  man  prefers  to  take  advantage  of  the 
direct  penetrating  effect  of  the  radiant  heat  rather  than 
to  depend  upon  getting  the  heat  into  the  boiler  by  con- 
vection. If  the  boiler  is  near  enough  to  the  fire,  a 
large  percentage  of  the  steam  will  be  made  on  the  fire 
sheets,  and  this  largely  by  radiant  heat  which  can 
penetrate  the  layer  of  cooled  gas  next  to  the  shell.  In 
this  way  the  heat  is  certainly  absorbed;  if  convection 
is  depended  upon,  it  may  if  the  tubes  are  clean  enough 
inside  and  out.  The  essential  is  that  the  boiler  must 
be  far  enough  from  the  fire  to  give  the  gases  room  and 
time  to  burn  completely  before  they  are  chilled  by 
contact  with  the  comparatively  cool  shell,  and  this 
distance  should  obviously  be  greater  when  forty  or  more 
pounds  of  coal  are  burned  per  square  foot  of  grate  per 
hour  than  when  the  rate  of  combustion  is  fifteen  pounds 
or  less. 

Motors  for  Driving 
Ventilating  Fans 

INTIMATELY  connected  with  every  power  plant  is  a 
ventilating  problem  of  some  kind  or  another.  This 
may  take  the  form  of  supplying  fresh  air  to  a  large 
building  or  to  a  small  room,  or  to  industrial  processes. 
However,  in  a  very  large  percentage  of  cases  motor- 
driven  fans  are  employed.  The  ordinary  ventilating 
fan  is  a  comparatively  simple  piece  of  equipment  from 
the  structural  standpoint,  but  if  satisfactory  operation 
is  to  be  obtained  not  only  must  the  fan  be  driven  by 
a  motor  that  is  suited  to  the  application,  but  a  con- 
troller that  will  give  proper  control  of  the  motor  must 
be  employed.  In  this  issue,  on  page  759,  W.  H.  Easton 
discusses  "Motors  for  Driving  Ventilating  Fans"  and 
gives  a  very  clear  and  practical  analysis  of  this  phase 
of  motor  application. 

Too  much  cannot  be  said  regarding  the  location  of  the 
motor.  On  account  of  the  nature  of  the  work  it  is 
frequently  necessary  to  place  the  machine  in  an  out-of- 
the-way  place,  although  this  does  not  necessarily  mean 
that  it  must  be  in  an  inaccessible  location.  If  it  is 
so  placed  that  it  is  difficult  to  care  for  it  will  probably 
be  neglected,  with  the  result  thar  the  service  will  be 
impaired  and  the  maintenance  charge  will  b'^  high.  The 
placing  of  a  motor  in  an  inconvenient  place  because 
nothing  else  will  go  there  is  false  economy  generally 
and  results  in  dissatisfaction.  The  question  of  motor 
efficiency  in  regard  to  fan  drives  is  an  important  one 
and  involves  two  factors — the  efficiency  of  the  motor 
when  operating  under  normal  speed  and  the  efficiency 
at  other  than  normal  speeds.  Although  the  latter  is 
to  some  extent  influenced  by  inherent  characteristics  of 
the  motoi,  the  largest  factor  is  the  method  of  control, 
especially  with  direct-current  motors.  If.  on  account 
of  its  lower  cost,  a  motor  is  selected,  where  adjustable 
speed  is  required,  that  will,  when  operating  at  normal 
speed,  drive  the  fan  at  the  maximum  required  speed. 
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and  it  is  necessary  to  operate  for  considerable  periods 
at  reduced  speed,  low  efficiency  will  result. 

The  cost  of  the  power  lost  in  the  armature  external 
resistance  will  usually  pay  a  handsome  dividend  on  the 
additional  capital  required  to  install  a  motor  and  con- 
troller that,  at  normal  speed,  will  drive  the  fan  at  tlie 
lowest  speed  required  and  beyond  this  point  adjust  the 
speed  by  field  control.  With  alternating-current  motors 
the  problem  becomes  more  involved.  The  simple 
squirrel-cage  type  of  motor,  although  being  the  most 
reliable  in  its  operation  and  of  high  efficiency  at  normal 
speed,  is'strictly  a  one-speed  machine,  therefore,  where 
adjustable  speed  is  required,  this  type  must  give  way 
to  the  wound-rotor  machine,  which,  when  operating 
below  its  normal  speed,  has  an  efficiency  characteristic 
similar  to  the  shunt  direct-current  motor  with  armature 
control.  There  have  been  developed  special  types  of 
induction  motors  for  speed  regulation,  but  they  have  not 
yet  come  into  general  use  for  fan  drives.  However,  the 
increased  cost  of  power  no  doubt  will  cause  greater 
attention  to  be  given  to  these  more  complicated  equip- 
ments as  a  means  of  obtaining  a  higher  efficiency  in 
alternating-current  motors  at  diflferent  speeds  than  can 
be  reached  with  the  wound-rotor  type. 

Storage  of  Winter  Coal  Supply 
in  Summer  Is  Still  Important 

EFFORTS  to  stabilize  the  coal  industry  by  buying 
and  storing  coal  for  next  winter's  use  were  given 
a  setback  in  some  cases  by  the  outlaw  railroad  strike. 
For  a  time  at  least  the  roads  could  move  neither  full 
nor  empty  cars,  with  the  result  that  even  present 
demands  could  not  be  met  and  in  many  cases  both  the 
mines  and  the  coal-using  industries  were  compelled  to 
shut  down.  This  should  not  discourage  those  who  are 
planning  to  do  their  share  toward  the  general  good 
and  to  help  themselves  by  anticipating  their  extra  coal 
requirements.  The  strike  situation  will  soon  be  cleared 
up,  and  coal  ordered  can  be  mined  and  delivered. 

Meanwhile,  the  bill  allowing  diiferential  freight  rates 
for  coal  in  the  spring  and  summer  months  is  in  the 
Senate  committee.  In  addition,  another  bill  providing 
for  a  flat  discount  instead  of  the  percentage  discount, 
as  called  for  in  the  first  bill,  has  been  introduced  in 
the  Senate.  This  discount  varies  from  month  to  month 
during  the  low-demand  period  of  the  year.  Whatever 
may  be  the  fate  of  these  bills,  they  will  probably  be 
side-tracked  until  the  present  political  activities  of  the 
various  Senators  have  somewhat  relaxed.  It  seems, 
therefore,  that  little  help  may  be  expected  from  this 
source  during  the  present  season. 

On  the  other  hand,  the  general  freight-rate  increase 
seems  bound  to  come,  and  any  coal  user  who  can  get 
his  coal  hauled  before  these  new  rates  go  into  effect 
can  make  a  considerable  saving.  At  the  present  time 
the  probable  increase  is  estimated  at  about  twenty-five 
per  cent. 

The  important  point,  however,  is  to  stabilize  the  coal 
industry,  not  just  to  help  the  coal  industry  but  to  help 
everybody.  Fuel  prices  will  continue  to  be  high,  and 
seasonal  coal  famines  will  cause  trouble  as  long  as  the 
present  practice  of  seasonal  buying  persists.  The 
winter  peak  must  be  taken  off  both  the  mines  and  the 
railroads  before  the  coal  market  can  be  put  on  a  sound 
economic  basis.  And  it  is  important  to  every  individual 
in  the  country  that  it  be  put  on  such  a  basis. 


The  Technical  Man 
as  an  Inventor 

DURING  the  war  a  great  deal  was  written  about  the 
wonderful  things  to  be  accomplished  by  American 
inventive  genius.  It  was  confidently  predicted  that 
when  the  American  people  put  their  minds  seriously 
to  the  task,  the  German  submarine  problem  would  be 
solved  overnight.  Without  denying  any  credit  for  the 
really  wonderful  work  accomplished,  it  is  worth  while 
to  consider  the  enormous  amount  of  effort  and  money 
that  was  spent  by  individuals  in  developing  ideas  that 
had  no  possible  chance  of  success. 

While  the  war  emergency  stimulated  the  efforts  oi 
the  would-be  inventor,  such  work  is  going  on  continu- 
ally. It  is  a  pitiful  fact,  however,  that  many  men 
with  intelligence'  and  pluck  are  working  hard  at  impos- 
sible tasks.  Having  no  conception  of  the  limits  imposed 
by  natural  laws  and  no  knowledge  of  the  mistakes  and 
failures  of  others,  they  go  blindly  on,  reaching  for  a  star. 

It  is  in  this  field  of  invention  and  research  that  the 
value  of  a  technical  or  scientific  training  becomes  most 
apparent.  The  technical  engineer  or  scientist  is  trained 
to  determine  first  a  standard  of  perfection,  or  the  point 
beyond  which  it  is  impossible  to  go,  and  then  bend  all 
his  efforts  to  approach  that  standard.  He  also  has,  or 
knows  where  he  can  obtain,  a  knowledge  of  the  suc- 
cesses and  failures  of  the  workers  who  have  preceded 
him.  The  non-technical  man  too  often  accomplishes 
nothing  simply  because  he  wastes  his  time  striving  for 
the  unattainable. 

We  do  not  claim  that  the  scientific  man  never  makes 
mistakes.  He  is  not  perfect.  Neither  is  it  true  that 
the  non-technical  man  always  fails.  Real  progress  can 
be  made  only  by  long,  patient  work,  and  results  usually 
come  only  after  many  failures.  However,  a  knowledge 
of  what  has  been  accomplished  and  what  is  contrary 
to  natural  laws  gives  the  technical  inventor  a  big  advan- 
tage. 


On  April  21  Justice  Bailey  of  the  Supreme  Court  of 
the  District  of  Columbia  issued  a  temporary  injunction 
restraining  the  Federal  Coal  Commission  from  requiring 
the  Maynard  Coal  Company  to  file  reports  of  its  costs 
and  other  data.  While  this  injunction  applies  technically 
only  to  the  case  of  this  particular  company,  it  seems 
probable  that  similar  injunctions  would  be  granted  to 
other  operators  in  the  same  position  as  the  Maynard 
Company.  The  Federal  Coal  Commission  has  been  estab- 
lished and  its  expenses  provided  for  out  of  the  public 
funds,  but  the  legislation  under  which  it  acts  is  so 
poorly  drawn  that  the  first  review  in  the  courts  removes 
its  power  to  collect  data.  Somebody  gets  a  good  job, 
some  members  of  Congress  "point  with  pride"  to  an 
achievement  for  the  benefit  of  the  "people,"  the  "people" 
pay  the  bill  and  there  it  ends. 


The  resignation  of  Dr.  Van  H.  Manning,  Director  of 
the  Bureau  of  Mines,  is  another  instance  of  how  inade- 
quate compensation  to  scientific  and  technical  men  in 
the  Federal  service  is  creating  a  deplorable  state  of  dis- 
organization in  the  Government  departments.  In  his 
letter  Dr.  Manning  says :  "I  feel  very  deeply  that  there 
ought  to  be  more  adequate  compensation  for  the 
scientific  and  technical  men  in  the  Government  service 
so  that  none  of  them  may  be  compelled  to  accept  posi 
tions  on  the  outside." 


M?y   11,   1920 


POWER 


779 


Eliminating  the  Smoke  Nuisance 

I  have  experimented  for  many  years  on  various  de- 
vices to  overcome  the  smoke  nuisance.  The  wet  process 
of  water  sprays,  being  the  popular  one,  underwent  a 
thorough  trial,  and  eventually  was  discarded,  and  a  new 
theory  tried  out  to  determine  a  velocity  of  the  gases 
which  would  be  lowered  to  a  point  where  the  force  of 
gravity  would  overcome  the  velocity.  After  much  experi- 
mentation it  was  found  that  should  the  velocity  of  the 
gases  be  curtailed  to  a  certain  given  speed,  allowing  a 
time  element  at  that  speed  to  take  place,  all  heavier  than 
air  particles  would  be  precipitated. 

An  expansion  chamber  was  designed  and  built,  with 
these  features  in  view  to  meet  existing  conditions,  on 
the  stack  of  2,500-hp.  boiler  plant,  using  buckwheat 
anthracite  for  fuel,  with  forced  draft.  Properly  designed 
hoppers  were  arranged  to  remove  the  residue  of  dust 
and  cinder  that  was  collected  and  under  which  a  track 
for  industrial  cars  could  be  used. 

The  results  obtained  were  beyond  expectation,  and 
without  reduction  of  draft  in  the  stack,  the  residue 
recovered  amounting  to  3.77  per  cent  of  the  coal  used 
and  making  a  clearance  of  the  flue  gases  of  from  90  to 
100  per  cent.  The  original  analysis  of  the  coal  was  72 
per  cent  fixed  carbon,  whereas  the  residue  analyzed  from 
55  to  70  per  cent  fixed  carbon.  Evaporative  tests  run, 
using  this  residue  for  a  fuel,  adding  20  per  cent  by 
weight  of  bituminous  coal  to  supply  volatile  carbon, 
under  a  separate  boiler,  gave,  at  the  boiler  rating,  8  lb. 
of  water  evaporated  per  pound  of  the  mixture,  this  re- 
sult obtained  being  a  little  less  efficient  than  the  original 
coal. 

This  installation  of  expansion  chamber  or  col- 
lector was  experimental  and  naturally  more  expensive 
than  it  would  otherwise  have  been,  and  even  allowing 
for  all  discrepancies  and  expenses  conservatively  esti- 
mated, it  produced  a  dividend  on  the  investment  of  29 
per  cent.  This  method  is  just  as  effective  on  bituminous 
as  on  anthracite  fuel  and  will  eliminate  the  heavier  than 
air  particles. 

As  this  device,  which  is  covered  by  U.  S.  patent,  has 
no  moving  parts,  and  operating  costs  are  nil,  the  first 
cost  is  the  only  one  to  be  considered.  Being  beyond  the 
experimental  stage,  and  demonstrated  to  be  perfectly 
practical,  and  as  it  can  be  adapted  to  any  existing 
plant,  it  would  seem  that  from  an  economical  and 
hygienic  standpoint  it  is  no  longer  necessary  to  be 
subjected  to  the  evils  of  a  polluted  atmosphere  from 
this  cause.  Thomas  Grieve. 

Perth  Amboy,  N.  J. 


Reboring  Corliss  Valve  Chambers 

With  reference  to  Mr.  Young's  communication  in  the 
issue  of  April  6  and  Mr.  Murphy's  in  the  issue  of  Feb. 
17,  I  offer  the  following  suggestions: 

The  practice  of  reboring  valve  chambers  on  Corlis.s 
cylinders  is  quite  usual  and  is  found  necessary  when 
the  steam  and  exhaust  valves  become  worn,  thus  result- 
ing in  considerable  leakage  of  steam  and  causing  the 
valves  to  rattle,  owing  to  the  excessive  amount  of  play 
in  the  valve  chambers.  This  excessive  wear  is  often 
caused  by  wet  steam,  due  to  foaming  or  priming  of  the 
boilers,  which  makes  it  difficult  to  lubricate  the  valves 
properly.  This  condition  can  often  be  improved  by 
installing  a  good  separator  in  the  steam  line. 

In  setting  a  boring  bar  for  boring  the  valve  chambers, 
it  should  be  set  central  to  the  bore  on  the  valve-gear 
side  of  the  cylinder.  The  fit  of  the  front  or  valve-gear 
bonnet  in  the  valve  chamber  should  not  be  disturbed 
and  both  the  steam  and  exhaust  ports  should  not  be 
rebored  clear  through,  but  the  original  bore  should  be 
left  intact  for  the  depth  of  the  boss  on  the  front  bon- 
net. The  fit  of  the  back  bonnets  is  not  so  important, 
and  it  really  is  no  detriment  if  the  boss  on  the  back 
bonnets  does  not  fit  the  valve  chamber  exactly.  With 
the  front  bonnets  it  is  different,  as  they  have  to  vdth- 
stand  the  working  strain  of  the  valve  gear,  and  for  this 
reason  it  is  important  that  the  exact  fit  of  the  bonnet 
in  the  valve  chamber  be  maintained. 

It  is  important  in  reboring  the  valve  ports  that  the 
lowest  spots  in  the  wearin^  surfaces  should  be  elimi- 
nated, so  as  to  insure  a  round  chamber,  and  that  the 
wearing  surfaces  shall  be  steam-tight.  To  accomplish 
this,  it  is  sometimes  necessaiy  to  take  as  many  as  three 
cuts.  The  borirg  bar  should  be  of  the  self-feeding  type, 
operated  preferably  by  an  electric  motor,  but  o^  course 
the  motive  power  can  be  a  steam  engine  or  hand  power. 
With  the  electric  motor  the  motion  of  vhe  cutting  tool 
will  be  much  more  uniform  and  steady.  After  reboring 
the  valve  ports,  new  steam  and  exhaust  valves  should  be 
fitted,  which  would  in  reality  make  them  as  good  as  they 
were  originally.  After  starting  up  the  engine  with  new 
valves  and  rebored  valve  ports,  it  is  important  that  the 
lubrication  be  not  stinted  until  the  valves  are  worked 
down  to  a  good  bearing,  and  it  might  be  necessary  to 
ease  off  the  hard  spots  once  or  twice,  so  as  to  facilitate 
getting  the  valves  to  bear  evenly  over  the  whole  surface. 
There  should  be  no  trouble  experienced  in  work  of  this 
character  if  performed  in  a  careful,  workmanHke  man- 
ner, and  chere  should  be  a  marked  improvement  in  the 
steam  consumption  of  the  engine.  John  J.  MuiR. 

Seattle,  Wash. 
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Economical  Combustion  of  Fuel  Oil 

Although  much  more  has  been  written  on  the  eco- 
nomical combustion  of  coal  than  of  oil,  there  is  a  very 
great  chance  for  loss  from  excess  air  with  the  latter  fuel. 
Smokeless  combustion  of  oil  can  be  maintained  with 
very  little  excess  air,  but  beyond  this  point  there  is 
no  outward  indication  of  excess  even  with  three  or  four 
times  the  necessary  amount.  It  is  quite  necessary,  then, 
to  take  considerable  care  to  regulate  the  air  control, 
especially  with  changing  loads  on  an  oil-burning  boiler. 
A  CO,  recorder  or  other  form  of  flue-gas  analysis  is 
necessary  for  intelligent  control  of  this  air  supply. 

In  the  plant  with  which  the  writer  is  connected  CO^ 
recorders  are  used  and  are  frequently  checked  with  an 
Orsat  apparatus.      The   highest   CO,   reading  we  have 


—  12.46  =  87.54  per  cent.  Other  flue-gas  analyses  give 
practically  the  same  results  for  this  fuel.  Of  course  this 
does  not  take  into  account  any  oxygen,  sulphur  or  other 
ingredients  in  the  oil,  but  the  approximation  is  good 
enough  for  the  present  purpose. 

Since  the  volume  of  air  required  to  bum  one  pound 
of  carbon  is  152  cuft.  (at  60  deg.  F.  and  atmospheric 
pressure),  the  air  required  for  one  pound  of  the  above 
fuel  oil  will  be  (0.8754  +  3  X  0.1246)  X  152  =  189.9 
cubic  feet. 

This  will  contain  189.9  X  0.701,  or  150.2  cu.ft.  of 
nitrogen.  The  carbon  alone  will  require  0.8754  X  152, 
or  133.1  cu.ft.  air,  which  will  contain  133.1  X  0.209  or 
27.8  cu.ft.  of  oxygen.  Since  the  volume  of  CO^  is  equal 
to  the  volume  of  its  oxygen,  the  flue  gas  will  be  made  up 
of  150.2  cu.ft.  of  nitrogen  and  27.8  cu.ft.  of  CO.,  if  no 


FIG.  1. 


CO2  RECORDER  CHART  PROM  BOIl.ER  UNDER 
CONSTANT  LOAD 


PIG.  2. 


CO2  RECORDER  CHART  FROM  BOILER 
CONTROLLED  BY  GOVERNOR 


obtained  is  14.9  per  cent,  and  it  is  interesting  to  deter- 
mine how  nearly  perfect  this  figure  is. 

Not  having  an  analysis  of  the  oil,  an  estimate  was 
made  from  the  flue-gas  analysis.  A  typical  case  showed 
CO,,  14.5  per  cent;  0,  1.5  per  cent,  and  N,  84.0  per  cent. 
Assuming  100  cu.ft.  of  flue  gas,  the  1.5  cu.ft.  of  oxygen 

1  5  X  79  1 
will  bring  with  it      '    ^q  9   '      —  5.68  cu.ft.  of  nitrogen. 

This  is  the  nitrogen  in  the  excess  air.    Therefore  there 

were  84.0  —  5.68  =  78.32  cu.ft.  of  nitrogen  in  the  air 

actually  used  for  combustion.     The  total  oxygen  used 

78.32  X  20.9 
for  combustion  is  then    — ^~~7q"1 ~   =  20.69  cu.ft. 

The  volume  of  CO.,  is  equal  to  the  volume  of  oxygen  re- 
quired for  its  formation,  so  that  the  oxygen  combined 
with  carbon  is  14.5  cu.ft.,  leaving  20.69  —  14.5  or 
6.19  cu.ft.  to  combine  with  the  hydrogen  in  the  fuel. 

Since  for  equal  weights  hydrogen  requires  three  times 
as  much  oxygen  as  does  carbon,  the  ratio  of  weights  of 

6.19 

or 


carbon  to  hydrogen  in  the  fuel  is  as  14.5  is  to 
as  7.023  to  1.     The  percentage  of  hydrogen  i 

100 

1  +  7.023 


therefore  is 


3 

the  oil 


=    12.46   and   of   carbon    100 


excess  air  is  supplied.    The  percentage  of  CO,,  then,  will 

27  8 
^®  150TT27^8  ^   ^^^  ""   ^^'^-     ^^^  ^'^  formed  by 
burning  the  hydrogen,  of  course,  being  condensed,  does 
not  appear  in  the  flue-gas  analysis. 

This  value,  15.6  per  cent  CO,,  is  the  theoretical  maxi- 
mum for  perfect  combustion  for  this  particular  oil. 
The  accompanying  charts  from  CO,  recorders  show  how 
closely  this  condition  was  obtained.  Fig.  1  is  from  a 
286-hp.  B.  &  W.  boiler  operating  under  a  constant  load 
of  165  per  cent  of  rating,  and  Fig.  2  is  from  a  160-hp. 
return-tubular  boiler  under  variable  load  with  the  oil 
pressure  controlled  by  a  governor.  Checking  the  charts 
with  an  Orsat  apparatus  showed  that  the  recorders  read 
a  fraction  of  one  per  cent  high.  The  variations  in  per- 
formance on  the  chart  in  Fig.  2  show  the  necessity  for 
careful  air  regulation  with  changes  in  load. 

The  furnaces  of  these  boilers  were  designed  by  the 
writer.  They  have  unusually  large  combustion  cham- 
bers with  provision  for  a  long  flow  of  gases  during 
combustion.  Other  furnaces  in  the  same  plant  cannot 
be  made  to  give  such  good  CO,  records. 

I  believe  that  proper  fuel-oil  combustion  requires 
some  radical  changes  in   furnace  design   from  present 
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general  practice.  The  combustion  space  should  increase 
in  volume  in  the  direction  of  flow  of  the  gases.  There 
should  be  sufficient  volume  for  combustion  to  be  com- 
pleted before  the  gases  strike  the  heating  surfaces  or 
bridge-w^all,  when  using  the  minimum  of  excess  air  for 
complete  combustion.  Air  inlets  should  be  arranged  so 
that  all  the  air  may  mix  with  the  oil  vapor  in  the  early 
stages  of  combustion. 

In  a  properly  constructed  furnace,  when  correctly 
operated,  the  lower  part  of  the  combustion  chamber  will 
be  filled  with  burning  gases,  showing  a  bright  yellow 
and  no  flame  reaching  the  heating  surface.  If  too  much 
air  is  used,  the  flame  will  shorten  and  become  brighter. 
There  will  also  be  an  increase  of  the  roar  in  the  furnace 
and  a  perceptible  rise  in  the  flue  gas  temperature. 

Ocean  Falls,  B.  C.  C.  H.  Leicester. 

Changed  Stoker  Lineshaft 

Where  a  lineshaft  is  used  for  driving  chain-grate 
stokers,  as  is  usually  the  case  where  one  or  more  bat- 
teries of  boilers  are  equipped  with  stokers,  its  location 


i       l/i 


DETAILS  OF  CHANGES   MADE  IN  STOKES-SHAFT    ARRANGEMENT 


becomes  a  problem,  especially  where  the  design  includes 
a  siftings  hopper  for  discharging  into  a  chain  conveyor. 

If  the  shaft  is  placed  above  the  stoker,  it  is  in  the 
way  of  gate  adjustments,  fuel  feeding,  boiler  washing, 
etc.,  and  must  be  protected  by  safety  screens  to  avoid 
accident;  if  placed  in  the  conveyor  tunnel  in  a  position 
to  clear  the  siftings  hopper,  its  location,  in  the  aver- 
age layout  of  stoker  design,  will  carry  it  too  far  for- 
ward of  the  f^toker  drive  toggle  to  insure  smooth  run- 
ning, besides  throwing  the  eccentric  shaft  at  an  objec- 
tionable angle,  conducive  to  uneven  and  excessive  wear 
on  the  drive  mechanism.  This  is  especially  true  where 
the  stoker  drive  is  of  the  pawl-and-ratchet  type  and 
the  load  on  the  eccentric  is  consequently  intermittent. 

The  objection  to  running  the  shaft  directly  through 
the  siftings  hopper  are  chiefly  the  deteriorating  effect 
of  the  siftings  on  the  steel  shaft,  and  the  waste  of  sift- 
ings through  the  lineshaft  holes  in  the  sides  of  the 
hopper.  The  figure  A  shows  a  method  that  I  employed 
on  a  recent  job  when  changing  the  shaft  from  the  out- 


side position  B  to  the  position  C.  This  shaft  was  2-^c 
in.  in  diameter  and  160  ft.  long,  erected  in  two  sections, 
each  section  serving  two  batteries  of  two  425-hp. 
boilers. 

The  device  D  was  made  of  wood  and  was  used  to 
lay  off  the  holes  in  the  ash-hopper  sides  and,  when  held 
against  the  tunnel  ceiling,  gave  the  true  elevation  for 
all  holes  measuring  the  distance  from  the  tunnel  wall. 

Eight  pieces  of  3-in.  pipe  E  were  sawed  to  a  lengtl 
equal  to  tht  width  of  the  hopper  and  beveled  as  shown, 
and  into  each  end  of  these  was  driven  a  babbitt  collar 
F,  bored  to  a  running  fit  on  the  shaft. 

The  first  length  of  shaft  was  then  taken  down  and 
the  hangers  moved  to  the  new  location  between  the 
hoppers.  Two  of  the  pipes  E  were  then  slipped  over 
the  shaft,  which  was  then  pushed  through  the  holes 
cut  into  the  hopper  sides,  also  slipping  the  eccentrics 
on  where  necessary.  This  was  repeated  until  one  80-ft. 
section  was  erected.  The  shaft  was  then  leveled  and 
grouted  in  as  shov/n  at  A.  Wire  screen  was  used  to 
^ive  the  grout  a  bond  on  the  pipe. 

The  slivers  G  were  sawed  into  and  bent  back  on  the 
pipe  ends  to  prevent  the  bab- 
bitt collars  F  from  turning  the 
pipes  E.  The  object  of  the 
collars  is  to  hold  the  shaft 
central  of  the  pipes  while  the 
latter  are  being  grouted  in; 
they  may  be  neglected  after 
starting.  It  will  be  evident 
that  in  lining  and  leveling  the 
shaft,  the  pipe,  on  account  of 
the  collars,  will  move  with  the 
shaft  so  /that  the  holes  in 
the  hopper  sides  must  be  cut 
larger  than  the  pipes.  In  this 
case  a  4-in.  diameter  hole 
was  cut  for  3i  in.  outside 
diameter  pipe.  These  and  al- 
so the  hanger-bolt  holes  were 
cut  before  the  shaft  was 
changed  and  while  the  boilers 
were  in  service  so  that  the 
shaft  could  be  moved  in  the 
least  possible  time.  The  new 
location  puts  the  eccentric  di- 
rectly under  the  drive,  and 
deterioration  and  siftings  waste  are  taken  care  of. 
St.  Louis,  Mo.  A.  M.  Stiles. 

Data  of  Results  Wanted 

A  matter  I  would  like  to  see  taken  up  by  Power  read- 
ers is  data  relating  to  results  obtained  after  suggested 
changes  have  been  made.  Engineers  run  up  against 
some  difficult  problems  in  their  work,  and  often  outside 
assistance  is  needed  in  solving  them.  Engineering  jour- 
nals contain  articles  of  value  written  by  men  who  are 
willing  to  give  others  a  lift,  but  the  details  are  often 
too  general  in  character. 

Another  thing — an  engineer  asks  for  information  and 
other  engineers  answer  in  following  issues,  advising  this 
or  that,  but  we  never  know  whether  the  information 
given  was  of  benefit  or  what  results  were  obtained  by 
following  out  the  suggestion.  I,  for  one,  would  like  to 
know  the  results.  George  J.  Trosper. 

Winkleman,  Ariz. 
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Industrial  Unrest 

There  have  been  and  are  being  written  long  articles  in 
the  various  papers  and  magazines  relating  to  industrial 
unrest.  We  hear  of  it  in  the  lecture  room,  and  it  echoes 
from  the  halls  of  Congress.  There  is  no  single  subject 
that  is  occupying  the  general  public's  mind  as  much, 
with  the  exception  of  the  high  cost  of  living,  v/hich 
goes  hand  in  hand  with  the  unrest  of  the  masses. 

The  many  writers  and  lecturers  deal  with  the  question 
from  different  angles,  but  it  seems  to  me  that  it  is  all 
in  a  general  way,  and  to  my  mind,  we  will  never  gain 
anything  until  we  begin  to  deal  with  the  matter  in  a 
more  specific,  or  in  a  more  individual  way. 

What  is  the  real  cause  of  this  world-wide  industrial 
unrest?  Is  it  altogether  real,  or  fancied?  What  will 
be  the  final  effect  if  it  is  not  soon  remedied?  What 
is  the  remedy  and  how  can  it  be  applied  successfully? 
These  are  the  questions  that  are  agitating  the  minds 
of  men  in  every  rank  of  life. 

I  believe  that  much  of  the  individual  unrest  is  due 
entirely  to  a  mental  condition.  We  have  heard  so  much 
of  this  talk,  have  read  so  much  about  it,  we  are 
saturated  with  the  idea  that  everything  is  wrong  in  our 
own  individual  lives.  A  large  share  of  our  trouble  is 
of  our  ovra  making,  and  what  we  all  need  is  to  pause  a 
fevi^  moments  and  take  stock  of  ourselves,  see  where  we 
are,  if  we  have  any  real  grievance,  and  get  busy  to  try  to 
find  the  remedy. 

Many  engineers  who  have  talked  with  me  recently 
have  made  numerous  complaints  about  the  conditions 
under  which  they  are  working,  about  salaries,  the 
treatment  and  the  lack  of  consideration  that  they  are 
receiving.  They  meet  in  groups  and  discuss  these  mat- 
ters and  then  separate,  each  in  a  worse  frame  of  mind 
than  when  they  met.  Now  an  engineer  has  a  better 
chance  of  being  a  deep,  accurate  thinker  than  one  in  any 
other  trade  or  profession.  Then  why  not,  instead  of 
meeting  and  grumbling  about  conditions,  start  in  dis- 
cussing remedies  awhile? 

Now,  only  a  short  time  since,  this  feeling  of  unrest 
took  hold  of  me.  I  was  dissatisfied  with  everything 
in  general  and  my  position  in  particular.  Something 
had  to  be  done.  After  thinking  over  matters  for  sev- 
eral days,  I  decided  to  have  a  talk  with  the  "boss." 
Telling  other  engineers  my  troubles  did  not  help  me  any. 
They  didn't  pay  my  salary,  and  had  nothing  to  do  with 
the  control  of  the  place  where  I  worked.  I  wanted  a 
remedy  for  my  troubles  and  there  was  no  one  that  could 
supply  it  but  the  "boss." 

I  went  to  his  oflice  several  times  to  see  him,  but  he 
was  engaged.  This  put  me  in  worse  humor.  Finally  I 
decided  that  when  he  wanted  to  see  me  on  any  matter, 
he  sent  for  me  to  come  to  his  oflice.  I  decided  that  I  was 
as  good  as  he  was,  and  that  this  superior  attitude  of  em- 
ployers was  the  cause  of  a  lot  of  our  troubles.  So  the 
thing  to  do  when  I  wanted  to  see  him  was  to  have  him 
come  to  my  office,  or  invite  him.  Shortly  after  reach- 
ing this  decision,  I  met  him  and  told  him  that  I  had  been 
waiting  to  have  a  talk  with  him  on  some  matters,  and 
wanted  him  to  come  to  my  office  at  his  first  opportunity. 
He  replied  that  he  would.  I  had  expected  him  to  look 
surprised  at  the  invitation,  but  he  didn't.  As  I  returned 
to  the  engine  room,  the  thought  struck  me  that  it  would 
be  some  time  before  I  saw  him  in  there,  but  I  was  mis- 
taken again,  for  he  was  in  my  office  within  half  an 
hour. 


I  told  him  of  my  dissatisfaction  over  several  things 
and  talked  to  him  in  his  own  language,  using  illustra- 
tions with  which  he  was  familiar.  I  made  him  see  me 
in  my  position.  I  never  had  a  better  or  more  polite 
listener  in  my  life.  He  had  very  little  to  say  with  the 
exception  of  asking  a  few  questions  to  bring  out  some 
point  more  clearly.  At  the  end  of  the  talk,  he  told  me 
that  he  would  take  the  matters  up  with  the  owners  and 
let  me  hear  from  him. 

He  appreciated  the  frank  manner  in  which  I  had  come 
to  him  and  pointed  out  faults  as  well  as  bad  conditions 
and  he  felt  that  the  manner  in  which  I  had  handled  it 
was  to  tne  best  interest  of  all  concerned  and  that  we 
would  understand  each  other  better  in  the  future. 

A  few  days  after  he  called  me  to  his  office  and  more 
than  met  every  condition.  Now  some  will  say  that  they 
could  not  talk  to  their  superior  that  way.  If  you  look 
on  him  as  your  superior,  and  he  looks  on  you  as  his  in- 
ferior, possibly  you  can't. 

Now  I  am  convinced  that  the  most  of  this  so-called 
industrial  unrest  is  caused  by  absence  of  confidence  and 
understanding  between  employer  and  employee.  A  lot  of 
it  is  caused  because  the  employee  subconsciously  looks 
on  the  man  higher  up  as  his  superior,  and  imagines 
that  the  employer  feels  the  same  way.  If  you  honestly 
admit  that  a  man  is  better  than  you,  it  is  a  safe  proposi- 
tion that  he  is,  or  will  soon  be.  No  man  is  better  than 
he  thinks  he  is. 

Several  years  ago,  my  employer  at  that  time  was  a 
man  who  was  said  to  be  worth  nearly  a  million  dollars. 
He  sent  for  me  to  come  to  his  office  to  talk  over  some 
matters.  The  furniture  in  his  office  cost  more  than  my 
entire  home  furnishings.  He  was  occupying  a  chair  that 
cost  probably  more  than  all  the  chairs  I  ovnied  at  that 
time.  His  clothing  was  of  the  finest  material.  The  office 
was  beautifully  lighted.  His  person  and  surroundings 
simply  reflected  success.  There  I  sat  and  talked  with 
him,  while  dressed  in  a  three  dollar  suit  of  blue  over- 
alls. When  I  left  his  presence,  there  was  a  feeling  of 
envy  in  my  heart,  and  a  sneaking  feeling  that  he  was 
in  some  way  my  superior. 

In  about  two  months,  like  a  clap  of  thunder  out  of  a 
clear  sky,  he  was  declared  a  bankrupt.  When  the  liabili- 
ties were  printed,  there  was  a  bill  for  the  office  furnish- 
ings, one  from  the  light  company,  also  one  from  his 
tailor  for  the  very  clothes  he  had  been  wearing.  Then 
the  thought  struck  me  that,  although  I  wore  overalls  at 
the  time  of  our  conversation,  they  were  my  overalls  and 
were  paid  for.  Everything  that  I  claimed  1  owned  was 
mine.  Although  I  had  felt  that  he  was  above  me  at 
that  time,  I  was  his  superior,  morally  and  financially, 
and  must  be  at  least  his  equal  mentally,  because  I  was 
free  of  debt,  and  never  again  would  I  even  secretly 
admit  that  any  man  was  my  superior,  until  I  knew  that 
at  least  the  clothes  he  wore  belonged  to  him  and  to  no 
one  else,  even  though  he  were  president.  And  from  that 
day  I  have  never  had  any  trouble  talking  to  any  employer 
about  the  matters  that  were  important  to  me. 

What  the  world  needs  today  is,  simply,  increased  con- 
fidence between  employee  and  employer,  and  it  is  a  mat- 
ter that  can  only  be  worked  out  by  each  individual  doing 
his  part,  regardless  of  what  the  other  fellow  says. 
Quit  going  around  with  a  chip  on  your  shoulder,  because 
when  you  start  hunting  trouble,  you  will  generally  find 
it  ready  and  waiting  for  you.  And  the  surest  way  to 
get  right  is  to  think  right.  H.  A.  Cranford. 

St.  Louis,  Mo. 
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Steam  Rate  with  Increased  Back  Pressure 

In  inquiries  of  General  Interest  for  March  2,  J.  R.  A. 
asks  how  an  increase  of  back  pressure  affects  the 
quantity  of  steam  required  by  an  engine.  The  answer 
was,  in  substance,  that  enough  more  steam  should  be 
let  in  to  balance  the  higher  back  pressure. 

It  is  usually  thought  that  every  pound  increase  in 
the  back  pressure  will  require  an  additional  pound  of 
steam  per  horsepower-hour,  but  only  one-third  to  one- 
half  pound  of  steam  has  to  be  taken  from  the  boilers 
for  every  pound  increase  in  the  back  pressure.  The 
actual  amount  is  determined  by  the  degree  of  expansion 
the  steam  is  worked  to  at  the  time  it  gets  down  to  the 
back  pressure. 

Twenty  years  ago  I  was  running  a  15-ton  can  ice 
plant  in  the  block  belt  of  Alabama.  The  business  grew 
and  it  was  decided  to  double  the  capacity.  The  old  plant 
made  more  distilled  water  than  the  compressor  capacity 
would  freeze.  At  this  time  the  exhaust-steam  absorb- 
tion  refrigerating  machine  was  just  coming  into  use.  I 
thought  that  a  30-ton  absorbtion  machine  was  just  what 
we  needed,  and  I  had  figured  that  the  economy  we  would 
get  from  the  condensation  of  our  exhaust  steam  would 
be  velvet,  and  that  the  extra  cost  of  operation  would 
be  that  required  to  generate  the  15  lb.  of  steam  extra 
per  horsepower-hour,  due  to  the  15  lb.  pressure  that 
the  generator  required  to  make  capacity. 

The  absorption  machine  was  bought  and  installed  in 
the  off  season.  We  got  a  hot  week  in  May  and  our 
business  jumped  to  capacity,  and  much  to  our  surprise 
we  did  not  have  enough  distilled  water  to  fill  our  cans 
at  capacity  rate. 

The  hot  wave  was  followed  by  a  cool  spell,  and  as 
a  distilled-water  ice  plant  is  very  easy  to  run  a  test  on, 
we  hunted  out  the  trouble  and  found  that  the  steam 
consumption  did  not  rise  pound  for  pound  with  the  back 
pressure.  Our  engine  driving  the  compressor  took  29 
lb.  of  steam  per  horsepower-hour,  and  with  15  lb.  back 
pressure  the  steam  rate  was  36  lb.  per  horsepower-hour. 
To  be  sure  of  our  results,  we  weighed  the  coal  and 
water  a  number  of  times  and  got  an  increase  of  7  to 
9  lb.  for  the  15  lb.  extra  back  pressure.  The  lower  rate 
always  was  obtained  when  the  boiler  pressure  was 
highest. 

The  owner  was  satisfied  when  the  conditions  were 
explained  to  him,  and  we  built  a  cold-storage  room  to 
use  up  our  excess  capacity.  John  H.  Ryan. 

Palm  Beach,  Fla. 

Comparative  Cost  of  Pulverized-Coal 
and  Stoker-Fired  Boiler  Plants 

Referring  to  the  editorial  in  Poioor,  March  2,  entitled 
"Pulverized  Coal  at  Milwaukee,"  and  the  particular 
statement  that  "the  added  investment  in  building  and 
equipment  for  preparing  the  fuel  over  a  stoker  plant 
has  been  estimated  to  exceed  $20  per  boiler-horsepower, 
but  the  additional  expenditure  will  be  well  worth  while," 
we  would  like  to  inquire  where  the  writer  of  the 
editorial  obtained  information  that  would  lead  to  the 
3onclusions  given  as  to  this  difference  in  cost,  as  there 
is  nothing  like  this  difference.  On  the  other  hand,  the 
20sts  are  m.ore  nearly  on  a  par,  including  building  cost. 
We  refer  particularly  to  the  actual  material  involved  in 
making  the  complete  installation;  for  instance,  a  com- 
Darison  of  recent  estimates,  based  on  the  same  horse- 


power of  boiler  equipment,  shows  that  the  cost  is  more 
favorable  to  the  pulverized-coal  installation  than  is  the 
case  for  stoker-fired  boilers,  especially  stokers  of  the 
underfeed  type. 

The  plant  has  five  1,000-hp.  boilers.  The  cost  of  the 
stoker  plant  for  this  type  is  about  $150,000  and  the 
material  involved  in  this  estimate  includes  the  follow- 
ing: Underfeed  stokers,  complete  blowing  equipment 
for  air  supply,  air  ducts,  conveying  machinery  outside 
of  boiler  room,  conveying  machinery  inside  of  boiler 
room,  crushers,  coal  bunkers,  driving  mechanism  for 
stokers,  blowers  and  conveyors,  ash-handling  and  con- 
veying system. 

The  cost  of  the  pulverized-coal  milling  plant  is 
$128,000,  covering  the  following  items  to  complete  the 
installation:  Separate  building,  coal  driers,  pulverizing 
mills,  elevators  and  conveying  machinery,  blowers,  dust 
collectors,  Fuller-Kinyon  pumping  distribution  system 
for  pulverized  coal  between  the  boiler  room  and  coal- 
mill  plant  (within  100  ft.),  burners,  feeders,  coal  bins 
for  boilers,  air  supply  for  burners,  motors  to  drive 
all  necessary  apparatus. 

The  only  variable  in  this  installation  would  be  the 
amount  of  money  expended  on  the  building  for  the 
pulverized-coal  plant.  The  figures  given  include  a  sub- 
stantial structural-steel  and  corrugated-iron  building 
for  the  coal-mill  plant  of  suflficient  size  to  house  all 
the  apparatus.  This  structure  might  not  suit  the  ideas 
of  some  parties  who  would  prefer  to  spend  more  money 
on  the  building  construction,  but  it  is  beyond  anybody's 
belief  that  it  would  be  necessary  or  advisable  to  spend 
so  much  money  on  the  building  construction  that  it 
would  make  the  comparable  cost  $5  per  horsepower 
more,  to  say  nothing  of  $20  per  horsepower  more,  for 
a  pulverized-fuel  installation. 

We   sincerely   trust   you   will   investigate   and   let   us 
have  more  discussion  on  this  question  as  to  what  the 
writer  of  the  editorial  based  his  statement  upon. 
Frederick  A.  Scheffler, 
Manager  Power  Department. 

New  York   City.  Fuller  Engineering  Co. 

Maximum  Len^h  of  Longitudinal  Joints 
for  Boilers 

Here  is  another  suggestion  on  the  subject  of  longi- 
tudinal-joint lengths  for  the  purpose  of  inviting  the 
opinion  of  your  many  readers.  Quite  a  little  printer's 
ink  has  been  spread  in  the  endeavor  to  determine  the 
proper  length  for  longitudinal  seams  in  steam  boilers, 
but  at  present  it  seems  that  we  are  like  the  circus  horse 
that  runs  around  a  ring — we  are  getting  nowhere. 

Why  not  have  the  boiler-course  lengths  determined 
according  to  the  plate  thickness  and  the  diameter  of  the 
shell  or  drum.  Is  it  not  reasonable  to  suppose  that  light 
plate  with  certain  drum  diameter  and  length  of  course 
would  be  likely  to  become  affected  by  longitudinal  cracks 
or  grooving  in  less  time  than  heavier  plate? 

Then  why  not  increase  the  plate  thickness  if  it  is 
desired  to  increase  the  course  length?  The  drum  diam- 
eter should  determine  the  course  length.  The  greater 
the  diameter  the  shorter  the  course,  and  if  longer 
courses  are  desired,  the  plate  thickness  should  be 
increased  accordingly. 

Engineers  and  boilermakers  are  invited  to  join  in  this 
"joint"  debate.  N.  Devering. 

Pittsburgh,  Pa. 
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Loose  Setscrew  Stopped  Governor 

A  new  regulator  used  on  a  Brown  engine  recently 
failed  and  the  safety  stop  preve.  *ed  a  possible  wreck. 
The  engineer  served  as  a  regulator  for  the  remainder 
of  the  day  by  the  use  of  the  throttle  valve  until  the  gov- 
ernor was  again  rendered  serviceable.  The  trouble  was 
due  to  a  setscrew  that  held  one  of  the  gears  becoming 
loose,  thus  stopping  the  governor.  This  gear  is  now 
splined  or  keyed  on,  which  will  likely  eliminate  develop- 
ments of  a  similar  nature  in  the  future. 

Woburn,  Mass.  M.  H.  OSGOOD. 

National  Engineers'  License  Law 

Mr.  Peters,  on  page  434  of  the  March  16  issue  of 
Power,  suggests  that  when  his  proposed  national  license 
law  goes  into  effect  every  engineer  who  has  been  success- 
fully operating  his  plant  for  three  to  five  years  will  be 
given  a  license,  free  of  examination,  to  operate  that  par- 
ticular plant. 

I  consider  this  quite  logical  and  practical,  and  by 
doing  so  it  allows  the  national  engineers'  license  law  to 
settle  smoothly  and  gradually  over  the  engineering 
world  without  any  disturbance  to  the  operation  of  steam 
plants.  It  also  allows  the  engineer  who  is  not  tech- 
nically qualified  to  prepare  himself  for  a  license. 

Brenham,  Tex.  H.  W.  Rose. 

Pure  Water  as  Feed  Water 

Referring  to  H.  W.  Rose's  letter  on  page  604  of  the 
April  13  issue  on  the  effect  of  pure  water  on  boiler 
metal,  in  which  he  refers  to  Mr.  Hill's  article  on 
refrigeration  on  page  320  of  the  March  2  issue,  Mr.  Hill 
says  that  were  it  not  for  leakage  losses  the  same  water 
could  be  used  indefinitely.  Mr.  Rose  calls  attention  to 
the  fact  that  distilled  water  has  a  corrosive  action  on 
boiler  metal  and  will  cause  pitting.  Some  readers  may 
wonder  why  pure  water  should  have  this  effect  to  a 
much  greater  degree  than  water  which  has  been 
treated,  but  which,  of  course,  still  contains  mineral 
salts.  S.  W.  Parr,  of  the  University  of  Illinois,  and 
others  explain  that  this  is  due  to  the  fact  that  pure 
water  will  carry  a  much  greater  content  of  dissolved 
oxygen,  and  that  this  oxygen,  supplied  to  the  tubes  as 
the  water  passes  through,  is  taken  up  by  the  metal  to 
form  iron  oxide,  or  ru?t,  and  the  unevenness  of  the 
formation  will  cause  pitting.  It  is  not  to  be  under- 
stood, however,  that  this  is  a  rapid  process. 

In  this  connection,  it  is  of  interest  to  note  the  de- 
scription on  pages  492-5  of  the  March  30  issue,  of  a 
50,000-kw.  power  plant  in  Chile  and  the  difficulties 
encountered  in  the  operation.  Prominent  among  these 
difficulties  was  the  fact  that  the  water  had  to  b3  obtained 
by  distillation  of  sea-water,  smce  the  rainfall  is  negli- 
gible and  rivers  are  of  little  consequence.  The  plant  is 
being  successfully  operated  on  feed  water  distilled  from 
the  ocean  brine,  and  those  in  charge  feel  that  part  of 
the  success  is  due  to  the  purity  of  the  water,  since  no 
scale  is  formed  and  little  corrosion  is  experienced.  From 
this  it  can  be  seen  that  the  purity  of  the  feed  water  is 
certainly  not  such  a  bugbear  as  Mr.  Rose's  letter  might 
seom  to  indicate,  and  that  the  disadvantage  resulting 
from  the  larger  oxygen  content  carried  by  pure  water 
might  be  more  than  overcome  by  the  decreased  amount 
of  scale  formed.  y.  J.  Risley,  Jr., 

Decatur,  111.  uliemical  Engineer. 


Care  of  CO2  Recording  Machines 

A  short  time  ago  there  was  some  discussion  in  the  col- 
um.ns  of  Poiuer  on  the  merits  of,  and  the  care  necessary 
for,  recording  CO,  machines,  and  I  would  like  to  make 
a  few  statements  from  my  experience,  with  special  ref- 
erence to  the  article  by  C.  J.  Schmid  in  the  Feb.  17, 
1920,  issue. 

Our  machines  are  the  latest  models  of  a  well-known 
make,  and  the  men  who  take  care  of  them  are  not  only 
good  mechanics,  but  also  specialists  on  instruments,  par- 
ticularly on  CO,  machines,  which  take  up  the  greater 
part  of  their  time;  but  even  with  this  expert  care  we 
cannot  .approach  the  perfection  of  operation  which  Mr. 
Schmid  says  is  possible  with  "any  mechanic." 

We  have  ten  boilers,  and  one  man  spends  on  an  aver- 
age of  five  hours  a  day  on  the  machines  for  these  boilers 
for  regular  routine  testing,  checking  and  adjusting,  or 
one-half  hour  per  boiler.  Beside  this,  an  extra  half- 
hour  or  more  is  required  for  changing  absorbent  car- 
tons and  thoroughly  cleaning  the  machine  and  lines 
once  a  week  or  oftener,  depending  on  the  quality  of  the 
absorbent.  Moreover,  we  find  it  necessary  to  have  a 
man  on  the  night  shift  when  several  of  our  boilers  are 
banked,  and  also  on  Sundays.  This  is  so  as  to  have  the 
machines  in  order  for  the  morning  pickup  of  load  and 
the  several  hours  of  heavy  load  which  follow. 

We  have  learned  by  experience  that  if  the  CO,  ma- 
chines are  not  looked  after  overnight  and  Sunday,  one 
or  two  or  more  are  found  out  of  order  as  the  boilers 
come  on  and  for  the  time  being,  sometimes  two  or  three 
hours,  are  useless,  just  at  the  time  when  they  are  needed 
most.  And  so  my  conclusions  are,  from  our  experience, 
that  they  do  require  expert  care  and  that  considerable 
time  must  be  spent  on  them  to  keep  them  in  good  order. 
Of  course  any  good  mechanic  could  keep  them  going, 
but  I  am  sure  that  the  time  required  would  be  far  in 
excess  of  the  time  taken  by  an  expert,  as  no  matter  how 
good  a  mechanic  he  might  be,  he  would  have  to  take 
some  time  in  following  up  the  many  lines  and  fittings. 

We  should  not  be  misled  by  the  word  "expert"  in  this 
connection  and  imagine  him  a  very  high-priced  man. 
Although  he  must  have  some  ability  as  a  mechanic,  he 
is  not  necessarily  a  first-class  mechanic,  but  rather  a 
man  who  has  specialized  in  the  care  and  operation  of 
these  particular  machines.  He  is  not  ordinarily  as  high 
paid  as  a  first-class  mechanic,  and  in  our  practice  we  do 
not  consider  it  good  economy  to  put  a  high-priced  me- 
chanic on  the  job. 

Furthermore,  if  we  did  not  check  our  machines  every 
day  against  an  Orsat,  we  probably  would  go  along  think- 
ing that  everything  was  well,  but  there  is  never  a  day 
when  there  are  not  a  few,  if  not  all  of  them,  requiring 
adjustment.  This  does  not  mean,  however,  that  we  find 
CO,  recorders  impractical ;  they  are  very  useful  in  keep- 
ing efficient  fires,  as  a  man  who  is  experienced  can 
jud^e  very  closely  the  condition  of  a  fire  by  the  per- 
oei:ta^-e  of  CO,.  It  would  be  even  more  useful  if  there 
were  no  lag  in  the  machines,  the  lag  being  between  five 
and  ten  minutes  on  our  installation.  That  is  where  a 
recording  pyrometer  is  advantageous,  as  it  will  give 
almost  instantaneous  results,  the  only  lag  being  the  time 
required  for  the  gases  to  travel  from  the  fire  to  the 
thermocouple,  if  that  may  be  considered  a  lag.  An 
ideal  installation  would  be  a  combination  of  the  two  on 
each  boiler,  but  the  cost  would  be  prohibitive. 

Detroit,  Mich.  G.  A.   Chatel. 
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Radial  Valve  Gear — What  is  a  radial  valve  jiear? 

L.  C.  N. 

The  term  radial  valve  gear  is  applied  to  reversing 
mechanisms  having  but  one  eccentric  or  equivalent  crank 
motion. 


Jumping  of  Feed  Pump — What  causes  a  direct  steam 
feed  pump  to  make  short  jumps  of  the  plunger  at  the  be- 
ginning of  the  stroke  ?  E.  M. 

The  jumping  indicates  presence  of  air  and  may  result 
from  running  the  pump  too  fast,  or  the  pump  design  may 
be  such  that  the  water  is  not  always  rising  and  there  are 
pockets  where  air  can  accumulate. 


Size  of  Pump-Suction  Valves — What  would  be  the  size  of 
suction-valve  areas  of  a  steam  pump  for  operation  at  a 
piston  speed  of  100  ft.  per  minute?  G.  L.  J. 

The  water  velocity  through  the  valve-seat  open  areas  is 
generally  taken  as  222  ft.  per  min.,  which  gives  a  valve  area 
45  per  cent  of  the  plunger  area,  with  piston  speed  of  100  ft. 
per  min.  Greater  liberality  in  valve  area  is  conducive  to 
good  service  and  durability,  and  specifications  for  water- 
works pumps  frequently  demand  clear  valve  areas  50  to  60 
per  cent  of  the  plunger  areas. 


Pressure-Reducing     and     Pressure-Regulating     Valves  — 

What  is  the  difference  between  a  pressure-reducing  and  a 
pressure-regulating  valve?  R.  E.  T. 

Any  valve  that  effects  a  reduction  of  pressui'e,  as  by 
throttling  the  flow  of  a  gas,  vapor  or  liquid,  would  properly 
be  called  a  pressure-reducing  valve;  and  a  valve  that  limits 
the  discharge  to  a  constant  maximum  of  quantity  or  of 
pressure  would  be  a  regulatmg  valve.  A  valve  having  the 
purpose  of  reducing  steam  of  boiler  pressure  to  a  constant 
lower  pressure  suitable  for  steam  heating  would  properly  be 
designated  as  a  pressure  reducing  and  regulating  valve. 


Gravity,  Flash  and  Fire  Test  of  Lubricating  Oils — What 
effect  have  gravity  and  flash  or  fire  points  on  the  lubricat- 
ing value  of  oils  ?  B   T. 

Flash  and  fire  points  of  an  oil  are  important  considera- 
tions where  over-heating  by  bearings  might  result  in  igni- 
tion of  waste  or  other  combustible  materials,  and  the 
gravity  may  be  an  index  for  identification  of  a  particular 
kind  of  oil,  but  none  of  these  properties  can  be  regarded 
as  indicative  of  lubricating  value.  The  real  test  is  the 
analysis  which  comes  from  observation  of  the  effect  on 
the  friction  load. 


Angle  of  Advance  and  Lap  for  Double-Eccentric  Engine — 

In  order  to  obtain  greater  range  of  cutoff  than  0  to  S  stroke 
with  a  double-eccentric  Corliss  engine,  why  is  it  necessary  to 
set  the  steam  eccentric  with  a  negative  angle  of  advance 
and  for  the  steam  valve  to  have  negative  lap  ?  A.  L.  S. 

With  the  Corliss  valve  gear  the  valve  cannot  be  tripped 
to  effect  cutoff  later  in  the  stroke  than  when  the  eccentric 
has  carried  the  wristplate  farthest  to  one  side  of  its  central 
postion.  When  the  eccentric  is  set  90  deg.  with  the  crank, 
the  farthest  swing  of  the  wristplate  to  one  side  occurs  when 
the  piston  has  reached  about  one-half  slroke,  and  in  order 
for  the  maximum  wristplate  displacement  to  be  delayed  sc 


as  to  permit  of  cutoff  after  one-half  stroke,  it  is  necessary 
for  the  eccentric  in  the  beginning  of  the  stroke  to  be  set 
back  of  the  90-deg.  position;  that  is,  the  eccentric  must  be 
set  with  negative  angle  of  advance.  With  the  eccentric  thus 
set  behind  the  90-deg.  position,  if  the  valve  rods  were  of 
such  length  as  to  bring  the  valves  line  on  line  when  the 
wri.tplate  was  in  the  central  position,  then  with  the  engine 
on  a  center  and  the  wristplate  hooked  up  to  the  eccentric, 
the  edges  of  the  valves  would  overlap  the  ports,  and  to 
obtain  admission  at  the  beginning  of  the  stroke,  it  would 
be  necessary  to  adjust  the  length  of  eacli  valve  rod  so  its 
valve  would  be  brought  around  to  a  position  ready  to  open 
or  give  the  desired  amount  of  lead  at  the  beginning  of  the 
stroke.  When  the  valves  are  thus  adjusted,  the  negative 
lap,  or  amount  of  opening  the  valves  have  when  the  wrist- 
plate reaches  its  central  position,  is  a  necessary  consequence 
of  adapting  the  lead  to  negative  angle  of  advance  of  the 
eccentric. 


Water-Test  Pressure  on  Handhole  Gaskets — After  wash- 
ing and  resetting  handhole  covers  of  a  water-tube  boiler,  is 
there  any  objection  to  testing  the  tightness  of  the  gasket 
joints  with  cold-water  pressure  pumped  up  to  the  running 
steam  pressure  for  the  boiler?  J.  R. 

A  pumped  water  pressure,  unless  made  slowly  with  a 
hand  pump,  is  lik;ly  to  run  up  in  excess  of  the  intended 
pressure  and  thereby  cause  leaks  that  would  not  occur  with 
the  intended  pressure.  If  gaskets  have  proper  elasticity, 
and  the  bearing  faces  are  true,  a  test-pressure  of  no  more 
than  half  of  the  operating  pressure  should  be  sufiicient  to 
guarantee  tight  gasket  joints. 


Resetting  Spool  on  Duplex  Pump — On  a  duplex  pump  how 
would  the  proper  position  be  found  for  resetting  a  crosshead 
spool  that  had  become  loose  on  one  of  the  piston  rods  ? 

H.  G. 

When  the  spool  is  properly  set,  the  rocker  arm  which  it 
carries  will  be  at  right  angles  with  the  piston  rod  when 
the  piston  rod  that  carried  the  spool  is  in  the  middle  of  its 
stroke.  To  place  the  piston  rod  in  the  middle  of  its  stroke 
move  the  steam  pioton  as  far  as  it  will  go  toward  the  head 
end  of  its  stroke,  and  after  making  a  mark  on  the  piston 
rod  at  the  end  of  the  stuffing-box  gland,  move  the  piston  as 
far  as  it  will  go  in  the  other  end  of  the  cylinder  and  make 
a  similar  mark  on  the  rod.  After  locating  a  mark  halfway 
between  those  marks,  move  the  piston  and  rod  so  the  middle 
mark  will  be  at  the  end  of  the  stuffing-box  gland  and,  with 
the  piston  thus  placed  in  the  middle  of  its  stroke,  set  the 
crosshead  to  such  a  position  that  the  rocker  which  it  carries 
v.'ill  be  at  right  angles  with  the  piston  rod.  To  make  the 
pump  run  the  same  rs  previously,  it  may  be  necessary  to 
shift  the  position  of  the  crosshead  from  the  right-angle 
position  because  that  position  will  not  obtain  equal  lost 
motion  on  each  side  of  the  valve  between  the  valve  and  valve 
rod  operated  by  the  rocker  when  the  valve  is  in  its  central 
position. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.—  Editor.] 
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The  Corrosion  of  Condenser  Tubes 

The  fifth  report  to,  the  Corrosion  Committee  of  the  In- 
stitute of  Metals,  England,  presented  at  the  Annual  Gen- 
eral Meeting-  in  London,  March  11,  1920,  is  confined  to  the 
corrosion  of  condenser  tubes — mainly  70:30  brass.  It  is 
a  study  of  the  practical  problems  of  corrosions  in  conden- 
sers under  service  conditions,  employing  either  fresh  or 
sea  water,  and  is  divided  into  four  sections. 

The  problems  of  corrosion  have  been  classified  under 
five  different  types  as  outlined  in  the  accompanying  table. 
This  classification  has  been  made  for  the  purpose  of  diag- 
nosis of  corrosion  troubles,  and  the  first  section  of  the  i-e- 
port  deals  with  the  methods  of  drawing  tubes  and  prepar- 
ing them  for  investigation.  The  appearance  of  tubes  suf- 
fering from  the  various  types  of  corrosion  is  discussed. 

When  a  tube  is  to  be  withdrawn  for  examination,  it 
should  be  carefully  marked  to  show  which  is  the  top  of 
the  tube  as  it  lay  in  the  condenser  and  the  direction  of 
water  through  it.  Immediately  after  withdrawal  the  ends 
of  the  tube  should  be  plugged  with  tightly  fitting  wood 
plugs.  The  tube  should  be  kept  in  a  hoi-izontal  position 
throughout  these  operations  and  until  the  examination  is 
made.  When  ready  for  examination,  the  tube  should  be 
cut  longitudinally  so  as  to  separate  the  top  and  bottom 
portions  and  any  sludge  removed  for  chemical  and  micro- 
scopic examination. 

\fter  the  type  of  corrosion  has  been  determined,  the 
next  step  is  to  determine  the  conditions  that  have  caused 
the  trouble. 

A.  Concerning  the  water  supply: 

1.  Information  should  be  obtained  as  to  whether  the 
water  is  renewed  continuously  or  is  cooled  and  used  re- 
peatedly. In  the  former  case  a  number  of  chemical 
analyses  should  be  made  at  weekly  intervals.  In  the  latter 
case  the  original  supply  should  be  analysed  and  analyses 
made  of  the  watei'  actually  entering  the  conde7iser  after  a 
given  length  of  time.  This  is  necessary  since  impurities 
in  the  make-up  water  become  concentrated  due  to  evapo- 
ration. 

2.  A  small  sample  of  the  water  actually  entering  the 
condenser  should  be  diverted  into  a  settling  tank  and  any 
deposit  examined. 

3.  The  material  of  the  water  mains  and  water  ends  of 
the  condenser  should  be  noted. 

4.  Information  should  be  given  as  to  whether  the  tubes 
are  choked  with  solid  matter  and,  if  so,  as  to  its  nature. 

5.  The  average  water  velocity  through  the  tube  should 
be  stated. 

6.  The  inlet  and  outlet  temperatures  at  various  times  of 
the  year  should  be  given  as  well  as  information  as  to  ar- 
rangement of  baffle  plates  and  steam  distribution. 

7.  If  failures  are  most  pronounced  at  certain  seasons, 
data  should  be  collected  as  to  water  conditions  two  or 
three  months  previous  to  the  period  when  the  trouble  com- 
mences. 

B.  Information  concerning  the  tubes: 

1.  The  composition  of  the  tubes. 

2.  Length  of  time  in  service  and  average  life  of  tubes 
in  the  condenser. 

3.  The  percentage  of  corrosion  failures  of  the  particu- 
lar batch  of  tubes  from  which  samples  are  examined. 

4.  The  total  length  of  tubes. 

5.  Does  corrosion  occur  at  the  top  or  bottom  of  the  tubes, 
nearer  the  inlet  or  outlet,  or  is  It  irregularly  distributed  ? 

6.  Is  corrosion  confined  to  a  particular  position  in  the 
condenser? 

7.  Has  serious  corrosion  been  noticed  in  other  parts  of 
the  condenser? 

8.  Is  corrosion  pi'esent  in  all  condensers  in  the  plant  or 
is  't  confined  to  one  or  more  ? 

9.  On  land:  Do  failures  occur  at  any  particular  time 
of  year?  and  on  ships:  Do  failures  appear  shortly  after 
a  period  in  dock  or  similar  departure  fi'om  normal  routine  ? 

10.  Has  any  process  of  protection  been  employed? 

The  necessity  for  frequent  and  regular  analysis  of  water 
aetually   entering    the    covdenaer   is   emphasized,   especially 


when  cooling  towers  are  used.  It  is  also  pointed  out  the 
conditions  which  actually  start  the  corrosive  action  often 
exist  for  a  short  time  only,  but  that  the  corrosion,  once 
started,  may  continue  even  under  conditions  which  would 
not  start  it. 

The  second  section  is  devoted  to  a  consideration  of  cer- 
tain features  of  the  structure  of  condenser  tubes  which  af- 
fect the  problems  of  corrosion.  Attention  is  directed  to 
the  presence  of  a  surface  layer  of  noncrystalline  metal, 
about  0.01  mm.  (0.0004  in.)  which  has  a  greater  resistance] 
to  corrosion  than  the  crystalline  metal  underneath.  Where! 
this  layer  has  been  penetrated  corrosion  proceeds  at  an) 
increased  rate. 

The   third   section   takes   up   in   detail   the   five   types   or| 
classes  of  corrosion. 

Type  I,  General  Thinning,  is  an  accelerated  form  of  the  I 
corrosion  in  salt  solutions  in  which  there  is  a  gradual  but  J 
uniform  reduction  in  thickness  of  the  tube  wall.     Experi-J 
ments   indicate   that   with    ordinary   sea   water   this    actionj 
is  so  slow  as  to  be  negligible.     Rapid  general  thinning  ir 
fresh  water  is  usually  associated  with  the  presence  of  free 
acid.     A  number  of  tests  with  hydrochloric  acid  having 
concentration   of   only    three   parts    in    100,000    at   ordinarj 
temperatures   showed  that  a  reduction  of  2  to  4  per  cent 
took  place   in    six   weeks.      The   minute    quantities    of   acic 


TYPES  OF  CORRO.SION  OF  P.RASS  CONDENSER  TUBES 


Type 
I. 


Name 
General  thinning 


II.    Deposit  attack 


III. 


IV. 


Apparent  dezinciflcation, 
layer  type 


Recognized   by 
Rapid  thinning  of  tube.      Little  oi 
no  basic  salt  on  tube  '1 

Pinhole     or     regional     pitting     beJ 
neath    green    salt    and    cupritej 
Foreign    deposits    often    accom- 
pany this  type  of  corrosion 
Layer  of  crystalline  copper  wliicl 
can  be  readily  stripped  off  surj 
face  of  tube.      Slight  deposit  o| 
light    green    salt ;    sometimes 
little  white  salt 
\pparent  dezinciflcation,    Coppei-  lugs  or  areas   beneatli   de-j 
plug  type  pos'ts    of   white   salt 

v.    Water-line  attack  Attack  similar  to  II,  but  confine 

to  inlet  end  of  tube 
Note — The  types  of  corrosion  are  tabulated  for  convenience  o| 
reference  and  description  only.  It  is  not  intended  to  imply  thai 
the  reactions  concerned  are  entirely  different  in  each  ca;;e :  foj 
instance,  types  of  attack  inter»^.ediate  in  character  between  III 
and  IV  are  found,  and  the  typvs  must  be  considered  as  merging 
into   one  another. 

which  will  cause  this  trouble  make  it  difficult  to  detect, 
especially  where,  as  is  generally  the  case,  it  enters  the 
water  supply  intermittently. 

Type  II,  the  so-called  Deposit  Attack,  is  usually  given  as 
the  cause  of  pitting.  In  the  presence  of  sodium  chloride 
(NaCl)  solutions  the  cuprous  oxide  (CU2O)  on  the  surface 
of  the  brass  gradually  changes  to  cuprous  chloride  (CuCl). 
Where  particles  of  this  latter  compound  adhere  to  the  sur- 
face of  the  tube  they  gi-adually  change,  under  the  influ- 
ence of  oxygen,  to  cupric  chloride  (CuCl.)  and  cuprous 
oxide.  The  cupric  chloride  rapidly  attacks  the  brass,  oxidiz- 
ing the  copper  and  reducing  the  cupric  chloride  to  cuprous 
chloride  which  in  the  presence  of  air  starts  the  cycle  of 
reactions  again.  Foreign  bodies  lying  in  the  tubes  help 
to  keep  the  cuprous-chloride  particles  from  being  washed 
out  with  the  circulating  water  and  therefore  should  be 
kept  out  of  the  condenser  as  much  as  possible. 

Type  III,  Layer  Dezinciflcation,  is  applied  to  that  condi- 
tion where  layers  of  pure  copper  are  found.  It  is  stated 
that  this  is  the  result  of  disintegration  of  the  brass  tube 
and  a  redeposit  of  copper  rather  than  of  a  removal  of 
the  zmc  alone.  This  condition  exists  in  both  sea  and  fresh 
water  and  with  the  latter  is  often  associated  with  acid 
water. 

Type  IV,  Local  Dezinciflcation,  is  really  a  deposit  attack, 
but  differs  from  Type  II.  It  always  occurs  with  sea  water 
and  is  associated  with  an  adhering  white  salt  consisting 
of  colloidal  zinc  oxychloride.  It  is  shown  that  the  right 
concentration  of  zinc  in  the  liquid  layer  next  to  the  brass 
surface  results  in  the  production  of  this  salt.  Lowering 
the  zinc  content  of  the  brass  or  raising  that  of  the  sea 
water  is  sufficient  to  prevent  its  occurrence. 

Type  V,  Water  Line  Corrosion,  in  tubes  partially  sub- 
merged in  sea  water  takes  place,  not  at  the  water  line  as 
is  commonly  supposed,  but  sometimes   as  much   as   2   cm. 
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(0.79  in.)  above  it.  This  type  of  attack  is  obviously  a 
special  form  of  deposit  attack  since  it  takes  place  under 
the  salt  deposits  vi^hich  are  formed  at,  or  near,  the  water 
line.  It  is  much  more  severe  than  any  of  the  previous 
types. 

The  fourth  section  of  the  report  deals  with  preliminary 
work  on  electrolytic  protection  against  deposit  attack.  The 
experiments  seem  to  show  that  a  current  of  sufficiently  high 
density  migcht  entirely  prevei>  corrosion.  Very  hig^h  den- 
sities, however,  would  be  necessary  to  accomplish  this. 

Dr.  Van  H.  Manning  Resigns 

Dr.  Van  H.  Manning,  Director  of  the  Bureau  of  Mines, 
Department  of  the  Interior,  has  tendered  his  resignation 
to  President  Wilson,  effective  June  1.  Dr.  Manning  is 
leaving  the  Government  service  to  accept  the  position  as 
Director  of  Research  with  the  recently  organized  American 
Petroleum  Institute.  He  has  been  with  the  Department  of 
the  Interior  for  thirty-four  years  and  has  done  much  for 
the  advancement  of  the  mineral  and  coal  industries  and 
the  safety  of  its  workers.  While  his  new  duties  will  be 
in  behalf  of  private  interests,  the  work  will,  in  a  general 
way,  be  along  similar  lines  to  that  which  is  being  done 
in  the  Department  of  the  Interior.  In  his  letter  to  the 
president,  Dr.  Manning  expressed  the  thought  that,  al- 
though tht  Government  spends  each  year  many  millions 
of  dollars  in  useful  scientific  work  for  the  benefit  of  the 
people  and  the  nation,  the  monetary  recognition  of  its 
scientific  and  technical  servants  is  not  sufficient  to  enable 
them  to  continue  their  work,  especially  during  the  last  few 
years,  when  it  has  become  impossible  for  many  men  to 
remain  in  the  Government  service  owing  to  the  constantly 
increasing  cost  of  living. 

Increased  Pay  for  Technical  Men 
in  Federal  Service 

The  Congressional  Joint  Commission  on  Reclassification 
of  Salaries,  following  a  year  of  investigation,  has  submitted 
its  report  on  conditions  existing  in  the  Federal  Civil  Ser- 
vice in  the  District  of  Columbia.  Scientific  and  technical 
employees  in  the  Government  at  Washington  are  among 
those  seriously  affected  by  the  lack  of  uniformity  in  com- 
pensation. At  the  present  time  there  is  practically  no 
policy  governing  such  matters  as  hours  of  work,  pay  for 
overtime,  promotions,  salary  advancements,  etc. 

The  report,  with  its  recommendations  to  Congress,  for 
the  first  time  affords  the  Government  and  employees  some 
assurance  that  work  involving  similar  duties  and  responsi- 
bilities will  receive  the  same  pay,  that  increased  efficiency 
will  be  recognized  by  advances  in  salary  and  opportunities 
for  promotion.  Uniformity  of  administration  is  assured 
by  making  the  Civil  Service  Commission  the  central  em- 
ployment agency  for  the  Government  and  by  creating  a 
Civil  Service  Council  composed  of  equal  members  of  ad- 
ministrative  officers   and   employees. 

The  same  schedules  of  compensation  are  recommended 
for  employees  performing  work  requiring  similar  training 
and  experience.  Salaries  for  professional  men,  including 
those  in  the  engineering  service,  the  biological  science  serv- 
ice, the  physical  science  service  and  the  economic  and 
political  science  service,  range  from  $1,800  per  annum  for 
the  junior  class  (men  just  out  of  college)  to  $5,040  per  year 
for  men   in  the  full  professional  class. 

During  the  last  few  years  the  number  of  resignations  has 
grown  to  such  proportions  that  it  has  threatened  complete 
disruption   of  the  service. 

The  Scientific-Technical  Section  of  Federal  Employees' 
Union  No.  2,  is  convinced  that  the  adoption  of  this  report 
with  such  minor  changes  as  may  be  necessary,  will  go  far 
to  relieve  the  condition  now  existing. 


Superheated  Steam  in  Turbines 

It  is  generally  estimated  that  the  gain  in  economy  due  to 
the  use  of  superheated  steam  is  about  1  per  cent  for  every 
ten  degrees  of  superheat.  Thus,  if  steam  having  150  deg. 
of  superheat  is  employed,  the  resulting  gain  should  be  15 
per  cent,  irrespective  of  whether  the  steam  is  employed  in 
a  reciprocating  engine  or  a  turbine.  There  are  certain  dis- 
advantages which  follow  the  improper  use  of  superheated 
steam,  the  two  most  important  of  these  being  the  effect 
of  high  temperature  on  the  castings  of  the  engine,  causing 
distortion,  and  the  difficulty  of  lubrication.  In  the  tur- 
bine the  effects  of  distortion  may  be  particularly  serious 
in  view  of  the  fine  clearances  that  have  to  be  adopted  with 
certain  types  of  turbine,  and  it  may  be  stated  that  one  of 
the  reasons  why  the  high-speed  impulse  type  of  turbine  is 
adopted  is  because  with  this  type,  owing  to  the  high  velocity 
of  the  steam,  the  clearances  can  be  made  more  generous 
both  in  the  axial  and  the  radial  direction.  It  is,  however, 
advantageous  to  keep  that  portion  of  the  turbine  which 
is  exposed  to  the  effects  of  highly  superheated  steam  as 
small  as  possible,  and  for  this  reason  in  the  first  set  of 
nozzles  the  fall  of  pressure  is  often  about  two-thirds  of  the 
total  fall  between  the  boiler  and  the  condenser,  so  that  on 
;eaving  these  nozzles  the  temperature  of  the  steam  has 
fallen  to  such  a  degree  that  its  effects  are  greatly  reduced.— 
Shipbuilding  and  Shipping  Record. 


The  certificate  of  his  recent  election  to  honorary  member- 
ship in  the  American  Society  of  Mechanical  Engineers  was 
presented  to  Dr.  Auguste  C.  E.  Rateau  on  May  8  at  a  meet- 
ing of  the  Societe  d'Encouragement  pour  I'lndustrie 
Nationale.  M.  Charles  de  Freminville,  who  was  elected  an 
honorary  member  at  the  same  time  as  was  Dr.  Rateau, 
but  who  came  to  tlic  United  States  to  receive  his  certificate, 
pointed  out  at  this  meeting,  which  took  the  form  of  a  dis- 
cussion of  the  benefit  that  may  result  from  frequent  inter- 
course between  the  scientific  and  technical  schools  and 
societies  of  the  two  countries,  that  convenient  arrangements 
should  be  made  to  allow  American  students  access  to  French 
schools,  while  Dr.  Rateau  described  the  benefit  that  would 
result  if  French  instinactors  would  familiarize  themselves 
with  American  ideas  on  the  professional  training  of  young 
engineers,  which  he  thinks  to  be  excellent,  by  more  frequent 
visits  and  longer  stays  in  this  country. 


Power  development  in  California  to  meet  the  demands 
of  growth  will  mean  expenditures  of  approximately  twenty- 
five  million  dollars  per  annum,  according  io  estimates  made 
by  the  Railroad  Commission  Engineers.  Construction  of 
four  large  plants  which  will  have  a  capacity  of  120,000  kw. 
is  already  under  way.  They  are  the  Caribou  Plant  of  the 
Great  Western  Power  Co.,  the  Kerckhoff  plant  of  the  San 
Joaquin  Light  and  Power  Corp.,  the  Kern  River  plant  of  the 
Southern  California  Edison  Co.,  and  the  James  Plant,  of 
Los  Angeles. 


Work  on  the  new  hydro-electric  development  at  Niagara 
Falls,  which  the  Hydro-Electric  Power  Commission  of  On- 
tario started  in  1918,  is  progressing  at  an  expected  rate  of 
speed.  A  long  canal  is  being  built  to  carry  water  around 
the  falls  and  through  the  power  plant.  Some  little  difficulty 
has  been  met  in  holding  the  slope  in  the  deep  cuts  in  the 
earth  overburden,  but  this  has  not  caused  serous  retarda- 
tion and  the  prospect  is  now  that  the  power  will  be  avail- 
able in  1921. — Exchange. 


Plans  for  the  construction  of  twenty-six  hydro-electric 
power  plants  on  the  River  Neckar,  Germany,  have  prac- 
tically been  completed.  The  projects  will  involve  an  ex- 
penditure of  about  35,000,000  marks,  and  the  plants,  when 
completed,  are  expected  to  produce  a  total  of  50,000  kw. 


Engineering  research  workers,  on  the  fuel  value  of  wood 
at  the  Forest  Products  Laboratory,  Madison.  Wis.,  have 
reaffirmed  that  two  pounds  of  dry  wood  of  any  nonresinous 
species  has  the  heating  value  of  one  pound  of  good  coal. 
Resin  gives  about  twice  as  much  heat  as  wood,  and  as 
the  average  amount  of  resin  in  wood  is  approximately  fif- 
teen per  cent,  this  increases  the  heating  value  thirty  pei 
cent. 
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NOTES  ON  GAS  AND  OIL.  ENGINE  AC- 
CIDENTS.     Pamphlet  by  the  National 
Boiler  and  General  Insurance  Co.,  Ltd., 
Manchester,    England.      Paper,    5x7 
in. ;   24   pages. 
This  pamphlet  discusses  some  of  the  more 
common  failures  of  internal-combustion  en- 
gine parts  with  regard  to  their  causes,   and 
gives  suggestions   for   inspection   and  meth- 
ods of  preventing  such  failures. 

ELEMENTS       OP       STEAM       AND       GAS 
POWEPt  ENGINEERING.     By  Audrey 
A.   Potter.  Professor  of  Steam  and  gas 
Engineering,  and  James  P.  Calderwood, 
Professor    of    Mechanical    Engineering, 
both  of  the   Kansas   State  Agricultural 
Colleee.       Publi.'^hed    by    the    McGraw- 
Hill  Book  Co.,  Inc.,  New  York.     Cloth  ; 
5i  X   8  in.  ;   304  pages.      Price,   $2.50. 
This   book   was   prepared    primarily   tis    a 
textbook  to  familiarize  students  with  power- 
plant  equipment  before  taking  up  the  more 
abstract  study  of  thermodynamics   and   de- 
sign.     The  main  portion  of  the   book   is  di- 
vided    into     three     parts,     covering     stearn 
power,    gas    power    and    the   application    of 
steam  -and  gas  power  to  locomotives,  trucks 
and    automobiles.       The    various    forms    of 
power-generating  apparatus  and  auxiliaries 
are    described    in    a    non-technical    manner. 
and     numerous     illustrations     are     inchided. 
No  attempt  is  made  to  taKe  up  the  mathe- 
matical    study    of    power    engineermg,     al- 
though   a    few    general    principles    are    ex- 
plained    and     simple    problems     given     for 
study. 

THE  RELATION  BETWEEN  THE  ELAS- 
TIC     STRENGTHS      OP      STEEL      IN 
TENSION,         COMPRESSION         AND 
SHEj^iR.      By  Pred  B.   Seely  and  Will- 
iam  J.   Putnam.      Universitv   of  Illinois 
Engineering    Experiment    Station    Bul- 
letin No.   115.      Paper,  6  x  9  in.     Price. 
25  cents. 
This     bulletin     presents     the     results  _  of 
tests    to     determine     the     elastic     shearing 
strength    of    ductile   and    semiductile    steels 
and  the  relation  between  this  elastic  shear- 
ing •strength  and  the  elastic  tensile  strength, 
with    the   hope    of   obtaining   definite    mfor- 
mation  on  the  breakdown  of  elastic  action 
and   on   the   limits  of   the   theories  of   com- 
bined stresses.     Prom  torsion  tests  on  solid 
and  hollow  cvlinders  a  factor  is  found  for 
determining  the  true  shearing  strength  from 
tests    on    solid    cylindrical    specimens.      The 
ratio  of  this  true   elastic  shearing  strength 
to  the   elastic  tensile   strength    is   given   for 
various  grades  of  steel,  and  its  bearing  on 
the  theory  of  combined   stress  is  discussed. 
The    relation    between    elastic    tension    and 
compr.  ssion   stresses  and  the  effect  of  roll- 
ing on    .hese  values  is   considered. 


Conn.,  has  become  connected  with  the  Chase 
Companies,  Inc.,  "VVaterbury,  Conn.,  in  the 
capacity'   of   research   engineer. 

Harold  I>.  BUss  has  severed  his  connec- 
tion as  chief  mechanical  engineer  for 
Morris  &  Co.,  of  Chicago,  111.,  and  has  be- 
come associated  with  B.  P.  Lientz,  of  the 
B.    P.    Lientz    Oil   Furnace    Co.,    New   York. 

H.  W.  Jarrett,  formerly  assistant  fuel  en- 
gineer. United  States  Bureau  of  Mines, 
Pittsburgh,  Pa.,  has  assumed  the  duties  of 
sales  engineer  with  the  George  J.  Hagan 
Co.,    combustion   engineers,    Pittsburgh,    Pa. 

.•\lfred  C.  Jordon,  formerly  superintendent 
of  equipment  for  the  Cumberland  County 
Power  and  Light  Co.,  Portland,  Me.,  has 
resigned  in  order  to  accept  a  similar  posi- 
tion with  the  Elmira  Water,  Light  and 
Railroad  Co.,   Elmira,  N.   Y. 

Kdward    B.    Kichardson    and    Harr.v    Ga.v, 

both  members  of  the  A.  S.  M.  E.,  annuonce 
their  partnership  under  the  name  of  Rich- 
ardson &  Gay,  Consulting  Engineers.  The 
offices  of  the  new  firm  will  be  located  at 
220  Devonshire   St.,   Boston,    Mass. 

Harry  H.  Bates  has  resigned  as  field 
engineer  in  the  stoker  department  of  the 
Wfstinghouse  Electric  and  Manufacturing 
Co..  East  Pittsburgh,  Pa.,  to  accept  the 
position  of  superintendent  of  equipment  of 
the  Acme  "White  Lead  and  Color  Works, 
Detroit,  Mich. 

Raymond  E.  Plimpton,  formerly  publica- 
tion manager  and  field  secretary  of  the 
Society  of  Automotive  Engineers,  has  joined 
the  Wales  Advertising  Co.,  of  New  York. 
His  time  will  be  devoted  to  the  handling  of 
advertising  campaigns  of  a  technical  and 
semi-technical    nature. 

Howard  I.  Spohn.  formerly  of  Motor  Age, 
Motor  World,  Automotive  Industries  and 
Commercial  Vehicle,  and  Frank  A.  Kapp, 
formerly  of  Motor  Life,  "The  Automobile 
Trade  Directory"  and  the  "Automobile 
Blue  Books,"  are  now  associated  with  the 
Charles  H.   Fuller  Co.,   Chicago,   111. 

Charles  H.  Tavener,  mechanical  engineer 
of  the  Garden  City  plant  of  the  Curtiss 
Aeroplane  and  Motor  Corp.,  announces  that 
he  has  started  the  practice  of  consulting 
industrial,  productions  and  aeronautical  en- 
gineering with  laboratory  facilities  for  test- 
ing and  development  work  in  New  York 
and   Boston. 

lion  .1.  Geer  has  resigned  as  general  man- 
ager of  the  plant  of  the  Texas  Power  and 
Light  Co.  at  Gainesville,  Tex.,  and  will  go 
to  Sweetwater,  Tex.,  to  become  general 
manager  of  the  West  Texas  Electric  Co., 
a  corporation  which  controls  electric-light 
plants  in  a  number  of  western  Texas  towns. 
H.  A.  Price,  of  Alladega.  Ala.,  will  becom.e 
manager  of  the  Gainesville  plant. 
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T..  W.  Haiff  has  been  appointed  district 
sales  manager  of  the  Packard  Electric  Co. 
at  Buffalo. 

George  A.  Shoemaker  has  been  appointed 
works  manager  of  the  Bound  Brook  (N.  J.) 
Oil-Le!3S  Bearing  Co., 

W.  Ij.  MacFarham  has  been  appointed 
general  manager  of  the  Cornwall  Street 
(Railway,  Light  and  Power  Co.,  Cornwall, 
Ontario. 

Clinton  E.  Haver,  until  recently  connect- 
ed with  Willard  Case  &  Co.,  has  accepted 
the  position  of  works  engineer  with  the 
Hooven  &  Allison  Co.,  Xenia,  Ohio. 

John  A.  Lawrence,  formerly  assistant  me- 
chanical engineer  of  the  New  York  Edison 
Co.,  has  assumed  the  position  of  engineer- 
ing manager  for  Thomas  B.  Murray,  Inc., 
New  York. 

Herbert  0.  Stephens,  formerly  power  en- 
gineer of  the  Northern  Ohio  Traction  and 
Light  Co.,  is  now  associated  with  the  Elec- 
tric Motors  and  Repair  Co.,  Akron,  Ohio, 
as  sales  engineer. 

William  A.  Tiet/.e'  has  resigned  from  his 
position  as  chief  engineer  of  the  Cudahy 
Bros  Co.,  Cudahy,  Wis.,  to  become  general 
manager  of  the  Citizens  Light,  Heat  and 
Power   Co.,   Canby.   Minn. 

T.,vle  B.  Ma  rev.  formerly  superintendent 
of  the  Hart  &  Coolev  Co..  Inc.,  New  Britain. 


Society  Affairs 


^ 


The  New  England  .Association  of  Com- 
mercial Engineers  will  hold  its  ninth  annual 
mechanical  exhibition  at  Worcester,  Mass.. 
July  7  to  9. 

The  Electric  Power  Club  will  hold  its  an- 
nual convention  at  Chattanooga,  Tenn..  May 
5-8,  with  headquarters  at  the  Signal  Moun- 
tain Hotel. 

The  .\merican  Society  of  Mechanical  En- 
srineers.  New  Haven  Branch,  Connecticut 
Section,  will  hold  its  last  meeting  of  the 
season,  Friday,  May  14,  at  the  Geometric 
Tool  Co.'s  plant  in  Westville.  Conn.  Repre- 
sentatives of  the  company  will  present 
papers  on  "Evolution  of  the  Oi)ening  Die 
Head."  At  5:30  p.m.  a  demon.stration  of 
machines  of  the  Geometric  Tool  Co.  will  be 
given    at    the    works. 

The  Seventh  National  Koreiirn  Trade  Con- 
vention is  to  be  held  in  San  Francisco,  Cal.. 
May  12-15,  under  the  ausi)ices  of  the  Na- 
tional Foreign  Trade  Council.  A  number  of 
disting-uished  foreign  business  representa- 
tives will  be  present  and  will  discuss  trade 
opportunities  in  their  respective  countries. 
.Tames  H.  McGraw.  president  of  the 
McGraw-Hill  Co..  will  address  the  conven- 
tion on  "The  Service  of  the  Business  Press, 
during  the  group  sessions  on  Thursday.  May 
13  At  the  fourth  general  session  on  Fri- 
day, A.  C.  Bedford,  bf  the  Standard  Oil 
Company  of  New  Jersey,  will  deliver  an 
address  on   "Fuel   Oil   and   Foreign   Trade. 


An  International  Trade  Fair  has  been 
organized  by  the  Town  Council  of  Cologne, 
the  first  event  to  be  held  on  Sept.  20,  with 
the  obeot  of  encouraging  the  importation 
of  raw  material  into  Germany. 

The  Public  UtiUty  Interests  of  New  York 
and  Pennsylvania,  through  a  safety  com- 
mittee, appointed  last  fall,  have  set  aside 
the  second  week  of  June  for  the  observ- 
ance   of    on    accident-prevention    campaign. 

The    Public    Service    Electric    Co.    of    New 

.Tersey,  in  order  to  meet  the  growing  power 
demands  in  the  North  Jersey  industrial 
district,  is  contemplating  the  construction  of 
another  subsidiary  power  plant  which  will 
double  the  present  available  supply  of  elec- 
tric power  in  this  section  of  the  state.  The 
new  central  station  will  have  a  capacity  of 
liOO.ono  kva.  and  will  cost  approximately 
$25,000,000. 


Business  Items 


Tlw  Ball  Engine  Co.,  of  New  York  City, 
has  moved  its  offices  from  39  Cortlandt 
St.,  to  the  Vanderbilt  Building,  132  Nassau 
St.,   N.    Y.   City. 

Tlie     Strong,     Carlisle     &     Hammond     Co., 

Cleveland,  Ohio,  manufacturer  of  steam 
specialties,  announces  tlie  removal  of  the 
Chicago    office    to    17    South    Desplaine.'^    St. 

The  George  T.  Ladd  Co.,  of  Pittsburgh. 
Pa.,  manufacturers  of  water-tube  boilers, 
will  move  their  general  offices  and  engineer- 
ing department  to  the  sixteenth  floor  of  the 
First    National    Bank    Building,    Pittsburgh. 

The  George  T.  Ladd  Co.,  Pittsburgh.  Pa., 
manufactuier  of  water-tube  boilers,  opened 
a  Chicago  sales  office  at  528  McC^ormick 
Building.  The  new  office  will  be  in  charge 
of  W.  M.  McKinstrj-.  formerly  Chicago 
manager  of  the  Page  Boiler  Co. 

The  Hyatt  Roller  Bearing  Co.,  Industrial 
Bearings  Division,  announces  the  removal 
of  its  offices  to  100  West  Forty-first  St.. 
New  York  City,  where  larger  quarters 
have  been  secured  for  the  advertising,  sales 
and  engineering  departments  of  the  di- 
vision. 

The    Harrison     Safety    Boiler    Works    has 

b<'en  incorporated  under  the  laws  of  the 
State  of  Pennsylvania  as  the  "H.  S.  B.  W.- 
Cochrane Corp."  The  firm  will  specialize 
in  the  solution  of  problems  relating  to  the 
profitable  utilization  of  exhaust  steam  and 
the  heating,  metering  and  softening  of 
water. 

Vance  IMcCartli.v,  general  sales  manager 
of  the  Edward  R.  Ladew  Co.,  Inc.,  N.  Y. 
rity.  manufacturers  of  leather  belting,  has 
been  made  vice  president  of  the  company. 
Mr.  McCartny  will  continue  in  direct  con- 
trol of  the  sales  organization  and  has 
retained  as  assistant  general  sales  manager, 
Russell  B.  Held. 


VllltlllllDltlKI""" 


Trade  Catalogs 


The  Shepard  Electric  Crane  and  Hoist  Co., 

Montour  Falls.  N.  Y..  has  published  a  new 
28-page  catalog  entitled  "The  Aerial  Rail- 
wav  of  Industry."  Electric  cage-operated 
monorail  hoists  of  various  descriptions 
adaptable  to  any  industry  where  speedy, 
efficient  loading-  and  unloading  of  freight 
ears,  and  transportation  of  articles,  ma- 
terial and  apparatus  from  one  part  of  the 
plant  to  another  is  essential  are  fully  de- 
scribed and  illustrated.  A  copy  of  the 
pamphlet   will    be   sent   on   request. 

The  Westingliouse  Electric  and  :Mann- 
facturing  Co.  has  just  completed  publica- 
tion of  a  new  4n-page  catalog  entitled 
"^Vestinghouse  Marine  Equipment  m  the 
Fabricated  Ship."  The  booklet  describe." 
and  illustrates  geared  turbine  machinery  for 
9  ono-«on  cargo  boats  built  by  the  Merchant 
Shipbuilding  Corporation.  Photographs  and 
line  drawings  indicate  the  type  of  turbmef 
u-ed  for  these  .ships.  The  detailed  ap- 
paratus is  exhaustively  treated  by  means  o1 
written  discussion*?,  reproduced  halftone, 
and   line  drawings. 
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Prions  of  steam  coals  both  ant}ira<;itc  and  bitu- 
minous, f. o.b.  mines,  unless  otherwise  stated,  are  as 
follows: 

ALANTIC  SEABOARD 

Anthracite — Coals  supplyinR  New  York,  Phila- 
delphia and  Boston: 

Mine 

Pea. 5  30 

Buckwheat $3  40(";  $3 .  75 

Rice 2  75®   3.25 

Barley 2  25®  2 .  50 

Boiler 2.50 

Bituminous — Steam  sizei*  supplying  New  York, 
Philadelphia  and  Boston: 

.  Latrobe $4.25@$4.50 

Connellsville  coal 4.25®   4.50 

Cambrias  and  Somersets 4 .  35®  5.15 

Clearfields 4.00®  4.75 

Pocahontas 6.50®  7.00 

New  River 6.5Q@  7.00 

BUFFALO 

Bituminous — Prices  f.o.b.  Buffalo: 

Pittsburgh  slack $6. 00 

Mine-run 6 .  25 

Lump 6.25®  6.50 

Youghiogheuy 6.75 


CLEVELAND 

Bituminous — Prices  f.o.b.  mines: 

No.  6  .slack '.  $3. 25® $4. 00 

No.  8  slack 4  .  25 

No.  8— J-in 3.50®  4.00 

No.  6  mine-run 3.50®    4.00 

No.  8  mine-run 4.50 

Pocahontas — Mine-run 3. 25®  4  .  00 

ST.   LOUIS 

Anthracite — Probably  not  more  than  20  per  cent 
of  the  demand  in  this  market  can  be  suppUed.  Prices 
effective  Apr.  1  were  as  follows: 

Williamson 

and  TMt.  Olive 

Franklin  and 

Counties         Staunton         Standard 
Mine-run...  .$2.65^2.80  $3.00@3.50  $3.00®3.50 
.Screenings...   2.50©2.65     2.50@3.00     2.50@3  00 

Lump 3.75®4.50    3.75@4  50 

Williamson-Franklin  rate  to  St.  Louis  is  $1  10; 
Dtber  rates  95c. 


CHICAGO 

Bituminous — Prices  f.o.b.  mines: 

Illinois 

.Southern  Illinois  ' 

Franklin,    Saline   and  Freight  rate 

Williamson  Counties  Chicago 

Mine-Run .$3.00® $3. 10  $1.55 

Screenings 2.60®   2.75  1.55 

Central  Illinois 

SpringSeld  District 

Mine-Run $2.75@$3.00  $1.32 

Screenings 2.50®  2.60  1.32 

Northern  Illinois 

Mine-Run $3.  50(7^$•^.75  $1.24 

Screenings ... 3 .  00®  3 .  25  1 .  24 

Indiana  71 

Clinton  and  Linton 

Fourth  Vein 

Mine-Run $2. 75®  $2. 90  $1.27 

Screenings 2.50®  2.65  1.27 

Knox  County  Field 

Fifth  Vein 

Mine-Run $2. 75®  $2. 90  $1.37 

Screenings 2.50®  2.60  1.37 

Brazil  Block $4. 25@$4 .50  $1 .  27 
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New  Construction 


PROPOSED  WORK 

Mai.8H.,  Boston — Mowll  &  Rand,  Archts.. 
50  Bromfleld  St.,  will  soon  award  the  con- 
tract for  the  construction  of  a  2  story,  150 
X  260  ft.  theatre  and  store  building  on 
Commonwealth  Ave.,  for  J.  C.  Kiley  &  Co., 
18  Tremont  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $500,000. 

Mass.,  Boston — Mowll  &  Rand  Archta., 
50  Bromfield  St.,  will  soon  award  the  con- 
tract for  the  construction  of  a  12  story 
theatre  and  office  building  on  Washington 
and  I'rovidence  Sts.,  for  Gorden  &  Shuman. 
18  Tremont  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $1,000,000. 

Mass.,  Chicopee  —  Howes  &  liowes, 
Archts.,  243  High  St.,  Holyoke,  will  soon 
receive  bids  for  the  construction  of  3 
story  housing  buildings  for  the  Dwight  Mfg. 
Co.,  Front  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $350,000. 

R.  I.,  Providence — Kendall,  Tavlor  & 
Co.,  Archts.,  93  Federal  St.,  Boston,  will 
soon  receive  bids  for  the  construction  of  a 
5  story,  80  x  150  ft.  hospital  addition  for 
the  Rhode  Island  Hospital.  59:?  Eddy  St. 
A  steam  heating  system  will  be  installed  in 
same.     Total  estimated   cost,   $300,000. 

Conn.,  Hartford — I.  A.  Allen,  Jr.,  Inc., 
Archt,  904  Main  St.,  will  receive  bids  until 
June  1  for  the  construction  of  a  3  story, 
108  X  139  ft.  school  addition  on  Talcott  St., 
for  the  city.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost. 
$600,000.     W.  E.  Cone,  89  Asylum  St.,  Chn. 

Conn.,  Hartford — The  City  Health  & 
Charity  Depts.  plan  to  build  a  heating  plant 
and  laundry  for  the  Isolation  Hospital  and 
Almshouse  on  Holcomb  St.  Estimated  cost. 
$80,000.  Whiton  &  McMahon.  :16  Pearl 
St,  Archts. 

Conn.,  Wat*rlnirv — The  Connecticut  Mili- 
tary Emergency  Bd.,  State  Armory,  Hart- 
ford, will  receive  bids  until  May  15  for  the 
construction  of  a  4  story,  180  x  200  ft.  ar- 
mory on  Field  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $400,000.  Louis  A.  Walsh.  .^1  Lea- 
venworth   St.,    Archt. 

N.  Y.,  Brooklyn — The  Bd.  Educ.  500 
Park  Ave.,  New  York  City,  received  bids 
for  the  installation  of  heating  and  ventilat- 
ing apparatus  at  P.  S.  182  from  I  aniel  J. 
Rice,  42nd  St.  and  L-exington  Ave..  $153,- 
330:  Gillis  Geoghegan,  537  West  Bway., 
$155,300;  W.  J.  nivany,  177  Christopher 
St.,    $155,490.      All   of  New   York    City. 

N.  Y..  BrooklvH — The  Comr.  of  Pub. 
VVT<s.,  Borough  Hall,  plans  to  build  a  muni- 
cipal building.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost. 
$5,000,000.  McKenzie.  Voorhies  &  Graelin. 
1123    B'way.,    New    York    City,    Engrs. 

N.  Y.,  Buffalo — ^The  city  receiv<^d  lowest 
bid  for  the  installation  of  a  refrigeration 
machine  for  the  Washington  Market,  from 
the  Mollenberg  Betz  Machine  Co.,  110 
Washington  St.,  at  $41,830.  Noted  April 
13. 

N.  T.,  Coney  Island  (Brooklyn  P.  O.)  — 
The  City  Comr.  of  Pub.  ^^'^<s.,  Borough 
Hall,  Brooklyn,  is  having  plans  prepared 
for  the  construction  of  a  4  story  bath 
house  addition.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $500,000.  .7.  Sarsfleld  Kennedy,  157 
Remsen   St.,   Brooklyn,    Archt.    and    Engr. 

N.  T..  Newton  (Flushing  V.  O  } — The 
Bd.  Educ,  500  Park  Ave..  New  York  City, 
will  receive  bids  until  May  12  for  the  con- 
struction of  a  high  school  addition  on  Etna 
PI.  A  steam  heating  system  will  be  in- 
.stalled  in  same.  Total  estniiated  cost. 
$800,000.  C.  B.  J.  Snyder.  Municipal  Bldg., 
New  York  City,   .\rcht.   and   Engr. 

N.  Y.,  New  York — L.  A.  Ahramson. 
Archt.  and  Engr.,  4")  AVest  46th  St.,  is  pre- 
paring plans  for  the  consruction  of  a  4 
story  recreation  center.  A  steam  heating 
svstem  will  be  installed  in  same.  Total 
estimated  cost,  $150,000.  Owner's  name 
withheld. 

N.  Y.,  New  York — J.  Sarsfleld  Kennedy, 
Archt.  and  Engr..  157  Remsen  St..  I",  ok- 
1>T1,  is  having  plans  prepared  for  the  con- 
struction of  a  6  story  offlc  building  on 
Gold  and  John  Sts.  A  steam  heating  sys- 
tem will  be  installed  in  sr.me.  Total  esti- 
mated cost.  $500,000.  Owner's  name 
withheld. 


N,  1'.,  Redwood — The  Northern  New  Yoi  > 
irtilities  Ine..  Light  &  Power  Bldg.,  Water- 
town,  i)lans  to  construct  a  sub-station  here 
and  a  3  i)ha3e  high  ten.sion  transmission 
line  from  here  to  Alexandria  Bay.  J.  B. 
Taylor,  Pres. 

N.  Y.,  Wende  (Millgrove  P.  O.) — The 
town  received  bids  for  the  installation  of  a 
heating  system  in  the  County  Home,  here, 
from  John  S.  Danforth  Co..  70  Ellicott  St.. 
Buffalo,  $182,848;  Power  Efficiency  Co.. 
New  York  City.  $173,200  ;  Northwestern 
Heating  &  Plumbing  Co.,  Erie.  Pa., 
$177,717. 

Pa.,  Council  BluflTs — The  School  Bd.  In- 
deiiendent  Dist.  will  soon  award  the  con- 
tract for  the  construction  of  a  2  .story. 
75  X  135  ft.  school  building.  Contract  for 
the  installation  of  heating  and  i)lumbing 
systems  will  be  sub-let.  Total  estimated 
cost,  $300,000.  Proudfoot,  P.ird  &  Rawson. 
810    Hubbell   Bldg.,   Des  Moines,   Archts. 


Pa..  Philadelphia — A.  E.  Van  Bibber. 
6;i:{7  Drexel  Bldg..  is  in  the  market  for 
motors,  boilers  and  engines  adaptable  for 
the  drive  of  paper  mill  machinery    (used). 

Md.,  Baltimore — R.  McLaughlin.  Engr.. 
Ethington,  Pa.,  will  soon  award  the  con- 
tract for  the  construction  of  a  2  story.  262 
X  274  ft.  furniture  factory,  power  house 
and  garage  on  Wilkens  Ave.,  for  the  Re- 
liable Furniture  Co.,  303  President  St. 
Total  estimated   cost,    $200,000. 

Md.,  rat4>nKville — C.  L.  fteeder,  Engr.. 
Park  .Ave.  and  Saratoga  St.,  Baltimore, 
will  soon  award  the  contract  for  the  instal- 
lation of  boiler,  chimney,  electric  generator 
and  switchboards  for  the  Spring  Grove 
State  Hospital,  here.  Total  estimat<!d  cost, 
$100,000. 

Md.,  College  Park — C.  L.  Reeder,  Engr., 
Park  Ave.  and  Saratoga  St.,  Baltimore,  is 
preparing  plans  for  the  remodeling  of  the 
boiler  plant  for  the  Maryland  State  Col- 
lege,  here.      Estimated   cost,    about   $50,000. 

Md.,  Pocomoke  City — The  Peninsula 
Storage  Co.  is  having  plans  prepared  for 
the  construction  of  a  1  story,  100  x  240 
ft.  cold  storage  plant.  Estimated  cost. 
$100,000.  J.  S.  Nussear,  324  North  Charles 
St.,  Archt. 

W.  Va.,  Cliarleston — The  Bureau  of 
Yards  &  Docks,  Na\'y  Dept.,  Wa.sh.,  D.  C. 
will  receive  bids  until  May  19  for  furnish- 
ing and  installing  switchboards,  oil  switches 
and  barriers,  busses  and  connecti'^n.  stor- 
age battery  motor  generator  set.  trans- 
formers, disconnecting  motor  starters  and 
other  electrical  equipment  and  making  con- 
nections for  a  complete  indoor  sub-statiC:i 
at   the   Naval    Ordnance   plant,   here. 

N.  C.  Kniston — The  city  plans  to  install 
an  electric  plant.  W.  C.  Olsen,  Sumter. 
S.   C,   Archt. 

N.  C,  Winston-Salem — Salem  College 
plans  to  build  a  3  story  building  including 
a  60  X  120  ft.  dining  hall  and  a  40  x  200 
ft.  dormitory  on  Main  St.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $250,000.  W.  C.  Northup. 
Archt. 

La.,  New  Orleans — 'Loew's  Enterprises. 
1493  B'way..  New  York  City,  are  having 
plans  prepared  for  the  construction  of  a 
theatre  here.  A  steam  heating  system  will 
be  insti'lled  in  same.  Total  estimated  cost. 
$500,000.  T.  W.  Lamb.  64  4  8th  Ave..  New 
York   City.    Archt. 

Ky.,  Newport — St.  Joseph's  Orphanage 
plans  to  build  a  l.OOO.OOO  gal.  reserve. r. 
and  install  electrical  centrifugal  pump  and 
steel  tank  of  60,000  gal.  capacity,  etc.  Total 
estimated  cost.  $20,000.  George  Hornung. 
512  Fairfield    .\ve..    Bellevue.    Engr. 

O.,  Akron — F.  X.  Sieberling.  c/o  Good- 
year Tire  &  Rubber  Co..  had  plans  pre- 
pared for  the  const-uction  of  a  1  story 
25  X  25  ft.  Booster  pumping  station.  Two 
500,000  gal.  capacity  centrifugal  pumns  will 
be  installed  in  same.  Total  estimated  cost, 
$60,000.  Morris  Knowles.  Hipnodrome 
Bldg.,  Cleveland,  Engr. 

O.,  Cleveland — The  city  plan's  to  con- 
struct 4  story  hospital  additions  on  Sackett 
Ave.  and  Scranton  Rd.  A  steam  heating 
system  will  be  installed  in  s:ime.  Total 
estimated  cost.  $2,500,000.  Harry  L.  Davis. 
Mayor.      F.    H.   Betz.    604   City  Hall.   Archt. 

C,  Norwalk — Albert  Kahn.  Archt..  Mar- 
quette Bldg..  Detroit.  :Mich.,  will  soon 
award  the  contract  for  the  constniction  cf 
a  2  story,  89  x  152  ft.  school  and  parish 
buildings  on  Main  and  Milan  Sts.  for  St. 
Paul's  Parish.  A  steam  heating  boiler,  etc.. 
will  be  installed  in  separate  boiler  house. 
Total  estimated   cost.   $200,000. 

Ind..  Terre  Haute — The  Torre  Haute  At- 
omized Fuel  Co.  is  having  plans  prepared 
for  the  construction  of  a  plant  Steam 
nnwer    will    be    installed    in    same.       Total 
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eslimcrted  cost,  $500,000.  H.  I.  Gentine, 
205    McKeon   Blclg.,   Engr. 

Mirh..  Detroit — I.  M.  Lewis,  Archt,  503 
Congress  BUlg.,  will  receive  bids  until  May 
15  for  the  construction  of  a  2  story  lOO 
X  200  ft.  commercial  building  on  Wood- 
ward Ave.  and  West  Grand  Blvd..  for  the 
Chinese  Amer.  Realty  Co.,  14<il  Ford  B  dg. 
A  steam  heating  system  will  be  mstalled 
in    same.      Total    estimated    cost,    $200,000. 

Mich.,  Detroit— The  Palesting  Associa- 
tion, 150  Port  St.,  AVest.  plans  to  build  a 
4  storv  lodge  house  on  Charlotte  St.  near 
Case    >'  A    steam    heating    system    will 

be  installed  in  same.  Total  estimated  cost, 
$500,000. 

TVIi«lj.,  ilarysvillU' — The  village  plans  to 
construct  a  semi-permanent  water  supply 
system  consisting  of  pumping  station  with 
submerged  intake  pipe  into  the  St.  Clan- 
River  etc.  Electrically  driven  centritugai 
pumping  units  will  be  installed  in  same. 
Total  istimated  cost,  $200,000.  Robert 
Gordon,  Engr. 

111.,  Cliieago — Holabird  &  Roche.  104 
South  Michigan  Ave.,  will  soon  award  the 
contract  for  the  construction  of  a  4  story, 
66  X  108  ft.  office  building  on  16th  and 
Rockwell  Sts.,  for  ,T.  T.  Reyerson  &  Son, 
16th  and  Rockwell  Sts.  A  steam  heating 
system  will  be  installed  in  same.  Total  es- 
timated  cost,    $350,000. 

in.,  ChicuKo — The  Illinois  Malleable  Iron 
Co.,  1801  Diversy  Blvd.,  has  engaged  Ca- 
hill  &  Douglas,  Consult.  Engrs.,  301  Gross 
Bldg..  Milwaukee,  AVis..  to  prepare  plans 
for  the  construction  of  a  central  power 
plant  to  replace  3  separate  plants.  Two 
300  hp.  boilers  will  now  be  installed  and 
space  arranged  for  4  additional  boilers. 
These  new  boilers  will  work  in  connection 
with  four  waste  heat  boilers,  each  with 
4,000  sq.ft.  of  heating  surface  in  connec- 
tion with  4  malleable  melting  furnaces. 
The  boilers  in  central  plant  will  be  equip- 
ped with  underfed  stokers  and  coal  and 
ash  handling  equipment.  The  generating 
equipment  will  consist  of  2  direct  connected 
engine  driven  units,  1  of  350  kw.  and  1  of 
•  500  kw.  capacity.  An  air  compressor  of 
about  1,000  to  1.500  ft.  with  compound 
steam  and  air  cylinders  will  be  installed 
in   same. 

111.  Chitago— L.  J.  McCormick  Corp., 
c/o  Holabird  &  Roche.  Archts..  104  South 
Michigan  Ave.,  is  having  plans  prepared  for 
the  construction  of  a  1  story  monolithic 
100  X  120  ft.  theatre  on  Dearborn  and 
Randoljjh  Sts.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $1,000,000. 

Wis..  Milwaukee — The  Sewerage  Comn. 
will  receive  bids  until  .lune  3  for  fur- 
nishing and  erecting  machinery  for  a  sew- 
age disposal  plant  in  the  proposed  building 
on  Jones   Island.      Advertised   in    this   issue. 

"Wis.,  Sliebovgraji — The  Helming  Bros.  Co.. 
c/o  Gus  Helming.  1714  North  9th  St.,  will 
soon  award  the  contract  for  the  construc- 
tion of  a  3  story,  60  x  150  ft.  public  ga- 
rage on  Erie  Ave.  Steam  heating  and  elec- 
tric power  will  be  installed  in  same.  Total 
estimated  cost,   $100,000. 

la.,  filiiiden — ^H.  "w.  Porter,  Secy,  of  the 
Bd.  Educ.  received  lowest  bid  for  the  in- 
stallation of  a  heating  and  plumbing  sys- 
tem in  the  proposed  3  story.  90  x  162  ft. 
school  building  from  the  C.  F.  Rock  Plumb- 
ing &  Heating  Co..  St.  .Toseph,  Mo.,   $36,213. 

la.,  Mason  City — The  Miller  Hotel  Co.  is 
having  plans  preiiared  foi  the  construction 
of  a  7-storv,  132  x  165  ft.  hotel.  Contract 
for  the  installation  of  heating  and  plumb- 
ing sy.stoms  will  be  sub-let.  Total  esti- 
mated coel.  $800,000.  Proudfoot,  Bird  & 
Rawson,  810  Hubbell  Bldg.,  Des  Moines, 
Archts. 

la.,  Poealioiitas — The  Pocahontas  Co. 
plans  to  construct  a  3  story  court  house. 
A  steam  heating  system  will  be  installed 
in  same.  Total  estimated  cost,  $4  00,000. 
Proud-foot,  Bird  &  Rawson.  810  Hubbell 
BUlg.,  Des  Moines,   Archts. 

TtTltm.  llihItiiiK — .Tobn  Muri)hy,  Town 
Recdr.,  will  receive  bids  until  May  18  for 
the  construclion  of  a  2  and  3  story.  149 
X  284  ft.  recreational  building  on  1st  Ave. 
and  .Tefferson  St.  .\  steam  heating  system 
will  be  installwl  in  same.  Total  estimated 
cost  $500, (MIO.  Halstead  &  Sullivan,  "Pal- 
ladio    i;idg.,  Duluth.   Archts.  and  Engrs. 

Minn..  New  Vim — The  city  will  receive 
bids  until  May  13  for  the  construction  of  a 
1  story,  40  X  90  x  90  ft.  power  plant,  and 
for  the  installation  of  equipment  including 
steam  engine,  exciter,  etc.  Total  estimated 
cost,  $200,000.  A.  J.  Mueller,  Engr. 
Silas  Jacobson,  403  Endicott  Bldg..  St. 
Paul,    Archt. 


Kan.,  .Vmericus — The  peof)le  of  Americus 
plan  an  election  May  14  to  vote  on  $18,000 
bonds  to  construct  a  transmission  line  from 
here   to    Emporia. 

Mo.,     Versailles — The  Versailles     Flour 

Mill    &    Ice    Plant   plans  to    install    130    hp. 

additional    ))Ower   in    its  present    plant.      R. 
Moser,    Owner. 

Tex..  Dallas — The  Security  Natl.  Bank, 
Commonwealth  Bldg.,  had  plans  prepared 
for  the  construction  of  a  12  story,  100  x 
2O0  ft.  office  building  on  Main  and  Murphy 
Sts.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$1,000,000.  Herbert  M.  Greene  Co.,  North 
Texas  Bldg.,  Archt.  and  Engr. 

Okla.,  Frederick — Tillman  Co.  is  having 
plans  prepared  for  the  construction  of  a 
4  story  court  house.  A  steam  hea'ing  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated cost,  $250,000.  Tonini  &  Bramblett, 
301  Terminal  Bldg.,  Oklahoma  City,  Archts. 

Col.,  Denver — Loew's  Enterprises.  1493 
B'way,  New  York  City,  are  having  plans 
prepared  for-  the  construction  of  a  theatre 
here.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost 
$350,000.  T.  W.  Lamb,  644  8th  Ave.,  New 
York  City,  Archt. 

Utah,  Ogden — D.  D.  McK.".y,  Engr.,  has: 
filed  application  with  the  state  engineer  for 
Ogden  River  water  rights  to  build  a  hydro- 
electric plant  to  pump  water  for  irrigation 
in  Weber  and   Boxelder  Counties. 

Wash.,  Puget  Sound — The  Bureau  of 
Yards  &  Docks,  Navy  Dept.,  Wash.,  D.  C, 
plans  to  furnish  and  install  auxiliary  equip- 
ment and  piping  for  the  air  compressor, 
here.      Estimated   cost,    $60,000. 

Cal.,  I-ong  Beach — Loew's  Enterprises, 
1493  B'way.,  New  York  City,  are  having 
plans  prepared  for  the  construction  of  a 
theatre  here.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost. 
$500,000.  T.  W.  Lamb,  644  8th  Ave.,  New 
York  City,  Archt 

M.  I.,  Guam — The  Bureau  of  Yards  & 
Docks,  Wash.,  D.  C,  and  the  Office  of  Pub. 
Wks.,  San  Francisco.  Cal.,  received  bids 
for  the  construction  of  extensions  to  power 
house,  pump  house,  floor  house  and  quar- 
ters at  the  Naval  Station  here,  from  Alfred 
H  Vogt,  Builder's  Bxch.,  San  Francisco. 
Cal.,  at  $87,566  ;  Pittsburgh  Des  Moines 
Steel  Co.,  Munsey  Bldg.,  Wash.,  D.  C..  at 
$83,700.      Noted    April    6. 

Ont.,  New  Toronto — The  village  plans  to 
enlarge  its  waterworks  system.  Plans  in- 
clude the  installation  of  a  new  electric 
pump,  a  new  16  in.  feeder  main  and  two 
3  stage,  1,000  Imp.  G.P.M.  electric  driven 
turbine  pumps  connected  in  series.  Total 
estimated  cost,  $35,000.  E.  A.  James  Co., 
Ltd.,   36   Toronto   St.,   Toronto,   Engr. 

Ont.,  Ottawa — Stevens  &  Lee,  Archts.,  2 
rollege  St.,  Toronto,  will  receive  bids  for 
the  construction  of  a  hospital  for  the  city. 
A  vacuum  steam  heating-  and  Idower  ven- 
tilating system  will  be  installed  in  same. 
Total  estimaced   cost,    $2,500,000. 

Ont..  Toronto — The  Bloor  St.  Baptist 
Church,  Bloor  and  North  Sts.,  plans  to  con- 
struct a  church.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,    $500,000. 

Alto.,  Calgary — The  City  Comrs.  will  re- 
ceive bids  until  May  14  for  the  manufac- 
ture and  delivery  of  three  200  kva.,  12,000 
volt  to  2,390  volt  tran.sformers.  J.  M. 
Miller,    City    Clk. 

Alta.,  Calgarv — Loew's  Enterprises,  1493 
B'way.,  New  York  City,  are  having  iilans 
prepared  for  the  construction  of  a  theatre 
here.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost. 
$500,000.  T.  W.  Lamb,  644  8th  Ave.,  New- 
York  City,  Archt 

Alta.  Edmonton — ^Loew's  Enterprises. 
1493  B'way.,  New  York  City,  are  having 
plans  prepared  for  the  construction  of  a 
theatre  here.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost. 
$400,000.  T.  V/.  Lamb,  644  8th  Ave.,  New 
York  City,  Archt. 

B.  C.  Victoria — Loew's  Enterprises,  1493 
B'way.,  New  York  City,  are  having  plans 
prepared  for  the  construction  of  a  theatre 
here.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost. 
$4  00,000.  T.  W.  Lamb,  64  4  8th  Ave.,  New 
Y  rk  City,   Archt. 

B.  C,  Winnipeg — Loew's  Enterprises. 
1493  B'way..  New  York  City,  are  having 
plans  prepared  'for  the  construction  of  a 
theatr  •  here.  A  steam  heating  system  will 
be  instaUe<l  in  same.  Total  estimated  cost. 
$500,000.  T.  W.  Lamb,  644  8tb  Ave..  New 
York   City,    Archt. 


COXTRACTS   AWARDED 

Mtt.,  Fairfield  (Baltimore  P.  O.) — The 
Globe  Shipbuilding  &  Dry  Dock  Co.  ot 
Maryland,  Fidelity  Bldg.,  Baltimore,  has 
awarded  the  contract  for  the  construction 
of  a  1  story.  30  x  110  ft.  power  house,  1 
story.  50  x  150  ft.  joiner  shop,  mold  loft, 
etc.,  to  Bancroft  Jones  Corp.,  Mutual  Life 
Bldg.,  Buffalo,  N.  Y.,  at  $850,000.  Contract 
for  the  construction  of  a  1  story  machine 
shop  including  boilers,  etc.,  has  been 
awarded  to  McClintic  Marshall  Co.,  Oliver 
Bldg.,  Pittsburgh.  Pa.,  at  $500,000.  Noted 
Feb.    9. 

N.  C,  High  Point — The  Harriss  Coring- 
ton  Hosiery  Mills,  has  awarded  the  contract 
for  the  construction  of  a  2  story,  50  x  100 
ft  hosierv  mill  on  Cox  St..  to  J  O'Connor, 
Washington  St  A  100  hp.  boiler  and  pipe 
fittings  for  heating  system  will  be  installed 
in  same      Total  estimated  cost,  $35,000. 

S.  C,  Columbia — The  State  has  awarded 
the  contract  for  the  installation  of  a  heating 
plant  in  the  State  Capitol,  to  W.  B.  Gui- 
marin  &  Co.,  1220  Washington  St.,  at  $34,480. 

Kan..  KI  Dorado — The  El  Dorado  Hotel 
&  Theatre  Co.  has  awarded  the  contract 
for  the  construction  of  a  5  '-tory.  81  x  147 
ft  hotel  and  theatre  building,  to  Fred  Bor- 
golte.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost. 
$300,000. 

Neb..  Gering — Scotts  Bluff  Co.  has  award- 
ed the  contract  for  the  installation  of  a 
heating  system  in  the  proposed  4  story 
court  house,  to  Prohs  Bros.,  at  $20,906. 
Noted    Feb.    9. 

Tex.,  Waco — The  Central  Texas  Electric 
Ry.  Co.  has  awarded  the  contract  for  the 
construction  of  track  including  grading  and 
all  trestle  work  on  first  unit  of  \Vaco  Temple 
Interurban  line  from  here  to  Robinson,  to 
the  Central  Texas  Eng.  &  Constr.  Co.. 
Amicable  Life  Bldg.  Plans  include  a  power 
house   and    transmission    line. 

Okla..  Guthrie— The  Scottish  Rite  ha? 
awarded  the  contract  for  the  constructioi? 
of  a  consistory,  to  James  Stewart,  30 
Church  St.,  New  York  City.  A  steam  heat- 
ing system  will  l^e  installed  in  same.  Total 
estimated   cost,   $3,000,000. 

Okla.,  Pawhuska — ^The  Citizens'  Natl. 
Bank  has  awarded  the  contract  for  the 
construction  of  a  7  story,  50  x  140  ft  ba.nk, 
to  the  George  M.  Bliss  Constr.  Co.,  La- 
throp  Bldg.,  Kansas  City.  Mo.  A  stearr. 
heating  svstem  will  be  installed  m  same. 
Total  estimated  cost   $400,000. 

Okla..  Tecumseh — The  State  Bd.  of  Af- 
tViis.  Oklahoma  City,  has  awarded  the 
contract  for  the  construction  of  u  school 
buildings,  including  a  power  house,  to  tli 
Manhattan  Constr.  Co.,  Oklahoma  (ity^  A 
steam  heating  system  will  be  installed  in 
same.      Total    estimated   cost,    $152,700. 

Wash..  Olvmpia — The  State  Capitol  has 
awarded  the  contract  for  the  construction 
of  a  power  house,  to  the  Western  Consti'. 
Co.,  Seaboard  Bldg.,  Seattle.  A  steam  heat- 
ing svstem  will  be  installed  in  same.  Total 
estimated   cost,    $100,000.      Noted    May    3. 

Ore  Roseburg — The  Riter  Sanitarium 
Co.  has  awarded  tlie  contract  for  the  con- 
struction of  a  3  story,  80  x  M.'.  ft  hospital 
plant  including  a  heating  plant,  cost,  $20  - 
000  ;  administration  building,  cost,  $10,000. 
to  C  W.  Frazier,  ^Vilbur.  Contract  for 
installing  steam  heating  system  will  be 
sub-let. 

Cal..  San  Franeisco— Don  Lee.  1601  Van 
Ness  \ve..  has  awarded  the  contract  for 
the  coi'ui  ruction  of  a  7  story  auto  sales 
building  on  Van  Ness  Ave.,  to  the  Lindgren 
Co,  Monadiiock  Bldg.  A  steam  heatmg 
system  will  be  installed  in  same.  Total 
estimated    cost,    $600,000. 

Ont.,  Acton — The  town  has  awarded  the 
contract  for  laying,  jointing,  trenching. 
backfilling  and  erecting  valves  and  hy- 
drants on  cast  iron  i>ipe,  to  the  Gartsnore 
Thompson  Pipe  &  Fdry.  Co.,  Ltd  ,  Stuart 
St.  West.  Hamilton.  ElectricaUy  driv^" 
d  epwell  centrifugal  laimps  will  oe  i;  tailed 
in  same.  Total  estimated  cost,  $30,000. 
Noted    March    9. 

Ont  .  "oronto— The  city  has  awarded  the 
contract  for  the  installation  of  four  20.000,- 
000  Imp.  gal.  per  day  centrifugal  pumps 
for  the  ,lohii  St.  pumping  station,  to  the 
Turbine  Kquipment  Co.,  Ltd.,  C.  1.  U. 
Bldg.      Estimated    cost.    $75,000. 

Ont.,  Toronto  —  St.  IMichaels  Hospi'  '1. 
Church  St  .  has  awarded  the  general  con- 
tinct  for  the  construction  f  a  6  story,  100 
x  ISO  ft  nurses  residence  and  hospital  ad- 
dition on  ohuler  and  Victoria  .Sts^  to 
Archibald  and  Holmes,  Excelsior  Life  Bldg. 
A  vacuum  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$600,000. 
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Bonehead  Bill 

By  Rufus  T.  Strohm 

Our  engineer,  Bill  Jones,  last  week  was  surely  up 
against  it ;  a  steam  pipe  sprung  a  nasty  leak  -  -  two  walls 
were  right  fomenst  it.  And  when  he  got  the  stop  valve 
shut  and  made  a  brief  inspection,  he  found  that  he  would 
have  to  cut  another  threaded  section. 

Jjut  when  he  set  to  work  with  vim  in  that  restricted 
quarter,  he  found  the  job  cut  out  for  him  a  regular  rip- 
snorter.  The  threading  dies  were  hard  to  set,  as  he  was 
quick  in  learning,  and  then  there  wasn't  room  to  get  good 
leverage  for  turning. 

JH-e  strained  till  from  his  overalls  he'd  busted  all  the 
buckles,  and  slipped  and  hit  the  plastered  walls  and 
skinned  his  tender  knuckles.  He  tugged  and  grunted, 
sweat  and  swore,  for  nigh  to  half  an  hour,  until  he  hadn't 
any  more  of  patience  or  of  power. 

Xj.e  took  a  little  rest  at  length,  his  shirt  and  jacket  shed- 
ding, and  when  he  had  regained  his  strength,  resumed  his 
job  of  threading;  and  so  he  hauled  and  sawed  and  jerked 
till  evening  shades  descended,  and  all  the  ne:^t  forenoon 
he  worked,  before  the  task  was  ended. 

Out  when  at  last  he'd  turned  the  trick  and  screwed  the 
thing  together,  the  steam  leaked  through  in  clouds  as  thick 
as  London's  foggy  weather.  Then  Bill  just  clean  forgot 
the  rules  of  morals  and  religion,  and  cussed  and  damned 
those  threading  tools  in  Russian,  Dutch  and  pidgin. 

Xjut  though  he  wildly  roared  and  raved  and  bent  his 
conscience  double,  if  he'd  been  wise  he  might  have  saved 
himself  a  peck  of  trouble.  For  what  had  caused  that 
faulty  joint  should  stir  no  one  to  wonder ;  because  —  -  and 
here's  the  vital  point  -  -  those  dies  were  dull  as  thunder  ! 

1  he  moral  of  this  tale  is  plain  to  those  who  toil  and  tussle : 
A  little  exercise  of  brain  will  save  s  lot  of  muscle  ! 
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Testing  Engines  for  40,000  Feet  in  the  Air 

How  the  New  Engine-Testing  Laboratory  at  the  Bureau  of  Standards 

Solves  This  Problem 

By  R.  S.  McBRIDE 

Engineering  Representative  McGraw-Hill  Company,   Inc.,  Washington,   D.   C. 


THE  Bureau  of  Standards  has  developed  one  of 
the  most  complete  plants  ever  built  for  the  test- 
ing of  internal-combustion  engines  and,  inci- 
dentally has  made  it  possible  to  be  safely  on  the  ground 
with  full  control  of  an  aeroplane  engine,  while  operating 
the  engine  as  if  it  were  40,000  ft.  in  the  air.  The  new 
altitude    laboratory    at    the    Bureau    contains    many 


advantage  of  the  best  possible  combinations,  otherwise 
large  losses  of  power  and  fuel  efficiency  will  be  encoun- 
tered. At  20,000  ft.  the  atmospheric  pressure  is  about 
one-half  that  at  sea-level,  at  30,000  ft.  about  one-third 
sea-level  pressure,  and  the  power  production  of  the 
engine  is  reduced  almost  in  proportion  to  the  reduction 
in  atmospheric  pressure  under  which  it  operates.     On 


Oy^NERAl.  VIEW  IN  THE  BUREAU  OF  STANDARDS  ENGINE -TESTING   LABORATORY 
Tlie    altitude    cliamber    is    in    the    rear    at    the    left.      A    captured  German    motor-truck    engine    is    shown    on    a    test    block    in    the 
center    foreground.       The    racks    shown    overhead    carry    the    resistance    grids    used    to    load    the    electric    dynamometers.       ihe 

car-dynamometer  drums  can  be  seen  in  the  pit  at  the  right. 


ingenious  and  unusual  testing  devices  which  are  of 
considerable  interest,  not  only  to  those  interested  in 
gasoline  engines,  but  also  to  others  concerned  vath 
any  type  of  power-equipment  testing.  The  work  of 
this  laboratory  will  be  of  great  significance,  for  many 
fundamental  problems  are  being  investigated. 

It  is  generally  recognized  that  conditions  at  high 
altitude  are  very  different  from  those  on  the  surface 
of  the  ground,  but  it  is  not  usually  realized  how  impor- 
tant these  changes  are  for  engine  operation.  For 
example,  we  know  that  it  is  necessary  to  supply  an 
aviator  with  oxygen  so  that  he  may  be  able  to  breathe 
when  at  high  altitudes,  but  the  engine  is  not  provided 
with  anv  such  auxiliary  equipment,  therefore  it  is 
necessary  to  operate  it  under  conditions  that  will  take 


the  other  hand,  the  fuel  efficiency  at  high  altitude  does 
not  decrease  greatly;  in  fact,  the  fuel  used  per  horse- 
power does  not  change  materially  until  an  altitude  of 
5,000  to  10,000  ft.  is  reached,  after  which  it  begins 
to  increase. 

It  was  because  of  these  general  facts  that  various 
problems  in  engine  performance  had  to  be  investigated 
as  completely  as  is  being  done  at  the  Bureau  of 
Standards.  The  various  factors  studied  include  pres- 
sure, temperature,  operating  speed,  kind  or  grade  of 
fuel,  gasoline-air  mixture,  proportions,  spark  setting, 
jacket-water  temperature,  oil  temperature,  back  pres- 
sure on  the  exhaust,  throttle  opening,  mechanical 
losses  and  numerous  other  variables.  During  the  war 
period  this  work  was  housed  in  temporary  buildings. 
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SPRAGUE  ELECTRIC  DYNAMOMETER  MOUNTED  ON  SHAFT 
'   FROM  ALTITUDE  CHAMBER 

■This  machine  is  simply  a  generator  with  the  field  frame 
mounted  on  bearings.  It  is  prevented  from  turning:  with  the 
armature  only  by  the  connection  through  the  scale  beam  where  its 
tui'hing  moment  may  be  measured. 

buj;  a  new  laboratorj'-  has  juSt  been  completed.  This  is 
a  substantial  brick  and  concrete  building  about  50  x  150 
ft.,  designed  particularly  to  house  large  altitude  cham- 
bers, the  car  dynamometer  and  the  various  parts  of  the 
auxiliary  equipment. 

The  altitude  chambers,  which  are  the  most  interest- 
ing, part  of  the  installation,  had  to  be  so  designed  and 
built  that  the  atmospheric  conditions  within  them  could 
be  adjusted  to  any  condition  that  might  be  likely  to  be 
encountered  at  any  altitude  up  to  40,000  ft.  Each  of 
the  two  chambers  is  15  ft.  long  by 
about  7  ft.  wide  and  7  ft.  high.  They 
are  thus  of  ample  capacity  for  the 
largest  aeroplane  engines.  The  cham- 
ber is  built  up  of  reinforced  concrete, 
12  "to  14  in.  thick  on  four  sides,  top 
and  bottom,  in  order  to  resist^  the 
great  crushing  force  which  is  devel- 
oped when  the  pressure  within  the 
chamber  is  reduced  to  a  quarter  or  a 
third  of  that  without.  For  thermal  in- 
sulation the  walls  are  lined  vC'ith  a  two- 
inch  cork  layer.  Access  to  the  cham- 
bers is  had  through  large  counter- 
weighted  doors  which  slide  up  out  of 
the  way  and  permit  free  access  either 
for  installation  or  working  about  the 
engine  under  test.  The  engine  itself  is 
mounted  on  a  heavy  wooden  frame, 
which  has  been  designed  to  be  as 
nearly  as  possible  of  the  same  flexi- 
bility and  inertia  (characteristics  as 
the  typical  aeroplane  fuselage  mount- 
ing. The  pressure  within  the  chamber 
is  reduced  to  any  desired  point  by  a 
Nash  hydroturbine-type  vacuum  pump 
which  has  a  rated  capacity  of  1,500 
cu.ft,  of  air  per  minute,  when  operat- 


ing against  a  12-in.  vacuum  at  300  r.p.m.  This  exhaus- 
ter is  belt-driven  by  a  75-hp.  motor.  This  apparatus  is 
capable  of  lowering  the  pressure  to  that  normally  ex- 
isting at  30,000  to  40,000  ft.  altitude  or,  in  other  words, 
about  one-third  to  one-fourth  of  an  atmosphere.  The 
air  circulated  through  the  chamber  and  that  supplied  to 
the  engine  intake  are  cooled  by  passing  over  refrigerat- 
ing coils.  These  coils  are  operated  in  connection  with  a 
York  ammonia  compressor  using  the  direct  ammonia  ex- 
pansion system.  The  refrigerating  machine  has  a  rated 
capacity  of  25  tons  and  is  operated  by  a  50-hp.*  motor. 
All  this  equipment  is  duplicated  for  the  companion 
chamber.  •  The  air  for  the  engine  intake  is,  cooled ,  in 
a  separate  set  of  coils  and  controlled  senarately  through- 
out. The  temperature  in  the  chamber  as  a  whole  can 
be  lowered  t'  about  0  deg.  C,  but  the  intake  air  can 
be  cooled  to  — 25  deg.  C.  The  air  to  the  engine,  after 
passing  over  its  cooling  coils,  goes  through  a  settling 
chamber  in  order  to  eliminate  the  fine  snow  that-  is 
often  carried  in  suspension.  From'  here  it  is  metered 
by  three  venturi  tubes  arranged  in  parallel  and  passes 
through  control  valves  to  the  engine  intake. 

The  exhaust  from  the  engine  is  cooled  as  rapidly  as 
possible  by  water  jackets  around  each  exhau.st  outlet. 
After  this  preliminary  cooling  in  the  watei  jacket, 
the  exhaust  gases  and  the  cooling  water  mix  together 
in  the  exhaust  manifold,  are  drawn  out  into  a  separat- 
ing tank,  and  the  exhaust  gases  are  taken  from  there 
by  the  large  vacuum  pump  and  discharged  outside  the 
building.  The  air  circulation  in  the  chamber  is 
arranged  for  with  fans  appropriately  installed  to  direct 
the  air  current  over  the  cooling  coils  and  around  the 
engine.  It  is  estimated  that  this  system  will  be  ade- 
quate even  to  care  for  tests  of  air-cooled  engines, 
though  none  of  this  type  of  equipment  has  yet  been 
tested. 

The  two  altitude  chambers  are  connected  together 
through  a  small  vestibule,  thus  permitting  the  use  of 
either  set  of  cooling  coils  or  both,  as  may  be  required; 


TESTTXG  A   r.VlOX    KVCTXK   FOR  TFIK   X A\'>     1>'.m> 

Note  the  pipe  overhead  for  carrying  the  engine  exhaust  to  the  large  vertical  pipe  or 
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but  either  chamber  can  be  operated  independently  of 
the  other,  thus  permitting  tests  on  one  engine  to  be 
in  progress  while  another  is  being  set  up  in  the  other 
chamber. 

The  power  delivered  by  the  engine  is  measured  by 
a  combination   electric   dynamometer  and   water-brake 
system.     On  one  of  the  chambers  two  dynamometers, 
each  of  300  hp.,  and  a  400-hp.  water  brake     are  con- 
nected together  in  such  a  manner  that  the  indications 
of  all  three  can  be  weighed  upon  a  single  scab.    Thus 
a  total  of  1,000  hp.  can  be  measured  directly  by  a  single 
indicating  mechanism.    The  other  chamber  is  equipped 
with  one  400-hp. 
dynamometer  to 
which    a    water 
brake  of  any  de- 
sired     capacity 
can  be  added  in 
case     of     need. 
The    power    de- 
veloped   by    the 
dynamometers 
can  be  dissipated 
by    resistance 
grids  alone,  or  it 
can   be   used    in 
operating    the 
auxiliary  motors 
and  the  balance 
absorbed   in  the 
resistance  grids, 
which    are   then 
allowed  to   float 
upon  the  power 
line.  For  practi- 
cal    purposes, 
however,     the 
best   experimen- 
tal   results    are 
found    when    all 
the  current  gen- 
erated    in     the 
dynamometer    is 
dissipated 
through   the  re- 
sistance     grids, 
because   in    this 
manner  the  most 
uniform      and 
controllable  con- 
ditions for  tests 
are    obtained. 
One   very   great 
advantage  in  the 
installation       of 
the  new  laboratory  is  the  arrangement  of  the  controls 
for  the  engine,  the  air  system  and  the  dynamometers, 
all  of  which  are  brought  near  together  so  that  a  single 
operator  has   complete  control  of  the   system   without 
moving  from  his  regular  position  of  observation.  It  is 
thus  possible    to  adjust    conditions    for  a  test,    carry 
through  the  observations  and  be  ready  for  a  new  adjust- 
ment.   The  complete  determination  of  a  heat  balance  in 
the  system  requires  determination  by  weighing  of  the 
fuel  used  and  an  estimation  of  the  heat  gained  in  any 
combustion  of  lubricating  oil,  which  together  make  up 
the  total  energy  input.     The  output  of  energy  is  dis- 


tributed over  the  brake  horsepower,  measured  by  the 
dynamometer  system,  the  heat  lost  in  the  exhaust,  the 
heat  lost  in  the  jacket  water,  the  heat  lost  by  direct 
radiation,  and  any  mechanical  losses.  All  these  quanti- 
ties depend  upon  the  temperature,  density  of  the  air 
and  many  other  factors.  Practically  a  complete  calorim- 
eter system  has  been  developed  for  measuring  these 
different  losses  when  complete  determination  of  the 
heat  balance  is  required.  Temperature  measurements 
are  taken  regularly  at  many  points  throughout  the 
system,  not  only  for  control  purposes,  but  also  to  fur- 
nish data  for  these  thermal  calculations.  A  recent  re- 
port of  the  lab- 
oratory s  u  m- 
marizes  a  doz- 
en of  the  m.ore 
important  tests 
which  have  been 
carried  through 
already  at  this 
Bureau.  The 
following  list  in- 
dicates the  scope 
of  this  work, 
some  .of  which 
is  still  under 
way: 

1.  Horsepow- 
er-altitude rela- 
tion for  engines 
at  normal  speed. 

2.  Horsepow- 
er-speed relation 
over  a  range  of 
altitudes  up  to 
30,000  feet. 

3.  Horsepow- 
er -  compression 
ratio  for  normal 
speed,  using 
compression 
ratios  of  4.7,  5.3, 
and  6.2  to  1  over 
a  range  of  alti- 
tudes up  to  30,- 
000   feet. 

J^  ,  4.  '•  Horsepow- 
er-inlet air  tem- 
perature over  a 
range  of  speeds 
and  a.ltitudes. 

5.  Effect  of 
,  variation  of  in- 
.-  take  pressure  on 
horsepower  over 
a  range  of  altitudes,  to  simulate  the  effect  of  super- 
charging equipment. 

6.  Effect  of  exhaust  back  pressure  on  horsepower, 
over  a  limited  range  of  pressures. 

7.  Mechanical  losses  at  various  speeds,  altitudes  and 
engine  temperatures. 

8.  Metering  characteristics  of  a  number  of  different 
types  of  carburetors,  with  and  without  altitude  com- 
pensation or  control,  for  the  full  range  of  speeds  and 
altitudes. 

9.  Best  mixture  ratios  for  maximum  power  over  the 
range  of  speeds  and  altitudes,  with  different  Carburetors. 


TEST  ON  A  ONE-CYLINDER  LIBERTY  ENGINE 

These  tests  were  made  to  study  the  rate  of  flame  propagation  in  the  engine  cylinder 
under  different  conditions.  The  operator  at  the  left  is  at  tlie  dynamometer  switchboard 
controlling-  the  load  on  the  dynamometer.  The  operator  at  the  right  is  adjusting  the 
spark  chronograpli  which  measures  the  speed  of  flame  propagation.' 
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10.  The  performance  of  a  number  of  automatic  and 
hand-operated  altitude  compensation  devices  for  dif- 
ferent carburetors. 

11.  The  total  heat  distribution  for  all  speeds  and  air 
densities  at  full  throttle. 

12.  The  performance  of  special  fuels :  "Hector,"  a 
combination  of  cyclehexane  and  benzol;  "Alco-gas,"  a 
combination  of  alcohol,  benzol,  gasoline  and  ether,  at 
a  compression  ratio  of  7.2  to  1. 

One  of  the  problems  still  giving  considerable  difficulty 
in  the  aeroplane-engine  field  is  the  question  of  car- 
buretor adjustment  with  changing  atmospheric  pres- 
sures. The  automatic  arrangement  for  adjustment  vv^ith 
changing  speeds  is  not  satisfactory  for  altitude  changes. 
For  example,  in  some  of  the  early  work  it  was  found 
that  at  higher  altitudes  four  times  as  much  gas  was 
delivered  as  was  found  at  ground-level  conditions 
unless  readjustment  was  made.  A  number  of  ways  for 
controlling  this  factor  have  been  devised,  two  or  three 
of  them  the  inventions  of  the  aeroplane-engine  section 
of  the  Bureau  of  Standards.  However,  hand  control  of 
this  adjustment  is  still  general  since  none  of  these 
automatic  devices  has  yet  found  wide-spread  application. 

The  problem  of  "supercharging"  for  altitude  work 
has  been  studied  by  these  laboratories  only  in  a  pre- 
liminary way,  but  it  is  expected  that  further  work  will 
be  undertaken  shortly.  This  is  one  of  the  very  impor- 
tant problems  in  automotive  work,  and  its  investigation 
promises  to  give  important  results.  A  determination 
of  the  best  compression  ratios  for  various  altitudes  is 
in  active  progress.  This  is  important  as  affecting  the 
fuel  efficiency  and  also  the  power  production  at  a  given 
speed. 

One  interesting  fact  that  is  pointed  out  as  the  result 
of  these  investigations  is  the  influence  of  temperature 
upon  power  production.  Fuel  efficiency  is  not  greatly 
affected  by  temperature,  but  even  with  high-grade 
liquid  fuels  the  power  developed  by  an  engine  is  largely 
affected.  With  the  better  grades  of  gasoline  the  power 
output  is  greater  with  slightly  lower  temperatures,  but 
when  temperatures  too  low  for  effective  vaporization 
are  reached,  the  power  output  again  falls  off.  The 
magnitude  of  these  effects  and  means  for  their  control 
are  of  extreme  importance  in  aeroplane-engine  work, 
though  also  of  considerable  significance  for  all  auto- 
motive construction. 

Not  content  with  studying  the  altitude  effects,  this 
laboratory  has  also  developed  an  elaborate  dynamometer 
system  for  car,  transmission,  axle  and  engine  testing. 
By  various  combinations  of  dynamometer,  water  brake 
and  prony  brake  this  apparatus  can  determine  the 
effectiveness  of  operation  under  all  varieties  of  condi- 
tions or  of  any  part  of  the  system.  The  engine  itself, 
the  transmission  system,  the  differential  and  even  the 
power  delivery  on  the  road,  as  judged  by  the  applica- 
tion of  tire  or  service  wheel  to  the  drum,  can  be 
separately  studied. 

For  this  work  three  dynamometers  having  capacities 
of  50,  125  and  150  horsepower,  respectively,  are  installed 
on  three  sides  of  a  rectangular  pit  in  which  the  drum 
and  transmission  outfit  is  placed.  Extensive  tests  of 
lubrication  and  differential  problems  will  be  possible 
with  this  outfit,  since  any  one  of  the  three  dynamom- 
eters can  be  used  as  a  measuring  or  as  a  driving  unit. 

Each  of  these  three  dynamometers  can  also  be  used 
separately  for  independent  investigations.  For  example, 
one  of  them  is  now  being  used  in  connection  with  tests 


on  a  one-cylinder  Liberty  engine  built  to  study  the  rate 
of  flame  propagation  within  the  cylinder  while 
operating. 

The  means  of  determining  rate  of  flame  travel  within 
the  cylinder  is  very  effectively  developed  here  by  a 
triple  spark-plug  system.  At  the  time  the  flame  of 
burning  gas-air  mixture  passes  over  the  spark  plug, 
the  gases  are  ionized  and  a  reduction  in  electrical 
resistance  results.  This  permits  the  passage  of  a  spark 
across  the  gap.  These  spark  plugs  are  connected  to 
a  spark  chronograph  or  an  oscillograph,  and  the  rela- 
tive time  of  passage  of  the  flame  past  these  three 
points  can  thus  be  measured.  A  full  description  of  this 
particular  installation  has  been  given  by  MacKenzie 
and  Honaman  in  the  Journal  of  the  Society  of  Auto- 
motive Engineers  for  February  of  this  year. 


Chart  for  Finding  Power  Factor 

By  C.  Harold  Berry 

IN  THE  switchboard  equipment  of  modern  alternat- 
ing-current power  plants  the  power-factor  meter  is 
being    displaced    by    the    wattless-component    meter 
owing  to  the  fact  that  the  reliability  of  the  former  is 


K  /  1  oYv  a  t  t  s 
FIG.    1.      RELATION  BETWEEN  KILOWATT.   KILOVOLT- 
AMPERES   AND   WATTLESS    COMPONENT 


limited  to  restricted  conditions,  whereas  the  latter  is 
reliable  over  a  much  wider  range.  In  spite  of  the  su- 
periority of  the  wattless-component  indicator,  the 
power  factor  is  what  we  wish  to  determine.  Wattless 
component  in  itself  means  nothing,  but  it  must  be  con- 
sidered in  its  relation  to  the  actual  kilowatts,  and  this 
relation  is  expressed  by  the  power  factor. 

As  is  well  known,  the  relations  between  kilowatts, 
kilovolt-amperes,  and  wattless  component  are  those  of 
the  three  sides  of  a  right  triangle,  as  shown  in  Fig.  1. 
We  thus  have  the  following  relations: 


P.F.  = 


KW. 
KV.-A 


=  cosQ.WC  =  KW.  tan  e  -  /CTF.X 


V  1  -  P.F. 


P.F. 

where  P.F.  equals  power  factor,  KW.  equals  kilowatts, 
KV.-A  equals  kilovolt-amperes  and  WC  equals  wattless 
component. 

The  last  equation  is  awkward  to  solve,  so  the  easiest 
way  to  get  the  power  factor  from  readings  of  kilowatts 
and  wattless  component  is  to  make  use  of  tables  of 
trigonometric  functions  of  angles.  Since  the  tangent 
of  the  angle  6  equals  the  wattless  component  divided  by 
kilowatts,  we  may  perform  this  division  and  then  look 
up  the  angle  in  a  table  of  natural  tangents.  Having 
thus   found   the   angle,   we   may   turn   to   the  table   of 
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natural  cosines  and  read  off  the  cosine  of  the  angle, 
which  is  the  power  factor. 

Even  this  process  is  tedious  and  slow,  especially 
where  such  computations  must  be  made  by  switchboard 
operators  on  regular  hourly  of  half-hourly  readings  on 
several  machines,  and  the  alignment  chart  of  Fig.  2 
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Jhe  Verrical  Scales  (Kilorfatts  and 
and  Wattless  Component  or  Kilovolf- 
amperes)  may  both  be  Multiplied  by 
tt)e  same  Number 
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to  read  the  chart.  For  example,  if  we  have  kilowatts 
equal  to  19,000  and  wattless  component  17,000,  the  line 
drawn  through  the  points  19  and  17  as  numbered  on 
the  chart  intersects  the  scale  at  a  very  small  angle,  and 
it  is  difficult  to  read  the  power  factor.  We  may  get  the 
same  result,  however,  by  passing  a  line  through  9.5 
(half  of  19)  and  8.5  (half  of  17), 
which  enables  us  to  read  the  result  as 
74.5  per  cent  power  factor.  On  the 
lower  side  of  the  diagonal  has  been 
added  a  scale  for  obtaining  the  power 
factor  from  the  kilowatts  and  kilovolt- 
amperes.  For  example,  if  the  kilowatt 
meter  reads  551  and  the  kilo  volt- 
amperes  as  determined  from  the  volt- 
meter and  ammeter  readings  is  650 
then  a  line  drawn  from  6.5  on  the  kilo- 
volt-amperes  scale  to  5.5  on  the  kilo- 
watt scale  will  give  a  power  factor  of 
85  per  cent.  This  might  just  as  easily 
be  determined  on  the  slide  rule,  so  that 
there  is  no  special  advantage  in  having 
this  scale  on  the  chart.  However,  it 
does  not  interfere  with  the  other 
scales,  and  may  at  times  prove  useful. 


Q  <* 


FIG.  2.     CHART  FOR  CALCULATING  POWER  FACTOR  PROM  KILOWATTS  AND 
WATTLESS  COMPONENT  OR  KILOWATTS  AND  KILOVOLT-AMPERES 


has  been  designed  to  give  the  desired  result  quickly 
and  accurately  without  calculation  or  reference  to 
tables. 

The  use  of  this  chart  will  be  almost  obvious.  On  the 
left-hand  scale  find  the  point  representing  the  kilo- 
watts, on  the  right-hand  scale  the  point  representing 
the  wattless  component.  Through  these  two  points 
pass  a  straight  line  —  a  stretched  thread  or  a  line 
scratched  on  a  sheet  of  celluloid.  At  the  point  where 
this  line  cuts  the  diagonal  of  the  chart,  read  off  the 
power  factor  from  the  scale  on  the  upper  side  of  the 
diagonal. 

For  example,  if  the  kilowatts  is  10,400,  and  the  watt- 
less component  6,700,  the  power  factor  will  be  84  per 
cent,  as  indicated  by  the  dotted  line  drawn  on  the 
chart. 

In  using  this  chart,  both  vertical  scales  may  be  mul- 
tiplied by  the  same  number.  By  this  means  the  line 
joining  the  two  given  points  may  be  made  to  intersect 
the  diagonal  nearly  at  right  angles,  thus  making  it  easy 


White  Coal  Available 

in  Canada 

The  Committee  on  Water  Power  of 
the  Commission  of  Conservation  of 
Canada,  following  a  survey  of  the  total 
available  water  power  of  that  country, 
reports  that  Quebec  has  6,000,000 
available  horsepower;  Ontario,  5,800,- 
000;  British  Columbia,  3,000,000; 
Manitoba,  2,797,000;  and  a  consider- 
able amount  of  power  in  other  parts  of 
the  Dominion,  totaling  in  all,  18,832,- 
000  horsepower. 

It  is  estimated  that  more  than  85 
per  cent  of  the  total  electric-generat- 
ing-station  capacity  in  Canada  is  de- 
rived from  water  power,  the  remainder 
being  nearly  all  steam  power.  Efforts 
toward  more  complete  utilization  of 
this  power  are  under  way  Last  year  there  was  com- 
pleted throughout  the  Dominion  installation  of  plants 
aggregating  64,000  hp.,  and  plants  at  present  under  con- 
struction total  over  370,000  hp.,  while  other  develop- 
ments planned  for  the  future  will  increase  this  by  about 
750,000  horsepower. 

Two  methods,  entirely  different,  have  been  developed 
for  deding  with  water-power  problems  in  Ontario  and 
Quebec.  Each  seems  to  be  successful  in  its  own  area. 
The  Hydro-Electric  Power  Commission  of  Ontario  has 
jurisdiction  over  all  water  powers  in  that  province. 
The  commission  is  carrying  out  its  own  developments 
and  operating  its  projects.  In  Quebec  the  Quebec 
Streams  Commission  is  taking  all  necessary  steps  to 
make  water  power  available  by  private  companies.  The 
commission  undertakes  the  building  of  dams  and  all  the 
work  necessary  so  that  the  proposed  power-plant  sites 
will  be  for  use,  but  the  companies  obtain  leases  for  the 
use  of  water,  build  the  necessary  generating  plants  and 
operate  them. 
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Design  and  Construction  of  Power-Plant  Piping 

Practical  Suggestions  Regarding  the  Design  and  Construction  of  Power-Plant  Piping, 

Including  Materials  Used,  Valves,  Fittings  and  Types  of  Joints 

for  Various  Pressures  and  Tempcratui'es 

By  JOHN  D.  MORGAN 


IN  THE  design  of  a  power-p'iant  piping  system  the 
first  task  is  to  make  up  a  sheet  showing  the  lines  to 
be  constructed. 

A  specimen  sheet  is  shown  in  the  table  giving  practic- 
ally all  the  lines  that  are  used  in  the  average  power  plant. 
These  lines  can  be  classified  into  groups,  as  follows: 
High-pressure  saturated  and  superheated  steam  piping; 
exhaust-steam  piping;  atmospheric  exhaust  piping;  feed- 
water  piping;  low-pressure  water  piping;  blowoff  pip- 
ing; drips  and  drains;  oil  piping,  high-  and  low-pressure. 

The  design  of  the  high-pressure  steam  piping  system 
will  demand  much  attention,  for  with  the  advent  of  high 
steam  pressure  and  high  degree  of  superheat  and  the 
use  of  large  turbines,  it  is  necessary  that  the  line 
deliver  steam  with  the  smallest  possible  pressure  varia- 
tion from  its  original  boiler  pressure  and  also  at  the 
highest  possible  temperature. 

PIPING  LINES  IN  POWER  PLANTS 
Steam  Lines  : 
Main  high-pressure  superheated  steam  line. 
Duplicate  high-pressure  superheated  steam  line. 
Auxiliary  high-pressure  superheated  steam  line. 
Main  high-pressure  saturated  sfe:  "n  line. 
Duplicate  high-pressure  saturated  steam  line. 
Auxiliary  high-pressure  saturated  steam  line. 
Main  exhaust  steam  line. 
Auxiliary  exhaust  steam  line. 
Atmospheric  exhaust  steam  line. 
Atmospheric  exhaust  from  feed-water  heaters. 
Atmospheric  exhaust  from  blowoff  tank. 
Line  to  damper  regulator-,  whistle,  etc. 

Water  Lines  : 
Discharge  and  suction  lines  of  boiler-feed  pumps. 
Discharge  and  suction  lines  of  condenser  circulating  pumps. 
Discharge  and  suction  lines  of  vacuum  pumps. 
Discharge  and  suction  line  of  fire  pumps. 
Discharge  and   suction   line   of  house-service  pumps. 
Discharge  and  suction  lines  of  hot-well  pumps. 
Discharge  and  suction  lines  of  water  cooling  pumps. 
Discharge  and  suction  lines  of  sump  and  miscellaneous  pumps. 
Discharge   of  condensers. 

Lines  from  surge  tanks  to  feed-water  heaters. 
Overflow  lines  from  feed-water  heaters. 
Lines  to  boiler  balanced-draft  systems. 
Lines  to  and  from  venturi  and  V-notch  meters. 
Flooding  lines  to  and  from  superheaters. 
Lines  to  and  from  turbine  glands. 
Lines .  to    and    from    air    cylinder    on    air    compressors    and    dry 

vacuum  pumps. 
Condenser  priming  lines. 
Centrifugal  pump  priming  lines. 
Ash  sprinkling  lines. 
Fire  lines. 

Overflow   fi-om  hotwells  and  tanks. 
Discharge  from  steam   traps. 
Lines  to  and  from  water-cooled  transformers. 
Lines  to  and  from  boiler-compound  mixing  tanks. 
Lines  to  and  from  washing  machines. 

Drips  and  Drains  : 
Lines  from  turbines  and  engines. 
Lines  from  boilers  and  superheaters. 
Lines  from  auxiliaries. 
Lines  from  all  pumps. 
Lines  from  steam  and  water  mains. 
Lines  from  feed-water  heaters  and  separators. 

Blowoff  Piping  : 
Lines  from  boilers  to  blowoff  tanks. 
Lines  from  feed-water  heaters  and  safety  valves. 

Air  Piping: 
Lines  from  condensers  and  air  pumps. 

Gage  Piping; 
Lines  to  all  gages,  mercury  columns,  recorders,  etc. 

Gas  Piping: 
Lines  for  light  and  heat. 

Small  Piping  Systems: 
Compressed-air  system. 
Step-bearing  oil  system. 
Hydraulic-gear  oil  system. 
Turb:'ne-oiling  system. 
Engine-oiling   s>'stem. 
Fuel-oiling  system. 
Boiler  feed-pump   regulator  pipe. 
Refrigeration  system. 


The  formulas  most  generally  used  are  those  of  Bab- 
cock,  which  are  as  follows: 


P  c  d" 


W  =  9,1 


(^  -  "i) 
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P  =  0.0001321- 
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cd' 
Where 

W  =  Weight  of  steam  flowing  in  pounds  per  minute ; 

L  =  Length  of  pipe  in  feet ; 

p  =  Drop  in  pressure; 

d  =^  Diameter  of  the  pipe  in  inches; 

c  =  Density  in  pounds  per  cubic  foot  of  steam ; 

V  =  Velocity  in  feet  per  minute. 

In  close  calculations  it  is  necessary,  when  the  drop 
in  pressure  is  a  determining  factor,  to  figure  on  the 
resistance  of  bends  and  valves  in  the  system.  For  this 
work  Briggs  formulas  for  the  equivalent  resistance  ex- 
pressed in  feet  are  most  generally  used.  They  are  as 
follows : 
For  90-deg.  bend 

76  d 


For  globe  valve 


(-¥) 


X  12 


L  = 
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For  special  conditions  it  frequently  becomes  necessary 
for  the  designing  engineer  to  figure  the  resistance  of 
pipes  to  internal  and  external  pressure.  The  formulas 
which  lend  themselves  with  greatest  accuracy  for  the 
collapsing  pressure  are  Stewart's.    These  are  as  follow : 


l.OOofl -^1  -  1600  (jVl,  or  P=86,670 


1,386 


Where  P  is  the  pressure  in  pounds  per  sq.in.,  t  is  the 
thickness  in  inches  and  d  is  the  outside  diameter  in 
inches.  When  the  ratio  of  Mo  d  is  less  than  0.23,  the 
first  formula  should  be  used,  the  second  for  all  other 
cases. 

The  formula  most  used  for  the  bursting  pressure  is 
that  of  Barlow: 

Where  P  is  the  pressure  in  pounds  per  square  inches, 
/  is  the  ultimate  unit  stress  in  pounds  per  square  inch, 
t  is  the  thickness  in  inches  and  r2  is  the  outside  radius 
in  inches. 

One  part  of  the  design  that  must  be  given  very  careful 
consideration  is  the  branch  lines  from  the  main.  It 
is  essential  that  the  sum  of  percentages  of  the  carrying 
capacities  of  the  branches  be  100  per  cent  cr  more. 
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The  general  engineering  custom  in  regard  to  the 
velocity  of  steam  in  the  high-pressure  mains  is  to  use 
from  6,000  to  7,000  ft.  per  min.  for  saturated  steam 
and  from  10,000  to  12,000  ft.  per  min.  for  superheated 
steam. 

The  two  materials  that  are  most  used  are  steel  and 
wrought-iron  pipe.  When  no  accurate  figures  are  at 
hand  the  ultimate  strengths  of  the  various  pipes  can  be 
taken  approximately  as  follows :  Butt-welded  steel  pipe, 
40,000  lb.  per  sq.in.;  lap-welded  steel  pipe,  50,000  lb. 
per  sq.in.;  seamless-steel  pipe,  60,000  lb.  per  sq.in.; 
wrought-iron  pipe,  28,000  lb.  per  sq.in. 

For  high  pressures  and  temperatures  there  are  several 
types  of  valves  that  are  suitable  for  use.  These  are 
the  double-seated  poppet-type  valve,  the  globe  or  angle 
type  with  outside  stem  and  yoke,  and  the  solid-wedge 
or  broken-wedge  gate  valve  with  outside  yoke.  Most 
of  the  valves  in  general  use  are  of  the  last-mentioned 
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type ;  however,  the  first  two  are  in  many  respects  better 
valves,  for  if  the  machine  work  is  not  done  in  a  thor- 
ough manner  and  the  right  quality  of  metal  used,  the 
gate  valve  will  leak  more  freely  than  the  other  two. 
It  is  customary  to  have  all  large  valves  equipped  with 
bypass  valves  to  equalize  the  pressure  on  both  sides. 
Various  types  of  flanges  are  in  use.  These  vary  as 
to  actual  design  with  the  type  of  joint  with  which  they 
are  intended  to  be  used.  For  instance,  different  types 
will  be  required  for  the  screwed  joint,  welded  joint, 
vanstone  joint,  the  ground  joint  with  cast-iron  gasket 
ring  and  the  expanded  joint.  The  various  materials 
used  in  flanges  are  cast  iron  (standard  weight  for  125 
lb.  pressure  and  extra-heavy  for  pressures  up  to  250 
lb.),  semi-  or  ferro-steel  of  standard  and  extra-heavy 
weights,  cast  steel  of  extra-heavy  and  standard  weights, 
rolled  steel  and  forged  steel. 

The  field  for  the  screwed  joint  is  not  that  of  high 
pressures  and  temperatures ;  however,  the  screwed  joint 
is  not  unsatisfactory  when  the  joint  with  welded  flanges 
and  the  cast-iron  gasket  ring  is  a  good  one,  provided 
good  workmanship  is  secured,  but  as  a  rule  it  is  diffi- 
cult to  secure  this  workmanship.  From  a  manufactur- 
ing viewpoint  the  welded  joint  is  superior,  but  in  the 
field  for  erection  its  great  rigidity  is  its  greatest  draw- 
back, and  if  the  vanstone  joint  is  made,  using  care 
in  its  manufacture,  and  is  made  with  the  high  hub, 
improved  reinforced  square  corner  with  raised  surfaces 
from  the  inside  of  the  bolt  circle  to  the  inside  of  the 
axis  of  the  pipe,  there  can  be  no  question  as  to  its 
superiority. 


There  has  been  developed  a  joint  where  the  pipe  is 
rolled  into  recesses  in  the  flange.  This  joint  is  quite 
satisfactory,  but  it  has  not  been  generally  used.  Then 
there  has  also  been  developed  a  joint  that  does  not  make 
use  of  any  regular  flange.  The  pipe  is  rolled  back  sim- 
ilar to  that  of  the  vanstone  except  that  the 
metal  turned  back  is  thicker  than  the  thickness 
of  the  pipe  and  holes  are  drilled  into  the  turned- 
back  flange  and  the  pipes  are  bolted  together  with  a 
gasket  between  them.  This  joint  is  very  satisfactory 
and  reduces  the  weight  of  the  installation  considerably. 
There  has  also  been  used  a  joint  where  the  pipe  has 
been  flanged  over  like  the  vanstone  except  that  the 
flange  has  been  recessed  with  an  angle  cut  on  the  out- 
side and  the  pipe  flange  has  been  rolled  back  into  the 
angle.  This  joint  is  satisfactory,  but  does  not  approach 
the  vanstone  joint  for  flexibility  in  erection. 

Gaskets  that  are  suitable  for  use  with  superheated 
steam  are  many.  The  one  in  most 
general  use  is  the  soft  corrugated 
steel  gasket  applied  with  a  cement. 
There  also  are  a  number  of  other 
good  varieties,  such  as  the  asbestos 
gasket  shrouded  with  copper  or 
bronze  and  the  corrugated  copper 
gasket.  The  important  point  in  con- 
nection with  gaskets  is  their  proper 
installation,  and  this  is  accomplished 
only  when  the  bolts  are  drawn  up 
tight  and  uniform  over  the  complete 
bolt  circle. 

The  fittings  most  generally  used 
consist  of  tees,  ells,  Y's,  crosses  and 
laterals.  These  are  made  of  cast  iron, 
malleable  iron,  semi-  or  ferro-steel 
and  cast  steel  of  standard  and  extra- 
heavy  weight.  In  the  most  modern 
plants  it  has  become  standard  practice  to  eliminate  fit- 
tings wherever  possible.  This  is  accomplished  by  the 
use  of  welded  nozzles  on  the  pipe.  These  nozzles  can  be 
of  any  length  or  size  with  any  type  of  flange  or  joint, 
and  their  use  lightens  the  total  weight  of  the  piping  and 
eliminates  from  50  to  60  per  cent  of  the  total  joints. 
Fig.  1  graphically  shows  the  weight  of  cast-iron  flanged 
fittings,  and  Fig.  2  indicates  the  thickness  and  weight  qf 
standard  and  extra-heavy  piping. 

For  high  pressures  and  temperatures  there  are  two 
types  of  expansion  joints  that  are  suitable — the  slip- 
type  joint  with  a  proper  packing,  and  pipe  bends.  The 
corrugated  reinforced  copper  expansion  is  not  suitable 
for  superheated  steam.  Of  the  pipe  bends  there  are 
several  types — the  quarter  bend,  the  U-bend,  combina- 
tion U  and  quarter  bend,  expansion  U-bend  and  the 
double-offset  expansion  bend.  Assuming  1  as  the  proper 
expansion  for  the  quarter  bend,  then  the  relative  expan- 
sion values  of  the  other  bends  are  as  follows:  U-bend, 
2;  combination  U  and  quarter  bend,  4;  the  double-offset 
expansion  bend,  5.  In  the  design  of  bends  the  radius 
and  the  weight  of  the  pipes  must  be  properly  propor- 
tioned in  order  that  the  right  amount  of  expansion  and 
contraction  can  be  compensated  for  without  damage  to 
the  piping  or  bend. 

The  use  of  superheated  steam  at  high  temperatures 
and  pressures  has  given  rise  to  spirited  discussion  in 
regard  to  the  materials  most  suitable  for  fittings, 
flanges  and  valves  in  connection  with  piping  systems. 
Recently,  the  A.  S.  M.  E.  Boiler  Code  was  revised  in 
relation  to  cast  iron  and  superheated  steam,  as  follows : 
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Cast  iron  shall  not  be  used  for  nozzles  or  flanj^es  directly 
attached  to  the  boiler  at  any  pressure  or  temperature.  Cast 
iron  shall  not  be  used  for  boiler  or  superheater  mountings, 
such  as  connecting  pipe,  fittings,  valves  and  their  bonnets 
for  steam  temperatures  over  450  deg.  F. 

No  mention  is  made  in  the  Code  for  the  piping  sys- 
tems at  large.  At  a  more  recent  date  the  United  States 
Steamboat  Inspection  Service  authorized  the  use  of 
semi-steel  gray-iron  mixture  for  superheater  headers 
on  ships,  and  Lloyds  have  also  adopted  this  ruling.  This 
shows  a  diversity  of  opinion.  These  various  rulings 
have  been  made  after  considerable  discussion  on  the 
subject,  and  it  is  the  general  opinion  among  vi^ell-known 
engineers  that  much  of  the  trouble  experienced  with 
extra-heavy  cast-iron  fittings  and  valves,  when  operated 
at  temperatures  not  exceeding  500  deg.  F.,  has  been 
largely  due  to  the  design  rather  than  to  the  character 
of  the  material.  Abroad,  the  use  of  cast  iron  of  a  grade 
called  gun  iron  has  given  very  good  success,  although 
it  is  generally  conceded  that  for  high  steam  pressures 
and  for  temperatures  in  excess  of  500  deg.  F.  steel 
fittings  should  be  used.  Cast  iron,  when  subjected  to 
temperatures  in  excess  of  500  deg.  F.,  does  in  some  cases 
show  a  permanent  increase  in  some  dimensions.  How 
long  this  growth  would  continue  is  uncertain,  also  that 
the  strength  of  cast  iron  is  materially  reduced  when 
exposed  to  temperatures  not  exceeding  550  deg.  F.  has 
not  been  conclusively  proved,  and  as  a  matter  of  fact 
some  engineers  claim  that  the  strength  of  cast  iron 
grows  till  it  reaches  the  break-down  point  around  800 
deg.  F.  It  seems  probable 
that  most  of  the  failure  of 
cast-iron  fittings  in  station- 
ary plants  where  the  temper- 
ature does  not  exceed  500 
deg.  F.  has  been  due  to  poor 
quality  of  the  cast  iron,  vari- 
able temperature  of  the 
steam,  poor  design  of  the 
piping,  fittings  and  flanges, 
or  the  lack  of  sufficient  ex- 
pansion joints.  This  is  borne 
out  by  the  fact  that  there  are 
in  this  country  over  37,000 
locomotives  that  have  cast- 
iron  superheater  headers  and 
steam  pipes  operating  every 
day  with  temperatures  from 
600  to  750  deg.  F.,  and  they 
undergo  greater  stresses  and 
more  sudden  temperature 
changes  and  fluctuations  than 
any  stationary  power  plant 
would  ever  be  subjected  to, 
and  failures  of  these  headers 
and  steam  pipes  due  to  the 
high  temperatures  used  are 
practically  unknown.  It 
would  certainly  seem  from 
all  reliable  information  that 
the  use  of  a  high  grade  of 
cast-iron  fittings  is  permis- 
sible for  temperatures  of 
about  500  deg.  F.  and  that 
steel  fittings  are  advisable 
for  higher  temperatures. 
However,  many  advocate  the 
use   of  steel   fittings    in   all 


cases,  because  a  greater  factor  of  safety  is  afforded  and 
also  because  poorly  designed  systems  using  steel  fittings 
will  not  be  so  likely  to  have  trouble.  But  the  fact  re- 
mains that  the  use  of  cast-iron  and  semi-steel  fittings 
for  a  certain  limited  temperature  is  by  no  means  poor 
engineering  practice. 

The  material  best  suited  for  valve  seats,  discs  and 
bushings  is  nickel  or  monel  metal.  These  metals  have 
practically  the  same  expansion  and  contraction  as  steel, 
and  temperatures  up  to  1,000  deg.  F.  have  no  material 
effect  on  the  seats,  discs  and  bushings  made  of  these 
metals.  The  valve  stems  should  be  made  of  nickel  steel. 
Brass  or  bronze  is  unsuitable  for  use  with  superheated 
steam  of  high  temperatures.  At  temperatures  approxi- 
mately 650  deg.  F.  the  breaking  strength  of  bronze  is 
only  about  12,150  lb.  per  sq.in.,  and  its  elongation  at  this 
temperature  is  only  about  11  per  cent.  At  normal  tem- 
peratures its  elongation  is  about  37  per  cent  and  it  has 
a  breaking  strength  of  34,000  lb.  In  regard  to  the  metal 
for  the  body  of  the  valve,  the  same  conditions  apply  as 
to  that  for  fittings. 


Fuel-Oil  Tanks,  Tamarack  Mills 

Through  the  courtesy  of  Jenks  &  Ballou,  consulting 
engineers.  Providence,  R.  I.,  is  reproduced  the  working 
drawing  of  the  concrete  pits  housing  the  steel  fuel  oil 
tanks  at  the  Tamarack  Mills  power  plant,  Pawtucket, 
R.  I.    Power  readers  will  welcome  this  drawing. 
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POWER  DRIVES  FOR 
ROLLING  MILLS 


Various  types  of  engine  valves  are  touched  upon 
as  applying  to  rolling-mill  units.  Two  of  the 
largest  poppet-valve  unifiow  engines  in  the  world 
ivere  found  operating  a  9-  and  12-in.  merchant 
mill.  These  engines  operate  condensing,  and 
have  disc-driven  governors  so  designed  that  the 
engine  speed  can  be  regulated  while  the  engine 
is  in  operation. 

BEFORE  taking  up  the  uniflow  engines  that  I 
saw  used  for  driving  rolling  mills,  it  might  be 
well  to  mention  the  action  of  the  various  types 
of  valves  used  on  engines  that  were  described  in  the 
preceding  article.  Of  the  ordinary  slide  valves  there  are 
several  types,  including  the  flat  or  D  unbalanced  valve, 
not  much  used  in  rolling-mill  practice;  piston  valves, 
which  by  the  nature  of  their  form  are  balanced ;  pres- 
sure-plate valves,  which  are  balanced  by  special  form 
of  plates;  riding  cutoff,  which  are  usually  flat  valves, 
each  being  operated  by  a  separate  eccentric;  gridiron 
valves;  and  rotating  valves.  The  D-valve  is  the  simp- 
lest type  used.  Steam  is  admitted  to  the  cylinder  past 
the  two  outside  edges  and  exhausts  to  the  atmosphere 
past  the  two  in- 
side edges  to  a 
common  exhaust 
port.  It  is  gener- 
ally made  with 
steam  laps  so  that 
the  steam  edge  of 
the  valve  will 
overlap  the  steam 
edge  of  the  port 
when  the!  vaive  is 
in  its  mid-posi- 
tion. The  steam 
lap  is  provided 
mainly  to  cut  off 
the  steam  supply 
to  the  cylinder, 
generally  at  about 
three-quarters  of 
the  piston  stroke. 
Steam  lap  also 
permits  of  free 
exhaust.  P  r  e  s- 
sure-plate  or  bal- 


FIG.    1. 


anced  valves  operate  with  a  plate  that  rests  against  the 
back  of  the  flat  valve  and  excludes  the  steam  pressure 
from  all  or  part  of  the  top  of  the  valve,  which  causes  it  to 
be  balanced  with  only  a  sliding  friction,  due  to  its  own 
weight.  The  action  of  the  steam  in  passing  the  valve 
is  practically  the  same  as  with  the  D  slide  valve. 

The  piston  valve  is  a  simple  form  of  balanced  valve, 
because  the  steam  pressure  is  exerted  in  all  directions 
and  does  not  therefore  force  the  valve  against  the 
valve  seat,  and  the  weight  of  the  valve  is  the  only  thing 
tending  to  wear  it  or  its  seat.  Steam  is  generally  ad- 
mitted to  the  cylinder  past  the  inside,  or  center,  edge 
of  the  valve,  and  the  exhaust  is  past  the  outside  edges. 
The  aforementioned  valves  all  control  the  steam  ad- 
mission by  the  same  edge,  also  the  cutoff  at  each  end 
of  the  cylinder.  Any  change  in  the  point  of  cutoff  also 
changes  the  point  of  admission  and  will  affect  the  point 
of  compression. 

The  riding  cutoff  valve  consists  of  a  main  valve 
which  controls  the  steam  admission,  release  and  com- 
pression, and  a  cutoff  or  riding  valve  which  controls 
the  point  of  cutoff  and  which  generally  rides  on  the 
top  of  the  main  valve.  The  advantage  of  this  type  is 
that  the  cutoff  may  be  varied  without  affecting  the  other 
events  of  the  stroke.  Gridiron  valves  are  of  the  multi- 
ported  type  and 
are  on  a  number 
of  makes  of  en- 
gines. Because  of 
their  many  ports 
the  valves  require 
but  a  small  travel. 
The  Porter-Al- 
len engine  is  much 
used  in  rolling 
mill  practice. 
There  are  two 
steam  valves  and 
two  exhaust 
valves ;  the  for- 
mer govern  the 
ladmission  and 
cutoff  of  steam 
and  the  latter  the 
release  and  com- 
pression. The  sim- 
ple eccentric  ac- 
tuates a  link  that 
moves   the   steam 


THE    9-IN.    MERCHANT    MILL,   AT   THE 
STRUTHERS  PLANT 
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and  exhaust  valves.  The  link  has  a  peculiar  motion, 
being  of  a  horizontal  and  vertical  throw  of  the  eccentric. 
The  link  is  restrained  from  rising  by  a  trunnion,  and 
the  horizontal  throw  of  the  eccentric  draws  off  the  lap 
of  the  valve,  while  the  vertical  throw  puts  the  tips  of  the 
link  alternately  to  and  from  the  cylinder  as  the  eccentric 


FIG.  2. 


UNIFLOW  ENGINE  USED  TO  DRIVE  A  9-  AND  A  12-IN 
MERCHANT  MILL 


rises  or  falls  in  its  revolution,  the  upward  throw  tipping 
it  from  the  cylinder  toward  the  shaft.  The  tipping  of 
the  link  opens  and  closes  the  steam  valve  by  rocking  a 
reach  rod  through  a  steam  rod  and  arm. 

The  Corliss  valve  gear  is  composed  of  four  semi- 
rotary  valves,  two  steam  and  two  exhausts,  using  both 
single  and  double  eccentrics.  The  double-eccentric  en- 
gine is  mostly  used  in  rolling-mill  work  when  the  Cor- 
liss type  of  engine  is  used.  The  single-eccentric  engine 
will  operate  the  cutoff  automatically  only  up  to  one- 
half  stroke,  but  a  later  cutoff  is  ob- 
tained by  using  two  eccentrics  and 
two  wristplates,  one  set  for  the  steam 
valve  and  the  other  for  the  exhaust 
valve. 

Poppet-valve  engines  are  used  to 
some  extent  in  this  country.  What  is 
known  as  the  Uniflow  poppet  engine 
uses  but  two  valves,  both  controlling 
the  steam  admission  to  the  cylinder. 
The  exhaust  is  through  a  Hng  of  ex- 
haust ports  that  are  cut  in  the  middle 
of  the  cylinder  casting  and  are  uncov- 
ered by  the  piston  at  the  end  of  the 
stroke,  the  piston  therefore  acting  as 
an  exhaust  valve. 

The  engine  cylinder  and  pistons  are 
made  longer  than  the  usual  practice 
in  steam-engine  design.  Uniflow  means 
that  the  steam  flows  in  but  one  direc- 
tion in  passing  through  the  cylinder. 
After  cutoff  the  steam   expands   be- 
hind the  piston,  and  at  the  end  of  expansion  the  piston 
uncovers  the  exhaust  port  for  an  instant  and  the  ex- 
panded steam  escapes.    Gn  the  return  stroke  the  steam 
at   exhaust   temperature   and   pressure   is    caught   be- 
tween the  piston  and  the  cylinder  head,  and  as  the 
piston   moves   back    this    steam    is    compressed,     and 


as   the    compression    is    increased   the   temperature   of 
the  steam  is  increased. 

It  also  absorbs  heat  from  the  heated  head  jacket, 
therefore  the  temperature  of  the  steam  in  the  clear- 
ance space   is  as  high   as  and  sometimes  higher  than 
the    incoming   steam   at   admission.      Under   this   con- 
dition  the   steam   at   admission    does 
not   come   in   contact  with   cold   sur- 
faces and  the  initial  condensation  is 
required. 

This  type  of  engine  is  capable  of 
carrying  enormous  overloads,  such  as 
are  found  in  rolling-mill  work,  and 
also  low  underloads  with  a  flat  steam- 
consumption  curve. 

What  are  understood  to  be  the  two 
largest  poppet-valve  Uniflow  engines 
in  the  country  are  used  for  rolling-mill 
service  at  the  plant  of  The  Youngs- 
town  Sheet  &  Tube  Co.  They  are  in- 
stalled in  an  extension  that  was  built 
about  three  years  ago.  The  extension 
includes  two  mills,  one  being  a  9-in. 
merchant  mill  and  the  other  a  12-in. 
merchant  mill.  The  engine  driving  the 
9-in.  mill  is  of  1,000  hp.  capacity  at 
110  r.p.m.,  having  a  cylinder  37  x  48 
in.  The  larger  engine  driving  the  12- 
in.  mill  is  1,500  ,hp.  capacity  at  110 
r.p.m.  and  has  a  44  x  50-in.  cylinder. 
Both  engines  operate  condensing,  exhausting  into  a 
barometric  jet  condenser. 

Speed  variation  from  55  to  110  r.p.m.  may  be  ob- 
tained on  both  engines,  by  proper  adjustment  of  the 
governor  drive.  The  engines  are  equipped  with  fly- 
ball  inertia  governors  which  control  the  cutoff  of  the 
steam  valves.  The  governor  is  driven  by  a  lay-shaft, 
Fig.  2,  geared  to  the  engine  shaft.  On  this  shaft  is 
mounted  a  steel  friction  disc.  A  similar  disc  geared  to 
the  governor  shaft  is  placed  at  a  short  distance  from 


FIG.   3.      NKAK  VIEW  OF  ENGINE  DRIVING  12-IN.   MERCHANT  MILL 

the  former  and  in  the  same  plane  with  it.  Rotative 
motion  is  transmitted  from  one  disc  to  the  other  by 
means  of  four  fiber  wheels  which  roll  upon  the  discs. 
Two  wheels  rest  on  each  disc,  each  wheel  on  one  disc 
being  connected  by  a  shaft  to  the  corresponding  wheel 
on  the  other  disc.    The  ratio  between  the  distance  of 


802 


POWER 


Vol.  51,  No.  20 


the  wheels  from  the  disc  centers  determines  the  speed 
ratio  between  the  engine  and  governor.  This  ratio  may 
readily  be  changed  by  a  movement  of  the  floating  frame 
on  which  the  friction  wheels  are  carried,  an  operation 
which  may  be  accomplished  while  the  engine  is  running. 
Inasmuch  as  the  governor  is  designed  to  run  at  con- 
stant speed,  or  at  least  with  no  greater 
variation  than  4  per  cent,  it  is  evident 
that  a  change  in  the  position  of  the 
wheels  on  the  discs  will  change  the 
speed  of  the  engine. 

I  was  told  that  the  governor  was 
extremely  sensitive,  as  it  should  be, 
and  that  the  engine  took  the  loads 
easily  when  the  bar  of  steel  entered 
the  rolls  of  the  first  stand.  After  the 
bar  passes  through  the  first  stand  rolls, 
it  enters  successively  the  remaining 
five  stands  of  the  roughing  rolls  an-l 
the  six  finishing  stands.  This,  of 
course,  brings  a  suddenly  increased 
load  on  the  engine  as  the  metal  is 
reduced  in  each  of  the  six  roughin,^ 
rolls.  As  soon  as  the  last  end  of  the 
bar  has  passed  through  the  first  roll, 
the  load  on  the  engine  decreases  and 
of  course  continues  to  do  so  until  the 
bar  has  passed  through  the  last  finish- 
ing stand.  It  is  seen  that  the  governor 
must  be  very  sensitive  in  order  to  maintain  the  engine 
speed  at  normal  with  its  increasing  and  decreasing  loads. 

Some  idea  of  the  size  of  the  mill  may  be  gathered 
from  the  fact  that  the  9-in.  mill  is  in  a  building  90  ft. 
wide  by  1,150  ft.  long,  and  that  the  12-in.  mill  occupies 
a  space  100  ft.  wide  by  1,200  ft.  long.     Both  steam 


as  it  comes  from  the  rolls  preceding  it.  Fig.  1  shows 
the  9-in.  merchant  mill  at  the  Struthers  plant.  In  the 
background  can  be  seen  the  Edward  cooling  bed,  which 
is  400  ft.  long. 

A  700-hp.  direct-current  motor  drives  the  first  two 
finishing  stands,  and  the  other  four  are  driven  by  two 


PIG.  5. 


FIG.  4. 


THE  12-TN.  MERCHANT  MILL,  SHOWING  GEAR  BOX  AND  AIR  PUMP 


and  motor  drives  are  used  with  the  9-in.  mill.  The 
smaller  of  the  uniflow  engines  drives  the  six  roughing 
stands  by  means  of  beveled  gear  drives,  and  is  so  geared 
that  the  rolls  of  each  stand  run  at  an  increased  speed 
so  as  to  take  care  of  the  increased  length  of  the  bar 


ANOTHER  VIEW  OF  THE  12-IN.  MERCHANT  MILL 

500-hp  motors,  two  stands  to  each  motor.  A  sizing 
mill  is  driven  by  a  100-hp.  motor.  The  motors  driving 
the  9-in.  mill  are  housed  in  sheet-metal  hoods  to  pro- 
tect them  from  dirt  and  flying  material,  as  shown  be- 
yond the  engines  in  Fig.  2.  The  other  motor  is  shown 
outside  of  the  engine-room  space.  Each  motor  operates 
two  stands  of  rolls  by  means  of  a  belt 
drive,  the  motor  pulley  coming  central 
between  the  roll  pulleys,  the  latter  be- 
ing on  the  inside  and  the  former  fac- 
ing on  the  outside  of  the  belt,  the 
bottom  rim  of  the  motor  pulley  coming 
down  sufficiently  below  the  top  rims 
of  the  driven  pulleys  to  insure  an  arc 
of  contact  sufficient  to  carry  the  load. 
The  12-in.  mill  is  driven  by  the 
larger  engine,  Fig.  3.  A  general  vieW' 
of  this  mill  is  shown  in  Figs.  4,  and 
5.  The  engine  and  an  air  pump  are 
shown  in  the  center  of  the  view.  The 
crankshaft  of  the  large  engine  is 
coupled  to  the  gearshaf  t  by  a  universal 
coupling,  and  a  small,  or  breaking, 
shaft  is  placed  between  the  engine 
and  the  gearshaft  to  prevent  damage 
to  the  engine  in  case  the  rolls  of  the 
mill  become  clogged.  If  such  should 
happen,  the  small  breaking  shaft  gives 
way,  and  being  of  short  length  is 
easily  renewed.  The  gear  drives  are 
inclosed  in  a  gear  box,  Figs.  3  and  4, 
and  the  rolls  of  this  mill  are  of  differ- 
ent sizes  and  revolve  at  different  speeds 
in  order  to  take  care  of  the  lengthened 
bar  in  going  through  the  roll.  The  conveyor  rolls  are 
operated  by  inclosed  mill-type  motors  having  a  back- 
gear.  All  rolls  have  flexible  couplings  in  which  a  coup- 
ling pin  having  four  projections  fits  in  corresponding 
sockets  in  the  coupling  head. 
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Both  engines  are  equipped  with  safety  stops,  the 
system  being  provided  with  stations  at  various  points 
in  the  mill,  so  that  in  case  of  accident  the  engine  can 
be  shut  dovm  from  any  of  these  points.  All  steam 
piping  is  placed  below  the  flooring,  and  the  steam  pres- 
sure used  is  155  lb.,  superheated  50  deg.  As  stated, 
the  engine  exhausts  to  a  jet  condenser  that  maintains 
a  25-  to  26-in.  vacuum.  In  summer  the  temperature 
of  the  water  used  reaches  130  deg.  This  is  on  account 
of  so  many  plants  using  the  water  before  it  reaches 
this  mill.  In  winter  it  is  around  30  degrees  and  it  is 
easier  to  maintain  the  vacuum. 

In  Fig.  6  is  shown  a  general  view  of  a  10-in.  con- 
tinuous skelp  mill,  composed  of  a  roughing  and  finish- 
ing mill.    The  roughing  mill  is  driven  by  a  26  and  48 


Graphic  Meter  Records  and  Their 
Interpretation 

By  Walter  L.  Hamilton 

To  the  uninitiated,  records  obtained  from  graphic 
meters  are  often  as  difficult  to  interpret  as  is  the  method 
by  which  they  were  obtained.  To  facilitate  interpreting 
such  records,  a  study  of  the  meters  producing  them  is 
useful. 

Curve-drawing  meters  are  used  to  record  numerous 
conditions,  such  as  temperature,  pressure,  flow  of 
liquids  and  gases,  speed,  volts,  amperes,  power  factor, 
kilowatts,  etc.  The  benefits  derived  from  their  use  are 
quite  numerous  and  varied.    A  permanent  record  cover- 


FIG.  6.     A  1.500-HORSEPOWER  ENGINE  DRIVING  A  TEN-INCH  CONTINUOUS  SKELP  MILL 


X  48-in.  cross-compound  engine  of  1,500-hp.  capacity  at 
90  r.p.m.  The  finishing  mill  is  driven  by  a  26:^  and 
48  X  48-in.  cross-compound  engine  of  1,500  hp.  at  100 
r.p.m.  This  mill  rolls  skelp  from  11  to  72  in.  in  width. 
There  are,  it  is  understood,  three  other  such  mills  in  the 
United  States,  each  producing  from  10,000  to  14,000 
tons  of  finished  skelp  per  month. 

(The  next  installment  will  take  up  some  of  the  fea- 
tures of  various  types  of  rolling  mills  such  as  blooming, 
billets,  plate,  rod  and  sheet  mills,  all  of  which  are  of 
special  interest.) 


Surveys  of  the  possible  water  power  available  in  Brit- 
ish Guiana  indicate  that  on  the  Cuyuni  River  285,000  hp. 
could  be  made  available,  on  the  Essequebo  475;000,  and 
on  the  Demerara  38,000.  It  is  estimated  that  power 
available  for  delivery  within  a  two  hundred  mile  radius 
would  be  about  156,000  hp.  from  the  Cuyuni,  273,000 
hp.  from  the  Essequebo  and  21,000  hp.  from  the  Dem- 
erara. British  Guiana  is  extremely  rich  in  mineral 
resources,  and  the  advent  of  electricity  would  open  up 
immense  sources  of  wealth. 


ing  the  total  period  of  tes^  is  obtained  of  certain 
conditions,  which  permits  discussion  or  study  of  work- 
ing methods  at  times  other  than  those  at  which  the 
records  were  obtained.  It  is  an  interesting  fact  that  a 
person  is  always  interested  in  and  will  believe  what  is 
shown  in  picture  form,  when  a  mass  of  data  obtained 
from  indicating  meters,  covering  similar  conditions,  is 
often  considered  too  complicated  to  bother  with. 

In  selecting  curve-drawing  meters  for  a  given  installa- 
tion, the  character  of  the  service  to  be  recorded  and  the 
results  desired  should  be  carefully  considered.  Like 
people,  certain  meters  are  best  adapted  to  certaiii  classes 
of  work.  You  would  not  engage  an  engineer  to  wire 
a  door  bell,  nor  would  it  be  desirable  to  install  high- 
grade  meters  "for  unimportant  v^ork.  However,  if  the 
meter  is  to  be  installed  temporarily  for  study  purposes, 
only  the  best  high-grade  apparatus  should  be  used. 

A  record  chart  may  be  circular  in  form,  a  complete 
revolution  of  the  paper  representing  a  period  of  time, 
usually  from  twelve  hours  to  one  week.  It  may  be 
oblong  in  shape  and  placed  on  the  surface  of  a  cylinder, 
its  total  length  representing  a  definite  period  of  time. 
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It  may  be  of  the  continuous-strip  type  with  one  inch 
of  length  representing  one  hour  or  fraction  of  an  hour. 
The  continuous  charts  are  almost  always  found  in  high- 
grade,  high-priced  meters,  as  a  more  powerful  clock  and 
a  more  complicated  paper-feeding  mechanism  are 
required  than  in  meters  using  circular  charts. 

Meters  may  be  graduated  to  represent  only  a  portion 
of  their  capacities,  such  as  volt  and  frequency  meters 
which  are  graduated  from  perhaps  60  to  100  per  cent 
of  capacity.  This  arrangement  permits  of  a  wider  scale 
over  the  probable  variation  of  the  service  to  be  recorded. 
They  may  be  graduated  from  0  to  100  per  cent  of 
capacity.  Wattmeters  and  flowmeters  employ  this  latter 
form  of  scale. 

Certain  meters  will  try  to  record  accurately  every 
variation  in  the  load.  This  often  gives  a  wide  curve 
and,  for  fluctuating  loads,  is  not  altogether  desirable. 
Other  meters  may  be  dam'ped  to  such  an  extent  that 
their  records  may  represent  more  nearly  average  con- 
ditions, since  a  record  of  momentary  peaks  is  not 
usually  desired. 

Oftentimes  erroneous  opinions  of  conditions  are 
obtained  owing  to  the  time  lag  of  the  curve-drawing 
meter.  In  making  special  tests  with  portable  curve- 
drawing  meters,  it  is  desirable  to  note  for  each  test 
the  time  required  for  the  pen  to  travel  across  the  chart 
without  load  on  the  meter.  This  may  be  done  by  push- 
ing the  pen  over  against  the  top  of  the  record,  and 
with  a  stop  watch  note  the  time  the  pen  requires  to 
reach  the  bottom  of  the  chart,  or  it  may  be  determined 
by  noting  the  advance  in  paper  during  the  return  travel 
of  the  pen,  provided  a  high-speed  paper  feed  is  used. 

When  curve-drawing  meters  are  to  be  permanently 
installed,  the  paper  feed  should  be  as  slow  as  possible 
as  the  problem  of  filing  away  their  records  is  often 
found  annoying.  The  circular  chart  should  be  small  in 
diameter  for  the  same  reason.  The  clock  forms  a  very 
important  part  of  the  meter,  as  the  records  would  be  of 
little  value  if  the  clock  failed  to  keep  proper  time. 

In  the  m.ajority  of  industrial  applications  circular 
chart  meters  will  be  found  very  satisfactory,  as  there 
is  usually  an  attendant  constantly  available  to  change 
records  and  fill  ink  pens  periodically.  In  substations 
or  transformer  vaults  of  imiportant  installations  the 
continuous-record  meter  with  re-roll  attachment  is 
desirable,  as  the  meter  may  be  required  to  operate  sev- 
eral days  without  attention. 

The  greatest  value  of  curve-drawing  meters  appears 
in  their  use  when  arranged  for  portable  work,  and  for 
research  purposes  under  the  supervision  of  a  competent 
engineer.  When  they  are  to  be  used  a  short  period  of 
time  to  obtain  engineering  data  or  to  investigate  oper- 
ating conditions,  the  continuous-chart  meter  should  be 
provided,  using  sufficient  paper  speed  to  prevent  the 


recording  pen  traveling  more  than  twice  over  any  por- 
tion of  the  chart.  Oftentimes,  when  slow  paper  feed  is 
used,  the  repeated  travel  of  the  pen  over  the  same 
portion  of  the  chart  causes  ink  blots  and  unintelligible 
records.  For  this  service  every  precaution  should  be 
taken  while  obtaining  records,  which  will  facilitate 
explaining  them  to  persons  unfamiliar  with  meter 
records.  Meters  using  charts  having  rectangular  co-or- 
dinates and  straight-line  pen  movements  are  best  suited 
for  this  sort  of  work. 

When  making  special  tests,  it  is  not  only  necessary 
to  have  high-grade  apparatus,  but  the  persons  making 
the  tept  should  be  careful  observers  of  operating  condi- 
tions and  the  equipment  being  tested,  as  an  explanation 
of  certain  parts  of  the  record  would  be  diflftcult  to  obtain 
later  unless,  at  the  time  the  record  was  made,  the  cause 
for  each  variation  in  the  curve  was  determined.  No 
data  should  be  left  to  memory  while  making  tests. 
Too  often,  valuable  tests  are  obtained,  but  owing  to  the 
lack  of  sufficient  explanation  they  become  practically 
useless  after  a  short  period  of  time.  Data  should  be 
placed  on  the  original  record  and  not  kept  in  a  notebook, 
for  after  a  short  time  the  mind  will  not  be  able  to 
connect  the  data  with  the  original  record,  persons 
unfamiliar  with  the  test  will  find  it  difficult  to  interpret, 
and  there  is  the  possibility  of  the  data  being  lost. 
The  accompanying  chart  is  from  a  meter  record  taken 
by  the  writer  during  a  test,  and  illustrates  how  the 
events  of  operation  should  be  noted  on  the  record  itself. 
The  curve  was  obtained  by  using  a  wattmeter  of  the 
straight-line  type  and  represents  the  load  on  a  50-hp., 
three-phase,  60-cycle,  550-volt  motor  driving  a  beater  in 
a  paper  miP.  by  means  of  a  silent  chain  drive.  Owing  to 
the  length  of  this  record,  which  covers  a  period  of  24 
hours,  only  a  short  section  is  shown.  The  meter  pro- 
ducing this  curve  was  a  100-volt,  5-ampere,  polyphase 
instrument,  and  for  this  test  600-  to  100-volt  potential 
and  50-  to  5-ampere  current  transformers  were  used. 
In  obtaining  curves,  care  should  be  used  in  selecting 
the  proper  size  current  transformers  for  the  test  in 
order  that  the  curve  will  be  well  up  on  the  chart  and 
yet  not  go  off  the  chart  at  any  time,  as  variations  in 
the  load  will  be  recorded  with  greater  accuracy. 

A  point  of  considerable  value,  in  interpreting  this 
test,  lies  in  the  fact  that  the  time  markings  read  from 
left  to  right  instead  of  from  right  to  left  as  is  the 
usual  practice.  All  data  connected  with  the  test  are 
lettered  on  the  record  at  various  points,  and  in  addi- 
tion to  the  curve-drawing  meter,  a  watt-hour  meter,  an 
indicating  voltmeter  and  an  indicating  ammeter  were 
used.  Paper  without  time  or  capacity  markings  was 
used,  and  the  meter  pen  was  arranged  to  use  Higgins' 
black  drawing  ink.  This  permits  making  blueprints 
from  the  original  charts. 
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Steam-Engine  Operation  and  Maintenance 
Loose  Crankpins  and  Loose  Cranks 


By  H.  HAMKENS 

Consulting  Engineer,  Newton,  New  Jersey 


o 


OCCASIONALLY  we  hear  the  word  "foolproof" 
mentioned  in  connection  with  engines.  It  leaves 
the  impression  that  engineers  are  liable  to  com- 
mit some  foolish  acts  or  that  in  an  unguarded  moment 
somebody  may  do  a  stunt  with  the  engine,  on  which 
neither  the  manufacturers  nor  the  owners  or  engineer 
have  figured.  The  expression  is  a  catchword,  offensive 
in  the  highest  degree.  Its  meaning  is  evidently  that 
all  the  parts  are  protected  in  such  a  way  that  nobody, 
not  thoroughly  acquainted  with  the  design,  can  make 
any  change  which  would  be  detrimental  and  put  the 


FI&.IM.     OVERHUNG  CRANKPIN  PRESSED  INTO  CRANK 

engine  out  of  commission;  it  being  understood,  rf 
course,  that  a  man  who  knows  what  he  is  doing  v/il! 
not  fool  with  any  of  the  engine  parts  or  their  asti-r.. 
Fools  have  no  business  to  be  in  charge  of  or  wcrkinT 
near  an  engine,  whether  or  not  it  is  protected  against 
their  thoughtless  acts.  No  matter  how  well  an  engine 
may  be  constructed  or  how  carefully  all  its  moving  parts 
are  protected  and  lubricated,  it  should  always  be  under 
the  care  of  an  intelligent  attendant  who  has  his  eyes 
and  ears  open  all  the  time  and  is  prepared  for  an  emer- 
gency. 

This  thing  of  sending  the  engineer  uptown  to  get  some 
belt  lacing  or  to  the  fourth  floor  to  fix  an  elevator  and 
in  the  meantime  let  the  engine  take  care  of  itself  is 
foolhardy  to  the  thinking  mechanic.  The  sooner  it  is 
stopped  the  less  we  shall  hear  about  runaway  engines 
and  flywheel  accidents.  There  are,  of  course,  many 
so-called  engineers  in  charge  of  power  plants,  who  have 
not  the  slightest  idea  how  a  piston  is  constructed  or 
what  a  valve  looks  like.  All  they  know  is  how  to  turn 
on  and  shut  off  the  steam  and  keep  the  oil  cups  and 
lubricator  filled;  of  load  conditions  they  ars  ignorant, 


have  never  seen  an  indicator,  and  do  not  know  how  to 
make  adjustments  on  bearings,  boxes  or  crossheads. 
This  unfortunate  condition  is  the  cause  of  a  great  deal 
of  trouble  in  engine  rooms.  Many  a  time  a  good-sized 
repair  job  could  be  prevented  by  a  timely  adjustment 
during  the  noon  hour  or  after  shutting  down  in  the 
evening,  if  the  man  in  charge  of  the  engine  had  a  thor- 
ough knowledge  of  its  details. 

Lack  of  instruction  and  inexperience  of  the  man  in 
charge  of  an  engine  are  some  of  the  causes  of  operating 
troubles  for  which  the  owner  or  superintendent  of  the 
place  may  be  responsible  by  hiring  an  incompetent  man. 
Our  Government,  state  authorities,  municipalities  and 
large  manufacturing  concerns  require  drawings  and 
cpecifications  of  every  engine  that  they  buy  and  install ; 
but  where  is  there  a  power  plant,  equipped  with  a  one 
cr  two  hundred  horsepower  engine  which  has  on  file  a 
single  drawing  or  print  of  the  engine  and  its  parts?     In 


FIG.    2.      HOLES    ARE    DRILLED    IN    THE    BACK    OF    THE 
CRANKPIN  TO   FACILITATE   ITS   REMOVAL 

case  of  trouble,  if  the  engineer  is  not  familiar  with  the 
construction,  an  expert  or  a  mechanic  from  the  builders 
has  to  be  called  in,  causing  delay  and  expense.  This 
can  in  many  instances  be  avoided  by  insisting  on  having 
a  set  of  detail  drawings  furnished  with  the  engine 
when  contracted  for  or  installed. 

Thirty  years  ago  flywheel  accidents  were  almost 
unknown.  They  began  to  happen  soon  after  the  intro- 
duction of  electric  power  for  street  railways,  when 
engine  speeds  were  increased  and  the  engines  driven  to 
the  limit.  From  that  time  on  operating  troubles  multi- 
plied. Before  we  entered  the  electrical  era  a  Corliss 
engine  running  60  or  70  r.p.m.  was  after  20  years' 
service  almost  as  good  as  the  day  it  was  started.  Later 
on,  with  engines  of  that  particular  kind  running  from 
100  to  as  high  as  150  r.p.m.,  accidents  and  troubles  have 
been  the  order  of  the  day. 

Some  of  the  main  operating  troubles  are  due  to  the 
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violent  changes  of  load  to  which  almost  all  electrical 
installations  are  subjected.  Belt  or  rope  power  trans- 
mission is  easy  on  an  engine  compared  with  electrical 
service,  for  the  reason  that  on  the  former  the  engine 
always  carries  a  considerable  friction  load,  which  may 
be  as  high  as  50  per  cent  of  full  load,  while  on  a  direct- 
connected  engine  the  friction  load  rarely  exceeds  10  per 


PIG.  3.     THE  CRANKPIN  BORE  MAY  BE  «:XPANDED  TO 

RECEIVE   THE   CRANKPIN   BY  HEATING   IT 

WITH    A    HOT    BAR 


cent,  and  the  change  from  full  load  to  no  load  may  take 
place  almost  instantly  and  at  short  intervals.  Sudden 
changes  of  the  load  are  hard  on  any  engine  and 
especially  on  those  with  releasing  valve  gears. 

Great  fluctuations  of  the  load  expose  an  engine  to 
severe  strains.  They  may  be  the  cause  at  times  of  con- 
siderable pounding,  which  is  hard  to  stop  or  even  locate. 
An  engine  may  run  smoothly  for  a  while,  then  all  at 
once  a  change  of  the  load  starts  a  pound  or  a  rattle  of 
the  valve  gear,  which  is  likely  to  annoy  the  engineer. 
Some  engines  have  a  chronic  pound  that  is  never  located 
until  by  chance  the  cause  is  discovered  where  never 
suspected. 

A  heavy  strain  on  an  engine  ma^  be  responsible  for 
loosening  the  crankpin,  causing  at  first  a  slight  knock 


PIG.    4.      REPLACING  A  LOOSE  (CRANKPIN   KEY 

which  disappears  with  a  lighter  load,  but  gradually  the 
pound  increases  and  appears  at  more  frequent  intervals. 
In  most  engines  with  overhanging  cranks  the  crankpin 
is  forced  into  the  crank  and  riveted  over  at  the  back,  as 
shown  in  Fig.  1.  The  common  practice  is  to  make  the 
pin  in  the  hole  I   in.  smaller  than  the  overhung  part 


and  to  allow  from  0.001  in.  to  0.003  in.  per  inch  of 
diameter  for  a  press  fit.  The  accompanying  table  gives 
the  average  allowance  for  press  fits  of  steel  shaft  or 
pin  in  cast-iron  cranks. 

Diameter 
of  Shaft, 
or  Fin,  In. 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
IS 

For  steel  cranks  the  allowance  is  about  one-half  that 
for  cast  iron.  To  insure  a  good  job,  the  pin  as  well  aa 
the  hole  should  taper  about  0.010  in.  per  inch  of  length. 
This  is  often  neglected  and  may  become  the  cause  of  a 
loose  pin;  in  most  cases  the  pin  is  tapered  and  the 
hole  straight.  Neither  pin  nor  hole  is  truly  round,  since 
they  are  turned  and  bored  respectively  but  not  ground  to 


Total 

Allowance 

per  In.  of 
Diameter 

0 

012 

0 

012 

0 

012 

0 

012 

0 

012 

0 

012 

0 

013 

0 

013 

C 

013 

0 

013 

0 

014 

0 

015 

Allowance 

Average  Pressure 

per  In.  in 

Required 

Diameter 

in  Tons 

0.003 

50 

0.0024 

60 

0.002 

75 

0  0017 

8S 

0  0015 

100 

0  00135 

no 

0.0013 

125 

0.0012 

135 

0.0011 
0  001 

13 

0.001 

175 

0  001 

185 

FIG.   5. 


A  LOOSE  CRANK  MADE  TIGHT  BT  DRIVING  IN  A 

TAPERED  PIN 


size.  Either  one  of  them  or  both  may  be  out  of  ffurid 
two  or  three  thousandths  of  an  inch.  That  may  be  one 
reason  for  a  crankpin  getting  loose.  Another  may  be 
that  the  pin  does  not  enter  the  hole  in  a  truly  straight 
line.  If  not,  it  is  liable  to  catch  on  one  side  and  cut 
the  metal,  leaving  a  groove  that  will  prevent  the  pin 
from  getting  tight.  A  mixture  of  white  lead  and  linseed 
oil  spread  over  the  pin  before  pressing  it  in  will  prevent 
cutting.  The  riveting  over  of  the  end  of  the  pin  adds 
little  to  its  tightness,  if  it  was  properly  pressed  in  under 
a  pressure  approximating  those  given  in  the  table. 

There  is  no  remedy  for  a  loose  crankpin  except  to 
have  it  removed  and  replaced  by  a  new  one.  To  remove 
it,  a  number  of  holes  are  generally  drilled  fr-om  the 
back  about  halfway  through,  as  shown  in  Fig.  2,  which, 
as  a  rule,  will  loosen  the  pin  sufficiently  to  allow  it  to 
be  driven  out.  It  is  not  advisable  to  press  it  out  as 
this  is  likely  to  damage  the  hole.  Seldom  is  it  desirable 
to  rebore  the  hole.  Previous  to  the  time  when  hydraulic 
presses  came  into  use,  crankpins  were  shrunk  in,  .and 
this  method  can  be  used  with  success  if  no  press  is  at 
hand.  For  a  shrink  fit  the  practice  is  to  make  the  pin 
0.002  in.  larger  per  inch  of  diameter  than  the  hole. 
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The  hole  is  expanded  by  the  application  of  heat,  either 
over  a  fire  or  by  inserting  a  red-hot  piece  of  iron  into 
the  hole,  as  shown  in  Fig.  3.  The  hole  must  be  calipered 
from  time  to  time,  and  when  it  is  expanded  sufficiently 
the  pin  is  slipped  in.  This  method  requires  some  skill 
and  good  judgment;  there  is  danger  of  having  the  pin 
stick  if  the  hole  is  not  sufficiently  expanded,  therefore 
no  chances  should  be  taken.  Experience  seems  to  show 
that  a  pin,  if  shrunk  in  right,  will  stay  tight  as  long 
as  the  crank  lasts. 

Worse  than  a  loose  crankpin  is  to  have  the  crank  itself 
come  loose  on  the  shaft.  The  first  expedient  will  be 
to  remove  the  key  and  put  in  a  new  one,  which  may 
tighten  the  crank.  The  old  key  may  be  driven  out  from 
the  back,  but  if  that  will  not  do,  holes  should  be  drilled 
into  it  as  shown  in  Fig.  4,  which  will  loosen  the  key 
sufficiently  to  make  it  come  out  by  driving.  To  make 
a  new  key,  a  bar  of  steel  is  forged  to  the  shape  of  the 
old  key  with  an  all-round  allowance  for  finishing  of 
A  m.  to  i  in.,  according  to  size.  One  end  of  the  bar 
is  bent  double,  as  shown  in  the  sketch,  and  the  other 
is  machined  and  fitted  into  the  keyway  by  driving  it 
repeatedly   in   and  out   and   removing   sufficient   metal 


until  it  fits  for  about  one-third  of  its  length.  It  is 
then  cut  off  about  an  inch  longer  than  the  depth  of  the 
keyway,  covered  with  white  lead  and  driven  home.  If 
the  key  has  been  made  a  good  fit  top  and  bottom  and 
on  the  sides,  it  may  tighten  the  crank  again.  To  get 
a  good  driving  fit  on  the  sides,  the  key  may  be  made 
in  two  pieces,  as  shown  in  the  detail  of  Fig.  4.  The 
two  sides  of  the  key  that  fit  together  have  a  taper  of 
s  in.  per  foot;  this  kind  of  key,  if  well  fitted  and 
driven  home,  will  stay  "put."  If  the  crank  can  be  saved 
at  all,  it  will  do  the  work. 

Another  method  to  fasten  a  loose  crank  is  shown  in 
Fig.  5.  It  consists  in  drilling  a  hole  halfway  into  the 
shaft  and  crank  at  90  deg.  from  the  key,  reaming  it  out 
tapering  to  «  in.  per  foot  and  driving  in  a  taper  steel 
pin.  The  best  material  for  this  pin  is  tool  steel.  The 
diameter  of  the  pin  at  the  small  end  should  be  about 
one-eighth  of  the  diameter  of  the  shaft  in  the  crank. 
Unless  the  crank  is  of  steel  or  provided  with  a  large  hub, 
it  is  not  safe  to  use  the  pin,  as  there  is  danger  of 
sp'itting  the  crank. 

(Mr.  Hamken's  next  article  deals  with  loose 
flywheels.) 


On  the  Road  with  the  Refrigeration  Troubleman 


By  J.  C.  MORAN 


An  air-compressor  intake  sucks  ammonia  gas 
from  a  leaking  flange  near-by  and  seriously  cuts 
down  production  in  the  shop  where  the  air  is 
used.  In  another  plant,  with  both  compressors 
running,  there  was  no  trouble;  but  with  one  ma- 
chine operating  ammonia  disappeared  from  the 
receiver  gage-glass.  The  installation  of  an  ice 
tank  in  another  plant  caused  loss  of  ammonia,  be- 
ginning about  noon.  But  at  midnight  it  came 
back.  The  troubleman  corrected  all  the  faults — 
after  finding  them — and  tells  how. 


'E  HAD  installed  a  100-ton  refrigerating  plant 
in  a  vinegar  factory  and  everything  had  been 
running  nicely  for  about  a  month  when  the  en- 
gineer called  up  and  asked  me  to  come  out  and  help  him 
locate  an  ammonia  leak.  But  I  was  unable  to  find  the 
leak  on  arrival. 

Both  the  discharge  and  liquid  lines  ran  through  the 
machine  shop,  the  condenser'  being  on  the  roof  of  the 
shop.  I  tested  the  entire  length  of  both  lines  with  sul- 
phur sticks  and  litmus  paper  a  number  of  times,  but 
failed  to  locate  any  definite  point  where  the  leak  could 
be  said  to  come  from.  Four  times  I  made  a  trip  out 
there  to  find  the  leak,  with  the  same  result.  Of  course, 
everyone  around  there  was  having  a  quiet  laugh  at  my 
expense.  The  owners  were  vexed  because  the  ammonia 
fumes  interfered  with  work  in  the  machine  shop.  Fi- 
nally, headquarters  told  me  to  tear  out  the  entire  section 
of  lines  in  the  shop  and  put  in  new  pipe.  I  was  skep- 
tical about  whether  this  would  help  matters,  but  obeyed 
orders.  When  the  new  line  was  put  in,  the  odor  of 
ammonia  was  as  strong  as  ever. 

One  of  the  men  finally  told  me  that  there  was  no  odor 
in  the  morning  when  they  came  to  work,  and  sometimes 
not  until  well  into  the  forenoon.     With  this  as  a  clue  J 


came  on  the  job  ahead  of  the  men  the  next  morning  and 
found  that  the  man  was  right.  The  ammonia  com- 
pressor had  been  running  all  night.  So  the  trouble  was 
not  in  the  line  after  all.  It  was  9:30  before  I  noticed 
any  odor.  Standing  close  to  where  one  of  the  men 
started  an  air  hammer,  in  a  few  moments  I  could  smell 
ammonia. 

It  came  to  me  with  a  flash  that  the  ammonia  smell 
was  carried  into  the  shop  with  the  air  used  for  the 
shop.  Following  this  clue,  I  learned  that  the  machine 
shop  got  its  air  from  a  large  high-pressure  compressor 
which  also  pumped  a  deep  well,  while  the  rest  of  the 
plant  got  air  from  a  smaller  low-pressure  compressor. 
Now  the  only  way  in  which  ammonia  fumes  could  get 
into  the  air  would  be  from  somewhere  around  the  suc- 
tion of  the  air  compressor.  So  there  I  looked  for  the 
trouble.  Sure  enough,  the  sui  tion  line  of  the  ammonia 
compressor  had  a  flange  connection  a  few  inches  above 
the  intake  of  the  air  compressor  and  the  former  had 
sprung  a  "healthy"  leak. 

After  pumping  out  the  line  and  renewing  the  gasket 
in  the  flange,  we  tried  again  and  this  time  it  remained 
tight.  Also,  the  leak  in  the  machine  shop  disappeared. 
If  I  had  known  in  the  first  place  that  "^he  shop  was 
getting  its  air  from  a  separate  compressor,  I  might 
have  detected  it  sooner  because  I  had  given  this  con- 
sideration once  before,  but  the  rest  of  the  plant  showed 
no  signs  of  it,  and  there  were  many  other  place:,  where 
(hey  were  using  air.  You  cannot  take  anything  for 
granted  when  you  aie  in  trouble. 


Some  time  ago  I  was  called  in  by  a  friend  to  help  him 
find  what  was  wrong  with  his  plant.  He  had  two  50-ton 
machines  and  a  single  condenser.  He  was  a  great  be- 
liever in  condenser  surface  of  liberal  proportions  so 
he  had  ample  condenser  capacity  for  125  tons.  The 
condenser  used  was  of  the  ordinary  atmospheric  type. 
With  both  machines   running  he   had   no  trouble,   but 
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wlien  he  shut  down  either  one  the  aninionia  would 
disappear  from  the  grage  glass  of  the  liquid  receiver  in 
a  short  time.  At  tirst  the  condenser  pressure  would 
drop,  but  gradually  it  would  build  up  again  until  it 
was  within  a  few  pounds  of  the  pressure  carried  when 
both  machines  were  in  operation.  This  happened  every 
time  one  of  the  machines  was  shut  down,  and  the  en- 
gineer could  i\v.d  no  reason  for  it.  At  first  I  was  no 
more  successful  than  he  in  finding  anything  that  looked 
like  trouble.  Finall.v.  after  one  of  the  machines  had 
been  shut  down  for  a  couple  of  houi-s  and  the  ammonia 
had  disappeared  from  the  gage  glass  and  the  head 
pressure  had  first  dropped  and  again  gone  up  to  nearly 
r.ormal.  I  went  up  on  the  roof  to  have  a  look  at  the 
condenser.  Putting  my  hands  on  it  to  check  each  coil 
to  see  if  it  was  working  at  the  proper  temperature,  I 
was  surprised  to  find  that  about  half  of  the  coils  were 
cold,  or,  as  the  average  operating  man  puts  it,  "dead." 
If  a  condenser  coil  is  working  properly  it  will  be  warm 
at  the  top  where  the  gas  enters  and  for  a  few  pipes 
down,  while  if  it  it  is  not  working  properly  it  will 
cool  off  to  the  same  temperature  as  the  water  in  a  short 
length,  and  thus  it  becomes  a  simple  matter  to  detect 
a  coil  that  is  not  working. 

Trouble  Always  in  Four  Coils 

I  had  an  idea  that  it  was  probably  due  to  too  much 
air  in  the  system.  So  I  thoroughly  purged  each  of  the 
dead  coils.  This  helped  matters,  but  I  had  to  repeat  the 
performance  several  times  to  keep  the  coils  working. 
No  matter  what  we  would  do.  four  out  of  the  twelve 
stands  refused  to  work  continuously,  and  the  queer  part 
of  it  was  that  it  was  not  always  the  same  four  that 
quit,  but  they  were  always  close  together  and  at  some 
distance  from  the  point  where  the  discharge  line  con- 
nected to  the  header.  The  discharge  for  one  machine 
connected  to  the  header  near  one  end  and  the  discharge 
for  the  opposite  machine  near  the  other  end.  It  was 
generallj"  the  coils  in  the  center  that  made  the  trouble. 
If  the  trouble  was  near  the  ends,  it  was  always  at  the 
end  farthest  from  the  point  where  the  machine  in  opera- 
tion was  discharging  its  gas. 

We  came  to  the  conclusion  that  the  trouble  could  be 
due  only  to  greatly  different  velocities  in  various  parts 
of  the  gas  header,  and  that  this  had  the  effect  of  prac- 
tically bypassing  some  of  the  stands  as  the  gas  rushed 
by,  somewhat  on  the  same  principle  as  a  long  distrib- 
uting trough  when  the  water  is  fed  in  at  one  end  or 
near  it.  Most  of  the  water  will  spill  over  near  where 
the  feed  comes  in,  owing  to  the  inertia  of  the  water  and 
the  velocity  of  the  flow. 

Working  on  this  theory.  I  began  to  choke  off  on  the 
gas  valves  on  those  stands  that  were  hottest.  After  a 
couple  of  days'  experimenting  I  found  that  six  of  the 
coils  could  be  run  wide  open,  two  nearly  shut  and  four 
partly  throttled.  If  we  changed  machines,  we  had  to 
change  the  setting  on  some  of  the  other  coils  or  get  in 
trouble  again.  Once  having  found  the  proper  setting, 
however,  it  was  no  trouble  to  adjust  the  valves  properly. 
We  shut  off  the  valve  and  then  opened  it  the  required 
number  of  turns  or  fractions  of  a  turn,  as  previously 
determined  by  experiment.  A  record  of  the  amount  of 
opening  of  each  valve  for  each  machine  in  operation  was 
hung  in  the  engine  room  to  guide  the  operator. 

In  this  manner  we  were  able  to  keep  all  the  coils  work- 
ing at  about  the  same  temperatures,  the  condenser  pres- 
sure remained  low  and  the  ammonia  remained  in  the 
receiver.    Previouslv,  the  ammonia  had  hung  up  in  the 


dead  coils  in  the  condenser  and  refused  to  come  do\\ni, 
owing  to  the  sluggish  action  of  these  coils.  I  had  seen 
similar  cases  before. 


The  owners  of  a  packing-house  plant  had  to  buy  con- 
siderable ice  for  icing  car's  and  other  purposes,  and  they 
decided  to  add  an  ice  tank  to  their  refrigerating  equip- 
ment.   They  had  plenty  of  machine  capacity  for  this. 

After  the  tank  was  put  in  operation,  they  had  trouble 
from  the  start.  Every  day  about  noon  the  ammonia 
would  begin  to  disappear  from  the  receiver  and  would 
be  gone  entirely  in  the  middle  of  the  afternoon  or  to- 
ward evening.  It  would  not  come  back  until  some  time 
around  midnight  or  later.  Several  times  they  had  been 
troubled  with  heavj^  slugs  of  liquid  coming  back  with 
the  suction  gas,  causing  thumps  in  the  compressors 
which  jarred  the  engine  room.  No  one  could  account 
for  them.  They  all  blamed  it  on  the  ice  tank,  but  just 
how  it  was  to  blame  no  one  could  explain. 

I  was  sent  out  to  solve  the  puzzle  after  the  purchaser 
had  refused  to  pay  for  the  tank  unless  the  trouble  was 
remedied.  Arriving  about  noon,  I  had  been  in  the 
plant  about  fifteen  minutes  when  the  compressors  made 
a  series  of  thumps  that  jarred  the  floor.  Something 
was  wrong.  On  investigating  the  plant  everything 
seemed  to  be  in  proper  order.  The  next  day  I  came  on 
the  job  in  the  morning,  and  toward  noon  the  ammonia 
began  to  disappear. 

Suction  Pressure  Up 

I  insisted  on  attending  to  the  handling  of  the  ex- 
pansion valves  thi'oughout  the  day,  and  this  led  to  the 
detection  of  the  trouble.  Generally,  in  adjusting  the 
valves  in  rooms  where  the  temperatures  are  above  freez- 
ing, I  go  largely  by  the  appearance  of  the  fi*ost  on  the 
suction  stop  valve  in  each  coil.  A  gang  of  men  came 
up  on  the  ice  tank  and  began  pulling  ice  between  9  and 
10  a.m.  In  an  hour  or  two  they  pulled  enough  ice  to 
last  for  the  day  and  proceeded  to  fill  the  empty  cans 
with  a  rush  with  fresh  water.  Of  course  the  brine 
temperature  took  a  rapid  jump  and  I  increased  the 
opening  of  the  expansion  valves.  About  this  time  the 
coolers  began  to  load  with  fresh  meat  from  the  killing 
floor,  and  I  opened  up  on  the  valves  all  around,  except 
in  the  freezers,  to  hold  the  temperatures  down  as  much 
as  possible.  When  I  got  back  to  the  engine  room,  the 
suction  pressure  had  gone  up  eight  pounds. 

In  about  half  an  hour  I  went  back  to  the  tank  and 
coolers  and  found  that  the  suction  stop  valves,  and  in 
many  cases  part  of  the  coils,  were  entirely  free  of  frost. 
So  I  opened  the  expansion  valves  on  these  coils  still 
more  to  bring  the  frost  line  where  I  knew  from  experi- 
ence it  ought  to  be  for  best  results.  \Mien  I  got  back 
to  the  engine  room,  the  machines  were  running  ice  cold, 
and  every  once  in  a  while  there  was  a  gentle  thud  in  the 
cylindei's,  indicating  that  there  was  considerable  liquid 
coming  back  in  the  suction  gas.  The  suction  pressure 
had  gone  up  another  two  or  three  pounds. 

I  made  a  hurried  trip  to  the  coolers  and  ice  tank  again 
to  locate  the  coil  or  coils  f  I'om  which  the  trouble  was  com- 
ing, but  was  surprised  to  find  that  none  of  the  suction 
valves  on  the  coils  or  on  the  ice  tank  was  still  frosted, 
except  one  or  two  which  were  frosted  slightly  at  the 
flange  where  they  connected  to  the  pipe.  From  past 
experience  I  was  almost  certain  that  the  trouble  was 
not  coming  from  any  of  these  coils,  unless  there  was 
brine  or  water  in  the  ammonia. 


May  18,  1920 


POWER 


809 


The  only  valves  untouched  so  far  that  morning  were 
those  on  the  three  freezer  coils.  There  w^ere  six  expan- 
sion valves  and  coils  in  the  three  freezers,  and  to  make 
a  sure  test  on  these  I  shut  them  all  off  tight  and  hurried 
back  to  the  engine  room. 

It  was  a  short  time  before  the  machines  began  to 
warm  up,  while  the  suction  pressure  remained  prac- 
tically the  same.  Soon  the  frost  began  to  come  off  the 
suction  connections  of  the  machines,  while  the  discharge 
began  to  get  very  hot,  indicating  that  the  suction  gas 
was  coming  back  superheated.  The  engineer  and  oilers 
were  now  cursing  the  new  tank  louder  than  ever  and 
blaming  it  for  the  new  trouble  which  kept  them  busy  at 
the  stuffing  boxes. 

Another  hurried  trip  to  the  coolers  was  made  and  the 
expansion  valves  on  the  ice  tank  and  coolers  opened  still 
more.  I  remained  until  they  began  to  show  signs  of 
frosting  to  the  nuts  on  the  stuffing  boxes.  When  I  got 
back  to  the  engine  room  the  suction  pressure  had  taken 
a  still  further  pump,  but  the  machines  were  coolmg  off 
and  some  of  the  ammonia  was  coming  back  into  the 
liquid  receiver  gage  glass. 

After  a  couple  more  trips  to  the  coolers  and  the  tank, 
I  finally  got  the  expansion  valves  so  adjusted  that  the 
frost  lines  on  the  suction  stop  valves  on  nearly  every 
coil  were  up  over  the  stuffing-box  packing  nuts,  and  on 
one  or  two  up  on  the  stems  of  the  valves,  at  which  points 
the  machines  worked  at  about  the  proper  temperature 
and  the  frost  line  carried  back  to  about  the  right  point 
on  the  machines.  The  suction  pressure  was  now  about 
30  lb.,  whereas  in  the  morning  it  had  been  below  15 
pounds. 

The  plant  had  a  liberal  amount  of  piping  in  every 
room  and  also  in  the  tank.  With  proper  attention  to 
the  expansion  valves  it  was  possible  to  follow  the  chang- 
ing temperatures  in  the  coolers  and  tank  and  not  the 
suction  pressure.  However,  when  the  suction  pressure 
went  up  the  freezers  were  practically  put  out  of  com- 
mission because  the  temperature  in  these  was  so  low 
that  with  a  high  suction  pressure  there  would  be  no 
temperature  difference  between  the  ammonia  in  the  coils 
and  the  air  on  the  outside  of  them,  and  the  ammonia 
simply  accumulated  in  the  coils  until  it  overflowed  into 
the  suction  line.  Every  time  the  doors  to  the  freezers 
were  opened  and  a  current  of  warm  air  struck  the  coils, 
the  ammonia  in  the  coils  would  boil  up  for  an  instant 
and  throw  heavy  slugs  into  the  suction  line.  It  was  a 
surprise  to  me  that  they  did  not  have  more  serious 
trouble  than  they  had  been  having. 

They  had  got  along  without  trouble  before  the  ice 
tank  was  installed  because, they  had  not  worked  the 
coils  in  the  meat  coolers  to  full  capacity,  opening  the 
expansion  valves  only  enough  to  do  the  work  during 
the  day's  run  and  leaving  part  of  the  coils  thawed  off. 
This  directed  a  lot  of  superheated  suction  gas  into  the 
suction  line,  and  when  this  mixed  with  the  liquid  com- 
ing from  the  freezer  coils  it  about  balanced,  and  the 
gas  going  to  the  machines  was  about  right.  So  no 
trouble  was  experienced  in  keeping  the  machines  at  the 
proper  temperature.  With  plenty  of  machine  and  coil 
capacity  it  was  no  trouble  to  operate,  but  it  was  not 
economical. 

When  the  ice  tank  was  installed,  it  threw  an  addi- 
tional large  amount  of  gas  into  the  suction  line  and  the 
suction  pressure  went  up  so  high  that  it  became  neces- 
sary to  work  the  cooler  coils  harder,  with  the  result  that 
there  was  less  superheated  gas  going  into  the  suction 


line,  and  with  the  higher  suction  pressure  less  ammonia 
was  evaporated  in  the  freezer  coils  and  more  thrown 
into  the  suction  line.  The  trouble  was  further  increased 
by  the  manner  in  which  the  ice  was  pulled  from  the 
tank.  The  entire  amount  being  pulled  in  a  short  time 
and  at  the  time  of  day  when  the  load  was  being  put  into 
the  coolers  tended  to  send  the  suction  pressure  far 
above  normal  during  part  of  the  day.  putting  the  freez- 
ers entirely  out  of  operation  as  far  as  evaporating  am- 
monia was  concerned. 

The  rem.edy  was  simple.  First,  we  arranged  to  have 
a  man  come  on  duty  at  11  p.m.  and  work  till  7  a.m.,  and 
pull  steady  all  night  on  the  ice  tank  in  addition  to  look- 
ing after  the  temperatures  of  some  of  the  coolers.  The 
regular  gang  then  came  on  at  7  a.m.  and  pulled  what- 
ever was  necessary  in  a  short  time.  Nothing  more  was 
done  on  the  tank  until  toward  midnight.  This  kept  the 
load  fairly  uniform  all  over  the  24  hours,  although  there 
was  still  quite  a  jump  in  temperature  in  the  afternoon. 
To  make  the  system  still  more  flexible  and  enable  it  to 
work  to  the  best  advantage  at  all  times,  we  changed  the 
suction  connections  to  some  of  the  rooms  so  as  to  put 
the  storage  coolers  and  freezers  on  a  separate  line,  and 
arranged  it  so  that  we  could  use  any  one  of  the  machines 
on  it  independently.  When  the  suction  pressure  got  too 
high  on  the  main  system  for  the  freezer  coils  to  work 
properly,  we  cut  the  system  in  two  and  carried  a  lower 
pressure  on  the  freezers  and  storage  coolers,  thus  pull- 
ing their  temperatures  down,  while  the  suction  pressure 
on  the  main  system  was  allowed  to  go  as  high  as  it 
wanted  to.  As  a  result  of  the  change  the  engineer 
claimed  that  he  made  a  saving  of  over  25  tons  of  coal 
per  month. 

Steam-Turbine  Has  Record  Run 

A  Wcstinghouse  turbine  generator  at  the  power  plant 
of  the  Narragansett  Electric  Lighting  Co.,  Providence, 
R.  I.,  recently  established  a  world's  record  by  running 
continuously  without  a  shutdown  for  a  period  of  84 
days,  11  hours  and  36  minutes.  The  unit  is  a  multiple- 
element  steam  turbine  of  the  cross-compound  type  with 
a  capacity  of  45,000  kw.  During  this  run  85  per  cent 
of  the  total  station  output  was  generated  by  this  unit. 
The  record  was  made  with  a  load  varying  from  a 
minimum  of  6,000  kw.  to  a  maximum  of  41,000  kw. 
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Operating  Two  Similar  Alternators  Having 
Opposite  Polarity  in  Parallel 

An  Alternator  Operating  in  Parallel  with  Other  Machines  Will,  if  the  Polarity  of  Its  Field 

Poles  Is  Reversed,  Slip  One  Pole  and  Still  Operate  in  Parallel  with  the 

Other  Machines,  Without  Any  Change  in  Connection 

By  B.   a.   BRIGGS 


WHERE  two  or  more  alternators  are  operating 
in  parallel,  the  question  frequently  arises, 
What  would  be  the  effect  of  reversing  the 
polarity  of  one  machine  and  then  trying  to  connect  it 
in  parallel  with  the  other  machines?  The  question  is 
easily  answered  by  the  use  of  a  diagram  representing 


ing  of  a  polarity  indicated  by  the  arrowheads  which, 
at  the  instant  shown  in  the  figure,  will  tend  to  cause 
a  current  to  flow  from  terminal  A  of  both  machines 
through  the  load  and  back  in  on  terminals  B  and  C. 
The  active  part  of  the  armature  winding  in  supplying 
current  to  the  load  is  indicated  by  double  arrowheads. 


FIGS.   1  TO  4.     SCHEMATIC  DIAGRAMS  OF  TWO  ALTERNATORS  OPERATING  IN  PARALLEL 


the  alternators  with   ring  armatures.     In   Fig.   1   is  At  the  instant  under  consideration  the  sections  of  the 

represented  two  three-phase  alternators  connected  in  armature    windings    bd    and    cd    are    not   effective    in 

parallel  to  a  busbar;   each  alternator's  field  poles  are  causing  a  current  to  flow  to  the  external  circuit,  since 

excited    the   same   polarity.     With   the   armatures   ro-  the  voltagj  in  these  two  sections   oppose.     The  arm- 

tating  in  the  same  direction,  indicated  by  the  curved  atures,  being  in  exactly  the  same  relative  position,  will 

arrows,  there  will  be  a  voltage  generated  in  the  wind-  be  in  absolute  synchronism. 
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Now,  suppose  that  the  polarity  of  the  field  poles  of 
machine  2  is  reversed  as  in  Fig.  2;  the  polarity  of  the 
armature  will  be  reversed,  and  if  the  armature  remains 
in  the  same  relative  position  as  in  Fig.  1,  terminal  A 
will  be  negative  and  the  machine  will  be  out  of  step  by 
180  deg.,  with  machine  No.  1 ;  or  in  other  words,  thero 
will  be  a  short  circuit  between  the  two  machines  with 
double  normal  voltage  of  one  machine  to  cause  a  cur- 
rent to  flow  between  them. 

A  study  of  Fig.  2  shows  that  the  two  machines  are 
in  synchronism  as  in  Fig.  1,  but  to  obtain  this  con- 
dition, the  armature  of  No.  2  machine  has  turned 
through  180  deg.  from  the  position  in  Fig.  1.  This  is 
what  is  called  slipping  a  pole;  that  is,  the  armature 
has  turned  through  an  angle  represented  by  tl  2  pole 
pitch,  which  in  a  two-pole  machine  is  180  deg.,  in  a  four- 
pole  machine,  90  deg.,  and  in  a  six-pole  machine,  60 
deg.,  etc.  In  all  cases,  however,  the  pole  pitch  is 
represented  by  180  electrical  degrees.  The  voltage  ap- 
plied to  the  circuit  under  consideration  is  that  between 
c  and  a  and  b  and  a.  As  pointed  out  in  the  foregoing, 
the  voltage  generated  in  the  section  of  the  winding  be- 
tween c  and  b  is  not  effective,  since  that  generated  in 
the  section  of  the  winding  between  c  and  d  is  equal  and 
opposite  to  that  generated  in  the  section  of  the  wind- 
ing between  b  and  d. 

The  next  thing  to  consider  is,  will  the  armatures  be 
in  synchronism  at  other  points  in  their  revolution  ?  To 
determine  this,  let  us  turn  our  attention  to  Figs.  3  and 
4.  Both  machines  are  turning  in  the  same  direction, 
as  indicated  by  the  curved  arrows.  Assume  that  each 
armature  turns  60  deg.  from  the  position  in  Fig.  2. 
This  will  give  the  position  Fig.  3.  The  direction  of  the 
arrows  on  the  armature  winding  indicates  that  ter- 
minals A  and  C  on  each  machine  are  positive  and  B 
negative  and  the  machines  are  still  in  synchronism  al- 
though the  armatures  occupy  relative  positions  180 
deg.  apart. 

Again,  assume  that  the  armatures  have  turned  an- 
other 60  deg.  Then  they  will  be  in  the  position  in- 
dicated in  Fig.  4.  A  study  of  this  figure  shows  terminal 
C  to  be  positive  and  terminals  A  and  B  negative.  Since 
each  armature  is  in  a  position  where  the  voltages 
generated  in  the  section  of  each  winding  between  a  and 
c  are  equal,  likewise  in  the  section  between  6  and  c, 
the  two  machines  are  in  exact  synchronism.  There- 
fore, as  long  as  the  two  armatures  continue  to  rotate 
at  exactly  the  same  speed,  their  voltage  would  be  in 
synchronism. 

From  the  foregoing  it  is  evident  that  if  two  alter- 
nators are  operated  in  parallel  and  have  their  field 
poles  excited  the  same  polarity,  the  armature  will  oc- 
cupy the  same  relative  position  at  exact  synchronism. 
If  the  polarity  of  the  field  poles  of  one  machine  is 
reversed,  the  armature  of  this  machine  will  slip  one 
pole;  that  is,  it  will  occupy  a  relative  position  180  elec- 
trical degrees  from  the  armature  of  the  other  machine, 
and  the  two  machines  can  be  operated  in  parallel  as 
when  the  field  poles  of  the  two  machines  have  the  same 
polarity. 

The  only  exception  to  this  rule  is  where  both  ma- 
chine^are  driven  by  the  same  source  of  motive  power, 
such  as  two  alternators  geared  to  the  same  turbine. 
In  this  case,  after  the  machines  have  been  properly 
connected  to  operate  in  parallel,  if  for  some  reason 
the  polarity  of  the  exciting  current  is  reversed 
through  the  field  coils  of  one  machine,  the  two  machines 


would  be  180  degrees  out  of  phase  and  would  have  to 
remain  this  way  since  they  are  both  geared  together. 
In  such  a  case  the  two  machines  would  be  inoperative 
until  the  polarity  of  one  machine  was  changed.  Where 
each  machine  is  independently  driven,  the  armatures 
can  take  any  relative  position  to  bring  them  into  syn- 
chronism and  the  direction  of  the  exciting  current  in 
the  field  coils  makes  no  difference  as  to  parallel  opera- 
tion of  the  machines.  In  the  foregoing  the  armature 
has  been  rei erred  to  as  the  rotating  element.  In  ma- 
chines of  the  revolving-field  type  the  statements  regard- 
ing the  relative  position  of  the  armature  would  also 
apply  to  the  field  poles.  The  next  article  will  consider 
the  effect  of  reversing  the  direction  of  rotation  of  an 
alternator  that  has  been  operating  in  parallel  with 
other  machines. 

Preventing  Sludging  of  Oil 
in  Transformers 

It  is  truly  said  that  the  life  of  its  insulation  is  the 
life  of  the  transformer,  for  when  the  insulation  is  gone 
the  transformer  is  not  only  useless,  it  is  dangerous. 
For  this  reason  the  efforts  of  transformer  engineers 
have  been  directed  to  a  considerable  extent  to  develop- 
ing methods  of  preserving  the  insulation  for  the  longest 
period  possible  under  all  sorts  of  operating  condi- 
tions. 

The  factor  that  has  the  greatest  effect  in  reducing 
the  dielectric  strength  of  insulation  is  moisture.  There- 
fore, the  transformer  was  first  protected  by  having 
its  coils  immersed  in  oil,  so  that  no  water  could  get 
to  them.  Later,  as  operating  potentials  increased, 
further  protection  was  afforded  by  impregnating  the 
fibrous  insulation  with  a  moisture-proof  compound 
previous  to  its  immersion  in  oil.  Even  then,  owing 
to  the  high  sensitivity  of  oil  to  water,  the  slightest 
water  content,  18.5  parts  per  million,  will  reduce  its 
dielectric  strength  to  the  lowest  possible  limit,  and 
further  measures  were  found  necessary.  With  the  in- 
crease of  outdoor  installations  the  expedient  was  devised 
of  making  the  tank  covers  water-tight  to  further  protect 
the  insulation  from  water,  snow,  etc.  This  requires  an 
expensive  tank  construction  and  also  leaves  an  idle 
air  space  between  the  oil  and  the  cover,  which  is 
necessary  to  provide  for  the  expansion  of  the  oil  when 
heated. 

The  presence  of  this  air  space  above  the  oil  makes 
possible  two  other  effects  that  are  likely  to  cause  trou- 
ble in  operating  and  shorten  the  life  of  the  transfor- 
mer. One  of  these  is  explosions,  and  these  are  made 
possible  by  arcing  or  static  discharrres,  or  heavy 
overloads  sometimes  cause  combustible  gases  to  be  set 
free  from  the  oil,  which,  when  combined  with  the 
air  in  the  ordinary  tank,  form  a  highly  explosive 
mixture.  This  gas  may  be  ignited  by  sparl:s,  either 
dynamic  or  static,  causing  a  dangerous  explosion.  While 
the  leads  of  some  types  of  transformers  are  protected 
by  ground  shields  that  make  this  impossible  under 
ordinary  circumstances,  still  with  the  oil  in  the  tank  at 
an  abnormally  low  level  the  effect  of  the  ground  shields 
may  be  neutralized. 

The  other  feature  that  may  have  a  deteriorating 
effect  is  what  is  known  as  the  sludging  of  the  oil. 
Any  transformer  oil  will,  when  heated  in  the  presence 
of  oxygen,  decompose,  and  a  precipitate  will  be  formed, 
consisting   of  carbons,   etc.     While   this   sludging  has 
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no  effect  on  the  dielectric  strength  of  the  oil,  the  precip- 
itate settles  on  the  insulation,  where  it  forms  a  film 
of  low  heat  conductivity,  so  that  the  operating  tem- 
perature increases,  with  a  consequent  increase  in  the 
sludging.  The  remedy  for  this  state  of  affairs  has 
been  a  periodical  filtering  of  the  oil,  and  cleaning  of 
the  coils  and  insulation  of  the  transformer. 

It  has  been  found  by  a  series  of  tests  that  oil  will 
not  sludge  even  under  considerable  and  continuous 
operating  temperatures,  if  it  is  kept  completely  free 
from  any  contact  with  air.  The  most  that  happens 
under  these  conditions  is  a  slight  discoloration  of 
the  oil. 

To  remedy  these  faults  the  General  Electric  Co.  at- 
taches to  its  transformer  tanks  a  new  device,  known  as 
an  oil  conservator,  Fig.  1.  This  conservator  consists 
simply  of  an  auxiliary  tank  attached  to  the  tranc- 
former  tank  so  as  to  be  well  above  the  oil  level  in  the 
main  tank.  Its  only  connection  to  the  transformer  tank 
is  through  a  pipe.  Fig.  2.  When  the  conservator  is  sup- 
plied with  oil,  the  main  tank  and  the  connecting  pipe 
are  also  completely  filled,  so  that  the  oil  comes  in  con- 
tact with  the  air  only  in  the  conservator. 

The  conservator  is  just  big  enough  so  that  all  ex- 
pansion and  contraction  of  the  oil  take  place  within 


FIG.  1. 


HIGH-VOLTAGE  TRANSFORMER  WITH 
OIL  CONSERVATOR 


it,  without  lowering  the  level  enough  to  bring  the 
oil  in  the  main  tank  in  contact  with  the  air  or  raising 
it  enough  to  overflow  the  tank.  Moisture  absorbed 
by  the  oil  is  drained  from  a  sump  in  the  bottom.  Fig. 
2.  The  formation  of  explosive  gas,  with  its  consequent 
possibility  of  dangerous  explosions,  and  the  sludging 
of  the  oil  when  heated,  are  both  eliminated,  since  the 
transformer   main   tank    is   completely   filled   with    oil 


and  can  be  made  water  and  air  tight.  Since  there  is 
only  one  oil  connection  between  the  conservator  and 
the  main  tank,  and  that  is  of  limited  size,  there  can 
be  no  circulation  between  the  two,  and  the  only  change 
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ESSENTIAL    FEATURES    OF    TRANSFORMER-OIL 
CONSERVATOR 


in  level  is  that  due  to  the  volume  changes  in  the  whole 
body  of  oil.  Such  being  the  case,  hot  oil  cannot  come 
in  contact  with  the  air,  even  in  the  conservator,  and 
sludging  will  not  take  place. 

Specifications  for  Lubricants 

The  following  specifications  for  lubricants  were  pre- 
pared for  the  governing  Board  of  State  Institutions  of 
by  the  faculties  of  the  engineering  departments  of  the 
Kansas  State  Agricultural  College  and  the  University 
of  Kansas,  Prof.  A.  A.  Potter,  chairman. 


Kind  of  Oil 

1.  Air  compressor  oil 

2.  Automobile  oil,  light.  .  . 

3.  Automobile  oil,  medium 

4.  Automobile  oil,  hea\'y. . 

5.  Dynamo  oil 

6.  Engine  oil,  high-speed. . 

7.  Engine  oil,  slow-speed. . 

8.  Ice-machine  oil 

9.  Steam-cylinder  oil,  dry 

steam 

10.  Steam-cylinder  oil,  wet 

steam 

11.  Steam -cylinder   oil,   su- 

perheated steam 

12.  Truck    or    tractor    oil, 

heavy 

13.  Tractor  oil,  extra  heavy 

14.  Transmission-gear  oil. .. 

15.  Turbine  oil 

(a)     Depends  upon  steam 


The  largest  hydro-electric  plant  in  the  world  is  being 
planned.  It  is  to  be  located  on  the  Priest  Rapids  site 
on  the  Columbia  River,  near  the  Oregon-Washington 
border.  Its  maximum  capacity  will  be  700,000  hp.  at 
high  water  and  400,000  hp.  at  low  water.  Plans  are 
being  delayed  until  Congress  passes  the  water-power 
leasing  bill,  now  held  up  in  conference  by  Senate  and 
House  Committees. 
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Joseph  Harrington 

Combustion  Engineer 


One  of  the  Leaders  in 
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ALMOST  everybody  in  the  power-plant  field  in  and 
l\  about  Chicago,  in  fact  throughout  the  Central 
jL  -1L  states,  knows  Joe  Harrington,  and  his  reputa- 
tion as  a  combustion  engineer  has  extended  far  beyond 
these  confined  limits.  Burning  coal  efficiently,  particu- 
larly the  coals  of  the  Middle  West,  has  been  his  lifelong 
study.  In  the  early  days  of  his  apprenticeship  to  this 
field  the  inferior  grades  of  bituminous  coal,  such  as 
slack  or  screenings,  were  actually  discarded  and  con- 
sidered unfit  as  power-plant  fuel.  To  eliminate  this 
economic  waste  the  chain  grate  was  designed.  Mr. 
Harrington  has  been  associated  closely  wiih  the  develop- 
ment of  this  type  of  stoker  from  its  infancy  and  has 
been  largely  instrumental  in  showing  that  these  inferior 
grades  of  coal  could  be  burned  efficiently.  He  is  now 
developing  a  universal  stoker  designed  to  burn  coals 
of  all  kinds  with  equal  success. 

Reverting  back  to  his  youth,  Joseph  Harrington 
hailed  from  New  England,  the  home  of  his  ancestors  for 
five  generations.  One  of  these  ancestors  on  his  mother's 
side  was  General  Montgomery,  of  Revolutionary  fame. 
He  was  born  at  Reading,  Mass.,  a  suburb  of  Boston, 
in  1873,  and  being  near  the  Bay  he  spent  much  of  his 
early  youth  on  the  water.  Like  many  other  New  Eng- 
land boys  he  was  always  interested  in  anything  pertain- 
ing to  mechanical  pursuits.  His  father  had  a  shop  to 
which  Joe  and  his  brothers  always  had  access.  They 
were  encouraged  to  play  in  this  shop,  and  before  the 
subject  of  this  sketch  was  out  of  high  school,  he  was 
a  skillful  machinist. 

Graduating  from  the  Massachusetts  Institute  of 
Technology  in  1896,  Mr.  Harrington  spent  the  next  four 
years  in  Mexico  and  Central  America,  prospecting  in 
the  mining  regions  and  surveying  for  railways  and 
rubber-plantation  interests.  During  his  school  life  he 
had  picked  up  a  working  knowledge  of  the  transit.  But 
his  liking  was  for  things  mechanical,  so  after  four  years 
of  roaming  he  settled  in  Chicago.  He  was  employed  by 
the  Green  Engineering  Co.  as  chief  engineer  for  the 
twelve  years  ending  1912.  Along  with  the  development 
of  the  stoker  Mr.  Harrington  gave  much  attention  to 
the  furnace,  the  ignition  arch  and  other  appurtenances 


necessary  for  efficient  combustion.  During  these  twelve 
years  he  gained  a  wide  acquaintance  in  power-plant 
circles  and  was  generally  acknowledged  as  a  leader 
in  his  particular  field. 

It  was  his  thought  to  capitalize  on  this  reputation 
when  at  the  end  of  1912  he  withdrew  from  his  former 
connection  to  become  an  advisory  engineer  in  the 
operations  of  power  plants,  in  particular  on  questions 
relating  to  combustion.  In  this  work  he  became 
intimately  acquainted  with  all  the  details  of  operation. 
He  saw  the  difficulties  as  viewed  by  the  operator  and 
came  in  touch  with  defects,  mechanical  and  human,  that 
could  be  gained  only  in  this  way. 

Work  of  greater  magnitude  in  the  industrial  field 
momentarily  enticed  Mr.  Harrington  from  the  power 
plant.  He  became  interested  in  powdered  coal  and  in 
particular  its  application  to  heating  furnaces  in  rolling 
mills.  Several  installations  that  were  highly  successful 
are  to  be  credited  to  his  long  list  of  achievements. 
Memories  of  his  first  love,  however,  eventually  drew  him 
back  to  the  field  of  stoker  design  and  manufacture.  In 
1917  he  became  engineer  and  vice  president  of  the 
James  A.  Brady  Foundry  Co.,  Chicago. 

Mr.  Harrington  found  time  to  do  his  bit  for  the 
Government  during  the  war.  He  was  appointed  by  the 
United  States  Fuel  Administration  administrative 
engineer  for  Illinois,  having  charge  of  fuel  conservation 
and  supervision  of  power.  With  his  thorough  knowledge 
of  fuel  and  its  burning  and  his  exceptional  ability  as 
an  executive  and  organizer,  Mr.  Harrington  socn  had 
the  work  under  way.  The  questionnaires  from  Wash- 
ington w-^re  sent  out,  and  through  numerous  volunteers 
the  power  plants  of  the  state  were  rated  and  their 
deficiencies  pointed  out  to  the  plant  owners.  Volunteer 
inspectors  were  sent  out  on  the  job,  and  service  was 
rendered  to  those  requesting  it.  The  work  was  entirely 
educational  and  by  suggestion  rather  than  by  arbitrary 
regulation.  One  of  the  original  features  of  the  Illinois 
campaign  was  a  series  of  weekly  letters  dealing  with 
the  primary  factors  entering  into  economy  and  con- 
servation. They  were  elementary  and  semi-technical  in 
character    and    by    local    volunteer    commitiees,    were 
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printed  and  distributed  to  every  plant  in  the  state. 
Commendation  came  from  all  parts  of  the  state  and 
from  Washington.  Mr.  Harrington  was  congratulated 
on  his  aggressive  campaign  and  the  excellent  results 
that  were  being  effected. 

Among  the  engineers  of  the  community  Mr.  Harring- 
ton has  always  been  active.  He  belongs  to  the  American 
Society  of  Mechanical  Engineers,  and  at  one  time  was 
chairman  of  the  Chicago  Section.  He  is  active  in  a 
number  of  standing  committees  of  the  society  and  a 
contributor  to  the  Boiler  Test  Code.  Recently,  he  has 
been  appointed  chairman  of  the  Committee  on  Smoke 
Prevention  of  the  Western  Society  of  Engineers.  He 
is  a  member  of  the  Engineers  Club  of  New  York,  the 
Old  Colony  Club,  and  an  honorary  member  of  the 
National  Association  of  Stationary  Engineers.  An 
excellent  speaker  who  can  talk  from  the  shoulder  at 
a  moment's  notice,  he  is  in  frequent  demand.  Scarcely 
a  week  goes  by  without  a  call  on  his  time  and  requests 
for  one  or  more  addresses  before  engineering,  indus- 
trial or  commercial  associations. 

Nothwithstanding  his  popularity  and  the  constant 
demand  for  his  presence  elsewhere,  Mr.  Harrington  is 
a  great  lover  of  his  home  at  Riverside.  An  acre  of 
ground  attached  to  it  gives  him  an  opportunity  to  get 
close  to  nature  and  work  with  the  flowers  and  shrubs 
in  his  ample  garden. 

Novel  Water-Pumping  Motor 

A  novel  method  of  pumping  water  has  been  developed 
by  F.  L.  Gilman,  of  Los  Angeles,  Cal.  The  apparatus  is 
anchored  in  the  middle  of  a  swiftly  running  river  and 
in  swaying  back  and  forth  operates  two  pistons  of  a 
pump  located  on  the  bank.     The  pistons  have  a  22-in. 


upon  reaching  a  definite  travel,  the  angle  of  the  floats 
is  changed  and,  owing  to  the  velocity  of  the  water  im- 
pinging against  them,  the  float  head  is  moved  across  the 
stream  in  an  opposite  direction.     Upon  reaching  a  pre- 


FIG.  1.     FLOATS  ANCHORED  IN  MIDSTREAM 

stroke,  and  the  pump  has  a  capacity 'of  80  gal.  of  water 
per  minute,  discharging  through  a  3-in.  pipe  against  a 
head  of  18  feet. 

The  floats  are  anchored  in  the  stream  and  are  held  in 
position  by  long  anchor  rods  attached  to  a  frame  to 
which  the  several  floats  are  so  secured  that  they  are  free 
to  change  from  one  angle  to  an  opposite  angle.  That 
is,  as  the  floats.  Fig.  1,  move  across  the  stream,  and 


FIG.  2.     GENERAL  VIEW  OF  THE  INSTALLATION 

determined   travel,    the    angle    of   the   floats    is    again 
reversed  and  a  return  travel  is  made. 

Connection  is  made  between  the  float  head  and  the 
pump  on  the  bank.  Fig.  2,  by  cables  attached  to  a  cross- 
head,  located  at  the  pump,  to  which  the  pump  pistons 
are  connected.  As  the  float  head  moves  back  and  forth, 
its  motion  is  transmitted  to  the  pump  crosshead  and  in 
turn  to  the  pump  plunger. 

Recommends  Standard  Shafting  Sizes 

A  committee  of  the  American  Society  of  Mechanical 
Engineers  formed  to  investigate  the  possibility  of 
standardizing  shafting  sizes,  in  a  recent  report  to  the 
council  recommended  the  approval  and  adoption  of  the 
following  lists  of  sizes  as  standard  for  the  society: 

Transmission  Shafting:  iS  in.;  lie  in.;  li'e  in.; 
liJ  in.;  IH-  in.;  2h  in.;  2-^  in.;  2i5  in.;  S^  in.;  3il  in.; 
4i5  in.;  4]a  in.;  5t^  in.;  and  5U  in. 

Machinery  Shafting:  Size  intervals  extending  to  2i 
in.,  by  sixteenth  inches;  from  2h  in.  to  4  in.  inclusive, 
by  eighth  inches ;  from  4  in.  to  6  in.,  by  quarter  inches. 

The  adoption  of  these  standard  sizes  will  mean  the 
reduction  in  the  number  of  parts  of  power-transmission 
equipment  that  must  be  carried  in  stock,  and  the  com- 
mittee expressed  the  opinion  that  in  the  future  a  gradual 
elimination  of  odd  sizes  from  makers'  lists  and  from 
dealers'  stocks  would  take  place  and  the  standard  sizes 
would  be  used  for  all  new  construction. 

The  committee  is  planning  to  reorganize  itself  and 
add  to  its  membership,  so  that  the  standardization  of 
shafting  formulas  and  the  dimensions  of  shafting  keys 
and  keyways  can  be  investigated. 


Graduate  students  of  the  Massachusetts  Institute  of 
Technology  are  conducting  experiments  in  the  research 
department  of  the  hydraulic  laboratories  on  the  design 
of  draft  tubes  for  water  turbines,  to  gain  increased 
efficiency. 
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A  Needed  Feature  of  the 
Refrigerating  Industry 

IN  REFRIGERATION  the  war  revealed  things  of 
great  import  no  less  than  in  other  fields.  In  this  art 
the  United  States  has  attained  by  far  the  greatest 
advance,  and  it  is  generally  conceded,  we  believe,  that 
had  it  not  been  for  the  well-located  and  well-managed 
large  refrigerated  warehouses,  the  Allies  would  have 
been  badly  off  for  foodstuffs.  It  was  not  only  the  large 
stock  immediately  available  when  the  sudden  call  came, 
but  the  ability  to  take  in  huge  shipments,  chill  and  clear 
for  transatlantic  transport,  that  was  invaluable.  This 
was  the  period  in  which  Europe  was  learning  her  lesson. 
As  a  result,  it  is  reasonable  to  expect  refrigeration  to 
find  a  wide  and  rapid  growth  there. 

The  charge  has  been  made  that  the  development  of 
this  art,  even  in  the  United  States,  has  not  been  so 
rapid  or  so  spectacular  as  the  possibilities  permitted  or 
as  compared  with  developments  in  other  branches  of 
engineering  and  physics.  The  critic  can  make  out  a 
good  case,  but  the  day  for  making  it  rapidly  passes  by. 
Refrigeration  is  now  having  its  new  era,  its  period 
which  is  not  unlike  those  experienced  in  the  pure  power 
field  by  the  introduction  of  electricity  and  the  steam 
turbine.  The  high-speed  compressor  daily  demonstrates 
its  remarkable  potentialities.  Continued  improvement 
in  central-station  design,  electrical  apparatus  and  com- 
pressor valves  insures  the  future  of  this  type  of 
machine. 

But  the  compressor  and  its  drive  are  but  a  part  of 
the  system,  and  a  part  that  is  essential  only  because  of 
the  physical  properties  of  the  refrigerant,  ammonia. 
Its  function  is  merely  to  put  the  refrigerant  in  such 
condition  that  the  refrigerating  cycle  may  again  be 
started.  It  exerts  little  influence  upon  the  efficiency  of 
performance  of  the  remainder,  or  greatest  part,  of  the 
cycle.  It  is  here  that  concerted  action  seems  to  be 
needed.  This  is  not  to  say  that  refrigerating  apparatus 
other  than  the  compressor  is  not  now  commendable.  But 
that  there  is  room  for  improvement,  no  one  will  deny. 

Competition  invariably  is  healthy.  Yet  it  is  our 
opinion  that  closer  co-operation  of  builders  is  more 
urgent  just  now.  There  are  several  channels  through 
which  this  may  come,  and  some  of  these  are  already 
organized.  The  American  Society  of  Refrigerating 
Engineers  offers  one  of  the  best.  The  possibilities  which 
the  society  offers  in  this  direction  are  not  sufficiently 
taken  advantage  of;  there  seems  to  be  reluctance  to 
present  papers  at  yearly  and  semiannual  meetings,  and 
often  discussion  is  too  contentious,  too  argumentative. 
There  is  need  of  papers  that  deal  with  specific,  authentic 
performance  data.  The  subject  itself  is  really  of  less 
importance;  it  is  bound  to  relate  to  refrigeration. 
There  may  be  serious  obstacles  to  the  creation  of  a 
research  laboratory  such  as  the  American  Society  of 
Heating  and  Ventilating  Engineers  maintain  at  Pitts- 
burgh; but  we  doubt  it.  The  various  associations  in 
the  great  industry  of  refrigeration  could  well  afford 
such  a  laboratory. 


Would  it  not  be  worth  while  to  endeavor  to  get  the 
American  Society  of  Refrigerating  Engineers,  the  asso- 
ciation of  refrigerating-machinery  manufacturers,  the 
many  large  ice  associations,  the  packers  and  the  very 
influential  American  Warehousemen's  Association  to- 
gether and  discuss  the  formulation  of  plans  for  the 
creation  of  a  real  research  laboratory,  a  clearing  house 
for  ideas,  safety  measures,  appliances  and  perform- 
ances? There  is  no  doubt  that  the  various  universities 
and  engineering  institutes  would  be  of  material 
assistance. 

Regional  Power  Development 

AT  THE  present  time  a  great  deal  of  interest  is  being 
^  given  to  working  out  a  comprehensive  power  sys- 
tem for  the  industrial  regions  situated  around  Philadel- 
phia, New  York  and  Boston.  The  ideal  power  system, 
if  such  were  possible,  is  one  that  would  supply  all  the 
needs  of  the  community  for  light,  heat  and  power.  In 
such  a  system  it  would  be  possible  to  operate  at  the 
highest  load  factor,  to  take  advantage  of  the  high 
efficiency  of  large  generating  units  and  also  realize  the 
high  efficiency  of  a  combination  heating  and  power  load. 
However,  for  obvious  reasons,  except  to  a  very  limited 
degree,  no  attempt  has  been  made  to  combine  all  these 
factors  in  one  system.  In  this  issue  on  page  824  is  an 
abstract  from  a  discussion  on  "Regional  Power  Develop- 
ment and  the  Low-Temperature  Distillation  of  Coal," 
by  C.  M.  Garland,  in  which  he  says : 

In  the  central  and  northern  portions  of  the  United  States 
every  industrial  plant  for  from  seven  to  eight  months  out 
of  the  year  requires  fuel  for  heating.  In  seventy-five  per 
cent  of  these  plants  the  fuel  required  for  heating  is  more 
than  sufficient  to  generate  the  power  required  for  manufac- 
turing operations.  For  practical  purposes  it  may  therefore 
be  considered  that  the  power  is  obtained  during  these 
months  without  fuel  expenditure.  This  explains  why  only 
thirty  per  cent  of  the  industrial  plants  buy  their  power.  Of 
this  thirty  per  cent  twenty  per  cent  would  doubtless  be 
better  off  if  they  had  efficiently  operated  plants  and  gener- 
ated their  own  power.  The  writer  is  a  strong  advocate  of 
central-station  development,  but  believes  that  it  is  well  to 
recognize  the  limitations  imposed  by  existent  conditions. 

Mr.  Garland,  according  to  his  arguments,  stes  the 
correct  solution  to  regional-power  development  in  the 
byproduct  system  of  gas  generation  with  the  low-tem- 
perature distillation  of  coal.  Such  a  system  is  now  in 
successful  operation  in  England.  However,  there  are 
many  arguments  for  and  against  this  schem'^.  If,  as 
Mr.  Garland  says,  there  are  in  the  five-hundred  million 
tons  of  bituminour  coal  burned  in  this  country  each 
year,  two  and  one  half  billion  dollars'  worth  of  by- 
products burned  up,  then  the  saving  of  even  a  small  por- 
tion of  this  tremendous  waste  is  worthy  of  the  most 
■erious  consideration.  The  cost  of  obtaining  these  by- 
products and  what  effect  a  national  attempt  at  pro- 
ducing thorn  would  have  on  their  price  is  something  that 
Mr.  Garland  does  not  explain.  Furthermore,  if  gas  can 
be  used  economically  for  heating  purposes,  when  com- 
pared with  coal    it  has  got  to  be  sold  at  a  very  low 
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figure,  probably  thirty  per  cent  of  what  the  average  is 
for  artificial  gas  today.  Another  feature  is  the  limited 
distance  to  which  gas  can  be  economically  piped.  Taking 
Mr.  Garland's  figures,  this  limit  is  a  radius  of  about 
fifteen  miles. 

There  is  little  doubt  that  a  system  such  as  suggested 
by  Mr.  Garland  could  be  used  to  advantage  in  certain 
localities,  but  has  its  limitations,  like  all  the  other 
schemes  proposed  for  the  development  of  regional 
power.  When  all  the  factors  are  given  their  proper 
weight  in  the  ideal  pov/er  system  equation,  the  best  that 
can  be  seen  at  this  time  is  a  compromise.  If  the 
National  Government  makes  an  appropriation  to  in- 
vestigate the  possibilities  of  regional-power  develop- 
ment, it  should  be  for  a  consideration  of  all  systems 
having  reasonable  prospects  of  economically  eliminating 
the  waste  in  the  present  methods  of  power  generation 
and  distribution,  and  not  for  any  particular  scheme. 

A  New  Artificial  Fuel? 

A  RECENT  report  states  that  an  Italian  chemist  has 
succeeded  in  preparing  hydrogen  for  use  as  fuel  in 
internal-combustion  engines.  As  usual,  this  report  stirs 
up  the  old  discussion  on  the  possibility  or  probability  of 
the  use  of  artificial  fuels. 

Without  knowing  anything  of  this  new  process,  it  is 
safe  to  say  that  its  success  is  unlikely,  although  it  may 
be  possible.  The  use  of  any  substance  as  fuel  depends 
upon  its  ability  to  combine  with  some  other  substance, 
usually  oxygen,  in  such  a  way  that  energy  is  given  off. 
This  energy  is  usually  available  in  the  form  of  heat 
energy  and  can  be  transformed  into  mechanical  or  elec- 
trical energy  by  means  of  the  ordinary  power-plant 
apparatus. 

Most  of  our  natural  fuels  are  largely  made  up  of 
carbon  and  hydrogen  and  give  up  their  heat  on  uniting 
with  oxygen.  This  process  results  in  the  formation  of 
carbon  dioxide  and  water.  These  two  latter  compounds 
will  not  unite  with  more  oxygen  and  give  up  more  heat. 
You  cannot  burn  either  of  them.  Many  people,  however, 
have  conceived  the  idea  that  if  these  two  compounds 
could  be  broken  up  into  their  original  elements,  the  com- 
bustion process  might  be  repeated  again  and  again 
without  limit.  It  is  a  comparatively  simple  matter  to 
break  carbon  dioxide  up  into  carbon  and  oxygen  or 
water  into  hydrogen  and  oxygen.  There  is,  however,  a 
well-established  chemical  law  that  if  a  certain  amount 
of  heat  is  released  during  the  formation  of  a  compound, 
exactly  as  much  heat  must  be  supplied  to  break  the 
compound  up  into  its  original  form. 

It  is  just  this  law  that  stands  in  the  way  of  any 
truly  artificial  fuel.  You  cannot  make  a  fuel  without 
paying  just  as  much  heat  as  you  would  get  out  of  it  in 
burning  it.  Our  so-called  natural  fuels  are  simply  sub- 
stances that  have  been  put  into  "burnable"  form  by 
processes  of  nature.  Just  what  these  processes  have 
been  is  still  a  subject  of  more  or  less  scientific  contro- 
versy, but  unquestionably  energy  in  some  form  was 
supplied  for  their  completion.  Nature  paid  the  bill  and 
man  gets  the  benefit. 

From  this  standpoint  the  reported  artificial  fuel  is 
not  and  cannot  be  what  the  name  ordinarily  implies. 
It  may  be  that  the  Italian  chemist  has  found  some  new 
compound  from  which  hydrogen  may  be  liberated  with- 
out the  expenditure  of  as  much  heat  as  will  be  generated 
when  the  hydrogen  is  burned.  If  this  be  true,  he  has 
not  produced  an  artificial  fuel,  but  has  rather  discovered 


a  new  natural  fuel.  The  value  of  his  discovery  will 
depend  largely  on  the  amount  of  this  newly  found  sub- 
stance which  exists,  not  on  any  amount  he  can  make. 

In  passing,  it  is  worth  noting  that  hydrogen  as  an 
industrial  fuel  is  extremely  delicate  stuff.  Properly  con- 
trolled, it  can  furnish  a  great  deal  of  energy  per  pound, 
but  if  it  gets  out  of  control  it  has  enormous  possibilities 
for  trouble. 


It  is  becoming  quite  general  practice  to  integrate 
both  the  kilowatts  and  the  wattless  component  in  or- 
der to  determine  the  weighted,  or  what  might  be 
called  the  average  power  factor,  over  a  given  period. 
However,  the  calculations  to  obtain  the  power  factor 
from  kilowatts  and  wattless  component  are  somewhat 
involved.  This  problem  has  been  reduced  to  a  very 
simple  form  by  the  use  of  the  chart  given  on  page 
795  of  this  issue,  by  C.  Harold  Berry.  Since  a  high 
degree  of  accuracy  is  not  required  in  measuring  the 
power  factor,  the  size  of  the  chart  as  published  will  be 
found  adequate  for  most  all  practical  purposes. 


What  would  be  the  effect,  where  two  or  more  alter- 
nators are  operating  in  parallel,  of  reversing  the  polar- 
ity of  the  field  poles  of  one  machine  and  trying  oper- 
ating it  in  parallel  again  with  the  other  machines,  to 
those  who  have  not  given  consideration  to  the  subject, 
may  appear  an  involved  problem.  In  this  issue,  on 
page  810,  B.  A.  Briggs,  in  answering  the  question,  has 
represented  three-phase  alternators  with  ring-type  ar- 
matures. This  explanation  is  a  good  illustration  of 
how  many  of  the  questions  regarding  the  parallel 
operation  oi  such  machines  may  be  analyzed  by  this 
method. 


If  you  are  planning  to  store  coal  for  next  winter's 
peak  load,  no  time  should  be  lost  in  preparing  the 
storage  place.  A  recent  paper  in  Power  pointed  out 
that  a  great  deal  of  trouble  with  coal  in  storage  arises 
from  faulty  conditions  due  to  hastily  planned  storage 
facilities.  It  doesn't  pay  to  wait  until  the  coal  arrives 
to  get  the  rubbish  off  the  ground  where  it  is  to  be  piled. 


Your  engines  may  be  running  without  a  knock,  but 
what  is  happening  in  your  boiler  room?  Do  you  know 
how  much  fuel  is  making  steam  and  how  much  is  being 
wasted?  Present  fuel  conditions  make  possible,  and 
even  necessary,  refinements  in  boiler-room  practice 
which  would  have  been  rank  extravagance  a  very  few 
years  ago. 


A  process  requiring  twenty  tons  refrigerating  effect 
concentrated  into  eight  hours  calls  for  a  plant  of  sixty 
tons  rated  capacity.  A  coal  requirement  of  five  hundred 
million  tons  concentrated  into  part  of  the  year  calls  for 
a  coal  production  capacity  of  seven  hundred  million 
tons.  Every  coal  user  can  do  his  part  toward  correcting 
this  evil. 


The  engineer  who  begins  to  overhaul  the  heating 
system  as  soon  as  the  steam  is  turned  off  is  the  one 
who  will  be  ready  for  cold  weather  when  next  fall 
comes.  The  public  begins  to  think  about  heat  in  Sep- 
tember, but  it  is  the  engineer's  business  to  think  about 
it  in  May.    Don't  be  caught  napping. 
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Repairing  a  Boiler-Plate  Lamination 

In  the  article  in  Power  of  March  30,  page  519,  entitled 
"Repairing  a  Boiler-Plate  Lamination,"  the  writer  ex- 
pressed the  opinion  that  welding  up  the  lamination  on 
a  boiler  shell  of  a  horizontal-tubular  boiler  is  all  right. 
I  do  not  agree  with  the  author  as  to  this,  and  if  I  were 
the  inspector,  I  should  reject  the  patch  as  applied.  I  do 
not  believe  that  any  shell  or  surface  in  which  that  part 
is  subject  to  a  tensile  stress  should  be  allowed  to  be 
welded  by  the  acetylene  or  by  the  electric  process.  I 
would  allow  welding  on  flat  surfaces  provided  they  were 
stayed.  It  is  the  rule  in  the  shops  where  I  am  working 
that  any  round  or  flanged  surface  cannot  be  welded  and 
only  such  flat  surfaces  as  are  properly  stayed.  The  Ohio 
state  law  does  not  permit  acetylene  or  electric  welding 
on  boiler  parts  subject  to  tensile  stress. 

I  have  seen  electric  welding  that  looked  like  a  very 
good  job,  but  upon  pressure  being  applied  it  was  found 
that  the  weld  was  full  of  pinholes.  Is  the  writer  of  the 
article  under  discussion  sure  that  the  patch  welded  is 
properly  done  and  that  the  metal  fused  together  as  it 
should?  In  recent  explosions  on  locomotives  there  has 
been  a  considerable  number  that  gave  way  in  the  welded 
seams  of  the  crown  and  side  sheets.     In  order  to  make 


the  job  properly,  I  would  cut  out  the  laminated  part  and 
apply  a  patch  to  the  shell  with  rivets;  then  I  would  be 
certain  that  the  patch  would  pass  the  inspection  of  any 
inspector.  Charles  W.  Carter,  Jr. 

Glean,  New  York. 


Pressure-Temperature  Scales  for 
Low-Pressure  Steam 

In  the  operation  of  feed-water  heaters,  condensers 
and  similar  apparatus  it  is  often  desirable,  and  some- 
times necessary,  to  know  the  temperature  of  vaporiza- 
tion corresponding  to  a  given  absolute  pressure,  or  the 
water-vapor  pressure  corresponding  to  a  given  tem- 
perature. The  scales  given  in  the  figure  show  the  cor- 
responding absolute  pressures  and  temperatures  for 
pressures  below  atmospheric.  The  absolute  pressure 
is  found  by  subtracting  the  vacuum-gage  reading  from 
the  barometer  reading,  both  in  inches  and  mercury. 

The  two  upper  scales  give  the  temperatures  for  each 
hundredth  of  an  inch  pressure  from  0.1  in.  to  2.0  in. 
The  three  lower  scales  give  the  values  for  each  tenth 
of  an  inch  over  the  range  from  2  in.  to  30  in. 

Detroit,  Mich.  C.  Harold  Berry. 
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Why  the  Mill  Settled 

Some  years  ago  I  was  errvployed  in  a  mill  where  a  near 
accident  took  place.  The  main  mill  was  three  stories, 
attic  and  basement,  and  the  power  was  both  steam  and 
water.  Water  for  the  waterwheels  was  introduced  di- 
rectly under  the  stair  tower,  which  was  centered  with 
the  mill,  as  shown  in  the  sketch. 

The  first  indication  that  anything  was  wrong  was 
when  the  friction  load  began  to  increase  and  the  master 


BROKEN   FLOOR  BEAM   CAUSED   SHAFTING   TO    SETTLE 

mechanic  gave  instructions  to  have  the  shafting  hangers 
and  drives  looked  over.  When  the  level  was  applied,  the 
shaft  in  one  of  the  rooms  was  found  to  be  about  two 
inches  low  midway  of  the  mill,  and  the  two  floors  above 
ware  in  the  same  condition.  Therefore,  the  "mechanics" 
started  to  level  the  shafting,  by  cutting  into  the  cross- 
timbers  of  the  mill,  as  shown  at  B.  As  I  did  not  be- 
lieve in  weakening  the  structure,  I  entered  a  protest  at 
the  first  cut,  but  without  avail.  I  then  told  the  agent 
the  men  were  ruining  his  mill  and  that  if  they  kept  on 
it  would  fall  down.  This  rather  startling  statement  had 
the  desired  result,  and  he  started  for  the  mill. 

The  master  mechanic  had  his  line  of  argument  all  pre- 
pared, and  C  explains  it.  He  said  that  he  had  either  got 
to  put  the  shafting  up  where  it  was  down  or  put  both 
ends  down  to  match  the  center.  He  couldn't  put  the  end 
that  was  in  the  wall  down  without  tearing  the  wall  all 
out  and  he  wouldn't  do  that.  As  a  matter  of  fact,  he 
was  only  cutting  into  the  timbers  two  inches  and  that 
wouldn't  weaken  them  even  a  little  bit,  as  he  said. 

The  next  morning  my  fireman  acted  a  trifle  fidgety, 
and  finally  he  said  that  he  believed  that  the  mill  was 
settling  in  the  center  over  the  water-way,  which  upon 
investigation  proved  to  be  so.  The  timber  A  had  broken 
as  shown  at  D,  and  the  center  of  the  mill  was  gradually 
sinking.  Steel  I-beams  were  put  in  place  over  the  tail- 
race,  and  everything  was  made  safe. 

New  York  City.  C.  W.  Peters. 

What  Caused  the  Crack? 

Some  time  ago  a  boiler  that  had  been  bagged  came  to 
my  notice.  The  plant  owner  tried  to  employ  a  boiler- 
maker  at  the  time,  but  being  unable  to  do  so,  a  workman 
from  the  plant  drove  up  the  bag  and  in  so  doing,  the 
metal  buckled  at  the  center.  Two  holes  were  drilled  and 
filled  with  2 -in.  rivets.  Some  eight  months  later  the 
engineer  decided  to  have  the  plate  straightened  up;  so 
a  boilermaker  was  employed  and  was  very  successful  in 
getting  the  sheet  in  good  shape  again.  The  next  morn- 
ing, upon  getting  ready  to  put  in  the  two  rivets,  a  crack 


16  in.  long  was  found  extending  across  the  sheet.  The 
metal  had  been  heated  to  a  cherry  red  and  let  cool  grad- 
ually, and  no  water  entered  the  boiler  during  this  opera- 
tion. The  sheet  was  cut  out  and  replaced  by  a  patch. 
When  broken  open  at  the  crack,  the  damaged  plate 
looked  more  like  gray  cast  iron  than  boiler  steel,  it  was 
so  crystallized.  H.  SYLVESTER. 

Concordia,  Kan. 

Mr.  Bissel  Has  Found  Another 
Perpetual  Motion 

The  following  should  prove  of  interest,  to  the  curious 
at  least.  In  the  illustration  two  cylindrical  tanks  are 
shown  pivoted  to  a  main  frame  on  ball  bearings.  The 
main  frame  in  like  manner  is  centrally  swung  on  a 
vertical  shaft  integral  with  the  base  and  is  also  sus- 
pended on  ball  bearings.  At  the  top  of  the  central  shaft 
is  a  gear  proportioned  about  three  to  one  with  the 
cylindrical  tanks,  as  indicated  in  the  illustration.  In- 
side of  each  tank  is  a  closely  fitting  float,  which  operates 
similarly  to  the  cork  float  in  a  modern  gasoline-engine 
carburetor.  In  this  case  it  is  hinged  on  two  journal 
boxes  near  the  center  of  each  tank. 

Enough  mercury  is  placed  in  the  tanks  to  fill  about 
one-half  of  the  space  between  the  outside  and  the  float. 
Care  should  be  taken  to  design  the  rotative  size  and 
shape  of  each  tank  with  reference  to  the  float,  so  that 
a  maximum  movement  may  be  obtained  and  the  mercury 
flow  easily,  using  the  least  amount  thereof.  All  parts 
should  be  carefully  adjusted,  one  to  the  other,  and 
smooth  surfaced,  so  that  there  will  be  as  little  disturb- 
ance in  the  mercury  as  possible  when  the  apparatus  is 
revolving.  It  should  be  stated  here,  that  the  universal 
joint  in  the  center  of  each  float  is  turned  at  a  slight 
angle  by  each  of  the  connecting  arms  above  their  cen- 
ters. 

With  a  similar  apparatus  in  which  the  floats  were  20 
in.  thick,  not  coupled  up,  however,  with  the  universal 


Universal  Jo  nt  inr.limd 

Clutch  -■     ')!e."^ Ball  Bearings— '  fo  one  side  by  Oi/erluod  Am 

MR.    BISSEL'S    PERPETUAL-MOTION    MACHINE 

joint,  on  account  of  faulty  alignment,  it  was  found  that 
by  using  water  instead  of  mercury  and  revolving  the 
apparatus  by  hand,  a  regular  up-and-down  motion  of 
the  floats  resulted.  There  was  power  enough  to  break 
a  thread,  also  to  lift  a  small  weight  up  and  down  at 
every  half-turn  of  each  tank.  It  did  not  appear  to  take 
any  more  power  to  revolve  the  apparatus,  whether  the 
floats  were  secured  or  allowed  to  operate.  Therefore  the 
conclusion  seems  to  be  that  energy  was  being  produced. 
Pittsburgh,  Pa.  Joseph  E.  Bissel. 
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Height  of  Return-Tubular  Boilers 
Above  Grates 

We  note  with  interest  your  answer  to  E.  G.'s  ques- 
tion in  the  Feb.  10  issue  of  Power  relative  to  the  proper 
distance  above  the  grates  for  setting  72-in.  horizontal 
return-tubular  boilers,  and  your  answer  to  John  A. 
Stevens'  criticism  in  the  issue  of  March  30. 

It  is  our  practice  to  set  boilers  of  this  size  60  in.  over 
the  grate  to  the  under  side  of  the  shell.  We  have  no 
records  of  complete  tests  on  boilers  installed  in  this 
manner,  but  we  do  know  that  there  is  a  positive  saving 
in  fuel  and  a  marked  elimination  of  smoke  in  plants 
where  we  have  replaced  boilers  set  in  the  old  way. 

With  a  boiler  setting  properly  constructed  and  insu- 
lated, we  believe  there  would  be  very  little  difference  in 
infiltration  and  radiation  loss,  due  to  the  additional 
height  of  the  setting.  The  increased  combustion  space 
is  particularly  adaptable  to  higher  ratings,  and  in  our 
opinion  a  return-tubular  boiler  can  be  most  economically 
operated  at  from  125  to  150  per  cent  rating. 

Boston,  Mass.  David  Moulton. 


Relative  to  the  correspondence  on  the  height  of  return- 
tubular  boilers  above  the  grates,  page  517  of  the  March 
30  issue  of  Power,  I  would  say  that  during  the  month 
of  September,  1917,  a  test  was  run  upon  the  No.  2 
power  plant  of  the  Whittenton  Manufacturing  Co.,  Taun- 
ton, Mass.,  under  my  direction.  This  plant  contains  ten 
72-in.  Wickes  horizontal  return-tubular  boilers,  nine  of 
which  were  run  during  a  week's  test  of  168  hours.  The 
fuel  used  was  "Alpha  special"  run-of-mine  bituminous 
coal  from  Cambria  County,  Pa. 

These  boilers  were  set  at  a  height  of  four  feet  from 
the  grate  to  the  under  side  of  the  shell  and  were  installed 
under  the  direction  of  John  A.  Stevens.  A  record  was 
kept  of  all  the  coal  burned  and  the  water  evaporated 
during  the  week,  and  the  average  efficiency  of  boiler, 
furnace  and  grate  was  67.79  per  cent.  The  boilers  were 
operated  from  6:40  a.m.  to  5:30  p.m.  at  117  per  cent 
rating,  from  5:30  to  9  p.m.  at  57  per  cent  rating  and 
banked  for  the  remainder  of  the  24  hours.  Fires  were 
buried  down  and  cleaned  from  6:30  to  9  p.m.,  which 
caused  a  loss  of  2  per  cent  in  the  average  efficiency. 

No  attempt  was  made  to  instruct  the  firemen  in  any 
way,  as  the  object  of  the  trial  was  to  find  out  what 
was  obtained  from  the  plant  in  regular  weekly  opera- 
tion. It  is  probable,  however,  that  the  firemen  did  a 
little  better  than  usual  owing  to  the  presence  of  our 
observers  in  the  plant.  I  cpnsider  these  results  very 
good  for  a  mill  boiler  plant.  Fred  B.  Cole, 

Assistant  Engineer  with  Charles  T.  Main. 

Boston,  Mass. 


I  am  in  charge  of  a  plant  that,  when  I  came  to  it 
five  years  ago,  had  five  60-in.  x  16-ft.  return-tubular 
boilers  set  24  in.  above  the  grate.  A  shaking  grate  was 
used  and  in  very  cold  weather  the  boilers  were  over- 
loaded. We  could  bum  up  to  8,000  lb.  of  coal  per 
boiler  per  24  hr.  very  well,  and  our  evaporation  was 
about  10  lb.  of  water  per  pound  of  coal  as  fired,  but  at 
times  we  had  to  burn  10,000  lb.  per  boiler  and  our 
evaporation  would  always  drop  at  such  rates  of  com- 
bustion. 

I  wanted  to  drop  the  grates  12  in.  but  the  mechanical 
engineers  who  do  the  consulting  and  lay  out  new  work 


objected,  saying  I  would  spoil  the  looks  of  the  plant  and 
not  improve  on  the  evaporation. 

I  then  asked  for  an  extra  boiler,  but  as  there  was  not 
room  to  install  one  without  building  onto  the  plant  I 
did  not  get  it.  I  then  talked  them  into  letting  me 
change  the  grates  and  lowered  them  9  in.  in  front  and 
12  in.  at  the  bridge  wall,  giving  a  3-in.  pitch.  Castings 
were  made  crescent  shaped  to  fill  in  the  fronts  and  when 
the  job  was  finished  they  said,  "It  don't  look  so  bad 
after  all."  I  can  bum  10,000  lb.  of  coal  per  boiler  per 
24  hr.  now  and  keep  the  evaporation  up  as  well  as 
we  could  on  the  8,000  lb.  basis. 

This  last  year  we  installed  a  72-in.  by  18-ft.  boiler 
and  when  I  received  the  prints  from  the  same  engi- 
neers I  was  somewhat  surprised  and  delighted  to  see 
the  boiler  was  to  be  set  4  ft.  6  in.  above  the  dead  plate. 
We  have  what  is  termed  a  hand  stoker  set  under 
it  with  a  pitch  of  18  in.,  making  6  ft.  from  rear  of  the 
grate  to  the  shell  of  the  boiler.  Although  I  have 
not  had  a  test  run  on  this  boiler  as  yet,  to  determine 
th.^  economy,  I  have  handled  it  enough  to  know  it  is 
doing  good  work. 

We  are  running  with  a  draft  of  from  0.25  to  0.3  in. 
of  water  in  the  furnace.  We  are  burning  20  lb.  of 
coal  per  sq.ft.  of  grate  per  hour  and  recently  with  three 
of  the  smaller  boilers,  one  of  which  was  banked  5  hr., 
and  one  banked  20  hr.,  we  burned  44,400  lb.  of  coal. 
This  averages  over  21  lb.  of  coal  per  square  foot  of  active 
grate  per  hour,  not  figuring  what  was  used  for  banking. 

I  think  we  would  have  done  better  not  to  have  run  the 
boilers  quite  so  hard  and  to  have  used  one  of  the  banked 
boilers  a  few  hours  longer,  but  the  men  don't  always 
start  up  a  banked  fire  when  they  should. 

This  coal  was  all  handled  by  one  man  on  each  8-hr. 
watch,  except  in  the  morning  from  7  to  9,  when  I  put 
on  an  extra  man. 

The  coal  and  ashes  are  handled  by  coal  passer  and 
I  think  the  men  earned  their  money.  I  don't  think 
this  load  could  be  carried  on  a  boiler  set  30  in.  from 
the  grate.  I  may  be  wrong  and  will  be  glad  to  be  set 
right.  In  some  of  former  issues  of  Poiver  I  have  read 
some  very  interesting  articles  by  Prof.  Breckinbridge, 
and  I  would  like  very  much  to  see  what  he  may  have  to 
say  about  settings  for  return-tubular  boilers. 

Andover,  Mass.  W.  C.  Richards. 

Merits  of  Chain  and  Ring  Shaft 
Lubrication 

With  reference  to  Mr.  Wineberg's  communication  on 
the  subject  of  chuin  and  ring  lubrication  in  the  April  6 
issue,  I  can  say  that  I  have  had  considerable  experience 
in  designing  heavy  ring-oiling  bearings  for  rolling-mill 
and  factory  service,  some  of  them  being  as  large  as 
20  in.  diameter,  and  running  at  80  r.p.m.  and  the 
smaller  sizes  running  up  to  several  hundred  revolutions. 
I  have  always  had  considerable  success  with  the  ring- 
oiling  type,  which  I  adopted  in  preference  to  the  chain. 

The  main  bearing  of  a  high-speed  engine  that  I  once 
had  under  my  supervision  was  fitted  with  a  chain,  and 
had  it  been  practicable  I  would  have  changed  it  to  ring 
oiling.  The  chain  had  a  bad  habit  of  becoming  kinked, 
which  caused  it  to  jam,  and  of  course  the  bearing  went 
up  in  smoke.  This  invariably  happened  at  the  most 
critical  time,  when  the  engine  was  carrying  its  f'lll  load, 
and  then  it  was  a  case  of  shut  down  and  start  up  the 
other  engine,  which  we  were  lucky  to  have  available. 
I  do  not  maintain  that  all  chain-oiling  bearings  are 
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unsatisfactory,  but  my  observation  and  experience  have 
led  me  to  the  opinion  that  the  ring-oiling  bearings  are 
more  reliable  and  satisfactory  in  every  way,  giving  little 
or  no  trouble,  especially  in  heavy-duty  drives,  where 
reliability  and  economy  in  operation  are  matters  of 
considerable  importance.  John  J.  MuiR. 

Seattle,  Wash. 

Three  Power  Plant  Kinks 

The  following  "stunts"  may  be  of  use  to  some  of  the 
readers  of  Power.  For  instance,  most  engineers  use  a 
brass  plug  in  the   cross  connection   below  the   water 

column.  I  formerly 
used  them  also,  but 
after  finding  that  any 
kind  of  an  ordinary 
pipe  plug  is  hard  to  re- 
move after  the  square 
head  becomes  rounded, 
I  adopted  the  plan 
shown  in  Fig.  1.  That 
is,  I  made  two  long 
brass  plugs  threaded 
at  one  end  so  as  to 
use  a  pipe  wrench  on 
them.  Since  then  I 
have  had  no  further 
trouble.  An  ordinary 
pipe  nipple  capped  on 
the  end  could  also  be 
used.  Fig.  2  shows  a 
kink  that  I  have 
found  useful  when 
making  repairs  and 
adjustments  on  me- 
dium-size Corliss  and 
side-crank  engines.  It 
consists  of  a  piece 
of  wood  fitted  with 
cleats  to  fit  between 
the  legs  of  the  cylin- 
der and  engine  frame. 
A  long  lever  inserted 
between  these  cleats 
FIG.  1.  LONG  PLUGS  IN  CROSS  and  brought  against 
CONNECTION  the  crosshead  pin  nut 


permits  of  moving  the  crosshead.  In  one  of  our  160-hp. 
boiler  furnaces  we  had  trouble  with  the  side  walls  bulg- 
ing and  falling  down.  After  I  had  anchor-irons,  made 
of  4  X  1-in.  iron  and  81  in.  long,  placed  as  indicated  by 


FIG.  2.     LEVER  FOR  MOVING  CROSSHEAD 


FIG.  3.     ANGLE  IRONS  IN  FURNACE  WALLS 

Fig.  3,  no  further  trouble  was  had.  Some  claimed  that 
the  anchors  would  burn  off,  but  we  found  that  they  did 
not.  George  J.  Littu:. 

Hasbrouck  Heights,  N.  J. 


Electric  Service  in  New  England 

Today  electric  service  is  available  in  practically  every 
community  in  New  England.  This  service  may  be  sup- 
plied by  a  small  municipal  "electric-light  plant,"  a  small 
generating  station  under  private  control,  a  syndicate 
of  small  stations  or  a  local  substation  fed  from  a  large 
central  station  many  miles  distant.  The  recent  move- 
ment to  interconnect  these  different  systems  by  a  net- 
work of  high-tension  lines  has  brought  to  light  some 
peculiar  conditions. 

The  service  ranges  from  direct  current  to  133-cycle 
alternating  current.  Voltages  cover  a  similar  wide 
range,  while  the  number  of  phases  is  limited  to  1,  2 
and  3.  The  need  of  standardization  of  electric  service  is 
evident. 

In  this  assortment  of  frequencies  60  cycles  is  the 
popular  choice.  Many  systems  of  lower  freciuency  have 
been  changed  to  60  cycles,  and  the  last  133-cycle  system 
in  New  England  is  now  being  changed  over  for  60-cycle 
operation. 

Single-phase  service  for  lighting  and  small-power 
installations  is  usually  110  volts,  GO  cycles.  Distribution 
transformers  are  often  arranged  for  two  llO-volt  cir- 
cuits and  one  220-volt  circuit  on  the  low-voltage  side. 
The  lighting  load  is  connected  to  the  llO-volt  circuits 
and  the  small-motor  load  is  connected  to  the  220-volt 
circuit. 

For  power  service,  three-phase,  220  volts,  60  cycles 
is  considered  standard  for  small  installations  and  three- 
phase,  440  volts,  60  cycles  for  larger  installations.  Ap- 
paratus for  use  on  these  circuits  is  considered  standard 
by  most  manufacturers.  This  allows  the  customer  a 
lower  price  and  better  delivery  than  would  be  possible 
if  this  apparatus  were  special.  H.  S.  Ramsay. 

Arlington,  Mass. 
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Provision  for  Smoke  Connection  to  Stack. — A  return- 
tubular  boiler  that  has  thirty-six  3-in.  fire  tubes  has  the 
grate  area  reduced  to  6  sq.ft.  What  size  of  smoke  connec- 
tion should  it  have  to  a  40-ft.  chimney  that  has  a  2  x  2 
ft.  flue?  C.  E.  S. 

A  12-in.  diameter  smoke  pipe  with  easy  bends  at  angles 
w^ould  be  sufficient  for  the  present  grate  area.  But  to  pro- 
vide for  future  enlargement  of  the  grate,  with  maximum 
draft  area  of  the  tubes,  it  would  be  well  to  supply  a  stack 
connection  about  18  in.  in  diameter,  in  any  case  providing 
a  damper  in  or  near  the  smoke  uptake  of  the  boiler. 


Trick's  Slide  Valve. — What  is  the  difference  between  a 
Trick  valve  and  an  ordinary  D  slide  valve?  F.  A. 

The  main  difference  is  that  Trick's  valve  affords  double 
admission.  Live  steam  is  admitted  past  the  outer  edge  of 
the  valve  just  as  with  the  ordinary  D  slide  valve  and  addi- 
tionally through  a  passage  A  in  the  valve,  as  shown  in  the 


sketch.  When  the  outer  edge  of  the  vab'e  uncovers  the 
port  for  admission,  the  port  of  the  passage  A  at  the  opposite 
end  of  the  valve  is  also  uncovered,  thus  giving  a  double  ad- 
mission of  steam,  the  same  as  a  double-ported  valve.  This 
valve  does  not,  however,  give  double  exhaust,  as  the  passage 
A  is  not  opened  to  the  exhaust. 


Color  for  Natural-Gas  Flame. — In  the  use  of  a  natural-gas 
burner  should  the  flame  show  bluish  or  straw  color?    E.  M. 

A  white  or  straw-colored  flame  is  indicative  of  incom- 
plete combustion,  usually  due  to  poor  mixture  of  air  or  in- 
sufficient air  supply,  and  although  there  may  be  greater 
capacity,  there  is  less  economy  and  more  soot  than  from  a 
blue  flame.  While  a  blue  flame  is  representative  of  more 
perfect  combustion,  it  may  be  less  economical  than  a  white 
or  yellow  flame  if  there  is  an  excessive  air  supply.  For  best 
results  the  air  supply  should  be  just  sufficient  to  prevent  a 
white  or  straw-colored  flame. 


Discharge  of  Condensate  from  Drying  Cylinders. — On  a 

paper  machine  that  is  provided  with  30  dry  cans  or  cylin- 
ders, do  the  cylinders  become  alternately  filled  and  emptied 
of  water,   or   is   siphonage   of  the   condensate   continuous  ? 

P.  H. 
If  the  same  steam  pressure  is  maintained  in  all  of  the 
drier  cylinders  connected  to  the  same  drainage  header  and 
the  discharge  pipes  and  connections  to  the  header  are  large 
enough  to  carry  off  the  water  as  formed,  then  the  conden- 
sate will  be  discharged  continuously  and  with  all  cylinders 
containing  the  same  depth  of  water.  If  the  siphon  pipe  or 
siphon  connections  of  a  cylinder  are  too  small,  or  the  pres- 
sure maintained  within  a  cylinder  is  below  that  within 
other  cylinders  connected  to  the  same  drainage  header,  the 
cylinder  with  lower  pressure  will  fail  to  discharge  or  will 
discharge  only  intermittently,  and  conditions  seldom  are 
favorable  for  that  cylinder  to  become  completely  emptied  of 
water. 


Advantages  of  Two-Stage  Air  Compression — What  are 
the  advantages  of  two-stage  compression  of  air  over  single- 
stage  compression?  C.  H.  L. 

Two-stage  compression  is  adopted  for  the  purpose  of 
cooling  the  air  and  thereby  obtaining  a  reduction  of  volume 
before  the  final  compression.  Intercooling,  as  by  circula- 
tion of  water,  is  an  essential  detail  for  obtaining  any  ad- 
v;  ntage  from  two-stage  compression.  The  advantage  over 
single-stage  compression  is  an  appreciable  saving  of  power 
and  the  avoidance  of  the  high  temperatures,  thus  per- 
mitting of  more  satisfactory  lubrication  and  less  discharge 
in  the  air  receiver  and  piping  system  to  cause  fires  and 
explosions,  and  less  drop  of  pressure  from  cooling  of  the 
compressed  air. 


Economy  of  Direct  Steam  Pumps — What  is  the  average 
steam  consumption  per  horsepower-hour  of  small  duplex 
boiler-feed  pumps  of  sizes  such  as  6  x  4  x  6  and  8  x  T  x  10, 
when  operated  with  steam  at  100  lb.  pressure?       L.  S.  J. 

The  steam  consumption  of  direct-acting  steam  pumps  is 
necessarily  very  high,  as  steam  must  be  admitted  to  follow 
full  stroke,  the  piston  speed  is  low,  the  percentage  of 
cylinder  clearance  is  much  greater  than  in  ordinary  steam 
engines  and  generally  such  pumps  are  operated  against  high 
back  pressure.  All  these  conditions  are  more  detrimental  to 
economy  in  the  smaller  sizes  of  pumps,  and  for  ordinary 
sizes  used  for  boiler  feed  pumps,  such  as  6-in.  x  4-in.  x  6-in. 
or  8-in.  x  5-in.  x  10-in.,  direct-acting  pumps  have  steam 
efficiencies  less  than  one-tenth  that  of  a  good  engine;  that 
is,  they  use  from  150  to  200  lb.  of  steam  per  indicated 
horsepower  per  hour.  But  where  the  exhaust  can  be  utilized 
for  heating  boiler-feed  water,  or  displaces  the  expenditure 
of  live  steam  for  heating  purposes,  the  excessive  steam 
consumption  per  horsepower-hour  becomes  a  negligible 
consideration. 


Wattmeters  Require  Adjustment. — On  one  of  the  feeders 
going  out  from  our  plant  the  voltage  is  stepped  up  from 
2,300  to  13,200  and,  at  the  end  of  a  five-mile  transmission 
line,  stepped  down  again  to  2,300  volts.  The  power  is  metered 
on  the  2,300-volt  side  of  the  transformers  at  both  ends  of 
the  line.  Should  not  both  meters  register  the  same?  As 
it  is  now,  the  meter  at  the  out  end  of  the  line  registers  con- 
siderably more  than  the  one  at  the  power  plant.      V.  A.  S. 

The  two  meters  should  not  register  the  lame;  however, 
they  are  now  doing  the  reverse  of  what  is  the  correct  con- 
dition. The  instrument  at  the  load  end  of  the  line  should 
register  less  than  the  one  at  the  power  house,  since  the  lat- 
ter meters  not  only  the  power  supplied  to  the  load,  but  also 
the  losses  in  the  transformers  and  transmission  lines, 
whereas  the  meter  at  the  load  measures  only  that  which  is 
supplied  to  the  load.  If  both  meters  are  correctly  calibrated, 
the  one  at  the  load  will  register  approximately  10  to  15  per 
cent  less  than  the  one  at  the  plant.  The  ratios  and  connec- 
tions of  the  instrument  transformers  should  be  checked  to 
make  sure  they  are  correct,  and  then  the  metere  should  be 
calibrated. 


[Cori'espondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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Induction  and  Synchronous  Motors  for 
Industrial  Applications* 

By  C.  W.  drake 

General  Engineer,  Westinghouse  Electric  and  Manufacturing  Company 


A  SUBJECT  that  is  attracting  much  attention  today  is 
"plant  power  factor,"  although  it  is  a  problem  which 
has  existed  ever  since  induction  motors  were  first 
installed,  somewhat  over  twenty  years  ago.  This  being  the 
case,  we  are  often  asked  why  it  is  that  so  many  years 
elapsed  with  little  or  no  discussion  regarding  power  factor, 
while  now  it  is  the  talk  of  the  hour.  There  are  numerous 
reasons,  some  having  to  do  with  the  industrial  plant  itself, 
some  with  the  transmission  line  and  generating  station, 
while  others  are  largely  economic.  The  most  active  factor 
in  bringing  this  question  to  the  foreground  is  the  fact  that 
during  the  last  few  years  the  generating  equipment,  trans- 
mission lines  and  transformers  of  most  central  stations  have 
become  heavily  loaded  or  overloaded,  and  in  looking  for  a 
method  of  still  further  increasing  their  capacity  and  improv- 
ing the  regulation,  the  raising  of  the  power  factor  has 
appeared  to  be  the  most  simple  and  inexpensive  solution. 

Correct  Sizes  of  Motors  Important 

In  a  plant  equipped  with  induction  motors  there  is  a 
fairly  constant  value  of  wattless  kilovolt-amperes  that  must 
be  supplied  for  magnetization.  For  a  given  energy  com- 
ponent— that  is,  a  certain  definite  amount  of  work  performed 
in  the  plant — a  definite  power  factor  will  be  obtained. 
Ordinarily,  when  speaking  of  raising  the  power  factor,  it  is 
assumed  that  a  portion  of  this  wattless  component  will  be 
supplied  by  a  condenser,  of  the  synchronous  or  perhaps  the 
static  type.  There  is,  however,  another  method  of  raising 
the  power  factor,  which  should  not  be  lost  sight  of,  and  that 
is  by  carefully  testing  the  motors  and  seeing  that  each  one 
is  of  the  correct  size  for  its  particular  work.  In  many 
instances  power  factor  has  been  raised  from  5  to  10  per 
cent  by  this  method,  and  in  exceptional  cases  as  much  as 
20  per  cent.  In  plants  using  shears,  punches,  rolls  and  other 
machines  equipped  with  flywheels,  a  very  low  load  factor  is 
often  obtained,  and  a  careful  study  should  be  made  to  obtain 
the  best  combination  of  motor  and  flywheel.  Frequently,  it 
will  be  found  that  the  motor  is  installed  of  sufficient  capacity 
to  actually  perform  the  duty  cycle  without  the  flywheel.  In 
one  mill,  which  had  a  power  factor  varying  from  40  to  60 
per  cent,  there  was  found  a  special  welding  roll  that  was 
driven  by  a  200-hp.  squirrel-cage  motor.  A  heavy  flywheel 
was  also  used,  but  as  the  motor  had  only  about  2  per  cent 
slip,  it  carried  practically  the  entire  load.  This  lasted  only 
a  few  seconds  out  of  several  minutes,  so  that  most  of  the 
time  the  motor  was  running  idle.  By  a  proper  combination 
of  motor  and  flywheel  design  it  was  possible  to  use  a  50-hp. 
motor,  which  materially  reduced  the  wattless  kilovolt- 
amperes.  There  arc  many  such  cases  in  which  the  motor 
need  have  capacity  only  sufficient  to  supply  the  friction 
losses,  while  the  fljrwheel  will  perform  most  of  the  working 
cycle. 

Where  Power-Factor  Correction  Is  Difficult 

Of  course,  with  the  best  motor  arrangement,  it  is 
impossible  with  an  induction-motor  load  to  obtain  a  power 
factor  much  over  80  or  85  per  cent,  although  there  are 
plants  using  25-cycle  service,  that  operate  at  approxi- 
mately 90  per  cent  power  factor.  However,  the  majority  of 
plants  have  a  power  factor  nearer  70  than  90  per  cent,  con- 
sequently some  form  of  corrective  apparatus  is  required  to 
raise  the  power  factor  to  a  value  that  will  not  carry  a 
penalty  in  the  power  contract.  Just  what  this  value  is,  it  is 
difficult  to  state,  as  there  are  nearly  as  many  power-factor 
clauses  as  there  are  power  contracts,  but  as  a  rule  penalties 
are  imposed  on  power  factors  below  85  or  90  per  cent  for 


♦Abstract  from  a  paper  presented  April  21,  1920,  before  the 
Pennsylvania  Electric  Association  at  the  William  Penn  Hotel, 
Pittsburgh,  Pa. 


large  demands  and  perhaps  75  to  85  per  cent  for  smaller 
loads.  It  is  these  small  or  medium-sized  plants  where 
power-factor  correction  is  generally  found  most  difficult,  as 
for  instance,  in  machine  shops,  planing  mills  and  miscel- 
laneous Industrie?  located  in  the  cities  where  most  of  the 
motors  are  of  small  size  and  are  started  and  stopped  at 
frequent  intervals.  Synchronous  motors  are  not  well 
adapted  for  such  service,  and  in  order  to  be  of  value  for 
power-factor  correction,  they  must  be  on  the  line  all  the 
time  that  the  plant  is  in  operation.  In  the  planing  mill  the 
shaving  exhauster  offers  about  the  only  opportunity  for  the 
use  of  a  synchronous  motor,  and  either  a  belted  or  direct- 
connected  motor  may  be  used.  As  ordinarily  installed,  a  fan 
imposes  extreme  starting  conditions;  that  is,  it  requires 
approximately  full-load  torque  at  synchronous  speed.  Even 
with  induction  motors  it  is  customary  to  use  a  high-starting 
tap  in  order  to  bring  the  motor  to  as  high  a  speed  as 
possible  before  changing  over  to  full  voltage.  Since  the 
reason  for  installing  a  synchronous  motor  is  to  raise  the 
power  factor,  it  is  evident  that  the  rating  of  the  motor  will 
depend  as  much  on  the  wattless  component  required  for  the 
particular  plant  as  upon  the  mechanical  load  required  to 
drive  the  fan,  and  in  cases  like  this  the  kilovolt-ampere 
rating  of  the  motor  will  probably  be  at  least  double  that 
required  to  drive  the  fan.  This  excess  capacity  makes  it 
possible  to  obtain  the  desired  starting  characteristics  with 
a  reasonable  design  of  motor. 

An  investigation  of  industrial  plants  shows  there  are 
many  like  the  foregoing,  in  which  one  or  two  places  exist 
where  synchronous  motors  may  be  used  and  correct  the 
poAver  factor  for  the  entire  plant.  These  motors  will  operate 
at  a  high  leading  power  factor.  Motors  for  such  service 
should  be  designed  practically  the  same  as  synchronous  con- 
densers; that  is,  to  operate  at  nearly  zero  per  cent  power 
factor,  since  the  mechanical  load  in  many  cases  may  be 
quite  small.  For  most  of  these  applications  either  a  direct- 
connected  or  a  belted  exciter  should  be  used,  and  the  start- 
ing and  control  of  these  motors  may  now  be  made  almost  as 
simple  as  that  of  a  squirrel-cage  induction  motor.  In  fact, 
there  is  quite  an  interest  shovim  at  present  in  automatic  M 
starters  for  synchronous  motors,  and  these  will  undoubtedly  % 
tend  to  increase  the  use  of  synchronous  motors  in  plants 
where  it  has  previously  been  thought  that  theiie  was  not 
sufficient  skilled  labor  for  their  operation. 

Small  Synchronous  Motor  Demand  Increasing 

For  industrial  service  it  is  impossible  to  draw  up  a  gen- 
eral specification  covering  the  exact  size  of  motor  to  meet 
every  condition  of  starting,  power-factor  correction,  etc. 
Each  application  will  require  individual  attention,  but  the 
fact  that  in  most  cases  the  rating  is  two  or  more  times  the 
mechanical  load  will  permit  the  use  of  normally  designed 
motors. 

As  a  considerable  portion  of  any  central-station  load  is 
made  up  of  miscellaneous  industries  like  those  herein  de- 
scribed, it  would  appear  that  there  should  be  an  increasing 
demand  for  synchronous  motors  operating  at  speeds  from 
600  to  1,200  r.p.m.  and  in  capacities  of  from  perhaps  75  to 
100  kilovolt-amperes  upward.  The  installation  of  such 
machines  would  correct  the  power  factor  at  its  source,  which 
is  the  proper  place,  rather  than  transform  and  transmit  the 
wattless  current  to  some  central  location  to  be  corrected,  as 
is  now  often  the  case. 

The  direct-connected,  slow-speed  synchronous  motor  for 
driving  large  air  compressors  has  become  standard,  so  that 
as  far  as  the  customer  is  concerned,  it  is  unnecessary  to     ■ 
specify  the  motor-starting  characteristics  or  even  the  horse-     " 
power  rating.     Co-operation  between  the  motor  and  com- 
pressor builders  has  made  it  possible  to  supply  exactly  the 
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right  motor  for  each  compressor.  This  is  also  becoming  true 
in  the  ammonia-compressor  or  refrigeration  field,  although 
more  variables  occur  here  regarding  the  horsepower  require- 
ments than  with  air  compressors.  Such  applications,  how- 
ever, are  best  worked  out  between  the  machinery  manufac- 
turers, and  the  customer  is  principally  interested  in  a  satis- 
factory operating  unit.  Motors  for  such  service  are  ordi- 
narily designed  for  100  per  cent  power  factor,  so  that  the 
amount  of  power-factor  correction  obtained  will  depend 
principally  upon  the  ratio  of  the  compressor-motor  kilovolt- 
amperes  to  the  total  kilovolt-ampere  load  in  the  plant. 

There  are  certain  industries  that  have  total  loads  running 
into  thousands  of  kilowatts,  and  much  of  this  load  is  often 
made  up  of  comparatively  large,  slow  or  medium-speed 
motors.  For  instance,  in  the  rubber  industry  large  numbers 
of  motors  from  200  to  800  hp.  are  used  to  drive  mill  lines, 
and  with  the  usual  form  of  gear  drive  motor  speeds  from 
500  to  600  r.p.m.  are  common.  Slip-ring  induction  motors 
have  been  generally  used  on  account  of  their  high  starting 
torque  and  low  starting  current,  but  as  the  load  on  these 
mill  lines  is  quite  variable,  a  low  power  factor  often  results. 
Most  of  the  present  drives  are  equipped  with  magnetic 
clutches  or  clutch  brakers,  which  in  case  of  emergency,  dis- 
connect the  motor  from  the  line  and  bring  the  mill  line  to 
a  quick  stop.  The  slip-ring  motor  has  ample  torque  to  start 
the  load,  so  that  the  clutch  may  or  may  not  be  used  for  this 
purpose,  but  the  fact  that  clutches  are  ordinarily  used,  has 
made  it  possible  to  replace  slip-ring  with  synchronous 
motors  of  similar  or  slightly  larger  rating. 

Slow-Speed  Synchronous  Motors 

Experience  with  refrigerating  machinery  has  shown  that 
synchronous  motors  may  be  built  for  extremely  low  speeds 
and  yet  give  high  efficiency  and,  a  reasonable  cost.  Conse- 
quently, it  was  a  natural  development  in  the  rubber  industry 
to  suggest  the  elimination  of  the  gear  reduction  and  use 
synchronous  motors  at  about  100  to  120  r.p.m.  instead  of  500 
or  600  r.p.m*  In  this  case  the  clutch  has  five  times  as  much 
torque  to  transmit  and  becomes  a  very  large  and  expensive 
piece  of  apparatus.  Other  forms  of  braking  may  be  used, 
such  as  mechanically  operated  brakes,  or  plugging  or 
dynamic  braking  on  the  motors.  But  as  long  as  the  clutch 
is  required  for  starting,  it  probably  offers  the  simplest 
method  of  stopping.  If  synchronous  motors  can  be  designed 
to  approach  the  performance  of  slip-ring  motors — that  is, 
give  full  load  torque  or  over  at  starting— then  the  clutches 
may  be  eliminated  and  some  other  form  of  braking  con- 
sidered. The  point  that  it  is  desired  to  make  here  is  that 
the  tendency  in  all  machine  design,  plant  layout  and  motor 
application  is  toward  simplicity  and  a  minimum  number  of 
parts.  If  motors  can  be  designed  to  perform  certain  func- 
tions without  the  use  of  auxiliary  mechanical  devices,  it  is 
a  step  in  advance.  Many  such  examples  may  be  noted,  as 
for  instance,  the  elevator  and  reversing-planer  motors  which 
made  it  possible  to  eliminate  the  reversing  belts,  and 
adjustable  speed,  direct-current  motors  for  machine  tools, 
which  eliminated  the  step  pulley  and  most  of  the  gear  box. 
There  is  no  doubt  regarding  the  ability  of  synchronous 
motors  to  drive  rubber  mills  and  correct  the  power  factor, 
but  it  is  a  question  whether  the  present  arrangement  may 
be  considered  a  logical  or  final  solution.  As  it  stands  now, 
the  motor  characteristics  meet  only  a  part  of  the  require- 
ments and  the  clutch  and  brake  supply  the  remaining  ones, 
but  it  is  futile  to  prophesy  what  the  ultimate  drive  may  be. 
Whether  these  motors  should  be  designed  for  100  per  cent 
or  80  per  cent  power  factor  will  depend  on  local  plant  con- 
ditions, but  as  a  rule  we  believe  they  should  be  designed  for 
80  per  cent,  and  then  they  may  be  operated  at  any  power 
factor  between  80  and  100,  as  desired. 

Conditions  Existing  in  Cement  Plants 

Very  similar  conditions  exist  in  cement  plants,  where 
large  numbers  of  induction  motors  are  used  on  tube  mills, 
crushers,  etc.,  and  many  of  these  motors  are  rated  at  from 
200  to  300  hp.  In  the  early  days  of  electrical  development 
in  cement  plants,  friction  clutches  were  quite  commonly  used 
in  connection  with  standard  squirrel-cage  motors  in  order  to 
facilitate  starting.     After  the  exact  starting  and  running 


conditions  were  better  known,  squirrel-cage  motors  of 
proper  characteristics  were  produced,  so  that  the  trouble- 
some clutches  could  be  eliminated.  Most  cement  plants  have 
preferred  the  squirrel-cage  to  the  slip-ring  motor  for  such 
service,  on  account  of  its  greater  simplicity,  although  slip- 
ring  motors  are  now  installed  in  some  mills  in  the  larger 
capacities.  This  is  another  example  where  the  character- 
istics of  synchronous  motors  are  not  adapted  to  the  work, 
and  their  use  would  in  a  way  revert  to  early  induction- 
motor  practice  with  clutches.  The  difference  now  is,  the 
advantage  of  power-factor  correction  may  offset  any  ex- 
pense and  difficulty  with  the  mechanical  equipment,  and  it 
may  also  be  assumed  that  much  better  clutches  are  now 
available  than  formerly.  Consequently,  in  plants  like  these 
it  should  be  carefully  considered  whether  the  power-factor 
correction  desired  can  best  be  obtained  by  using  synchronous 
motors  in  the  manufacturing  processes  or  whether  better 
manufacturing  conditions  can  be  obtained  by  the  use  of 
induction  motors,  and  the  power  factor  corrected  otherwise, 
as  perhaps  by  synchronous  motors  on  motor-generator  sets, 
centrifugal  pumps  or  synchronous  condensers.  The  fore- 
going may  be  summarized  as  follows: 

1.  A  very  large  part  of  the  ordinary  central  station  busi- 
ness consists  of  industries  that  are  difficult  to  classify, 
either  as  to  product  or  type  of  machinery  used.  In  most  of 
these,  improvement  in  power  factor  may  best  be  obtained 
by  the  use  of  medium-  or  high-speed  synchronous  motors 
used  in  much  the  same  manner  as  the  present  induction 
motors  The  proper  choice  or  application  of  these  synchron- 
ous motors  will  fall  largely  upon  the  poA^er  engineer  of  the 
central  station,  who  is  generally  most  familiar  vdth  the 
customer's  power  problems. 

2.  For  any  plants  using  compressed  air  or  refrigeration 
in  suitable  quantities,  complete  equipments  with  sjmchron- 
ous  motors  are  available,  and  as  a  rule  very  little  engineer- 
ing on  the  customer's  part  is  required.  In  some  cases  it  is 
possible  to  have  the  motor  especially  designed  for  the  local 
conditions,  but  generally  a  much  better  proposition  is 
obtained  by  accepting  standard  ratings. 

3.  In  industries,  like  the  rubber,  cement,  flour,  etc.,  using 
large  motors,  it  is  possible  to  use  synchronous  motors  for 
nearly  any  drive  by  means  of  necessary  mechanical  attach- 
ments. As  the  principal  reason  for  using  synchronous 
motors  is  to  improve  the  pov/er  factor,  they  should  be  used 
first  in  those  places  where  their  electrical  characteristics  are 
best  adapted,  and  their  use  in  other  places  should  be  care- 
fully considered  to  see  if  the  same  result  could  not  better 
be  obtained  by  some  other  arrangement. 

Industrial-motor  application  work  cannot  be  reduced  to 
an  exact  science  or  formula,  because  the  power  requirements 
and  motor  characteristics  are  determined  not  only  by  the 
machine  to  be  driven,  but  fully  as  much  by  the  method  in 
which  it  is  operated.  Consequently,  each  application 
requires  careful  personal  consideration  in  order  that  all 
functions  may  be  satisfactorily  met. 

Orville  Wright  Presented  with 
John  Fritz  Medal 

Orville  Wright,  pioneer  in  the  development  of  the  air- 
plane and  an  honorary  member  of  the  American  Society 
of  Mechanical  Engineers,  was  presented  with  the  John 
Fritz  Medal  at  ceremonies  held  in  the  auditorium  of  the 
Engineering  Societies  Building,  Friday,  May  7.  Presenta- 
tion of  the  medal  was  made  by  Comfort  A.  Adams,  past 
president  ol  the  American  Institute  of  Electrical  Engineers, 
following  an  address  by  Major  General  George  O.  Squier, 
Chief  Signal  Officer,  U.  S.  A.,  and  Colonel  Edward  A. 
Deeds,  formerly  a  member  of  the  Aircraft  Production 
Board.  Benjamin  B.  Thayer,  past  president  of  the  Amer- 
ican Institute  of  Mining  and  Metallurgical  Engineers  and 
chairman  of  the  Board  of  Award,  who  was  to  preside  at 
the  ceremonies,  was  absent  owing  to  illness,  and  Charles 
F.  Rand,  o*  the  Committee  of  Arrangements,  presided 
in  his  stead. 

The  ceremonies  were  preceded  by  a  dinner  at  the  En- 
gineers Club.  Among  those  present  were  the  members  of 
the  board  and  several  friends  of  Mr.  Wright 
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Orville  Wright  was  born  in  Dayton,  Ohio,  Aug.  19,  1871, 
and  until  1888  he  attended  the  public  and  high  school  of 
that  city.  Later  he  attended  Earlham  College,  Indiana,  until 
1909,  when  he  was  graduated.  His  studies  were  completed 
at  Oberlin  College,  Ohio,  which  he  attended  until  1910. 

Orville  is  the  brother  of  the  late  Wilbur  Wright,  and 
since  1903,  he,  with  the  aid  of  his  brother,  has  worked  on 
the  development  of  the  flying  machine.  The  first  test  was 
made  in  North  Carolina  in  1903,  and  in  1905  the  first  suc- 
cessful long  distance  flight  was  made.  In  1909  his  ef- 
forts were  recognized  by  the  French  Academy  of  Science 
and  he  was  presented  with  a  gold  medal.  He  is  a  member 
of  the  Aero  Club  of  America,  and  his  work  in  the  develop- 
ment of  the  airplane  will  stand  out  as  a  monument  of  scien- 
tific achievement. 

The  John  Fritz  medal  was  established  in  1902  in  honor 
of  John  Fritz,  of  Bethlehem,  Pa.  It  is  of  gold  and  is 
awarded  only  once  each  year,  accompanied  with  an  en- 
graved certificate  which  states  the  origin  of  the  medal, 
the  specific  achievements  for  which  the  award  is  made, 
and  bears  the  names  of  the  members  of  the  board  by 
which  the  medal  was  awarded  and  the  signatures  of  the 
president  and  secretary  of  the  board,  which  is  formed  of 
sixteen  men,  four  representatives  from  each  of  the  four 
National  Societies  of  Civil,  Mining,  Mechanical  and  Elec- 
trical Engineers. 

The  first  award  of  the  medal  was  made  to  John  Fritz  at  a 
dinner  given  to  him  on  his  eightieth  birthday,  Aug.  21,  1902, 
and  since  then  fifteen  awards,  including  the  one  to  Mr. 
Wright,  have  been  made. 

Regional  Power  Development  and  the 
Low-Temperature  Distillation  of  Coal 

In  the  May  number  of  the  Journal  of  the  American  hrsti- 
tute  of  Electrical  Engineers,  C.  M.  Garland'  takes  issue  with 
W.  S.  Murray  on  his  scheme  for  the  development  of  regional 
power  for  the  industrial  district  along  the  North  Atlantic 
seaboard.  An  abstract  of  a  symposium  "Economical  Sup- 
ply of  Electric  Power  for  the  Industries  and  the  Railroads 
of  the  Northeastern  Atlantic  Seaboard,"  on  Mr.  Murray's 
plan  presented  before  the  midwinter  convention  of  the 
American  Institute  of  Electrical  Engineers,  was  published 
in  Poiver,  March  16,  1919.  Discussing  Mr.  Murray's  plan, 
Mr.  Garland  says,  in  part: 

The  writer  is  convinced,  however,  that  no  regional  power- 
development  scheme  noi-th  of  the  Mason  and  Dixon  line 
which  contemplates  the  generation  of  power  from  coal  is 
complete  unless  it  provides  heat  for  industrial  plants  in 
winter,  and  furthermore,  that  no  regional  power-develop- 
ment scheme  contemplating  the  generation  of  power  from 
bituminous  or  semi-bituminous  coal  is  more  than  halfway 
complete  if  it  does  not  contemplate  the  recovery  of  the 
byproducts  from  the  coal. 

In  the  central  and  northern  portions  of  the  United  States 
every  industrial  plant  for  from  seven  to  eight  months  out 
»f  the  year  requires  fuel  for  heating.  In  75  per  cent  of 
ihese  plants  the  fuel  required  for  heating  is  more  than 
sufficient  to  generate  the  power  required  for  manufactur- 
ing operations.  For  practical  purposes  it  may  therefore 
be  considered  that  the  power  is  obtained  during  these 
months  without  fuel  expenditure.  This  explains  why  only 
30  per  cent  of  the  industrial  plants  buy  their  power.  Of 
this  30  per  cent  20  per  cent  would  doubtless  be  better  off 
if  they  had  efficiently  operated  plants  and  generated  their 
ovm  power.  The  writer  is  a  strong  advocate  of  central- 
station  development,  but  believes  that  it  is  well  to  recog- 
nize the  limitations  imposed  by  existent  conditions. 

The  great  barrier  to  Mr.  Murray's  project  is,  therefore, 
the  fact  that  the  average  plant  can  take  advantage  of  the 
increased  economy  of  the  central  station  only  from  four  to 
five  months  out  of  the  year.  During  the  winter  season  the 
same  amount  of  coal  would  have  to  be  hauled  to  furnish 
boat  in  so  far  as  the  industrial  plants  are  concerned.  The 
amount  of  coal  hauled  would  therefore  be  reduced  only  by 
the  amount  of  coal  saved  by  the  electrification  of  the  rail- 
roads, which  in  this  section  would  not  amount  to  more  than 
20  per  cent  of  the  total.  The  writer,  therefore,  cannot  see 
any  great  relief  to  railroad  congestion  unless  some  method 
of  heating  other  than  direct-coal  firing  is  resorted  to.  It 
is  also  this  coal  for  heating  that  leads  to  the  overcrowding 
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of  railroad  terminals  during  the  winter  months.  Again,  it 
is  questionable  if  the  poorer  economy  certain  to  result 
from  the  intermittent  operation  of  boilers  for  the  heating 
load  in  winter,  assuming  that  the  power  load  was  taken  by 
the  central  station,  would  not  offset  the  saving  effected 
through  the  electrification  of  the  railroads.  It  is,  there- 
fore, quite  certain  that  any  regional  power  development 
that  does  not  include  also  the  distribution  of  heat  will  be 
extremely  limited  in  its  success,  for  with  the  present 
methods  of  electrical-power  generation,  it  would  never  be 
possible  to  distribute  electrical  current  for  the  heating  of 
large  areas  at  low  temperatures. 

In  the  United  States  where  at  least  500,000,000  tons  of 
bituminous  coal  are  burned  annually,  there  are  10,000,000,000 
gallons  of  tar  and  the  equivalent  of  30,000,000,000  pounds 
of  ammonium  sulphate,  having  a  combined  value  of  $2,500,- 
000,000  ournt  up  with  the  coal.  It  is  not  practicable  to  save 
all  of  these  byproducts,  but  a  recovery  of  25  per  cent  could 
reasonably  be  expected  when  it  is  considered  that  80  per^ 
cent  of  the  coal  mined  is  used  by  industrial  plants,  public-J 
utility  plants  and  the  railroads. 

The  remarkable  part  of  all  of  this  is  that  the  means  are] 
at  hand  today  and   have   been   at  hand   for  a   number  of] 
years   for   carrying   out   the   regional   power   development,! 
the  regional  distribution  of  heat,  the  placing  of  every  in- 
dustrial load  on  the  central  station,  the  relieving  of  rail-! 
road  congestion,  particularly  terminal  congestion,  through 
the  reduction  of  the  hauling  of  fuel,  the  reduction  of  the] 
smoke  nuisance  in  cities,  and,  in  addition  to  these,  the  re- 
covery of  the  byproducts  from  at  least  25  per  cent  of  the! 
coal  mined.     I  refer  to  the  combination  of  the  well-known  | 
Mond  byproduct  system   of  gas  generation  with  the  low- 
temperature  distillation  of  coal. 

In  the  Mond  process  coal  is  gasified   in  a  special  pro- 
ducer whereby   the    coal    is    converted    into    gas,    tar    and  I 
ammonia.      The    ammonia    is    recovered    in    the    form    of] 
ammonium  sulphate,  which  amounts  to  from  50  to  100  lb. 
per  ton  of  coal  gasified  and  has  a  value  of  about  four  cents] 
per  pound  under  present  prices.     The  value  of  this  byprod- 
uct, therefore,  varies  from  $2  to  $4  per  ton  of  coal  gasified,] 
depending  upon  the  amount  recovered.     The  tar  recovered! 
from   the   straight   Mond   process   represents   about  6   per] 
cent  of  the  weight  of  the  coal,  and  this  tar  consists  prin^ 
cipally  of  pitch  which  has  little  or  no  value. 

The  gas  from  the  Mond  process  has  a  calorific  value  inj 
the  neighborhood  of  140  B.t.u.  per  cu.ft.  and  from  65  to  701 
cu.ft.  of  gas  are  obtained  per  pound  of  coal.  This  gas  can! 
be  burned  under  boilers  with  greater  efficiency  than  the! 
coal  and  without  smoke.  It  is  also  suitable  for  use  in  the] 
firing  of  house-heating  boilers  and  for  small  or  large  in- 
dustrial furnaces.  The  gas  can  be  piped  economically! 
within  a  radius  of  fifteen  miles  of  the  central  station.  This] 
distance  limits  the  size  of  the  central  station  and  to  aj 
certain  degree  does  not  accomplish  everything  that  could  I 
be  desired  from  regional  power  and  heat  distribution.  ItJ 
does,  however,  relieve  railroad-terminal  congestion,  and  itj 
will  in  a  large  measure  relieve  main-line  congestion,  ov/ingj 
to  the  greater  economy  in  the  use  of  fuel  and  to  the  elimi-| 
nation  of  fuel  hauled  for  the  use  of  railroads. 

By  the  low-temperature  distillation  of  coal  is  meant  dis- 
tillation of  coal  at  a  temperature  around  1,000  deg.  F.j 
When  distilling  coals  at  this  temperature,  a  very  smallj 
amount  of  gas  is  generated  of  high  calorific  value  and 
large  amount  of  tar  with  a  small  amount  of  ammonia^ 
This  is  a  process  which  has  been  experimented  vnth  foi 
years  and  which  has  been  demonstrated  on  a  practical  scalel 
by  different  investigators  in  this  country  and  abroad.  It| 
has  been  definitely  determined  beyond  question  of  a  doubt 
that  from  20  to  30  gal.  of  tar  can  be  obtained  from  a  tor 
of  bituminous  coal,  something  like  12  lb.  of  ammonium  sul- 
phate and  from  1  to  2  cu.ft.  of  gas  and  about  75  per  cenlj 
of  coke. 

The  tar  from  this  process  contains  considerable  quanti'^ 
ties  of  motor  fuel  and  creosotes.  It  has  been  estimated  that 
it  would  be  possible  by  the  splitting  up  of  this  tar  to  obtaii 
from  15  to  20  gal.  of  motor  fuel  per  ton  of  coal.  Investiga-j 
tions  indicate  that  in  a  crude  state  this  tar  is  worth  il 
the  neighborhood  of  10  cents  a  gallon. 

The  coke  from  this  process  would  probably  contain  ii 
the  neighborhood  of  from  12  per  cent  to  15  per  cent  ot 
volatile  matter  which  would  contain  most  of  the  nitrogen 
originally  in  the  coal.  By  gasifying  this  coke  in  the  by- 
product gas  producer,  from  50  to  85  lb.  of  ammonium  sul- 
phate will  be  obtained  per  ton  of  coke  gasified  and  from  65 
to  70  cu.ft.  of  gas  having  a  calorific  value  in  the  neighbor- 
hood of  140  B.t.u. 

The  low-temperature  process  will  yield  byproducts  hav- 
ing a  value  of  from  $2  to  $3  per  ton  of  coal  gasified.  By 
gasifying    the    coke    in    the    byproduct    gas    producer    the 
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ammonia  recovered  will  have  a  value  of  from  $2  to  $4  per 
ton  of  coal  gasified,  depending  upon  the  amount  recovered. 
In  other  words,  by  combining  these  two  processes,  by- 
products having  a  value  of  from  $4  to  $9  per  ton  of  coal 
gasified  may  be  obtanied. 

I  would  not  ask  Congress,  as  Mr.  Murray  has  suggested, 
to  appropriate  $200,000  to  find  out  if  there  was  a  $300,- 
000,000  waste  in  the  Atlantic  Coast  States,  for  the  same 
reason  that  I  would  not  ask  Congress  to  appropriate  $200,- 
000  to  ascertain  if  the  Statue  of  Liberty  is  still  standing  in 
New  York  Harbor.  Every  engineer  experienced  in  power- 
plant  economy  knows  that  this  waste  exists  and  has  a 
comprehensive  idea  of  its  magnitude.  I  would,  however, 
ask  Congress  for  an  appropriation  of  $5,000,000  for  the 
construction  of  a  workable-sized  plant  along  the  lines  of 
the  combined  Mond  and  low-temperature  distillation 
processes.  This  $5,000,000,  properly  used,  would  bring 
greater  returns  to  the  American  people  than  any  money 
Congress  ever  spent. 

Water-Power  Bill  as  Reported  from 
Conference  Committee 

The  water-power  bill,  lately  reported  out  by  the  Con- 
ference Committee  of  Senate  and  House,  creates  a  Federal 
Power  Commission  to  be  composed  of  the  Secretaries  of 
War,  Interior  and  Agriculture,  to  which  is  delegated 
authority  over  all  matters  pertaining  to  the  development  of 
water  powers  in  which  the  Federal  Government  has  juris- 
diction or  in  which  it  is  interested  as  owner  of  lands  or 
other  property  necessary  to  such  projects. 

The  commission  may  issue  preliminary  permits  allowing 
applicants  three  years  in  which  to  make  examinations  of 
water-power  projects,  to  prepare  plans  and  to  make  finan- 
cial arrangements.  The  commission  may  also  issue  licenses 
for  a  period  of  fifty  years  from  the  expiration  of  pre- 
liminary permits  or  it  may  reserve  such  projects,  the 
development  of  which,  in  its  opinion,  should  be  undertaken 
by  the  United  States  itself,  and  must  give  preference  to 
states  and  municipalities,  provided  it  deems  the  plans  for 
same  are  equally  adapted  to  utilize  the  water  resources  of 
the  region. 

The  bill  encourages  the  building  of  headwater  storage 
reservoirs  with  a  view  to  equalizing  power  production,  pre- 
venting floods,  and,  in  arid  states,  the  use  of  the  water  for 
irrigation  purposes  on  the  lowlands  after  the  water  has  been 
utilized  for  the  generation  of  power.  Further  provision 
is  made  for  the  construction  of  locks  in  power  dams  on 
navigable  streams  with  a  view  to  extending  navigation  into 
the  upper  reaches  of  rivers.  At  the  expiration  of  the  fifty- 
year  license  the  Government  is  given  the  option  of  pur- 
chasing the  hydro-electric  plants  by  paying  the  licensee 
his  net  investment,  or  it  may  issue  a  new  license  to  the 
original  licensee  upon  reasonable  terms,  or  to  a  new  licensee 
who  shall  in  that  event  pay  the  original  owner  his  net 
investment  in  the  plant. 

Under  the  terms  of  the  bill  the  United  States  may  take 
over  and  operate  any  water-power  plant  under  license  in 
time  of  war  for  the  manufacture  of  explosives  or  for  any 
purpose  involving  the  safety  of  the  country.  The  commis- 
sion is  authorized  to  make  reasonable  charges  to  cover  the 
administration  of  the  act  and  for  the  use  of  Government 
lands  and  property,  and  to  absorb  excessive  profits  that 
cannot  be  prevented  by  regulation.  Licensees  are  placed 
under  supervision  of  state  public-service  commissions  as  to 
rates  to  be  charged  to  consumers  for  power  and  also  as 
to  regulation  of  service.  Severe  penalties  are  provided 
for  non-compliance  with  the  terms  of  the  act. 

Senator  Jones  of  Washington,  chairman  of  the  Water 
Power  Conference  Committee,  in  commenting  on  the  neces- 
sity for  utilization  of  the  energy  contained  in  our  falling 
waters,  said: 

Through  failure  of  Congress  to  pass  water-power  laws 
under  which  money  could  be  safely  invested  with  prospect 
of  a  fair  return,  water  powers  now  wasting  have  been 
held  back  for  years  from  development  in  at  least  twenty- 
two  states  of  the  Union.  I  am  informed  that  actual  water- 
power  developments  are  projected  to  be  undertaken  upon 
enactment  of  this  bill  having  a  total  capacity  of  over 
4,000,000  hp.  The  completion  of  these  projects  would  open 
4,000  miles  of  the  upper  reaches  of  our  streams  and  rivers 


to  navigation.  In  this  way  cheap  water  transportation 
would  be  afforded  to  districts,  now  sparsely  settled  and 
congestion  of  traffic  relieved  in  thickly  populated  centers 
through  the  investment  of  private  capital  instead  of  through 
river  and  harbor  appropriations  by  Congress.  To  encourage 
water-power  development  is  a  national  duty,  as  it  cannot 
be  considered  a  local  or  a  sectional  question.  It  concerns 
every  citizen  of  the  United  States,  whether  he  dwells  in 
the  vicinity  of  water  power,  in  a  city  or  upon  the  plains  of 
Iowa.  The  things  used  and  consumed  in  every  household 
are  affected  by  the  price  at  which  those  things  can  be  pro- 
duced under  vhe  cheapest  of  conditions.  The  cost  of  food, 
of  clothing,  of  fertilizers,  of  explosives,  and  the  convenience 
and  facility  of  transportation  would  all  be  beneficially 
affected  by  the  development  of  water  power  to  the  utmost 
extent  of  its  usefulness.  Coal  shortage  brings  up  again  the 
folly  of  leaving  unused  the  nation's  vast  resources  of  water 
power.  The  more  these  are  developed  the  less  desperate 
will  be  the   fuel   stringency. 

The  labor  of  one  man  is  released  for  other  uses  every 
time  50  hydro-electric  horsepower  is  developed,  and  every 
150  horsepower  developed  releases  one  coal  car  for  other 
duty.  Other  countries  are  awake  to  the  necessity  of  devel- 
oping their  water  powers.  A  French  corporation  with 
$250,000,000  of  capital  is  seeking  funds  in  America  with 
a  view  to  undertaking  the  utilization  of  700,000  hp.  now 
wasting  in  the  River  Rhone,  and  incidentally  these  improve- 
ments will,  through  canalization,  make  it  possible  for 
steamers  to  go  up  the  Rhone  to  its  connection  with  the  River 
Rhine  and  thence  down  the  Rhine  to  the  North  Sea.  Italy, 
which  is  entirely  without  coal,  is  about  to  develop  her  water 
powers  on  an  immense  scale.  Spain  is  offering  liberal 
concessions  looking  to  the  development  of  the  water  powers 
now  wasting  in  the  Pyrenees  and  other  mountain  ranges. 
Sweden  is  paying  $46  per  ton  for  coal,  which  she  has  to 
obtain  from  England,  and  therefore  is  proceeding  with  the 
work  of  developing  as  near  as  possible  the  entire  5,000,000 
water  horsepower  contained  within  her  boundaries. 

The  United  States  must  not  fall  behind  European  coun- 
tries in  conserving  its  coal  deposits  and  in  developing  the 
vast  amount  of  cheap  electric  energy  contained  in  its 
wasting  water  powers. 

Senate  May  Attempt  to  Block  Bill 

The  conference  report  on  the  bill  is  said  to  face  a  fili- 
buster in  the  Senate.  The  bill  agreed  upon  by  the  conferees 
was  accepted  readily  by  the  House  of  Representatives.  Only 
thirty  votes  were  cast  against  the  acceptance  of  the  measure 
as  agreed  upon  in  conference.  The  votes  for  the  report 
numbered  259.  In  view  of  the  overwhelming  sentiment  in 
the  House  in  favor  of  the  legislation  as  it  now  stands,  it  is 
not  expected  that  the  attempt  to  block  it  in  the  Senate 
will  be  successful. 

The  opposition  is  confined  almost  entirely  to  the  definition 
of  navigable  waters;  to  the  license  provision;  and  to  the 
matter  of  distributing  power  to  municipalities. 

An  amendment  adopted  by  *he  Senate  provided  that  a 
licensee  should  not  discriminate  in  the  distribution  of  power 
among  municipalities  that  can  be  efficiently  served  and  sup- 
plied with  power.    The  conferees  struck  out  the  amendment. 

The  license  clause  as  it  was  changed  in  the  conference 
reads  as  follows: 

That  the  licensee  shall  pay  to  the  United  States  rea- 
sonable annual  charges  in  an  amount  to  be  fixed  by  the 
commission  for  the  purpose  of  reimbursing  the  United 
States  for  the  costs  of  the  administration  of  this  Act  for 
recompensing  it  for  the  use,  occupancy,  and  enjoyment  of 
its  lands  or  other  property;  and  for  the  expropriation  to 
the  Government  of  excessive  profits  until  the  respective 
States  shall  make  provision  for  preventing  excessive  profits 
or  for  the  expropriation  thereof  to  themselves,  or  until  the 
period  of  amortization  as  herein  provided  is  reached,  and 
in  fixing  such  charges  the  commission  shall  seek  to  avoid 
increasing  the  price  to  consumers  of  power  by  such  charges, 
and  charges  for  the  expropriation  of  excessive  profits  may 
be  adjusted  from  time  to  time  by  the  commission  as  condi- 
tions may  require. 


Argentina,  Brazil  and  Uruguay  are  jointly  considering 
plans  for  the  construction  of  an  international  power  plant 
on  the  Uruguay  River.  It  is  believed  that  2,500,000,000 
kw.-hrs.  per  annum  could  be  developed,  or  an  amount  equal 
to  that  of  3,000,000  tons  of  coal.  This  is  the  la-gest  proj- 
ect contemplated  at  the  present  time. 
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A  New  Process  for  the  Preparation 
of  Lubricating  Oils 

In  a  paper  presented  before  the  National  Petroleum 
Association  in  Pittsburgh  on  April  22,  H.  M.  Wells  and 
J.  E.  Southcombe,  of  London,  England,  advanced  some 
rather  revolutionary  ideas  on  the  theory  of  lubricating  oils. 
Briefly,  they  claimed  that  by  the  use  of  their  "Germ 
Process,"  oils  of  any  desired  characteristic  and  of  increased 
lubricating  powers  might  be  prepared  very  cheaply. 

Starting  from  the  assumption  that  the  lubricating  quali- 
ties of  an  oil  depend  on  its  r.bility  to  vi^et  the  lubricated 
surfaces  and  therefore  on  its  having  a  low  surface  tension, 
the  authors  investigated  the  interfacial  tension  of  various 
oils  against  water  and  against  mercury.  They  found  from 
these  experiments  that  this  tension  was  much  lower  for 
compound  oils  and  fatty  oils  than  with  straight  mineral 
oils.  After  a  great  amount  of  investigation  it  appeared 
that  this  difference  had  some  relation  to  the  presence  of 
small  quantities  of  free  fatty  acids  in  the  fatty  or  com- 
pound oils. 

The  next  step  was  the  preparation  of  oils  consisting  of 
99  per  cent  mineral  oil  and  1  per  cent  free  fatty  acid  which 
wefe  found  to  have  a  low  surface  tension.  The  removal 
of  the  acids  from  fatty  oils  resulted  in  a  high  surface  ten- 
sion. The  authors  therefore  decided  that  the  lubrication 
value  of  an  oil  depends  solely  on  the  fatty  acid  content  and 
that  it  should  be  possible  to  obtain  the  desired  result  by 
adding  minute  quantities  of  such  acid  to  pure  mineral  oils. 

Further  experiments  seemed  to  show  that  the  addition 
of  one  class  of  acids  induces  a  tendency  to  demulsify  while 
another  group  of  acids  have  a  powerful  emulsifying  influ- 
ence. It  is  therefore  claimed  that  this  process  enables  the 
producer  to  improve  the  lubricating  properties  of  any 
mineral  oil  and  at  the  same  time  obtain  any  desired  emul- 
sifying characteristics. 

Another  advantage  claimed  for  "Germ  Process"  oil  is 
that  the  amount  of  acid  added  is  very  small  and  is  com- 
pletely under  control,  whereas  the  use  of  compound  oils 
introduces  greater  quantities  of  acid  and  in  many  cases 
hydrolysis  results  in  the  formation  of  large  and  uncontroll- 
able amounts  of  acid.  In  other  words,  the  new  method 
furnishes  just  enough  acid  to  make  the  lubricant  "oily" 
and  yet  avoids  any  danger  from  corrosion. 


Production  of  Electric  Power  and 
Consumption  of  Fuel 

Data  collected  and  compiled  by  the  Committee  on  Division 
of  Power  Resources,  United  States  Geological  Survey,  giv- 
ing the  production  of  electric  power  and  consumption  of 
fuel  by  public  utilities  plants  in  the  United  States  for  the 
month  of  January  1920,  show  an  increase  of  approximately 
15  per  cent  over  the  figure  for  the  same  month  in  1919. 

The  figures  for  January  are  based  on  returns  received 
from  about  2,800  power  plants  of  100-kw.  capacity  or  more 
engaged  in  public  service,  including  central  stations,  elec- 
tric railways  and  certain  other  plants  which  contribute  to 
the  public  supply.  The  capacity  of  plants  submitting  re- 
ports of  their  operations  is  about  90  per  cent  of  the  capac- 
ity of  all  plants.  The  average  daily  production  of  elec- 
tricity during  January  was  124,300,000  kw.-hr.,  33  per  cent 
of  which  was  produced  by  water  power. 

The  total  production  of  electricity  by  public -utility  plants 
during  1919  was  40.3  billion  kilowatt-hours,  14.76  billion 
kilowatt-hours,  or  36.6  per  cent  by  water  power  and  25.54 
billion  kilowatt-hours  or  63.4  per  cent  by  fuels.  The  mean 
daily  output  for  1919  was  110.4  million  kilowatt-hours.  The 
mean  daily  production  for  January,  1919,  was  about  108 
million  kilowatt-hours;  the  mean  for  January,  1920,  was 
124.3  million  kilowatt-hours.  Note  that  the  value  for 
January,  1919,  is  estimated. 

The  fuel  consumption  for  the  year  was  as  follows :  35  mil- 
lion short  tons  of  coal,  11.05  million  barrels  of  oil,  and  21.7 
million  M  cubic  feet  of  gas.  Converting  the  jil  and  gas 
consumed   to   coal,   the   equivalent   coal   for   all   fuels   con- 


sumed during  1919  would  be  38.347  million  tons.  With 
25.540  billion  kilowatt-hours  produced  by  fuels  in  1919,  an 
average  of  practically  three  pounds  of  coal  were  required 
per  kilowatt-hour  of  electricity  produced.  On  this  basis  it 
would  hav3  required  the  consumption  of  22,140,000  tons 
to  have  generated  the  kilowatt-hours  produced  by  water 
power. 

The  estimated  production  of  bituminous  coal  in  1919  is 
458,063,000  short  tons.  The  amount  of  coal  used  by  elec- 
tric public  utility  plants  during  1919  was  7.6  per  cent  of 
the  total  produced. 

PRODUCTION  OF  ELECTRIC  POWER  AND  CONSUMPTION  OF  FUEL 

BY  PUBLIC  UTILITY  POWER  PLANTS  IN  THE  UNITED 

STATES  IN  JANUARY,  1920 


State 

Alabama 

Arizona 

/-I'kansas 

California 

Colorado 

Connecticut 

Delaware 

Dist.  of  Columbia 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts ... 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 


Thousands  of  Kilowatt- Hours  Produced 

By 

Water  By 

Power  Fuels 

34,864  14,452 

8,567  11,703 

132  7,675 

164,727  112.346 

12,784  22,811 

9,069  59.256 

0  6.807 

0  23,317 

965  10,890 

43.816  10,696 

48,574  1,348 

14,831  260,723 

2,943  91,788 

55,574  31,622 

1,741  35,986 

0  23,409 

0  18,126 

23,381  1,577 

284  31,261 

22,009  147,936 

51.799  138,180 

28,053  36,157 

0  5,886 

5,720  54,082 

89,574  562 

909  20,436 

3416  119 


State 
New  Hampshire.... 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.  .  . 
North  Dakota .... 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  'sland 

South  Carolina.. .  . 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 


By 

Water 

Power 

4,322 

143 

53 

227,033 

53,035 

0 

1,490 

217 

32,278 

45,324 

355 

61,911 

477 

39,443 

74 

13,932 

15.430 

13,801 

103,981 

1,775 

35,443 

152 


By 

Fuels 

5,166 

101.478 

1.524 

382,108 

10,956 

2,732 

258,432 

17,287 

7,845 

329,392 

37,114 

5,825 

3,327 

9,233 

55,397 

0 

;36 

30.4.3 

4480 

95,306 

37,451 

4,785 


Total 1,274,401   2,580,198 

Total,  by  water  power  and 

fuels 3,854,599 


The  production  of  the  electric  power  reported  required 
the  combustion  of  fuels  in  the  quantities  indicated  in  the 
following  table: 

Petroleum 

Coal,  and               Natural  Gas, 
Short              Derivatives,      Thousands  of 

State  Tons  Barrels             Cubic  Feet 

Alabama 29,211  1,255  0 

Arizona 198  42,473  0 

Arkansas 8,675  4,888  155,222 

California 0  545,829  1 79,563 

Colorado 43,3-,5  110  0 

Connecticut 77,311  4,374  10,236a 

Delaware 9,139  0  0 

Dist.  of  Columbia 23,237  0  0 

Florida 2,425  54,753  0 

Georgia 21,179  19,605  0 

Idaho 150  10  0 

Illinois 411,719  472  0 

Indiana 205,453  254  2,025 

Iowa 94.185  576  0 

Kansas 39,710  91,428  7,6283 

Kentucky 45,149  188  0 

Louisiana 7,589  60,528  68,510 

Maine 3,410  49  0 

Maryland 39,552  0  1.500 

Massachusetts 173,088  1,764  0 

Michigan 180,542  139  0 

Minnesota 64,060  620  0 

Mississippi 14,028  11,841  0 

Missouri 91,997  90,657  0 

Montana 4,206  22  1,257 

Nebraska 37,926  16,503  0 

Nevada 367  842  0 

New  Hampshire 6,768  0  0 

New  Jersey 156,280  136  280.i 

New  Mexico 4,733  866  0 

NewYo.k 478.533  763  72.579 

North  Carolina 21,992  34  0 

North  Dakota 19,362  150  •     0 

Ohio 401,066  697  161,065') 

Oklahoma 8,353  71,940  275,926 

Oregon 190  3,657  0 

Pennsylvania 532.761  5  49.937 

Rhor'.c  Island 35,196  7,560  0 

South  Carolina 11,779  0  0 

South  Dakota 7,729  1,936  0 

Tennessee 22,729  25  0 

Texas 58,707  211,222  48,227 

Utah 3  0  0 

Vermont 1,748  2,146  0 

Virginia 43,212  132  C 

Washington 10,396  15,612  0 

West  Virginia 106,230  50  227,900 

Wisconsin 64,626  544  0 

Wyoming 14,418  4,217  3,300 

Total 3,634,662  1,270,872  1,333,810 

(a)  Artificial  gas.  (h)  Inehides  61,520  artificial  gas. 
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Dr.  Frederick  G.  Cottrell,  the  New 
Bureau  of  Mines  Director 

Dr.  Frederick  Gardner  Cottrell,  chief  metallurgist,  Bu- 
reau of  Mines,  was  nominated  on  May  5,  by  President 
Wilson,  to  be  the  Director  of  the  Bureau  to  succeed  Dr. 
Van  H.  Manning-,  whose  resignation  will  take  effect  on  the 
first  day  of  June. 

Dr.  Cottrell  was  born  in  Oakland,  Cal.,  Jan.  10,  1877. 
Following  the  completion  of  his  elementary  education,  he 
entered  the  University  of  California,  from  which  he  gradu- 
ated in  1896  with  the  degree  of  B.S.  In  1901  and  1902 
he  attended  the  University  of  Berlin  and  the  University  of 
Leipzig,  receiving  the  degree  of  Ph.D.  from  the  former. 

From  1897  until  1900  Dr.  Cottrell  was  a  teacher  of  chem- 
istry at  the  Oakland   High  School.     From  1902  until   1906 


DR.  FREDERICK  G,  COTTRELL 

he  was  an  instructor  of  chemistry  at  the  University  of 
California.  In  1906  he  was  appointed  assistant  professor, 
which  position  he  retained  until  1911,  when  he  became  con- 
sulting chemist.  Dr.  Cottrell  became  the  chief  chemist  at 
the  University  in  1911,  and  in  1916  he  resigned  to  accept 
the  position  of  Chief  Metallurgist  at  the  United  States 
Bureau  of  Mines.  • 

He  is  an  active  member  in  a  number  of  societies,  including 
the  American  Chemical  Society,  Mining  and  Metallurgical 
Society  of  America,  American  Institute  of  Mining  Engi- 
neers, American  Electrochemical  Society,  Sigma  Xi,  Phi 
Beta  Kappa  and  Alpha  Xi  Sigma. 

Foreign  Trade  Convention 

The  entertainment  committee  of  the  Foreign  Trade  Con- 
vention which  is  to  be  held  in  San  Francisco,  May  12-15, 
has  planned  several  entertainment  features  in  addition  to 
the  regular  business  of  the  convention.  On  May  16  there 
will  be  a  trip  to  the  famous  Yosemite  Valley,  and  a  three 
weeks'  excursion  has  been  arranged  to  the  Hawaiian 
Islands,  beginning  May  19.  All  the  principal  points  of 
interest  will  be  visited.  Plans  are  also  being  made  for 
a  three  weeks'  trip  to  points  of  interest  in  southwestern 
Alaska. 


U.  S.  Bureau  of  Mines  To  Develop  the 
Commercial  Treatment  of  Lignite 

At  least  $300,000  is  to  be  expended  under  the  direction  of 
the  Bureau  of  Mines  in  an  effort  to  develop  a  commercial 
treatment  for  lignite.  An  experimental  plant  is  to  be 
erected  at  New  Salem,  N.  D.,  which  will  be  able  to  carbonize 
at  least  one  hundred  tons  of  raw  lignite  per  day  and  provide 
for  the  complete  recovery  of  the  liquid  and  gaseous  by- 
products and  for  the  handling  of  the  char,  which  it  is 
planned  to  make  into  briquets.  Of  the  sum  to  be  expended, 
$100,000  is  appropriated  by  Congress  and  $200,000  is  to  be 
furnished  by  a  subsidiary  of  the  Consolidated  Lignite 
Collieries  Co. 

It  was  the  intention  at  first  to  put  the  experimental  plant 
in  the  Texas  lignite  field,  but  the  development  of  oil  and 
gas  in  that  region  interfered  with  the  market  for  the  gas 
which  would  be  oroduced  in  connection  with  the  treating  of 
lignite. 

The  Bureau  of  Mines  is  to  provide  the  plans  and  specifica- 
tions for  the  carbonizing  and  briquetting  plant;  maintain 
active  supervision  and  oversight  over  the  construction  and 
operation  of  the  plant;  and  furnish  the  necessary  technical 
assistance  The  co-operating  concern  has  agreed  to  provide 
a  satisfactory  site  on  its  railway  spur;  to  install  certain 
portions  of  the  equipment;  to  furnish  the  necessary  lignite 
and  other  raw  materials;  to  sell  the  products;  to  furnish 
the  labor;  and  to  conduct  the  necessary  business  activities 
of  the  undertaking. 

American  Association  of  Engineers 
Activities 

The  American  Association  of  Engineers  at  the  sixth 
annual  convention  at  St.  Louis,  May  11,  elected  Leroy  K. 
Sherman  president. 

The  first  convention  of  the  Federal  Government  em- 
ployees of  the  American  Association  of  Engineers  will  be 
held  in  Washington  on  May  22.  An  advisory  council  will 
be  elected  for  the  department  to  determine  a  plan  to  form 
ithe  country  into  districts  for  departmental  work. 

The  first  meeting  of  the  North  Dakota  Chapter  of  the 
American  Association  of  Engineers,  held  in  Bismarck,  April 
23  and  24,  was  attended  by  the  governor  of  the  state  and 
ft  number  of  prominent  officials  of  the  North  Dakota  State 
Highway  Commission.  The  following  officers  were  elected: 
Past  president,  E.  J.  Thomas,  city  engineer  of  Minot; 
president,  J.  E.  Kaulfuss,  assistant  state  highway  engineer; 
first  vice  president,  W.  G.  Black,  city  engineer  of  Mandan; 
second  vice  president,  W.  B.  Stevenson,  Fargo;  and  third, 
fourth,  fifth  and  sixth  vice  presidents,  L.  T.  Powers,  William 
Barnock,  Robert  Jacobson  and  E.  H.  Morris,  respectively. 


A  movement  is  on  foot  in  Great  Britain  for  the  establish- 
ment of  local  sections  by  the  Institution  of  Mechanical  En- 
gineers. As  long  ago  as  1913  a  meeting  was  held  in  Man- 
chester with  the  object  of  finding  facilities  in  the  provinces 
for  the  institution  of  local  branches,  but  the  cost  proved 
to  be  prohibitive,  and  it  was  decided  instead  to  have  the 
papers  contributed  to  the  Institution  read  in  the  provinces, 
and  correspondents  were  appointed  to  arrange  such  meet- 
ings. Early  in  1914  Sir  T.  Holland  wrote  to  the  Manchester 
Guardian,  suggesting  the  organization  of  meeting  places 
furnished  with  reference  libraries,  lectui'e  rooms,  etc.,  which 
would  be  supported  conjointly  by  several  societies.  A  com- 
mittee on  which  the  Institution  of  Mechanical  Engineers 
was  strongly  represented  was  formed  to  discuss  the  matter, 
but  the  outbreak  of  +he  war  put  an  end  to  the  business. 
The  institution  is  now  adopting  a  by-law  looking  to  activity 
along  these  lines. 


That  the  mineral  resources  of  India  are  rapidly  being 
developed  can  be  seen  by  statistics  published  in  a  recent 
issue  of  Trans-Pacific.  In  1917  the  total  coal  production 
of  India  was  17,642,798  tons  and  in  1918,  19,847,039  tons 
was  produced.  T^is  shows  an  increase  of  almost  2,000  000 
tons  per  annum. 
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Fuel  and  Oil  Boiler  Efficiency 

Apart  from  the  usual  advantages  attaching  to  the  use 
of  oil  fuel  such  as  decreased  labor  staff  in  the  stokehold, 
facility  of  bunkering,  etc.,  the  fact  should  not  be  lost  sight 
of  that,  owing  to  improved  circulation  of  the  water  in  the 
boiler,  the  efficiency  of  the  boiler — that  is  to  say,  the  per- 
centage of  the  heat  of  the  fuel  which  is  actually  given  to 
the  water  in  the  boiler — is  considerably  increased.  In  the 
case  of  the  ordinary  marine  boiler  having  cylindrical  fur- 
naces the  fire  bars  are  removed,  and  the  burner  is  located 
at  the  center  of  the  front  of  the  furnace.  It  follows,  there- 
fore, that  the  furnace  is  heated  all  over  its  surface,  and 
since  the  bottom  part  of  the  furnace  is  heated,  it  follows 
that  the  water  in  contact  with  this  is  also  heated,  and  rising 
to  the  surface  owing  to  decrease  of  density,  is  replaced  by 
cooler  water.  It  is  well  known  that  with  coal-fired  boilers 
the  bottom  part  of  the  boiler  often  remains  cold  for  many 


hours,  and  perhaps  for  a  day  or  two,  after  the  fires  are 
lighted.  With  oil  fuel  this  is  prevented,  and  the  restdting 
improvement  in  the  circulation  greatly  increases  the  effi-! 
ciency  of  the  boiler  and  at  the  same  time  reduces  the  pos- 
sibility of  local  strains.  In  a  recent  test  of  an  ordinary 
cylindrical  marine  boiler  with  oil  fuel  an  efficiency  of  over 
83  per  cent  was  obtained,  a  figure  which  it  is  safe  to  say 
would  be  impossible  with  ordinary  coal  hand-fired. — Ship- 
building and  Shipping  Record. 


British  companies  are  exploring  and  exploiting  wherever 
possible  in  all  countries  where  there  may  be  any  reasonable  ^ 
chance  of  finding  petroleum,  in  pursuance  of  their  policy  of 
developing  petrol,  says  The  Review,  the  publication  of  the 
American  Chamber  of  Commerce  in  France.  The  govern- 
ment is  aiding  navigation  companies,  new  tank  steamers  are 
being  built,  and  everywhere  the  old  coal  furnaces  are  being 
transformed  for  burning  oil. 
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Personals 
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H.  A.  Price,  formerly  of  Talladeg-a,  Ala- 
is  now  manager  of  the  Texas  Power  and 
Light  Co.,  Gainesville,  Tex. 

C.  Wellington  KoJner.  consulting  engineer 
of  Pasadena,  California,  has  been  elected 
a  member  of  the  Committee  of  A.  A.  E. 
on  Employment. 

H.  G.  Harvey  has  resigned  as  commercial 
engineer  of  the  Nassau  Light  and  Power 
Co.,  Mineola,  L.  I.,  to  take  up  similar  work 
with  the  Pennsylvania  Utilities  Co.,  Easton. 
Pa. 

E.  1..  Brandt  of  Detroit,  until  recently 
secretary  of  the  Detroit  Chapter  of  the 
American  Association  of  Engineers,  has 
been  appointed  assistant  selretary  of  the 
national  headquarteis. 

Schuyler  R.  Ford,  formerb'  chief  gunner 
Tj.  S.  N.,  and  an  executive  officer  at  the 
Sayville,  N.  T.,  radio  station,  has  been 
appointed  engineer  in  charge  of  the  high- 
power  station  at  New   Brunswick,  N.  J. 

R.  E,  H.  Pomeroy  has  resigned  as  smelter 
superintendent  of  the  Nevada  Consolidated 
Copper  Co.,  and  will  associate  himself  with 
the  Bonnot  Co..  Canton.  Ohio,  as  chief 
engineer  of  the  pulverized-coal  department. 

W.  W.  Marshall,  superintendent  of  the 
Hydro-Klectric  Power  Commission  at 
Orangeville,  Ontario,  has  been  appointed 
town  engineer  of  Orangeville.  He  will 
continue  as  isuperintendent  of  the  commis- 
sion. 

Kenneth  B.  Millett.  formerly  assistant 
general  engineer  with  the  American  Thread 
Co..  New  York,  has  resigned  to  join  the 
organization  of  the  Griscom-Russell  Co.. 
New  York,  in  the  capacity  of  development 
engineer. 

Ernest  C.  "Van  Winkle,  formerly  assistant 
engineer,  construction  department,  of  the 
Chile  Exploration  Co.,  New  York,  has  be- 
come connected  with  the  Ford,  Bacon  & 
Davis  Co.,  New  York,  in  the  capacity  of 
valuation  engineer. 

William  H.  Uean  has  been  appointed  man- 
ager of  the  Chicago  Chapter  of  the  Ameri- 
can Association  of  Engineers  to  fill  the 
vacancy  created  by  the  resignation  of  E. 
J.  Burke,  who  has  entered  the  newlv  or- 
ganized engineering  firm  of  York.  Regan 
and   Burke. 


Society  Affairs 
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Tlie  Association  <rf  Iron  anil  Steel  Elec- 
trical Engineers  will  hold  its  annual  outing, 
Saturday,  June  5.  The  program  will  be 
announced  later. 

The  American  Society  of  Mec'ianscal  En- 
gineers, Philadelphia  Section,  will  hold  its 
annual  dinner  at  the  Engineers'  Club, 
Philadelphia,    May   25. 

The  Atlanta  Section  of  the  A.  S.  M.  E. 
will  meet  in  Atlanta,  Ga..  May  25.  J.  T. 
Wikle  will  present  a  paper  on  "The  Manu- 
facture of  Cotton  Goods." 

The  Association  of  Iron  and  Steel  Elec- 
trical Engineers  will  hold  its  fourteenth 
annual  convention  in  the  Hotel  Peimsyl- 
vania.   New  York  City,  Sept.   20-24. 

The  A.  I.  &  S.  E.  E.,  Pittsburgh  Section, 
will  have  for  its  sub.iect  at  the  October 
meeting,  "Sheets  and  Tin  Mills,"  by  A.  B. 
Holcomb,  general  industrial  engineer. 
Messrs.  Ortppen  &  Funk,  Youngstown,  Ohio. 


The    Pittsburgh     Section    of    the    A.     I.    & 

S.  E.  E.,  will  meet  in  Pittsburgh  on  June 
12.  The  subject  of  the  meeting  will  be 
"Current  Limit  Reactance,"  by  R.  H.  Keil, 
power  engineer  of  the  Jones  &  Laughlin 
Steel  Co. 

The  American  Boiler  Manufacturers  As- 
sociation will  hold  its  thirty-second  annual 
conventioti  at  the  French  Lick  Springs 
Hotel,  French  Lick,  Ind.,  on  May  31,  June 
1  and  2.  Matters  of  importance  to  the  en- 
tire boiler-manufacturing  industry  will  be 
brought  before  the  convention. 

The  National  Association  of  .Stationary 
EPsgineers,  Iowa  State  As-sociation,  will 
hold  its  annual  state  convention  in  Dubuuue, 
June  16-18.  Besides  the  business  sessions 
the  entertainment  committee  has  arranged 
for  suitable  entertainment,  including  a 
steamboat  excursion  on  the  afternoon  of 
June  16. 

The  Mid-Continent  Section  of  the  A.  S.  M. 
E.  Will  meet  in  Tulsa,  Okla.,  May  28,  29.  A 
delegation  will  leave  the  annual  sprbig 
meeting,  which  will  be  held  in  St.  Louis, 
just  before  the  dates  mentioned,  to  take 
part  in  the  Tulsa  meeting.  The  visi,.ors  will 
ha  shown  through  the  zinc  mines  at  Miami 
and  taken  on  a  visit  to  the  oil  fields. 

The  Association  of  Iron  and  Steel  Elec- 
trical Engineers,  Pittsburgh  Section,  will 
meet  on  May  22,  at  Warren,  Ohio.  An  in- 
spection trip  will  be  made  to  the  plant  of 
the  Trumbull  Steel  Co.  during  the  after- 
noon, and  in  the  evening  a  paper  describ- 
ing the  electrical  installations  at  the  plant 
of  the  Trumbull  Steel  Co.  will  be  presented 
by  William  F.  Rese,  electrical  engineer. 

Engineering  Foundation,  under  the  super- 
vision of  Charles  P.  Rand,  chairman,  is 
seeking  additions  to  the  endowment  fund 
which  will  swell  the  total  to  at  least  a 
million  dollars  in  the  near  future.  Through 
the  generous  gifts  of  Anibrose  Swasey,  En- 
gineering Foundation  has,  since  1915,  been 
able  to  actively  co-operate  in  research  W'ork 
with  the  National  Research  Council.  Mr. 
Swasey's  gifts  total  $300,000.  Additions 
to  the  endowment  fund  will  be  used  to  fur- 
ther the  research  work  of  the  Foundation 
Societies. 

The  American.  Society  for  Testing  Ma- 
terials will  hold  its  twenty-third  annual 
meeting  at  Asbury  Park,  N.  J.,  June  22-25. 
The  headquarters  of  the  meeting  will  be  the 
New  Monterey  Hotel.  A  number  of  spe- 
cial features,  including  an  informal  dance, 
smoker  and  a  golf  tournament,  have  been 
arranged.  Bach  of  the  seven  sessions  will 
be  devoted  to  one  of  the  following  subjects: 
Non-ferrous  metals,  wrought  and  malleable 
iron  and  corrosion,  reports  of  administra- 
tive committees,  steel,  testing  apparatus, 
preservative  coatings  and  lubricants,  and 
miscellaneous  committee  reports  and 
papers. 

The  American  Institute  of  Electrical  En- 
gineers will  hold  its  annual  business  meet- 
ing in  the  auditorium  of  the  Engineering 
Societies  Building,  New  York  City.  Friday, 
May  21.  The  annual  report  of  Directors 
will  be  presented,  and  the  report  of  the 
tellers'  committee  announcing  the  officers 
elected  for  the  coming  year  will  be  read. 
On  this  occasion  the  Edison  Medal  will  be 
presented  to  W.  L.  R.  Emmet  for  inven- 
tions and  developments  of  eh^ctrical  appa- 
ratus and  prime  movers.  The  medal,  its 
origin  and  significance,  will  bo  described 
by  Carl  Herring,  chairman,  Edison  Medal 
Committee ;  H.  W.  Buck  will  relate  the 
achievements  of  Mr.  Emmet,  and  Calvert 
Townley,  president  of  the  A.  I.  E.  E.,  -will 
make  tiie  presentation. 


Miscellaneous  News 
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The    National    Screw    Thread    Commission 

of    the    Bureau    of   Standards,    Washington, 

D.  C,  created  for  the  purpose  of  ascertain- 
ing and  establishing  standards  for  screw 
threads  for  use  of  the  various  branch"S  of 
the  Federal  Government  and  for  the  u^e 
of  manufacturers,  has  completed  a  report 
of  its  investigations  to  date.  Certain  sys- 
ten);;  of  threads  are  recommended  in  the 
report,  together  with  information,  data  and 
specifications  pertaining  to  the  manufac- 
ture of  the  threads  recommended.  The 
commi.ssion  is  composed  of  S.  W.  HtrattOM, 
chairman  ;  James  Hartness,  vice  chairman  ; 
F.    O.    Wells,    E.    H.    Ehrman,    H.    T.    Herr. 

E.  C.  Peck,  O.  B.  Zimmerman,  E.  J. 
Marquart,  S.  M.  Robinson  and  H.  W. 
Bearce.  A  copy  of  the  report  can  be  ob- 
tained from  the  National  Serew  Thread 
Commission,  Bureau  of  Standards,  Wash- 
ington, D.  C. 


Business  Items 
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Walter  N.  Polakov  &  Co.,  Inc.,  announce 
the  new  location  of  their  offices  at  33  West 
42nd  St.,  New  York  City.  The  offices  of 
the  firm  were  formerly  located  on  Nassau 
Street. 

Nickerson  and  Collins  Co.,  publishers  of 
trade  publications  and  technical  books,  an- 
nounces the  removal  of  the  publication 
office  of  Ice  and  Refrigeration  from  South 
Dearborn  St.,  to  5707  West  Lake  St., 
Chicago. 

The  Dominion  Bridge  Co.  announces  the 
formation  of  a  new  company  to  be  kno^\^^  as 
the  Dominion  Engineering  Works,  Ltd.  The 
Bridge  company  will  control  the  new  proj- 
ect, which  will  engage  in  the  manufacture 
of  waterwheels  and  other  hydraulic  machin- 
ery. 


Trade  Catalogs 


The  Edw.  R.  Ladew  Co.,  Inc.,  Glen  Cove, 
New  York,  has  just  completed  publication 
of  a  new  fifty-six  page  catalog,  descriptive 
of  the  various  leather  products  which  they 
manufacture,  including  leather  belting  and 
packing.     A  copy  can  be  had  on  requDSt. 

The  Lagonda  Manufacturing  Co..  of 
Spring-field,  Ohio,  manufacturer  of  steam 
specialties  has  ready  for  distribution  a 
new  eight  page  bulletin.  No.  T-3 :  The 
booklet  goes  into  the  subject  of  cutting 
tubes  out  and  illustrates  the  Lagonda  Tube 
cutter  as  used  in  different  types  of  boilers 
and  shows  in  detail  how  the  cutters  work. 
A  copy  can  be  obtained  on  request. 

The  Be  Laval  Steam  Turbine  Co.,  Trenton. 
New  Jersey,  has  ready  for  distribution  a 
new  8-page  pamphlet  entitled  "De  Laval 
Centrifugal  Pumps  for  Sugar  House  Ser- 
vice." Complete  information  and  descrip- 
tions of  the  various  types  of  pumps  are 
contained  in  the  pamphlet,  together  with 
illustrations,  including  centrifugal  pumps 
for  handling  raw  juice,  syrup,  boiler-feed 
watci"  and  injection  water,  and  for  macer- 
ation and  hydraulic  pressure  service,  etc. 
Motor  and  turbine-driven  pumps,  both 
single-stage  and  multi-stage,  are  illustrated 
and  described.  A  copy  of  the  pamphlet 
will  be  sent  on  request. 
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.1  COAL   PRICES  I 
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Prices  of  steam  coals  both  aiitbracitu  and  bitu- 
minous, f.o.b.  mines,  unless  otherwise  stated,  are  as 
follows: 

AL ANTIC  SEABOARD 

Anthracite — Coals  supplyinR  New  "^Ork,  Phila- 
delphia and  Boston: 

Mine 

Pea 5.30 

Buckwheat $3.40®$3.75 

Rice 2.75®  3.25 

Barley 2.25®  2  50 

Boiler 2  50 

Bituminous — Steam  sizes  supplying  N'cw  'SOrk, 
Philadelphia  and  Boston: 

Latrobe $4  25("$4.50 

Connellsville  coal 4  25®  4  50 

Cambrias  and  Somersets 4  35®   5   15 

Clearfields 4.00®  4.75 

Pocahontas 6.50®   7.00 

New  River   6.50®  7  00 

BUFFALO 

Bituminous — Prices  f.o.b.  B\iffalo: 

Pittsburgh  slack $6 .  00 

Mine-run 6.25 

Lump 6.00®  6  50 

Youghiogheny 6.75 
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New  Construction 
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CLEVELAND 

Bituminous — Prices  f.o.b.  mines: 

No.  6  slack $3  25@$4.00 

No.  8  slack 4.25 

No.  8 — l-in 3.50®  4.00 

No.  6  mine-rxin 3.  50®  4.  00 

No.  8  mine-run 4. 50 

Pocahontas — Mine-run 3.  25®  4  00 

ST.   LOUIS 

Anthracite — Probably  not  more  than  20  per  cent 
of  the  demand  in  this  market  can  be  supplied.  Prices 
effective  Apr.  I  were  as  follows: 

Williamson 

and  Mt.  Olive 

Franklin  and 

Counties  Staunton         Standard 

Mine-run. . .  .  $2 .  65® 2 .  80  $3 .  00®3  .50  $3 .  00®3 .  50 

Screenings..  .   2. 50® 2. 65  2.50®3.00     2.50®3  00 

Lump 3.75@4.50    3,75@4.50 

Williamson-Franklin  rate  to  St.  Louis  is  $1.10; 
Other  rates  95c. 


CHICAGO 

Bituminous — Prices  f.o.b.  mines:    . 
Illinois  I 

Southern  Illinois 

FrankUn,    Saline    and  FVeight  rate 

Williamson  Counties  Chicago 

Mine- Run $3 .  00®  $3 .10  $1    55 

Screenings 2.60®   2.75  1.55 

Central  Illinois 

Springfield  District 

Mine-Run $2.75®$3.00  $1   32 

Screenings 2   50®   2.60  1.32 

Northern  Illinois 

Mino-P.un $3.50®$3.75  $1.24 

Screenings 3.00®  3.25  1.24 

Indiana 

Clinton  and  Linton 

Fourth  Vein 

Mine-Run $2.75®$2.90  $1.27 

Screenings 2 .  50®  2  65  1 .  27 

Knox  Coxmty  Field 

Fifth  Vein 

Mine-Run $2.75@$2.90  $i.37 

Screenings 2 .  50®  2 .  60  1 .  37 

Brazil  Block $4  25®$4.50  $1.27 


PKOI'OHKD    WORK 

MasK.,,  UoHtoii — MacNau{?hton  &  Robinson, 
Archts.,  10]  Tr(!mont  St.,  will  soon  award 
the  contract  for  thf-  con.struction  of  an  X 
story  oflico  buildinpr  on  State  St.,  for  Hon- 
der.son  &  Ro.s.s,  14S  State  St.  A  steam 
heatinp:  systt-rn  will  he  in:stalled  in  samo. 
Total  estimated   cost.    $300,000. 

Mass.,  Walo-Jield — The  Bd.  Bduc.  will 
receive  bid.s  until  May  24  for  the  construc- 
tion of  a  3  story,  210  x  2.50  ft.  hif?h  school 
on  Main  St.  A  steam  heating  system  will 
be  in.stalled  in  same.  Total  estimated  cost, 
$450,000.  F.  I.  Cooper  Corp.,  33  Cornhill 
St..    Boston,    Archt. 

Conn.,  ISridf^eport  —  Oskar  Krokstedt, 
Archt,  925  Main  St.,  will  soon  award  the ' 
contract  for  the  construction  of  a  2  story, 
130  X  147  ft.  garape  addition  on  State  St. 
A  steam  heatins  .s'ystem  will  l)e  installed 
in  same.  Total  estimated  cost.  $1. 'SO, 000. 
Owner's    name    withheld. 

N.  Y.,  Brooklyn — The  Brooklyn  Edison 
Co.,  360  Pearl  St.,  plans  to  build  a  1 
story  sub-station  on  Grand  St.  Estimated 
cost,  $100,000.  William  V^^hitehill,  .55 
Duane  St.,  New  York  City,  .\rcht.  and 
EngT. 

N.  Y.,  Bufl'alo — The  Beaver  Board  Co., 
Military  Rd.,  is  in  the  market  for  one  or 
two  230  lb.  125  hp.,  steam  pressure  boilers, 
(used). 

N.  Y.,  Buffalo — Philip  Begy,  296  Baynes 
St.,  is  in  the  market  for  a  boiler  and  pump 
for   the  Hoffman   Pressing  Machine. 

N.  Y.,  Buffalo — The  Stewart  Motor  Corp., 
413  East  Delavan  Ave.,  is  in  the  market  for 
an    air    compressor    outfit    with    tank. 

N.  Y.,  Dunkirk — The  City  voted  $22,000 
bonds  to  install  a  heating  plant  in  the  Jones 
General  Hospital  here.  Work  includes  the 
construction  of  a  43  x  50  ft.  boiler  house, 
etc. 

V.  Y.,  New  York — The  Bd.  Educ,  500 
Park  Ave.,  will  receive  bids  until  May  22 
for  the  construction  of  a  4  story.  9  2  x  194 
ft.  school  building-  on  182nd  St.  and  Bath- 
gate Ave.  A  steam  heating-  system  will  be 
installed  in  same.  Total  estimated  cost, 
$420,000.  C.  B.  J.  Snyder,  Municipal  B\dg.. 
Archt.  and  Engr. 

N.  Y.,  New  York  —  Maurice  Courland, 
Archt.  and  Engr.,  47  West  84th  St.,  plans 
to  build  an  18  story  factory.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $1,200,000.  Owner's  name 
withheld. 

N.  Y.,  New  York  —  ,T.  A.  Hearns  Sons. 
Inc.,  20  West  14th  St.,  is  having  plans  pre- 
pared for  the  construction  of  a  2  story. 
."^O  X  135  ft.  boiler  plant  at  26  West  13th 
St.  A  steam  heating-  system  will  be  in- 
stalled in  same.  "Total  estimated  cost, 
$135,000.  Densmore  &  Le  Clear.  88  Broad 
St.,   Boston,    Mass.,   Archts.   and   Engrs. 

N.  .1.,  Burlington — G.  A.  Allinson,  Supt.  of 
the  Waterworks,  will  soon  award  the  con- 
tract for  the  installation  of  high  service 
pumping  machinery  for  water  plant  in  one 
3.000,000  gal  unit.  W.  H.  Boardman.  426 
Walnut   St.,   Philadelphia,   Pa..   Engr. 

N.  .1.,  ramdeii — The  Victor  Talking  Ma- 
chine, Front  and  Cooper  Sts.,  plans  to  build 
a  4  story  warehouse  on  State,  York,  Pine 
and  Front  Sts.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.  $1,000,000.  Ballenger  &  Perrot.  329 
South  Broad  St..  Philadelphia,  Pa..  Archts. 
and  Engrs. 

N.  J.,  Vinelund — F.  H.  Bent,  142  West 
State  St.,  Trenton,  plans  to  construct  a  1 
story,  50  X  75  ft.  storehouse  and  refrigera- 
tor plant,  here.  Machinery  will  be  installed 
in  same.     Total  estimated  cost,   $30,000. 

Pa.  Lock  Haven — The  city  will  receive 
bids  until  .Tune  1  for  the  installation  of 
an  electric  booster  pump,  etc.  in  connection 
vv'th  the  proposed  waterworks  improve- 
ments. Total  estimated  cost.  $80,000.  D. 
E.  Oberheim,  City  Clk.  H.  P.  Shoemaker, 
Engr. 

Pa.,  Phihulelpliia  —  Horace  Trumbauer. 
Archt.,  I.,and  Title  BIdg.,  will  soon  award 
the  contract  for  the  construction  of  a  12 
story,  60  x  90  ft.  otlice  building  on  17th  and 
Cherry  Sts.  and  the  Parkway,  for  the  Sim 
Oil  Co.,  Finance  Bldg.  A  steam  heating 
system  will  be  installed   in  same. 

Md.,  Baltimore — The  Bd.  of  Awards  will 
receive  bids  until  May  26  for  the  construc- 
tion of  a  3  story,  150  x  200  ft.  public  school 
on  Poplar  Grove  St.  and  Lafayette  Ave.  A 
steam    heating  system    will    be   installed    in 


.same.  Total  estimated  cOjSt,  $250,000.  H. 
Adam.s,  Calvert  Bldg.,  Engr.  E.  H.  Gliddf-n. 
1210   American    Bldg.,   Archt. 

M«].,  Baltimore — The  Capitol  Theatre  Co.. 
719  Fidelity  Bldg..  is  having  plans  prepared 
for  the  construction  of  a  1  story,  120  x 
200  ft.  theatre  at  1518-1522  West  Baltimore 
St.  A  steam  heating  furnace  will  be  in- 
stalled in  same.  Total  estimated  cost. 
$250,000.  Wyatt  &  Xolting-,  1012  Keyser 
Bldg.,  Archts. 

X.  C,  WinHton-Kalem  —  The  Memorial 
Hospital  is  receiving-  bids  for  the  construc- 
tion of  a  2,  3.  4  and  5  story  hospital 
buildiniBr.  A  steam  heating  system  will  be 
installed  in  .same.  Total  estimated  cost. 
$800,000.  Charles  R.  Keen,  Bailey  Bldg.. 
Philadelphia,    Pa.,    Archt. 

fia.,  ;Mett<T — ^The  to.vm  voted  $35.00O 
bonds  for  the  construction  of  a  waterworks- 
system  and  pumping-  plant.  L.  C.  Anderson 
Mayor. 

O.,  Akron — .T.  A.  Wetmore,  Supervising 
Archt.,  Trea.sury  Dept.,  Wash.,  D.  C.  will 
receive  bids  until  .Tune  1  for  the  installa- 
tion of  a  boiler. 

O..  Cincinnati — A.  S.  Taft.  316  Pike  St.. 
IS  receiving  bids  for  the  construction  of  a 
10  story,  40  x  60  ft.  addition  to  nower 
building,  on  8th  and  Sycamore  Sts.  Harry 
Hake,  Telephone  Bldg-.,  Archt. 

O..  Cleveland — The  Bd.  Educ.  6th  St.  and 
Rockwell  .Ave.,  received  bids  for  the  in- 
stallation of  a  heating  and  ventilating 
system  in  the  proposed  school  on  East 
92nd  St.  and  Parkgate  Ave.,  from  the  J. 
Roemer  Heating  Co..  1808  East  22nd  St  . 
$159,491.     Noted  March  16. 

O.,  Cleveland — The  Hausheer  Sloan  Co. 
Sloan  Bldg.,  has  purchased  a  site  on  East 
18th  St.  and  Euclid  Ave.  and  plan«  to 
build  a  12  or  16  story.  130  x  190  ft.  com- 
mercial building  on  .5ame.  A  steam  heating 
.system  will  be  installed  in  same  Total 
estimated  cost.  $500,000.    T.  E.  Sloan.  Treas. 

O..  Cleveland  —  The  Hebrew  Orthodox 
Home  for  the  Aged.  Inc.,  c/o  S.  H  WTiite. 
Archt..  1032  Schofield  Bldg..  will  receive 
bids  until  June  2  for  the  constriction  of 
a  2  story,  130  x  150  ft.  home  for  the  in- 
firm at  736  T^akevie-^v  Rd.  A  steam  heating 
.system  will  b°  installed  in  same.  Tot,^l 
estimated    cost.     $250,000. 

O.,  Cleveland  Heights  (Warrensville  P. 
O.'* — ^^^  B<3.  Educ.  plans  an  election  Mav 
22  to  vote  on  $2,400,000  bonds  to  con- 
struct 3  story  school  buildings  on  Fairfax. 
Coventry  and  Noble  Rds.  Steam  heating 
systems    will    be    installed    in    same. 

O..  Colnmhus — The  city  reiected  all  bids 
for  the  construction  of  a  pumping-  station 
for  the  Shepard  main  line  trunk  sewer  and 
for  the  installation  of  equipment.  Work 
will   be   readvertised. 

O..  East  Cleveland — The  Bd.  Educ  will 
receive  bids  until  May  24  for  furnishing  and 
installing  power  equipment,  including  a 
brick  stack,  two  300  hp.  boilers  and  piping 
for  the  boiler  house.  Total  estimated  cost. 
$25,000.  C  Ammerman,  "UHlliamson  Bldg., 
Cleveland.  Clk.  Bishop  &  Babcock  Co..  East 
55th   St..   Cleveland.   Engrs. 

O..  Eaist  Cleveland — The  Park  Congre- 
gational Church,  mil  Ashburv  Ave.. 
Cleveland,  plans  to  build  a  1  story  church 
on  Lockwojd  and  Euclid  Aves.  A  steam 
heating  system  -will  be  installed  in  same. 
Total  estimated  cost,  $300,000.  Rev.  Tal- 
bot. Pastor.  I.  W.  Corbusier.  Lennox  Bldg.. 
Cleveland,  Archt. 

O..  Norwalk — The  city  plans  to  install  a 
1,000   kw.   generator   in    the   power   station. 

O..  Wooster  —  The  town  voted  $60,000 
bonds  to  construct  a  pumping-  st.ition.  ex- 
tension to  water  mains,  etc.  H.  H.  Miller 
Serv.    Dir.,    C.    O.    Williamson.    Engr. 

Mich..  Detroit — Richard  TI.  Marr.  Archt. 
435  "Woodward  Ave.,  will  receive  bids  imti" 
May  25  for  the  construction  of  a  2  story. 
100  X  130  ft.  publishing-  house  on  Howard 
and  6th  St.s..  for  the  Spragne  Publishing 
Co..  150  Lafayette  Blvd.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost.    $110,000. 

Mich..  Detroit — .T.  T.  Weinberg.  Archt.. 
401-403  Congress  Bldg..  will  soon  award 
the  contract  for  the  construction  of  a  4 
story.  100  X  ISO  ft.  factory  on  Grand  Blvd. 
and  Moran  St.,  for  Jacob  Shevitz,  195  Ferry 
Park.  A  steam  heating  system  will  be  in- 
stalled in  ■same.  Total  estimated  cost. 
$125,000. 

Midi..  Ironwood  —  Alvord  &  Burdick, 
Engrs..  8  South  Dearborn  St..  Chicago, 
will  soon  award  the  contract  for  the  con- 
struction of  additions  to  ground  water 
supply  and  installation  of  electrical  equip- 
ment, etc.,  for  the  city.  Total  estimateo 
cost,   $300,000. 
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111.,  Chicago— The  Illinois  Malleable  Iron 
Co.,  1801  Diversay  Blvd.,  is  having  plans 
iprepared  for  the  construction  of  a  il 
story  building-.  Two  300  hp.  boilers,  air 
compressor,  stokers,  and  ash  handling 
equipment  will  be  installed  in  same.  Cahill 
&  Douglas,  217  West  Water  St.,  Milwaukee, 
Wis.,   Engrs. 

111.,  Chicagro — George  C.  Nimmons  &  Co., 
Archt.,  104  South  Michigan  Ave.,  will  soon 
award  the  contract  for  the  construction  of 
a  1  and  2  story.  135  x  400  ft.  factory  for 
the  manufacture  of  metal  products,  on 
Taylor  and  Campbell  Sts.,  for  the  Harring- 
ton &  King  Perforating  Co.,  614  North 
Union  Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$275,000. 

III.,  Chicago — William  G.  Rosenberger, 
214  West  Ontario  St.,  is  having  plans  pre- 
pared for  the  construction  of  a  3  story,  80 
X  100  ft.  cigar  box  factory  on  La  Salle 
and  Ontario  Sts.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost,  $250,000.  Alfred  S.  Alschuler,  28  East 
Jackson    St.,    Archt. 

Minn.,  Minneapolis — The  Bd.  Educ.  re- 
ceived bids  for  the  installation  of  a  heating 
and  ventilating  system  in  the  proposed 
schools  on  (A)  Harriet  Ave.  and  38th  St.. 
fr-m  Bjorman  Bros.,  712  South  10th  St., 
?  6.938  :  (B)  31st  St.  and  29th  Ave.,  $44,- 
P42;  (C)  22nd  Ave.,  S.  E.  and  40th  St., 
?49,808,  and  from  H  Kelly  &  Co.,  925  Ply- 
mouth Bldg.,  (A)  $49,200,  (B)  $47,140,  (C) 
$49,349.     Noted  March  30. 

Kan.,  Newton — Bethany  College  plans  to 
huild  a  heating  plant,  dormitory,  etc.,  here. 
Total  estimated  cost,  $500,000.  Lorenz  A. 
Schmidt  &  Co.,  121  North  Market  St., 
Wichita,  Archt. 

'  Wyo.,  Casper  —  Garbutt,  Weddner  & 
Sweeney,  Archts.,  Oil  Exch.  Bldg.,  will  re- 
ceive bids  until  June  1  for  the  construction 
of  a  6  story  banking  and  office  building  on 
Wolcott  and  East  2nd  Sts.,  for  the  Wyoming 
Natl.  Bank.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost. 
$375,000. 

INIo.,  St.  liOuis — The  Joseph  Greenspon's 
Sons  Iron  &  Steel  Co.,  3130  Hall  St.,  is  in 
the  market  for  2  cross  compound  condens- 
ing, 1,000  hp.,  with  direct  connected  gen- 
erators,   440    volt,    a.c.    Corliss    engines. 

Tex.,  Clyde — The  town  plans  to  furnish, 
and  install  pump  and  power  equipment,  etc. 

Tex.,  Fort  Bliss — The  Construction  Di- 
vision, Quartermaster  Corp.,  will  receive 
bids  until  May  31  for  the  construction  of 
hospital  building  including  a  central  heat- 
ing plant,   etc. 

Utah,  Farmington — The  Davis  Co.  Irri- 
gation Dept..  plans  to  build  a  hydro-electric 
plant  to  develop  10,000  hp.,  dam,  etc.  Total 
estimated  cost,  $2,331,000.  A.  T.  Parker, 
585  28th  St.,  Ogden,  Engr. 

Cal.,  Lios  Angeles — Mary  Spires,  c/o  J. 
C.  Austin,  Archt.,  1121  Baker-Detwiler 
Bldg.,  is  having  plans  prepared  for  the  con- 
struction of  a  2  story.  130  x  150  ft.  stores 
and  dance  hall  on  6th  and  Olive  Sts.  A 
plenum  heating  system  will  be  installed 
in  same.     Total  estimated  cost,  $235,000. 

Cal.,  Mare  Island — The  Bureau  of  Yards 
&  Docks,  Navy  Dept.,  Wash.,  D.  C,  plans  to 
install  a  heating  system  in  the  structural 
shop,  here.     Estimated  cost,  $60,000. 

Cal.,  San  Diego — The  Bureau  of  Yards  & 
Docks,  Navy  Dept.,  Wash.,  D.  C,  plans  to 
construct  a  refrigeration  plant  at  the 
Marine  Corps  base,  aere.  Estimated  cost, 
$50,000. 

N.  F.,  St.  Pierre — The  Minister  of  Pub. 
Works  will  soon  award  the  contract  for 
furnishing  one  500  hp.  lioiler,  four  600  hp. 
lioilers,   one   25    hp.    dredge,    etc. 

One.,  Montreal — The  MoTntreal  Harfeor 
Comn.  will  receive  bids  until  May  21  for 
the  construction  or  an  8  story.  110  x  400 
fr..  cold  storage  wa.-ohonse.  Refrigeration 
machinery  will  be  installed  in  same.  Total 
estimated  cost,  $1,000,000.  F.  W.  Cowrie, 
731    Sherbrooke,    W.,    Engr. 

Que.,  Montreal  —  Tlie  Montreal  Harbor 
Conirs.,  will  soon_j-ecoive  bids  for  the  con- 
struction of  a  50  X  150  ft.  power  house. 
Estimated  cost,  $150,000  F.  W.  Cowrie, 
('31   Sherbrooke,   W.,   Engr. 

Ont.  ^London — The  Bd.  Educ.  plans  to 
build  a  high  school  on  Waterloo  St.  A 
steam  heating  and  ventilating  system  will 
he  installed  in  same.  Total  estimated  cost 
$500,000.  A.  A.  Langford,  Chn.  L.  E. 
Carrothers,    Archt. 

Ont..  Newmarket — E.  .■\.  .Tames  Co.  I^td., 
will  receive  bids  until  M'ny  25  for  the  con- 
struction of  an   outfall  sewer,  disposal  and 


an  activated  sludge  plant,  pumphouse,  and 
compressor  house  including  compressors, 
for  the  city.  Total  estimated  cost,  $65,- 
000.     Noted  Jan.  27. 

Ont.,  Peterboro — The  city  is  having  plans 
prepared  for  a  sewage  disposal  station 
and  pumping  plant.  Air  lifts  will  probably 
be  installed  in  same.  Total  estimated  cost, 
$50,000.    R,  H.  Parsons,  City  Hall,  Engr. 

Ont.,  Port  Credit — The  village  plans  to 
construct  a  waterworks  system.  Plans  in- 
clude an  intake  into  Lake  Ontario,  pump- 
house,  pumps,  mechanical  filters,  chlorina- 
tion,  elevated  tank,  etc.  Total  estimated 
cost,  $80,000.  E.  A.  James  Co.  Ltd.,  36 
Toronto  St.,   Toronto,  Engr. 

Ont.,  Windsor — The  city  of  Windsor  and 
other  municipalities  plan  to  build  a  4  story 
civic  building.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$1,500,000.  F.  L.  Howell,  32  Caron  St., 
Alderman. 

CONTRACTS   AWARDED 

Mass.,  Maiden  (Boston  P.  O.) — The  Mai- 
den Savings  Bank  has  awarded  the  contract 
for  the  construction  of  a  2  story,  52  x  93 
ft.  bank  building  on  Maiden  Sq.,  to  the 
Gascoigne  &  Lindenthal  Co.,  43  Tremont 
St.,  Boston.  Contract  for  installing  heating 
system  will  be  sublet.  Total  estimated 
cost  $150,000. 

Conn..  New  Haven — The  United  Illumi- 
nating Co.,  84  Temple  St.,  has  awarded  the 
contract  for  the  construction  of  a  1  story, 
70  X  75  ft.  turbine  room  extension,  to  C.  W. 
Murdock.  Inc.,  185  Church  St.  and  a  boiler 
room  extension  to  Westcott  &  Mapes,  Inc., 
207   Orange   St. 

N.  Y.,  Brooklyn^ — The  Brooklyn  Jewish 
Recreation  Center,  881  Eastern  Parkway, 
will  build  a  3  story,  125  x  187  ft.  recreation 
center  on  Eastern  Parkway.  A  steam  heat- 
ing system  will  be  installed  in  same.  Total 
estimated  cost,  $750,000.  Work  will  be  done 
by  day  labor. 

N.  Y.,  Long  Island  City  —  The  Munic- 
ipal Studio  Corp.,  41st  St.  and  Bway.,  New 
York  City,  will  build  a  200  x  600  ft.  studio 
on  Pierce,  8th,  9th  and  Washington  Sts.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cos(t,  $2,000,000. 
Work  will  ba  done  by  day  labor. 

N.  Y.,  New  York — The  Chatham  &  Phoe- 
nix Natl.  Bank,  149  Bowery  St.,  has  award- 
ed the  contract  for  the  construction  of  a  60 
X  100  ft.  bank  building  at  118-122  Bowery 
St.,  to  the  Tidewater  Bldg.  Co.,  16  East  33rd 
St.  A  steam  heating  system  will  be  installed 
in  same.    Total  estimated  cost,   $500,000. 

N.  Y.,  New  York — Severlace  &  Van  Allen, 
Archts.  and  Engrs.,  Ill  East  40th  St.,  will 
build  a  16  story,  60  x  126  ft.  office  build- 
ing on  41st  St.  and  Lexington  Ave.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $500,000.  Work 
will  be  done  by  day  labor. 

N,  Y..  New  York — The  Fifth  Ave  Hospi- 
tal, 67th  St.  and  Park  Ave.,  has  awarded 
the  contract  for  the  construction  of  a  9 
story  hospital  at  105th-106th  Sts.  and  5th 
Ave.,  to  Marcus  Eidlitz,  30  East  41st  St. 
A  steam  heating  system  will  be  installed  in 
same.    Total  estimated  cost,  $2,500,000. 

N.  .J.,  Newark — John  Campbell  &  Co.. 
75  Hudson  St.,  New  York  City  has  awarded 
the  contract  for  the  construction  of  a  1 
story,  91  x  233  ft.  dye  building  and  power 
house  on  Plum  Point  Lane,  to  James  Jewks 
&  Sons.  676  Montgomery  St.,  Jersey  City. 
A  steam  heating  system  will  be  installed 
in  same. 

Md.,  Baltimore — ^The  Bailey  Bldg.  Co., 
Munsey  Bldg.,  has  awarded  the  contract  for 
the  construction  of  a  25  story.  75  x  100 
ft.  office  building  on  Lexington  and  Calvert 
Aves.,  to  Norton,  Bird  &  "^Vhitman,  616 
Munsey  Bldg.  Oil  burning  boilers  for  heat- 
ing system  will  be  installed  in  same.  Total 
estiniated  cost,   $2,500,000. 

C,  Cleveland— The  B.  '^.  Keith  Theatre 
Co.,  1564  B'way,  New  York  City,  has 
awarded  the  contract  for  the  construction 
of  a  1  story  theatre  on  East  105th  St.  and 
Euclid  Ave.,  to  Lundoff  Bicknell  Co.,  5716 
Euclid  Ave.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$600,000. 

O.,  Marion — The  Bd.  Educ.  has  awarded 
the  contract  for  the  installation  of  a  heating 
sy.steni,  to  the  Joncs-Kinn  Eng.  Co.,  414 
North  Main  St.,  Lima,  at  $11,900. 

O..  Shaker  Heights  (Cleveland  P.  O.)  — 
The  Shaker  Heights  Hospital,  c/o  M.  Loeser, 
800  Natl.  City  Bldg.,  Cleveland,  has  awarded 
the  contract  for  the  construetion  of  a  3 
story  ho.^pital  to  the  Crowell  Little  Constr. 
Co.,  East  57th  St.  and  Euclid  Ave.  Cleve- 
.  nd.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$250,000. 


Mich.,  Battle  Creek — The  Clark  Equip- 
ment Co.,  Buchanan,  has  awarded  the  con- 
tract for  the  construction  of  a  1  story  lOO 
X  4  50  ft.  axle  plant  on  Springfield  Place 
and  the  Michigan  Central  Ry.,  to  Bates  & 
Rogers,  Chicago.  Steam  heating  equipment 
will  be   installed    in  same. 

,,.^?^'*''^-  D«'t»"o>t — F-  L-  &  Angais  Smith. 
1905  Dime  Bank  Bldg.,  has  awarded  the 
contract  for  the  construction  of  a  2  story 
93  X  220  ft.  garage  on  Woodward  Ave' 
near  Parsons  St.,  to  Otto  Misch,  Chamber 
of  Commerce  Bldg.  A  steam  heating  sys- 
tem will  be  installed  in  same.  Total  esti- 
mated   cost,    $135,000. 

Mich.,  Detroit — Morgan  &  Wright,  Belle- 
vue  Ave.,  has  awarded  the  contract  for 
the  construction  o"f  a  9  story  326  x  456 
ft.  tire  factory  and  warehouse  on  Jefferson 
Ave.,  to  the  Stone  &  Webster  Corp..  Book 
Bldg.  A  steam  heating  system  and  eleciHc 
power  will  be  supplied  from  detached  cen- 
tral plant  under  contract.  Total  estimated 
cost,    $4,000,000. 

Mich.,  Lansing — The  city  has  awarded 
the  contract  for  the  construction  of  a 
250.000  gal.  reservoir  and  installation  of 
air  lift  and  an  electric  air  compressor  to 
the  Ellington  Miller  Co.,  417  South  Dear- 
born St.,  Chicago.  Total  estimated  cost, 
$75,000.      Noted  April  6. 

111.,  Chicago — The  Transo  Envelope  Co. 
3550  Kimball  Ave.,  has  awarded  the  con- 
tract for  the  construction  of  a  1  story, 
210  X  350  ft.  envelope  factory  on  Kimball 
Ave.  near  Addison  St..  to  O.  W.  Rosenthal 
Co.,  80  East  Jackson  St.  A  steam  heating 
system  will  be  installed  in  same  Total 
estimated    cost,    $275, noo. 

Wis.,  Manitowoc — The  Spindler  Co.  has 
awarded  the  contracf  for  the  construction 
of  a  2  story,  60  x  130  ft.  artifical  ice  plant 
to  Ben  Herman  &  Son. 

Wis.,  Milwaukee — Geuder.  Pae -chke  & 
Prey,  152  St.  Paul  Ave.  and  15th  St. 
have  awarded  the  contract  for  the  construc- 
tion of  a  1  story,  75  x  100  ft.  power  plant 
on  St.  Paul  Ave.,  to  the  Meredith  Bros., 
1043  Kinnickinnic  Ave.,  installation  of  boil- 
ers, to  the  Babcock  &  Wilcox  Co.,  567  Lake 
St.,  Chicago,  stokers,  to  the  Combustion 
Eng.  Co.,  11  Bway.,  New  York  City.  Noted 
March  3. 

Wis.,  Milwaukee — The  School  Bd.,  10th 
and  Prairie  Sts.,  has  awarded  the  contract 
for  the  installation  of  a  heating  sy.steni 
including  boilers  in  the  proposed  boiler 
house  on  Garfield  Ave.,  to  the  Industrial 
Heating  &  Eng.  Co..  143  Oneida  St..  at  $28,- 
100.      Noted    May    3. 

la..  Ottumwa  —  The  Y.  M.  C.  A.  ha.s 
awarded  the  contract  for  the  construction 
of  a  4  story,  60  x  99  ft.  Y.  M.  C.  A.  build- 
ing, to  the  Wells  Bros.  Constr.  Co.,  411 
South  Union  .St..  Chicago.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $350,000. 

Minn.,  Buhl — ^The  Bd.  Educ.  has  awarded  ' 
the  contract  for  the  construction  of  a  .3  : 
story,  148  x  275  ft.  addition  to  the  high 
school  to  the  Natl.  Constr.  Co..  Virginia 
St.  A  steam  heating  and  mechanical  ven- 
tilating system  will  be  installed  in  same. 
Total  estimated  cost.   $250,000. 

Minn.,  Hlbbing  —  The  Bd.  Educ.  ha? 
awarded  the  contract  for  the  construotior 
of  a  3  story,  174  x  417  ft.  high  school  on 
3rd  St..  to  the  Jacobson  Bros..  Columbia 
Bldg..  Duluth.  at  $579,500.  A  steam  heat- 
ing and  mechanical  ventilating:  system  will 
be    installed    in   same. 

Tex.,    Eastland   —   C.    M.    Connelley   will 
build   an   8  story  hotel  to   include  a  power  ' 
plant.     Total  estimated  cost,  $300,000.  Work 
will  be  done  by  day  labor. 

Col.,  Boulder — The  University  of  Colo- 
rado will  build  a  3  story.  50  x  275  ft.  college 
building.  A  steam  heating  system  will  be 
installed  in  same.  Work  will  be  done  by 
day   labor. 

Que.,  Montreal  —  The  Administrative 
Comn..  City  Hall,  has  awarded  the  con- 
tract for  the  manufacture  and  installa- 
tion of  one  30,000,000  gal.  pump  for  the 
low  level  pumping  station,  to  the  Eraser 
Chalmers  Co.  at  $50,250  ;  another  electric 
driven  pump  to  E.  Laurie  &  Co..  243 
Bleury  St..  at  $45,200  ;  transformers  and 
commutators  necessary  for  the  operation 
of  the  iiumps.  to  the  Canadian  General 
Electric  Co..  162  St.  Antoine  St..  at  $48,6! 
Noted    March    9. 

Ont,.  Sault  Ste.  Marie — The  Algoma  Ste.  1 
Corp.  has  awarded  the  contract  for  install- 
ing a.c.  motor  equipment  in  connection 
with  the  $7,000,000  structural  steel  plant 
extension,  here,  to  the  Canadian  General 
Electric  Co..  King  and  Simcoe  Sts..  Toronto, 
and  for  d.c.  motor  equipment  and  main  i 
motor  drives  to  the  Canadian  Westinghouse 
Co.,    Hamilton. 
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Motivation 


THE  latest  new-fangled  name 
given  to  a  thing  we  have  all 
known  for  years  is  "motivation." 
A  man  is  "jnotivated  "if  he  has  a 
definite,  inspiring  motive  which  keeps 
him  at  the  work  he  is  doing.  Professor 
W.  K.  Hatt  of  Purdue  University,  in 
the  February  number  of  Engineering 
Education,  remarks  that  the  soldiers  of 
the  American  Army  were  motivated 
the  day  before  the  Armistice  was  signed, 
but  were  not  motivated  the  day  after. 

We  all  know,  whether  we  use  this  new 
name  or  not,  that  a  man  must  be  moti- 
vated in  order  to  get  ahead  around  a 
power  plant  and  that  the  principal  kind 
of  motivation  is  liking  for  the  work.  If 
a  man  is  working  simply  because  he 
needs  a  job,  he  will  drift  aimlessly.  If, 
on  the  other  hand,  he  is  working  at  a 
given  job  because  he  likes  it  and  has 
selected  this  job  instead  of  others,  be- 


cause he  likes  it  better  than  the  others, 
he  is  motivated  in  such  a  way  as  to 
make  his  success  certain. 

A  man  who  likes  the  atmosphere  of 
a  power  plant  and  knows  he  does,  will 
distance  all  his  fellows.  It  has  been 
said,  "The  world  stands  aside  for  a  man 
who  knows  where  he  is  going."  Suc- 
cess is  sure  if  a  man  knows  he  is  going 
to  be  a  specialist  of  some  kind  or  other 
in  power-plant  work,  or  in  any  other 
kind  of  work  for  that  matter,  and  keeps 
his  mind  fixed  on  this  goal  in  spite  of 
discouragement,  because  he  likes  this 
work  and  knows  that  he  iikes  it. 

The  moral  of  this  little  sermon  is  to 
examine  yourself  in  your  job  and  see  if 
you  are  really  motivated  by  interest  in 
your  work.  If  not,  you  should  tr>  to 
get  a  job  where  you  are  so  motivated, 
regardless  of  any  other  consideration 
whatsoever. 


Contributed  by  Dr.  S.  A.  MOSS 
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Relates  to  a  proposed  design  of  super-power  sta- 
tion built  with  multiples  of  30,000-kw.  units  up 
to  a  total  station  capacity  of,  say,  100,000,  300,000 
or  even  500,000  kiv.  Each  unit  consists  of  four 
l,71G-hp.  boilers,  normal  rating,  served  by  one 
stack  centrally  located,  and  supplying  steam  to  one 
30,000-kw.  turbine.  All  boiler  houses  are  sepa- 
rated from  their  turbine  rooyns  by  an  explosion 
gap,  and,  the  turbine  rooms  are  separated  by 
explosion  ivalls.  All  station  refinements  are  in- 
corporated in  this  design  of  station,  and  a  main 
operating  room  is  provided  at  the  top  of  the 
station,  together  with  sleeping  quarters  for  the 
men,  baths  and  shoivers,  telephones,  searchlight, 
alarm  whistle  and  wireless  apparatus. 


I 


N  THESE  days,  when  one  hears 
so  much  regarding  the  great  cen- 
-tral  stations  that  are  being  con- 
structed and  developed  in  Europe  and 
in  this  country,  it  is  worth  while  to 
consider  the  super-power  station 
illustrated  in  the  supplement  to  this 
issue  of  Power. 
There  is  a  tendency  miore  and  more  toward  the  super- 
station,  and  a  point  has  been  reached  in  steam  and 
electrical  engineering  where  the  super-station  is  of 
vital  importance  to  the  success  of  all  great  industrial 
centers,  in  that  substantially  one-half  of  the  average 
coal  consumption  will  be  used  and  a  probable  reduction 
of  men  and  payroll  per  kilowatt  output  will  result  as 
compared  with  some  types  of  large  power  stations.  The 
indications  are  that  in  the  comparatively  near  future 
the  more  important  railroads  of  this  country  will  be 
electrified,  for  it  seems  adverse  to  steam  and  electrical 
engineering  that  each  train  should  be  supplied  with  a 
complete  individual  power  plant  such  as,  with  a  few 
exceptions,  is  the  present  locomotive  practice. 

The  super-station  should  be  used  to  relay  and  rein- 
force hydro-electric  developments  where  possible,  and 
to  supply  practically  all  the  energy  to  manufacturing 
and  other  plants,  outside  of  the  power  that  can  be  made 

•Consulting  Engineer,  Lowell,   Mass. 


as  a  byproduct  to  manufacturing  and  heating  steam 
requirements,  which  are  usually  supplied  by  non-con- 
densing engines  and  non-condensing  turbines  of  various 
types. 

Furthermore,  an  infinite  number  of  electrical  uses 
are  being  created  annually,  which  means  a  larger  pro- 
duction of  electricity  than  was  dreamed  of  even  ten 
years  ago,  provided  the  cost  of  electricity  can  be  kept 
down  to  a  point  that  will  enable  its  more  general  use. 
In  order  to  carry  power-plant  engineering  to  the  last 
degree  of  economy,  some  features  are  suggested  in  the 
design  shown  by  the  supplement,  which  may  not  be 
adopted  at  the  present  time,  but  sooner  or  later  will 
have  to  be  taken  into  consideration  in  order  to  carry  out 
the  economical  program  suggested. 

Now  that  the  cost  of  coal  has  advanced,  and  is 
sure  to  advance  more,  it  becomes  of  the  greatest  im- 
portance to  engineers,  as  well  as  to  financiers,  to  look 
to  the  most  advantageous  arrangement  of  a  station  of, 
say,  100,000  to  300,000  or  even  500,000  kw.  The  sup- 
plement illustrated  is  the  suggestion  of  one  group  of 
engineers  for  such  a  station,  and  although  the  prin- 
ciple involved  may  not  be  adopted,  this  design  may  sug- 
gest to  othei^s  features  that  will  be  of  benefit  to  this 
country's  economies,  with  special  refei-ence  to  the  min- 
imum use  of  coal  and  men. 

In  the  working  out  of  this  power-plant  design,  the 
engineering  ideas  of  many  men  are  embodied  in  certain 
features,  and  these  ideas  have  been  combined  and 
worked  into  a  completed  harmonious  whole. 

Thirty-Thousand-Kilowatt  Units  Recommended 

Tne  idea  of  specifying  a  particular  size  of  units 
(30,000  kw.)  is  that  this  size  is  within  the  zone  of 
maximum  economy  in  steam-turbine  engineering  prac- 
tice, and  further,  it  is  about  the  limit  of  size  that  can 
be  supplied  with  four  sections  or  units  of  boilers  served 
with  one  central  stack.  Four  boiler  units  are  installed 
so  that  one  may  be  out  for  inspection,  repair  or  clean- 
ing at  any  time,  and  the  station  still  be  capable  of 
developing  its  full  electrical  output. 

With  the  present  advance  of  electrical  transmission 
systems  and  the  use  of  high  voltages,  the  opportunity 
to  locate  such  a  super-station  either  at  or  near  the  coal 
mines  or  on  large  and  navigable  rivers  or  at  tidewater, 
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is  available.  In  making  hypothetical  station  layouts, 
the  engineer  should  consider  all  possible  kinds  of  fuel 
in  the  suggested  arrangement  of  the  stations. 

The  particular  station  illustrated  is  a  tidewater  prop- 
osition with  railroad  facilities,  together  with  a  very 
large  water  supply,  which  is  necessary. 

Rail  facilities  are  almost  necessary  for  successful 
building  and  operation  of  a  station  of  this  kind  and 
class,  as  it  is  desirable  that  full-size  railroad  cars  and 
large  locomotives  pass  through  or  under  the  station 
for  the  handling  of  the  enormous  bulk  of  coal  to  the 


the  ashpits,  and  also  under  the  soot  pipes  that  handle 
the  soot  from  the  stack,  as  illustrated. 

It  is  doubtful  if  engineers  know  to  what  extent  power 
stations  may  increase  in  size,  and  it  is  suggested  that  no 
project  of  this  kind  should  be  started  where  the  ulti- 
mate possible  development,  if  so  desired,  could  not  be 
made  at  least  250,000  kw.  There  is  no  object  in  putting 
money  into  power-plant  investments  and  then  to  do 
practically  the  same  thing  over  again.  In  other  words, 
money  shou'd  be  used  with  a  breadth  of  character  suf- 
ficient to   meet  any   demand.      As   Americans,   we   are 
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FIG.   1.  PLAN  VIEV^^  OF  A  THIRTY  THOUSAND-KILOWATT  INSTALLATION 
Showing  four  1,716-hp.  Stevep-Pratt  Boilers  and  one  30,000-kw.turbine.      Dotted    lines    indicate    duplicate    installation,    making   a 

total   of   60,000   kw.   for  a  complete  unit 


station  and  ashes  and  soot  from  the  station,  to  say 
nothing  of  the  economical  handling  and  the  installa- 
tion of  new  equipment,  such  as  boilers,  condensers  and 
turbines,  or  the  loading  of  old  equipment  whenever  it 
is  necessary  to  ship  by  rail  to  the  builders  for  over- 
hauling. 

Railroad  cars  of  the  largest  capacity  should  be  avail- 
able under  the  main  cranes  of  the  station  for  handling 
with  the  greatest  facility  the  heavy  parts  of  turbines, 
boilers,  condensers,  etc.  If  a  station  of  this  size  and 
kind  is  located  at  tidewater,  where  railroads  are  not 
available,  large  floating  cranes  may  be  used  in  lieu  of 
the  railroad  service.  It  is  proposed  to  use  a  locomo- 
tive for  shifting  the  largest-sized  railroad  cars  under 


always  building  ourselves  into  some  location  where  we 
cannot  expand  as  our  business  expands,  and  the 
abandonment  of  existing  equipment  is  a  very  expen- 
sive procedure. 

General  Arrangement  of  Station 

In  the  supplement  1,716-hp.,  normal  rating,  Stevens- 
Pratt  boilers  are  shown.  They  are  arranged  in  units 
of  four,  with  one  central  stack,  which  is  from  300  to 
350  ft.  high,  in  order  to  discharge  the  escaping  gases 
and  incidental  dust  which  may  pass  the  soot  separators 
(not  sho'vn)  at  high  altitudes.  Stirling  Stevens-Pratt 
boilers  may  be  advantageously  used  when  desired.  The 
four  boilers  indicated  contain  about  31  miles  of  tubing. 
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The  suggested  development  requires  that  the  boilers 
be  installed  in  practically  an  independent  building,  as 
illustrated,  with  an  outdoor  passageway  between  it  and 
the  turbine  room  and  a  connecting  covered  bridge  (not 
shown  on  the  drawing)  between  the  boiler-house  oper- 
ating room,  which  is  shown  at  the  top  of  the  drawing, 
and  the  switchhouse  operating  rooms  shown  at  the  top 
of  the  switchhouse. 

Although  boilers  are  now  so  designed  in  this  countiT 
that  it  is  not  expected  that  where  plants  are  properly 
installed,   there  will  be  many   more  major  explosions, 
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FIG.  2.     PLAN  AND  ELEVATION  OF  A  TW^O  HUNDRED  AND  FORTY  THOUSAND- 
KILOM^ATT    SUPER    .STATION 
Not-^    the   explosion   gaps   between   each   60,000-kw.    unit. 


minor  explosions  and  derangements,  such  as  tube  fail- 
ures and  steam-pipe  and  fitting  failures  are  to  be  ex- 
pected for  some  time  to  come.  It  is  desirable,  there- 
fore, to  provide,  primarily,  for  such  derangements,  to 
say  nothing  of  guarding  against  the  results  of  electrical 
short  circuits  in  generators,  and  also  as  a  matter  of 
human  protection,  if  not  for  financial  reasons. 

In  leaving  the  explosion  gap  (so  called)  between  the 
boiler  room  and  the  turbine  room,  a  facility  of  light  and 
ventilation  is  made  possible  in  both  rooms ;  it  also  local- 
izes the  damage  to  the  plant  if  an  accident  occurs. 

The  switchhouse  is  designed  with  fireproof  explosion 
wall  with  no  opening  next  to  the  turbine  room,  and  to 
insure  continuity  of  service,  double  busbars  are  pro- 
vided so  that  one  set  may  be  out  of  order  and  under- 


going   repair    and    inspection    while   the   other   carries 
the  load. 

Another  safety  provision  is  incorporated  in  dividing 
each  group  of  turbine  rooms  themselves  by  protecting 
walls  which  reach  to  the  crane  height.  In  the  instance 
of  the  bursting  of  steam  mains  or  fittings,  if  the  oper- 
ators are  protected  by  a  wall  25  or  30  ft.  high,  there  is 
some  chance  for  them  to  escape,  unless  the  explosion  is 
very  disastrous.  Some  engineers,  however,  might  pre- 
fer to  divide  each  group  of  turbine  rooms  into  two 
separate  compartments,   using  two  cranes.     This  is  a 

matter  of  choice  for  indi- 
v  i  d  u  a  1  designers.  Still 
further,  each  60,000-kw.  ca- 
pacity power  house  should 
be  separated  from  the  next 
unit  of  the  same  size  by 
a  space  20  to  40  ft.  in  the 
clear.  The  electrical  ends, 
however,  can  be  connected 
at  the  transformer  station, 
whether  it  is  outside  the 
station  or  inside  the  switch- 
houses.  This  colossal  boiler 
plant  is  illustrated  as  rest- 
ing on  piles,  somewhat  pro- 
portionate as  to  the  loads 
to  be  supported;  for  us- 
ually, in  harbors  and  along 
river  banks  in  the  course 
of  the  past  ages,  a  good 
deal  of  silt  has  been  washed 
in  and  along  the  river  beds, 
and  portions  of  bays  and 
harbors  have  receded  and 
left  a  great  deal  of  soft 
material.  Foundations  so 
located  must  be  built  on 
piles,  preferably  with  a  se- 
ries of  piles  at  the  panel  or 
pressure  joints,  a  slab,  de- 
signed to  support  all  loads, 
wind  loads  as  well  as  grav- 
ity loads,  six  to  eight  feet 
thick,  reinforced  top  and 
bottom  v/ith  steel,  and  the 
columns  should  be  anc)iored 
down,  because  the  pull  at 
times  and  with  different 
loads  imposed  on  the  sta- 
tion and  stack  may  be  up- 
ward. Sleeping  quarters 
for  the  men  are  arranged  on  the  basement  floor  and 
if  desired  in  other  designs,  air  heaters  can  be  installed 
where  the  sleeping  quarters  are  located  in  this  par- 
ticular design. 

As  to  heating  the  air  which  supports  combustion,  it 
is  not  advocated  that  a  very  high  temperature  be  main- 
tained, but  a  moderate  degree  of  heat  shows  a  decrease 
in  the  amount  of  coal  consumed  per  kilowatt  on  the  out- 
going leads  of  the  station,  the  steam  being  extracted 
from  the  high-pressure  stages  to  supply  these  heaters 
when  used. 

The  basement  also  contains  the  large  turbine — and 
motor-driven  forced-draft  fan  for  the  stokers,  as  well 
as  all  other  auxiliaries  in  the  station.  This  combination 
is  used  so  that  the  heat  balance  may  be  correct  without 
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wasting  hot  water  or  steam,  a  condition  with  which  all 
engineers  are  familiar.  Adequate  railroad  scales,  coal 
bunkers,  coal-crushing  rolls  and  coal-handling  apparatus 
are  also  shown,  together  with  a  small  machine  and  pipe- 
threading  shop,  and  the  necessary  storerooms  located 
above  them  for  rough  material  such  as  spare  tubes,  tile, 
asbestos,  etc. 

On  the  firing  floors  stands  are  provided  for  the  main 
motor-actuated  stop  valves.  These 
may  be  controlled  by  remote  motor 
controls  from  the  switchhouse  or 
from  any  part  of  the  plant.  This 
is  an  important  part  of  the  boiler- 
plant  design,  and  there  is  also  a 
permanent  platform  at  or  near  this 
valve  to  permit  of  its  inspection, 
overhanging  or  repair,  A  master 
valve  at  or  near  all  boiler  plants  of  this  size,  with  motor- 
operated  connection,  is  desirable,  so  that  the  valve 
may  be  closed  from  any  point,  in  the  event  of  serious 
disaster  in  the  turbine  room.  The  main  piping  is 
hung  on  springs,  so  that  it  may  expand  and  contract 
at  will  without  straining  the  flanges,  fittings  or  piping. 
The  main  steam  pipe  is  designed  in  what  amounts  to 
a  loop  around  the  boilers,  with  double  valves  on  each 
boiler  lead  or  take-off.  The  valve  rods  extend  to  the 
operating  room.  The  valving  is  so  arranged  that  any 
boiler  section  may  be  taken  out  of  service  at  pleasure, 
and  the  loop  arrangement  provides  for  the  expansion 
and  contraction  in  any  direction  without  the 
straining  of  the  pipe,  fittings  or  valves.  A 
master  branch  runs  from  the  boilers  with  the 
shortest  possible  length  of  piping  to  the  main 
turbines  and  their  auxiliaries.  Most  of  the 
bends  are  at  90-deg.  angle,  but  some  of  them 
are  45  deg.  in  order  that  the  minimum-sized 
piping  may  be  used  with  the  highest  velocity 
without  scoring  or  erosion  of  the  piping,  valve 
seats,  fittings,  etc.  Turbine-boiler-feed  pumps  are  used, 
located  in  the  fireroom  for  the  greatest  accessibility. 
The  fans,  pumps  and  economizers  for  this  entire  instal- 
lation should  be  individual  for  each  main  unit,  with 
cross-connections  on  the  feed  lines  so  that  feed  water 
may  always  be  obtained  quickly  if  one  or  even  two  units 
should  fail.  The  area  shown  between  the  operating 
floor  and  the  floor  supporting  the  induced-draft  fans  is 
really  the  high-temperature  area  in  this  plant.  This 
area  is  to  be  double-cased  at  the  boilers,  so  that  the  in- 
going air  may  be  drawn  in  and  over  the  casings,  and" 
through  the  passageways  and  hollow  bridge  walls  to  the 
forced-draft  fan  inlets  for  the  partial  warming  of  the 
air  used  to  support  combustion  in  the  furnaces. 

The  design  of  the  bridge  walls  is  such  that  they  are 
really  rooms  or  corridors,  and  because  of  this  feature 
the  engineers  may  make  their  furnaces  practically  any 
length  they  desire  and  still  have  accessibility  to  prac- 
tically any  part  of  the  furnace  through  the  doors  in  the 
bridge  walls — not  a  new  idea  but  a  good  one. 

Weighing  larries  for  coal  distribution  to  any  of  the 
furnaces  are  provided  for,  as  well  as  a  suitable  record- 
ing system.  There  is  also  a  lighting  system,  even  to 
the  individual  lights  on  the  coal  larry  and  for  moving 
up  and  down  over  the  tube  areas  for  inspection  and 
cleaning. 

On  the  floor  or  platform  below  the  induced-draft  fans 
will  be  seen  the  economizers  of  a  type  that  it  is  believed 
is  fast  coming  to  the  front.     They  are  a  combination 


of  cast-iron  sections  and  steel  sections  through  which 
the  water  is  pumped  in  series. 

On  a  level  with  the  coal-handling  system  is  shown 
the  induced-draft  fan  room.  These  fans  are  driven,  as 
are  the  forced-draft  fans,  by  steam  turbines  as  a  relay 
to  the  motors  and  for  facility  in  keeping  the  heat  bal- 
ance correct. 

In  the  operating  room  there  is  incorporated  every 
known  device  for  testing  boilers,  permanently  installed 
and  connected,  so  that  in  a  clean,  bright,  well-lighted 
room  with  the  roof  of  the  station  of  wire-insertion 
plate  glass,  the  master  boiler  operator  can  make  hourly 
boiler  tests,  of  the  output  of  the  boilers,  if  he  so  de- 
sires. Periscopes  are  provided  for  observation  of  the 
furnaces  and  periscopes  for  reading  the  water  gage- 
glass  levels  as  well. 

On  this  level  a  remote-control  whistle  valve  and  a 
platform  for  taking  care  of  it  are  showm.  Whistle 
valves  are  hard  to  keep  tight,  and  the  platform  is  pro- 
vided for  the  handling  of  this  valve.  In  all  cities  or 
localities  where  such  a  station  is  built  there  should  be 
a  whistle  12  in.  in  diameter  by  4  ft.  long,  which  could  be 
heard  for  miles,  for  signaling  all  kinds  of  service,  such 
as  militia,  rioting  and  fire,  and  to  give  other  signals, 
even  if  the  station  is  located  in  what  is  more  or  less  of 
a  rural  district. 

Naturally,  the  operating  room  contains  the  necessary 
desks,  and  there  is  also  provision  for  wireless  apparatus. 
One  large  company  in  this  country  is  sending  60  per 
cent  of  its  messages  by  wireless,  the  aerial 
being  connected  to  the  stacks.  If  this  innova- 
tion has  proved  so  successful  to  a  commercial 
organization,  why  not  adopt  the  idea?  On  the 
penthouses  above  the  elevators  will  be  seen 
searchlights,  which  are  desirable  for  the  pro- 
tection of  a  great  station  of  this  kind.  All 
large  stations  should  be  provided  with  eleva- 
tors for  transporting  the  operators  from  one 
floor  or  gallery  to  another,  and  also  to  carry  up  and 
down  station  equipment  such  as  large  valves,  auxiliary 
turbines  and  motors,  etc.  This  station  is  so  designed 
that,  in  so  far  as  possible,  no  planks  or  tackles  will  be 
necessary.  This  avoids  the  use  of  a  large  number  of 
men  who  are  non-productive  except  in  emergency  cases. 
Another  progressive  feature  is  that  telephones  are 
provided  at  all  important  points  or  where  needed.  A 
man  should  not  have  to  walk  over  twenty-five  feet  to 
reach  a  telephone  at  any  point  in  this  great  station. 
Although  not  shown  on  the  drawing,  telephones  are 
placed  at  or  nea-^  the  boiler-drum  manholes,  so  that  it  is 
not  necessary  for  a  man  to  climb 
out  of  the  drum  and  down  the  lad- 
der to  tell  the  chief  engineer  that 
he  has  found  a  certain  defect,  etc., 
in  the  boiler  drums.  Telephones 
are  also  placed  near  the  fans  on  the 
larry  gallery.  These  fans  are  to 
supply  outside  «.ool  a'r  to  the  hot 
sections  or  parts  of  the  boiler  when 
they  are  under  inspection  and  repair.  Naturally,  a 
station  of  this  size  should  be  fitted  with  large  air  com- 
pressors to  supply  air  for  cleaning  the  boiler  tubes  and 
for  doing  all  sorts  of  mechanical  and  other  work  arouna 
the  plant. 

The  int.ike  house  should  be  designed  with  cranes,  be 
steam-heated  and  have  proper  flushing  connections  so 
that  at  certain  seasons  of  the  year,  when  the  condens- 
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ing  water  has  grown  rather  foul  with  leaves,  etc.,  it  may 
be  practically  automatically  cleaned. 

Many  other  features  will  be  observed  in  the  design 
of  the  boiler  plant,  if  carefully  studied.  For  instance, 
note  the  pipes  running  above  the  umbrella  on  the  stack 
and  at  the  base  of  the  umbrella;  these  may  be  used  to 
wash  off  the  dust  that  may  collect  on  the  plate-glass 
roof.  Underneath  the  plate-glass  roof  will  be  observed 
a  shade  on  rollers,  so  that  on  a  hot 
summer's  day  the  operating  room 
may  be  shaded  and  made  comfort- 
able. In  the  stack  casing  (similar 
to  a  transatlantic  liner's  casing) 
will  be  observed  a  reproduction  of 
the  boiler  drums,  from  which  the 
water  levels  may  be  read  by  the 
flashing  of  a  light  in  addition  to  the 
periscope  leading  down  to  the  water  columns  on  the 
boilers  and  also  the  water  gages  installed  on  all  these 
great  units.  In  other  words,  there  are  three  ways  in 
which  the  operator  can  observe  the  water  levels  in  the 
boilers. 

Under  the  platform  or  roof  over  the  space  between 
the  main  boiler  plant  and  the  turbine  room  may  be 
placed  the  main  circulating  pumps,  both  turbine-  and 
motor-driven,  for  the  condensers,  air  compressors,  con- 
densate and  dry-air  vacuum  pumps,  and  the  usual  pump- 
room  machinery. 

Beneath  the  floor  can  be  placed,  if  so  desired,  the  in- 
take tunnel,  for  which  the  main  walls  of  the  boiler 
plant  and  the  turbine  room  make  the  side  walls.  That 
is  to  say,  there  are  no  heavy  loads  imposed  on  this  area 

STANDARDIZATION  TABLE  OF  THE  STEVENS-PRATT  BOILER 

Possible  Output  in  Kilowatts,  allowing  30-lb.  Water  per  Boiler  Horsepower  per 

Hour  and   12-lb.  Steam  per  Kilowatt-Hour,  including  Auxiliaries  in 

Turbine  Plant 

350  J.h.  W.  P.  +  250  De'h  F.  Svperheat 


Size  of 
Sections 

No.  of 
Sections 

in 
Opera- 
tion 

] 

'er  Cent  Rating  of  Sections 
175     200     250 

Kw.    Kw.    Kw. 

Hp. 

Rated  on 

Sq.Ft. 

100 

Kw. 

150 
Kw. 

300 

Kw. 

400 

Kw. 

500 

5,000 
3,750 

7,500 
5,625 

8,750 
6,562 

10,000 
7,500 

12,500 
9,375 

15,000 
11,250 

20,000 
15,000 

600 

6,000 
4,500 

9,000 
6,750 

10,500 
7,875 

12,000 
9,000 

15,000 
11,250 

18,000 
13,500 

24,000 
18  000 

750 

7  500 
5,625 

11,250 
8,437 

13,125 
9,844 

15,000 
11,250 

18,750 
14,062 

22,500 
16,875 

30.000 
22,500 

1,000 

10,000 
7,500 

15,000 
11,250 

17,500 
13,125 

20,000 
15,000 

25,000 
18,750 

30,000 
22,500 

40,000 
30,000 

1,250 

12,500 
9,375 

18,750 
14,063 

21,875 
16,410 

25,000 
18.750 

31,250 
23,438 

37,500 
28,125 

50,000 
37,500 

1,350 

13,500 
10,125 

20,250 
IS  187 

23,625 
17,719 

27,000 
20,250 

33,750 
25,312 

40,500 
30,375 

54,000 
40,500 

1,450 

14,500 
10.875 

21,750 
16,312 

25,375 
19,031 

29,000 
21,750 

36,250 
27,187 

43,500 
32,625 

58,000 
43,500 

1,550 



15,500 
11,625 

23,250 
17,437 

27,125 
20,344 

30,030 
22,520 

31,000 
23,250 

38,750 
29,062 

42,900 
32,175 

46  500 

34.875 

51,480 
38,610 

62,000 
46,500 

1,716 

17,160 
12.870 

25,740 
19,305 

34,320 
25,740 

68,640 
51,480 

between  the  two  main  buildings,  the  boiler  plant  and 
the  turbine  plant. 

The  main  turbine  room  is  necessarily  a  very  simple 
affair  and  is  clearly  illustrated  on  the  drawing  to  bring 
out  the  main  points. 

Where  high  river  water  is  to  be  contended  with,  due 
to  high  spring  rises  or  flood  conditions,  or  where  the 
tide  levels  and  the  railroad  levels  are  markedly  differ- 
ent, the  main  condenser  may  be  placed  in  a  pit  and  the 
eduction  pipe,  or  exhaust  pipe,  between  the  turbine  and 
the  condenser  made  any  reasonable  length  to  give  the 


proper  elevation  and  have  the  usual  siphoning  effect 
through  the  condensers;  the  main  idea  being  that  the 
turbine-room  levels  and  the  boiler-room  levels  should  be 
the  same.  In  designing  the  switchhouse,  provision  should 
be  made  so  that  a  full-sized  railroad  car  should  be  able  to 
pass  through  one  section.  The  elevators  and  elevator 
beams  should  have  a  capacity  great  enough  to  lift  any 
equipment  necessary  in  the  oil  switchroom,  or  the  react- 
ance or  cable  rooms. 

As  a  precaution  against  damage  to  the  generating 
units  a  check  valve,  made  of  heavy  plate,  is  placed  at 
the  warm-air  discharge  to  the  stoker  fan,  so  that  in  the 
event  of  a  minor  explosion  in  the  tube  area  of  the  boil- 
ers, the  dust  and  soot  would  not  be  blown  into  the  main 
turbine  generator. 

Several  arrangements  may  be  used  for  handling  the 
coal  supply.  That  shown  is  a  large  coal  tower  located 
on  the  dock.  There  is  also  an  outdoor  transformer  sta- 
tion, and  the  ash-scow  slip,  similar  to  a  ferryboat  slip 
for  handling  regular  railroad  cars 
on  a  scow  which  may  be  towed  to 
sea  for  dumping.  This  development 
was  conceived  in  1917,  but  the  idea 
lay  dormant  during  the  period  of 
the  war.  As  previously  mentioned, 
the  ideas  and  suggestions  of  many 
have  been  interwoven  into  this  de- 
sign, showing  the  art  up  to  the 
present  time,  and  it  is  desired  to  give  credit  to  anyone 
who  sees  some  of  his  special  designs  embodied  in  this 
illustration,  which  is  presented  to  the  public  for  the 
<?ood  of  the  service. 

Handy  Soldering  Iron 

By  M.  a.  Saller 

It  is  frequently  necessary  to  do  soldering  in  out-of- 
the-way  places  where  a  straight-handled  soldering  iron 
would  prove  to  be  an  awkward  tool.  I  have  made  a 
soldering  iron,  as  shovm  in  the  sketch,  the  handle  rod 
being  provided  with  eyes  and  a  thumbscrew  bolt  and 
nut  at  the  middle,  so  that  the  iron  can  be  adjusted 
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ADJUSTABLE  HANDLE  FOR  SOLDERING  IRON 

to  any  desired  angle,  or  held  in  the  normal  straightway 
position. 


Domestic  exports  of  electrical  machinery  and  ap- 
pliances from  the  United  States  during  March  were  as 
follows:  Batteries,  valued  at  $690,866;  carbons,  $128,- 
531;  dynamos  and  generators,  $464,178;  fans,  $115,- 
069;  incandescent  lamps  (carbon  filament),  $19,986; 
(metal  filament),  $427,348;  magnetos,  spark  plugs,  etc., 
$440,240;  motors,  $1,247,806;  switches  and  accessories, 
$356,631;  transformers,  $347,195;  miscellaneous,  $2,- 
966,103.  The  report  which  is  issued  by  the  Department 
of  Commerce,  Bureau  of  Foreign  and  Domestic  Com- 
merce, Washington,  D.  C,  shows  Canada  well  in  the 
lead  over  all  other  countries  in  the  value  of  her  imports 
from  the  United  States. 
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Vertical-Shaft  Waterwheel-Driven  Alternators  — 
Lubricating  System  and  Rotor 

Typical  Systems  Used  To  Lubricate  the  Various  Bearings  of  a  Vertical   Alternator; 

Influence  of  Flywheel  Effect  on  Speed  Variation  and  Dimensions  of 

Rotor;  Safe  Speeds  and  Different  Rotor  Constructions 

By  S.  H.  MORTENSEN 

Electrical   Engineer,   Allis-Chalmers   Manufacturing   Company 


PROPER  lubrication  of  the  different  bearings  on 
a  vertical  alternator  is  of  great  importance,  and 
many  different  systems,  some  elaborate,  are  in 
service.  In  Fig.  1  is  shown  the  oiling  arrangement 
for  a  vertical  machine  v^ith  a  thrust  bearing  and 
two  guide  bearings  on  the  generator.  As  the  arrows 
indicate,  the  oil  is  pumped  through  a  system  of  piping 
to  the  top  of  the  machine  by  a  small  geared  oil  pump 
mounted  in  the  lower  oil  pan.     At  the  point  marked 


is  carried  off  by  means  of  a  cooling  coil  located  in 
the  oil  bath  surrounding  the  bearing,  as  indicated  in 
the  figure.  A  sufficient  amount  of  cool  water  is  cir- 
culated through  the  coil  to  limit  the  oil  temperature 
to  a  safe  operating  value.  No  special  means  are  pro- 
vided for  cooling  the  oil  from  the  guide  bearing  other 
than  circulating  it  through  the  piping  system. 

Oil   gages   with    drain    cocks    are    provided   for   the 
thrust-bearing  housing  and  lower  oil  pan,  and  a  sight- 


w/fh  Drain  Cx/c 
(6howhgOil Level  in  Thru}'  Bearing) 


\.  ^\^         Oil  Level  in  Pan  when 

C3^C^i     I    I  /ylachine  ii  not  Ponninq 


OilCiciqe  m'lh  Drain  Oxk 


'Oil  Pi/mp  lor  Circulating  LubricatinqXXI 


FIG.    1.      LUBRICATING  SYSTEM  FOR  GENERATOR  WITH 
THRUST   BEARING  AND   TWO   GUIDE   BEARINGS 


A  the  oil  flow  is  divided  into  two  paths.  The  main 
path  leads  to  the  top  guide  bearing,  through  this  bear- 
ing, through  the  lower  bearing  and  back  to  the  main 
oil  pan.  The  second  path  leads  through  the  thrust 
bearing.  The  amount  of  oil  flowing  through  this  pipe 
is  small,  just  sufficient  to  compensate  for  evaporation, 
leakage,  etc.    The  heat  generated  in  the  thrust  bearing 


PIG.  2.     OIL-PAN,  COOLING  COIL  AND  STRAINER 

flow  indicator  is  mounted  in  a  prominent  position. 
The  hand  on  this  indicator  takes  different  positions 
for  different  oil  velocities  a.'d  by  means  of  an  electric 
circuit  may  be  arranged  to  ring  a  signal  hell  if  the 
oil  flow  for  some  reason  is  stopped.  A  drain  is  pro- 
vided in  the  thrust  bearing  to  prevent  flooding.  As 
the  oil  pump  is  called  upon  to  overcome  only  the 
weight  of  the  oil  column  between  the  upper  and  lower 
oil  levels,  it  can  be  of  simple  design,  such  as  a  small 
plunger  pump  or  a  centrifugal  pump  of  the  geared 
type.  In  some  installations  this  pump  is  mounted  out- 
side the  oil  pan  and  operated  from  the  mainshaft  by 
a  chain  drive. 

On  some  largo  vertical  generators  a  somewhat  more 
elaborate  oiling  system  is  used.  The  oil  for  the 
thrust  bearing  is  circulated  by  the  oil  pump  through 
the  piping  system  to  the  thrust  bearing  and  from 
there  back  again  to  the  main  oil  pan,  where  it  is 
cooled  by  a  coil  with  water  circulation.  After  it  is 
cooled,  the  oil  passes  through  an  oil  strainer  back 
to  the  pump,  thus  completing  the  cycle.  From  the 
guide  bearings  the  oil  completes  a  similar  circuit. 
Gate  valves  and  oil-flow  indicators,  together  with  sight 
glasses,  provide  means  for  checking  and  adjusting  the 
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oil  flew.  Fig.  2  shows  the  oil  pan,  cooling  coil  and 
oil  strainer. 

The  method  of  lubrication  varies  with  the  capacity 
of  the  generators  and  with  the  size  of  the  power 
station.  Frequently,  large  stations  have  elaborate  oil- 
ing systems  with  oil  filters  and  separate  motor-driven 
oil  pumps.  However,  the  tendency  at  the  present  time 
is  to  simplify  the  system,  and  in  one  of  the  most  re- 
cent installations  the  oil  in  the  thrust  bearing  is  not 
circulated,  but  kept  cool  by  cooling  coils.  The  oil  lost 
by  leakage  or  evaporation  is  then  replaced  at  regular 
intervals.  The  only  function  of  the  oil  pump  is,  in 
these  cases,  limited  to  circulating  the  comparatively 
small  amount  of  oil  required  for  the  lubrication  of 
the  guide  bearings.  Large  machines  frequently  have 
glass  windows  in  the  thrust-bearing  cover  and  electric 
lamps  mounted  inside  the  cover,  thereby  providing 
ample  opportunity  for  inspecting  the  bearing  parts. 
It  is  important  to  check  the  temperature  of  the  differ- 
ent bearings  to  guard  against  accidents,  therefore 
recording  thermometers  are  usually  supplied  with  the 
more  important  machines. 

Usually  designated  as  WR\  the  flywheel  effect  re- 
quired for  the  proper  speed  variation  of  hydraulic  units 
frequently  determines  the  diameter  and  also  the  weight 
of  the  direct-connected  alternator's  rotor.  As  it  thus 
has  a  direct  bearing  upon  the  design  of  the  machine, 
a  short  discussion  of  the  different  factors  involved  may 
be  of  interest.  As  the  hydraulic  turbine  develops  a 
uniform    torque    throughout    the    revolution,    the    only 


PIG.  3.    ROTOR  SPIDER  OP  ONE  OP  THE  BIG  NIAGARA 
FALLS  UNITS 


function  of  its  rotor  flywheel  effect  is  to  restrain  speed 
variations  during  the  periods  of  load  adjustment. 

The  simplest  case  of  speed  regulation  is  found  in 
open  flume  installations,  where  the  energy  of  the  mov- 
ing water  column  can  be  neglected.  In  such  installa- 
tions the  speed  regulation  depends  upon  four  factors: 
P,  the  load  variation  of  the  unit  in  horsepower;  T, 
the  time  in  seconds  required  by  the  hydraulic  governor 
for  the  opening  or  closing  of  the  turbine  gate;  Wi?', 
the    inertia    of   the    rotating   masses    expressed   as    a 


product  of  the  rotor  weight  and  the  square  of  its 
radius  of  gyration;  and  S,  the  rotor  speed  in  revo- 
lutions   per    minute. 

Let  V  equal  the  ratio  of  the  increase  of  speed  to 
the  normal  speed,  then  the  relation  between  the  factors 
involved  is  found  in  the  equation, 


F  = 


AX  PX  T 
WR'  X  S' 


In  this  equation  A  is  a  constant.     The  speed  change 
V  increases   with  the  amount  of  load  thrown  off  or 
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FIG.  4.    HIGH-SPEED  ROTOP.  COMPLETE 

on,  and  it  also  increases  as  the  time  required  for 
opening  or  closing  the  turbine  gate  increases.  On 
the  other  hand,  V  decreases  with  the  increase  in  the 
rotor  WR'  and  also  as  the  square  of  its  revolving 
speed.  The  equation  is  based  on  the  assumption  that 
the  energy  stored  in  the  water  column  leading  to  and 
away  from  the  turbine  is  without  influence  upon  its 
speed  regulation.    This  is  not  the  case. 

In  installations  with  long  penstocks  and  draft  tubes, 
energy  is  liberated  or  absorbed  by  the  acceleration  or 
retardation  of  the  water  column.  For  such  installation 
either  surge  tanks  or  standpipes  should  be  provided, 
or  the  governor  should  be  adjusted  to  give  slow  gate 
action,  as  otherwise  dangerous  hydraulic  surges  will 
be  set  up  under  load  fluctuations. 

It  is  apparent  that  no  hard  and  fast  rule  can  be 
laid  down  for  the  WR'  required  to  give  successful 
speed  regulation.  For  the  purpose  of  comparison  it 
is  expedient  to  reduce  the  alternator  WR"  to  a  value 
K  corresponding  to  1  hp.  at  1  r.p.m.,  which  gives 

^_  WROXS' 
K-  p 

Values  for  K  thus  derived  vary  over  a  wide  range. 
In  installations  with  long  pipe  lines  and  large  load 
fluctuations,  a  value  oi  K  =  14,000,000  may  be  nec- 
essary to  insure  satisfactory  operation.  On  the  other 
hand,  systems  with  steady  loads  and  short  pipe  lines 
may  give  good  regulation  with  K  =  2,000,000.  The 
flywheel  effect  of  the  turbine  runner  is  generally  neg- 
ligible, and  this  makes  it  necessary  to  embody  the 
required  WR'  in  the  alternator  rotor.  If  the  WK*  of 
a  proposed  machine  falls  short  of  the  momentum  re- 
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quired  by  the  waterwheel  builder,  it  may  be  increased 
within  limits,  either  by  making  the  diameter  of  the 
alternator  rotor  larger  or  by  increasing  its  weight. 
In  high-speed  machines  the  rotor  diameter  is  gener 
ally  as  large  as  the  mechanical  strength  of  its  material 
permits,  and  in  that  case  additional  weight  must  be 
added  to  the  rotor  spider. 

An  increase  in  the  WR^  invariably  means  an  increase 
in  the  cost  of  the  machine,  together  with  a  decrease 
in   its  efficiency,   due  to  additional  windage   and   fric- 


FIG.   5. 


ROTOR   DESIGNED   FOR   EXTREMELY   HIGH 
PERIPHBRAti  VELOCITY 


tion  losses  of  the  rotor.  For  that  reason  the  WK^ 
specified  by  the  waterwheel  builder  should  be  kept 
as  low  as  permissible  to  give  satisfactory  electrical 
operation.  It  should  be  borne  in  mind  that  speed  fluc- 
tuations affect  only  the  frequency  and  voltage  of  an 
electrical  system;  also  that  a  momentary  fluctuation  of 
the  frequency  is  not  objectionable. 

On  systems  where  close  voltage  regulation  is  re- 
quired, it  is  as  a  rule  necessary  to  provide  automatic 
voltage  regulators,  not  alone  on  account  of  the  speed 
fluctuations  on  the  turbine,  but  also  on  account  of 
the  voltage  regulation  of  the  alternator. 

It  should  be  remembered  that  the  WR'  of  all  the 
synchronous  machines,  such  as  motors,  motor-generator 
sets,  frequency-changer  sets,  rotary  converters,  etc., 
connected  to  the  power  system,  is  just  as  effective 
during  speed  fluctuations  as  if  their  momentum  was 
embodied  directly  in  the  rotor  of  the  alternator.  As 
soon  as  the  speed  of  the  turbine  unit  changes,  a  similar 
change  takes  place  in  the  speed  of  all  the  connected 
synchronous  machines,  whose  rotating  part  then  either 
absorbs  energy  from,  or  gives  energy  back,  to  the 
power  system. 

The  runaway  speed  of  a  hydraulic  turbine  determines 
the  maximum  stresses  imposed  upon  the  direct-con- 
nected alternator's  rotor.  For  different  installations 
this  speed  varies  between  li  and  2  times  the  normal 
generator  speed.  Generally,  the  rotor  is  proportioned 
to  limit  its  stresses  at  runaway  speed  to  less  than 
one-half  the  elastic  limit  of  the  respective  material. 
This  gives  an  ample  factor  of  safety  to  take  care  of 
the  hidden  defects  in  the  material  and  practically  elim- 
inates mechanical  failures  due  to  overspeeds. 

Figs.  3  to  5  show  different  rotor  construction  for 
medium-  and  high-speed  vertical  machines.  Fig.  3  is 
the  rotor  for  one  of  the  32,500-kva.  generators  installed 


recently  at  Niagara  Falls.  The  sizes  of  the  rotor 
poles  made  it  expedient  to  divide  them  into  symmet- 
rical halves,  each  half  joined  to  the  spider  by  an 
individual  dovetail.  Fig.  4  shows  a  high-speed  rotor 
for  a  14,200-kva.  vertical  generator  installed  in  a 
plant  of  the  San  Joaquin  Light  and  Power  Co.  A  rotor 
field  pole  and  the  partly  assembled  rotor  for  a  ma- 
chine with  extremely  high  peripheral  velocity  are  shown 
in  Fig.  5,  the  method  of  attaching  the  polepieces  to 
the  rotor  bt'ng  clearly  indicated. 

The  Effect  of  Loose  Nuts  on 

Connecting-Rod  Bolts 

In  a  discussion  of  failures  of  connecting-rod  bolts  in 
internal-combustion  engines  in  "Notes  on  Gas  and  Oil 
Engine  Accidents,"  by  the  National  Boiler  and  General 
Insurance  Co.,  Ltd.,  of  Manchester,  England,  attention 
is  called  to  the  danger  from  running  with  the  nuts 
slacked  off.  These  bolts  are  commonly  fitted  with 
double  nuts,  so  that  when  adjusted  and  tightened  up,  the 
nuts  may  be  locked  together;  they  are  further  fitted 
with  a  split  pin  for  security.  When  first  sent  out  from 
the  shop,  this  split  pin  is  hard  up  against  the  outer 
nut,  but  after  the  brasses  have  been  adjusted  once  or 
twice,  there  will  be  a  clearance  between  the  pin  and 


Gas  Engine  Con.  Rod  Bolt 


I      BOLT    AND 
I         THREAD 
NORMAL 


BOLT  STRETCHED 
5/6  INCH  IN  LENGTH 

AND   REDUCED 
3/16  INCH  IN  DIAMETER 


EFFECT    OF    RUNNING    GAS-ENGINE    CONNECTING-ROD 
BOLT  WITH   SLACK  NUT 

the  nut.  This  clearance  should  be  filled  up  with 
washers,  so  as  to  prevent  the  nuts  from  slacking  back. 
The  illustration  is  reproduced  from  a  photograph  of 
a  connecting-rod  bolt  that  had  been  severely  stressed 
through  being  allowed  to  work  with  the  nuts  slack. 
The  bolt  was  taken  out  of  the  engine  just  in  time,  as 
it  was  stressed  considerably  beyond  the  elastic  limit 
of  the  material  and  was  evidently  on  the  point  of  failure. 
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Refrigeration  Study  Course — X. 
Automatic  Refrigeration 


By  H.  J.  MACINTIRE 


THERE  are  many  applications  of  refrigeration 
which  require  intermittent  work,  but  especially 
is  this  true  of  motor-driven  small-sized  cold- 
storage  plants.  Being  motor-driven,  usually  of  the 
induction  or  sometimes  the  synchronous  type,  it  is  not 
practical  to  provide  variable  speeds  to  adjust  the  speed 
to  the  load.  Also  it  is  desirable  where  possible  to  have 
a  machine  that  is  capable  of  temperature  control,  one 
that  will  be  semi-independent  of  constant  care  or  that 
will  operate  by  night  or  day  subject  to  occasional  super- 
vision on  the  part  of  the  engineer. 

This  desire  for  an  automatic  refrigerating  machine 
applies  more  particularly  to  the  small  machine,  where 
the  plant  does  not  warrant  the  cost  of  additional  oper- 
ators. For  very  small  plants  the  use  of  "holdover" 
tanks,  or  the  brine  system  with  large  storage  tank  and 
continuous  brine  circulation,  has  for  some  time  met 
with  considerable  success.  However,  the  holdover  tank 
requires  considerable  additional  headroom,  because  a 
tank  containing  brine  and  one-third  of  the  total  amount 
of  expansion  piping  must  be  arranged  at  the  top  of  the 
cold-storage  room.     The  submerged  piping  is  expected 
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FIG.    1.      AUTOMATIC    EXPANSION    VALA'-E 

to  provide  the  necessary  refrigeration  for  cooling  the 
brine  to  an  amount  sufficient  to  hold  the  temperature  of 
the  room  during  the  nighttime. 

Likewise,  the  brine-storage  tank  and  circulating 
pump  take  space  and  considerable  extra  power.  The 
compressor,  which  operates  but  about  one-third  of  the 
total  time,  has  to  be  of  sufficient  size  to  carry  the  day 
load  and  store  up  sufficient  refrigeration  for  the  night 
as  well.  Also,  the  operation  is  not  so  efficient,  for  the 
pumping  action  of  the  brine  pump  has  a  heating  effect, 


which  alone  would  heat  the  brine,  even  if  no  refrigera- 
tion were  being  done.  For  example,  a  one-horsepower 
centrifugal  brine  pump  would  heat  the  brine  at  about 
the  same  rate  as  one-fifth  of  a  ton  of  refrigeration; 
namely,  •±2.4  heat  units  per  minute  would  cool  it. 

The  methods  mentioned — "holdover"  tanks  and  brine- 
storage  tanks — are  objectionable  on  account  of  the  space 


FIG.    2.      NO-PRESSURE  FIG.   3.      EXCESSIVE-PRES- 

TTPE  SURE   TYPE 

Control  valves   operated  by  springs  and  gas  pressure 

occupied  and  the  poor  efficiency  of  operation.  The  com- 
pressor and  high-pressure  side  have  to  be  of  extra  size 
so  as  to  provide  the  required  tonnage  in  the  part  time 
of  operation,  including,  as  it  does,  not  only  the  day 
load,  but  the  night  load  as  well.  And  therefore  we 
have  the  automatic  refrigerating  system,  which  may 
operate  without  constant  attention  the  twenty-four 
hours  of  the  day,  or  off  and  on  with  the  demand  which 
is  thermally  controlled  by  a  thermostat  located  in  the 
cold-storage  room.  As  it  may  operate  full  time,  it  may 
be  of  only  two-thirds  or  one-half  the  size  required  of 
the  other  designs,  which  are  arranged  for  part-time 
operation  only.  Before  going  into  a  detailed  descrip- 
tion of  the  totally  automatic  refrigerating  machine,  it 
will  be  advisable  to  review  the  semi-control  systems. 

Semi-Control  Systems 

The  advent  of  the  small  inclosed  type  of  compressor 
has  been  a  decided  advance  in  the  art  of  refrigeration. 
It  is  splash-lubricated,  and  while  the  crank  case  remains 
supplied  with  oil,  it  is  reasonably  free  from  the  dan- 
gers incidental  to  the  lack  of  lubrication.  Likewise,  the 
main  compressor  bearings  are  ring-oiled,  a  method  that 
is  reasonably  safe  as  long  as  the  ring  or  chain  revolves 
freely.  There  remains,  then,  the  necessitv'  for  control  of 
the  water  supply,  the  excess  condenser-pressure  control 
and  some  regulation  of  the  expansion  valve  (if  this  last 
seems  justified).  In  this  connection  attention  is  again 
called  to  the  fact  that  if  the  suction  pressure  is  too 
high,  no  refrigeration  will  be  obtained  at  all,  as  the 
temperature  of  boiling  of  the  ammonia  at  high  pres- 
sures may  be  above  the  temperature  desired.  Likewise, 
if  the  suction  pressure  is  too  low  the  cooling  coils  will 
conduct  heat  better,  but  they  may  become  choked  with  a 
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low-density  gas  and  the  capacity  of  the  compressor  will 
drop  to  one-half  or  one-third  of  the  normal  tonnage  in 
consequence  of  this  so-called  high  specific  volume  of  the 
ammonia. 

The  Suction-Control  Valve 

The  suction-control  expansion  valve  is  in  principle 
like  the  well-known  back-pressure  valve  except  that  the 
latter  deals  only  with  gas  on  both  sides  of  the  valve 
while  the  expansion  valve  must  have  liquid  on  one  side 
and  liquid  and  some  5  to  10  per  cent  of  gas  on  the  other. 
There  is  another  difference,  too,  which  must  be  given 
consideration;  namely,  that  a  little  liquid  ammonia  will 
go  a  great  way  in  producing  refrigeration  and  the 
opening  must  be  very  small  and  the  valve  must  be 
designed  for  close  adjustment.  With  a  head  pressure  of 
150  lb.  on  one  side  and  15  lb.  on  the  other  it  is  clear  that 
a  large  amount  of  liquid  could  pass  through  a  very 
small  opening,  and  a  pound  of  liquid  ammonia  per 
minute  will  provide  the  cooling  effect  required  of  about 
two  and  a  half  tons  of  refrigeration. 

A  good  example  of  such  an  expansion  valve  is  shown 
in  Fig.  1.  This  is  a  design  using  the  diaphragm  method 
of  control.  Liquid  ammonia  comes  in  on  the  right-hand 
side,  as  shown,  and  passes  through  the  filter  and  then  to 
the  conical  reducing  valve,  which  has  an  extended  stem 
that  presses  on  a  pusher  plate.    The  pusher  plate  rests 
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on  the  diaphragm,  which  is  also  under  the  pressure  of  a 
control  spring.  The  under  side  of  the  diaphragm  has 
suction  pressure,  and  the  upper  has  a  spring  pressure 
which  is  regulated  by  the  engineer  for  the  operatmg 
pressure  desired.  Such  a  device  should  give  close  regu- 
lation and  should  be  capable  of  relieving  all  thought  of 
the  expansion-pipe  boiling  temperature  from  the  mind 
of  the  operator. 

The  Excess-Pressure  Release 

Unless  the  discharge  valve  on  the  compressor  is 
closed  or  in  some  most  inconceivable  way  the  discharge 
line  is  obstructed,  then  a  sudden  increase  of  head  pres- 


sure is  caused,  without  exception,  by  the  condensing 
water  used  on  the  condenser.  If  this  condensing  water 
is  not  turned  on  or  is  turned  off,  or  fails  to  function 
properly,  then  the  head  pressure  will  rise.  As  the 
ammonia  compressor  is  usually  made  with  small  clear- 
ances, the  pressure  that  may  be  obtained  under  these 
conditions  may  be  excessive  and  decidedly  dangerous. 


J/VaferOi/f 
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FIG.   6.     SEMI-AUTOMATIC  REFRIGERATING  SYSTEM 
FIG.  7.      COMPLETE  AUTOMATIC  REFRIGERATING  SYSTEM 
SHOWING  MOTORS,  WATER  AND  SUCTION- 
PRESSURE  CONTROL 


The  result  is  that  some  head-pressure  relief  must  be 
provided  in  the  automatic  system  we  are  now  discussing. 

The  most  elementary  of  these  relief  valves  are  those 
operating  against  a  spring  or  a  diaphragm  and  so 
adjusted  as  to  give  movement  to  a  small  plunger.  This 
plunger  acts  on  a  trip  which  releases  a  trigger  to  which 
is  attached  a  weighted  cord  that  in  falling  pulls  open 
the  main  electric  switch  (See  Fig.  3).  Other  simple 
devices  are  on  similar  lines  cf  design.  The  relief  valve, 
identical  to  the  steam-boiler  safety  valve,  may  be  placed 
on  the  discharge  header  and  piped  either  to  the  atmos- 
phere or  into  the  suction  header.  In  the  latter  case  the 
relief  valve  becomes  simply  a  bypass  valve,  but  loaded 
to  a  certain  discharge  pressure.  Then  again  there  may 
be  a  solenoid  device  that  operates  the  main  switch  on 
the  electric  circuit.  This  solenoid  is  excited  by  a 
current  that  is  made  when  the  arm  of  the  pressure  gage 
turns  to  a  certain  desired  pressure,  say  225  lb.,  when 
contact  is  made  and  the  electromagnet  stops  the  motor. 
Likewise,  a  device  may  be  used,  embodying  the  solenoid 
principle  with  that  of  the  safety-valve  design.  The  lift 
of  the  valve  is  made  to  close  the  electric  circuit,  the 
solenoid  is  excited  and  the  main  switch  on  the  motor 
circuit  i.^  made  to  open.  But  all  of  these  designs  oper- 
ate on  the  head  pressure  and  are  planned  for  shutting 
down  the  compressor.  The  cooling  water  may  always 
be  responsible  for  the  excessive  head  pressure,  but  it  is 
not  regulated  by  the  controls  so  far  described. 

The  simplest  water  regulator  is  one  driven  by  the 
compressor  itself.  For  the  method  of  control  it  is  nec- 
essary to  have  a  pump  capable  of  supplying  the  condens- 
ing water  required  and  subject  to  some  suitable  varia- 
tion of  capacity  by  which  more  or  less  volume  of  water 


842 


POWER 


Vol.  51,  No.  21 


'  ^  pumped  per  stroke  of  the  piston.  A  variable  control 
^i  amounts  of  water  is  absolutely  required  unless,  as  in 
G-jRie  wells,  the  temperature  is  a  constant.  A  more 
elaborate  valve  would  be  one  similar  to  Fig.  1,  which  in 
this  case  would  use  the  action  of  the  ammonia,  working 
under  condenser  pressure,  underneath  the  diaphragm. 
The  rise  or  fall  of  this  pressure  actuates  a  valve  that 
regulates  the  amount  of  water  permitted  to  pass  to  the 
condenser,  more  water  being  admitted  with  an  increase 
of  condenser  pressure. 

To  resume,  the  semiautomatic  control  system  (Fig.  6) 
is  one  that  is  designed  to  run  under  certain  prescribed 
conditions :  The  suction  pressure  is  to  remain  constant, 
the  water  is  adjusted  for  normal  conditions,  and  there  is 
an  arrangement  for  shutting  down  the  machine  when 
the  head  pressure  becomes  excessive.  The  machine  is 
safe  under  these  conditions,  and  while  the  compressor 
is  so  operated,  it  is  possible  to  produce  useful 
refrigeration. 

But  if  the  machine  stops,  it  remains  stopped  until  the 
engineer  returns.  Also,  it  will  continue  to  operate 
irrespective  of  the  cold-storage  temperatures  being 
maintained  in  the  storage  rooms.  The  conditions  are 
simply  those  of  safe  operation  during  the  absence  of 
the  engineer  in  charge.  Fig.  6  shows  schematically  the 
arrangement  of  such  a  refrigerating  cycle. 

Complete  Automatic  Systems 

The  completely  automatic  refrigerating  system,  Fig. 
7,  is  electrically  driven,  and  it  is  so  controlled  as  to 
require  the  minimum  of  attendance  such  as  would  be 
required  to  keep  the  plant  in  first-class  operating  con- 
dition. If  necessary,  it  may  operate  the  twenty-four 
hours,  starting  and  stopping  as  required  by  the  tem- 
perature of  the  cold  rooms.    A  thermostat  is  located  in 


the  room  containing  the  expansion  valve,  and  it  is  the 
master  control  of  the  whole  plant. 

In  general  the  rise  of  temperature  of  the  cold-storage 
room  expands  the  elements  of  a  thermostat,  in  conse- 
quence of  which  electric  contact  is  made  and  the  electric 
motors  are  excited  and  the  compressor  is  started. 
Water  is  pumped  over  the  condenser  by  means  of  a 
directly  connected  pump,  or  the  increased  head  pressure 
due  to  starting  the  compressor  actuates  the  water  valve, 
which  opens  until  a  certain  condenser  pressure  is 
obtained.  As  the  compressor  continues  pumping,  the 
suction  pressure  is  reduced  and  the  expansion  valve  is 
opened,  which  allows  liquid  ammonia  to  pass  with  the 
expansion  (refrigerating)  coils.  As  the  expansion 
valve  is  adjusted  for  a  particular  back  pressure,  it  per- 
mits a  suitable  boiling  temperature  for  the  ammonia. 
Operation  under  these  conditions  will  reduce  the  cold- 
storage  temperature  and  the  thermostat  will  open  the 
circuit  and  the  motor  and  compressor  will  stop.  Subse- 
quently, a  decrease  of  head  pressure  will  close  the  water 
valve  (if  one  is  used)  and  a  rise  of  the  boiling  pressure 
(suction)  will  close  the  expansion  valve.  A  diagram  of 
such  an  arrangement  is  shown  in  Fig.  4. 

Finally,  it  may  be  said  that  some  part  at  least  of  the 
automatic  devices  just  described  will  soon  be  in  common 
use,  especially  in  the  large  cities.  Safety  relief  valves 
are  now  required,  and  it  is  more  than  likely  that  remote- 
control  valves  or  automatic  nonreturn  valves  on  the 
condenser,  receiver  and  the  expansion  piping  will  be 
required  also.  The  main  objection  to  the  automatic 
plant  is  its  increased  first  cost,  but  it  is  not  unlikely  that 
all  plants  will  be  better  safeguarded  in  the  future  and 
the  disparity  in  initial  cost  will  not  be  so  marked.  The 
engineer  should  acquaint  himself  with  these  special 
ammonia  valves,  therefore,  and  their  advantages. 


Crude  Petroleums  and  Lubricating  Oils 

Characteristics  of  Crude  Petroleum ;  Origin  ;  Refining ;  General  Requirements  To 
Be  Expected  from  Oils  in  Common  Use  in  the  Power  Plant 

By  J.  D.  ROBERTS 


THE  American  petroleum  industry  began  with  the 
sinking  of  the  first  oil  well  in  Pennsylvania  in 
1859,  just  two  years  after  oil  had  been  struck  in 
Roumania.  In  February,  1916,  the  United  States  Geo- 
logical Survey  estimated  that  the  then  known  fields  in 
the  United  States  were  32  per  cent  exhausted. 

There  are  two  well-known  types  of  crude  petroleum — 
paraffin-base  oils  containing  much  light  oil  and  con- 
siderable paraffin  wax,  like  the  Pennsylvania  oils,  and 
asphalt  oils,  which  contain  little  light  oil  or  paraffin  wax 
but  much  heavy  low-cold-test  oil,  like  the  Texas  oils. 
A  third  type  recognized  is  the  so-called  "mixed-base" 
oil,  an  intermediate  of  the  other  two  types.  Paraffin- 
base  oils  consist  largely  of  compounds  containing  rela- 
tively more  hydrogen  than  is  present  in  the  asphalt-base 
or  naphthalene  oils. 

Crude  oils  are  valued  largely  on  the  basis  of  the  pro- 
ducts distilled.  Oils  yielding  much  gasoline  and  kero- 
sene in  simple  distillation  and  rich  in  paraffin  bring 
the  highest  return  per  unit  of  sale,  though  the  amount 
of  the  sulphur  impurities  is  of  much  importance. 

Oils  from  New  York,  Pennsylvania,  West  Virginia, 
Kentucky  and  eastern  Ohio  are  in  general  paraffin-base, 
free  from  asphalt  or  objectionable  sulphur,  and  yield 


by  ordinary  distillation  high  percentages  of  gasoline 
and  burning  oils.  Their  gravity  ranges  from  34  to  48 
deg.  Baume. 

Oils  from  Indiana  and  northwestern  Ohio  consist 
chiefly  of  paraffin  hydrocarbons,  though  containing  some 
asphalt,  and  are  contaminated  with  sulphur  compounds 
requiring  special  treatment  for  removal,  usually  with 
calcium  oxide  of  lead  or  copper.  There  are  also  some 
lubricating-oil  distillates  produced  in  this  field.  The 
oils  from  Canada  are  classified  in  this  group. 

Illinois  oils  are  mixed-base  and  paraffin-base  with 
widely  varying  sulphur  content,  which  generally  can  be 
removed  without  special  treatment. 

Oils  from  Kansas,  Oklahoma,  northern  and  central 
Texas  and  northern  Louisiana  vary  in  composition  from 
asphaltic  oils  low  in  gasoline  and  kerosene  to  paraffin  oils 
with  good  yields  of  gasoline  and  kerosene.  The  sulphur 
present  varies  in  quantity  and  in  some  cases  requires 
special  treatment  for  its  removal. 

Oils  from  the  Coast  Plain  of  Texas  and  Louisiana  are 
high  in  asphalt  and  low  in  gasoline.  Much  of  the 
sulphur  content  is  in  the  form  of  sulphureted  hydrogen 
and  is  removable  by  steaming. 

Wyoming  and  Colorado  oils  are  mainly  paraflfin-base, 
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though  some  asphaltic-base  oil  is  found  in  Wyoming. 
Oils  from  California  are  generally  asphalt-base,  yield- 
ing no  paraffin  and  with  extremely  variable  sulphur 
content.  Fire  oils,  kerosene,  lubricants,  oil  asphalt  with 
a  slight  yield  of  gasoline  are  manufactured  from  thes3 
crude  petroleums;  their  gravity  ranges  from  12  to  30 
deg.  Baume. 

Oils  from  the  Mexican  fields  are  similar  to  the  oils 
from  the  Coast  Plain  of  Texas  and  southern  Louisiana. 
They  contain  excessive  sulphur  compounds  and  are  low 
in  gravity,  14  to  19  deg.  Baume. 

In  the  order  of  their  gravity,  34  to  48  deg.  Be.,  the 
light  oils  may  be  classified  as  Pennsylvania,  Illinois, 
Louisiana,  Kansas,  and  Oklahoma. 

Among  the  heavy  oils,  1  to  30  deg.  Be.,  are  the  Gulf 
Fields  (southern  Texas  and  Louisiana),  Mexico  and 
most  California  fields. 

Crude  Mineral  Oils  a  Mixtiire  of  Hydrocarbons 

Crude  mineral  oils  are  made  up  chiefly  of  a  mixture 
of  compounds  generally  classified  as  hydrocarbons 
having  a  composition  of  from  12  to  14  per  cent  hydrogen 
and  84  to  88  per  cent  carbon.  From  the  light  hydro- 
carbons like  methane  (CHJ  and  ethane  (C^HJ  found  in 
natural  gas  to  the  heavy  solid  bodies  like  paraffin  or 
asphalt  and  the  viscous  oils  which  cannot  be  distilled 
without  decomposition,  these  hydrocarbons  vary  widely 
in  boiling  point.  As  a  general  rule  paraffin  hydrocar- 
bons have  a  low  lubricating  value.  It  is  also  a  fact 
that  the  viscosity  of  hydrocarbons  increases  rapidly 
with  the  increase  in  molecular  weight,  so  if  high- 
viscosity  products  are  to  be  made  from  crude  oils  of 
the  paraffin-base  class,  distillation  must  be  conducted 
with  as  little  decomposition  as  possible.  The  separation 
of  the  individual  compounds  from  petroleum  is  prac- 
tically impossible  on  account  of  the  boiling  points  of 
the  compounds  being  modified  by  the  presence  of  the 
other  hydrocarbons  in  the  mixture.  The  production  of 
gasoline,  kerosene  and  various  lubricating  oils  is  made 
by  separation  into  groups  of  compounds  with  certain 
boiling  limits. 

Hydrocarbon  will  resist  chemical  action  to  a  marked 
degree,  and  thus  petroleum  oils  show  little  tendency 
to  attack  metals.  Animal  and  vegetable  oils  show  con- 
siderable tendency  to  form  acid  and  will  readily  attack 
some  metals. 

Theories  of  Origin 

Since  different  petroleums  have  different  composi- 
tions, there  is  naturally  a  great  variety  of  theories  to 
account  for  its  origin.  The  inorganic  theories  depend 
largely  on  the  action  of  water  on  heated  metallic  car- 
bides, somewhat  as  acetylene  is  produced  commercially. 
Some  authorities  claim  that  the  theories  which  are  most 
in  accord  with  the  facts  are  those  of  organic  origin  from 
the  decomposition  of  animal  and  vegetable  remains.  Oils 
from  some  Texas  fields  show  evidence  of  marine  animal 
origin.  Also  the  considerable  percentage  of  nitrogen 
compounds  present  in  some  oils  would  seem  to  indicate 
animal  origin.  It  is  a  fact  that  some  of  the  original 
differences  in  petroleum  have  been  further  modified  by 
the  migration  of  the  oil  and  its  filtration  through 
different  strata,  which  changes  the  composition  of 
the  oil. 

The  manufacture  of  lubricating  oils  and  other  prod- 
ucts from  the  crude  petroleum  is  accomplished  by 
distillation  and  chemical  treatment.  Distillation  sep- 
arates the  hydrocarbons  into  groups  of  different  boiling 


points.  Where  heat  is  applied,  the  crude  petroleum 
becomes  more  fluid  by  the  melting  of  certain  substances 
in  the  petroleum,  or  in  other  words,  decreasing  the 
cohesion  of  the  liquid  particles.  As  the  temperature  is 
raised,  some  of  the  crude  petroleum  will  evaporate,  and 
this,  M'hen  condensed,  will  yield  gasoline,  kerosene  and 
other  light  distillates.  While  the  process  is  carried  out, 
some  of  the  hydrocarbons  will  be  decomposed  or 
"cracked"  by  the  heating;  from  this  stage  come  pro- 
ducts of  lower  boiling  point  than  those  present  in  the 
original  petroleum.  With  proper  control  of  the  heating 
and  prevention  of  overheating,  the  best  lubricating 
products  are  obtained  when  the  least  amount  of  decom- 
position and  cracking  of  the  original  compounds  of  the 
crude  petroleum  takes  place.  There  are  two  general 
methods  of  distilling;  namely,  fire  and  steam  distilla- 
tion. From  the  standpoint  of  lubrication  the  best  oils 
are  made  by  steam  distillation,  and  steam  cylinder  oils 
cannot  be  made  in  any  other  way. 

Steam  Distillation  of  Crude  Petroleum 

Briefly,  the  steam  distillation  method  is  carried  out  as 
follows:  The  stills  are  cylindrical  steel  tanks  supported 
in  brick  settings.  Heat  is  first  applied  by  direct  fire, 
and  as  soon  as  heating  has  begun,  steam  is  forced  in  by 
means  of  perforated  pipes  extending  to  the  bottom  of 
the  still.  This  steam  stirs  the  oil  and  prevents  local 
overheating,  and  at  the  same  time  escaping  steam  vapors 
carry  off  the  oil  vapors  as  soon  as  formed,  so  that  they 
do  not  condense  and  fall  back  into  the  still.  These  oil 
vapors  pass  out  through  large-diameter  pipes  at  the 
dome  of  the  still  to  a  vertical  tower  condenser.  In  this 
condenser  the  heavy  oils  condense  first  near  the  bottom 
and  the  light  oils  condense  last  near  the  top.  Thus 
with  this  type  of  condenser  the  oil  may  be  separated  into 
groups  during  the  first  distillation.  With  other  types  of 
condenser  the  distillates  may  have  to  be  redistilled  for 
this  separation  into  groups.  The  groups  so  collected  are, 
in  the  order  of  their  boiling  points:  Crude  naphthas, 
illuminating  oils,  gas  oils,  light  lubricating  distillates, 
heavy  lubricating  distillates  and  undistilled  residue. 

The  distillation  is  usually  stopped  just  before  600 
deg.  F.  The  residue  distilled  is  suitable  for  light  stock, 
if  Pennsylvania  or  other  paraffin-base  stock  has  been 
used.  The  various  distillates  are  distilled  to  rid  them 
of  light  and  heavy  ends  and  render  the  removal  of  paraf- 
fin from  the  lubricating  disiillates  less  difficult.  The 
use  of  steam  not  only  gives  better  grades  of  lubricants 
but  increases  the  yield  of  lubricating  oils  as  well,  par- 
ticularly of  cylinder  stock. 

Redistillation  of  Lubricating  Oils 

Lubricating-oil  distillates  are  distilled  the  second  time 
by  fire  or  steam.  By  the  addition  of  steam  the  undis- 
tilled residue  goes  into  fuel  oil.  The  oils  are  chilled  and 
filter-pressed  to  remove  paraffin  wax.  They  may  be 
partly  distilled  again  and  reduced,  to  remove  the  light 
oils  and  r.o  raise  the  viscosity.  The  light  oils  distilled 
in  this  reducing  p'-ocess  may  be  run  into  the  gas-oil 
distillate  or  made  into  thin  lubricating  oils,  called  "non- 
viscous  neutrals."  The  reduced  lubricating  oils  are  fil- 
tered through  fuller's  earth  or  boneblack  to  improve  the 
color  and  remove  impurities  and  are  then  ready  for  use 
as  "viscous  neutrals." 

The  residue  in  the  still,  if  a  paraffin-base  crude  has 
been  used,  is  a  steam-refined  cylinder  stock.  If  the 
temperature  has  been  carried  well  above  600  deg.  F.  dur- 
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ing  the  distillation,  most  of  the  paraffin  has  been  dis- 
tilled off.  To  make  a  filtered  cylinder  stock,  the  residue 
is  "cut  back"  with  crude  naphtha,  chilled  and  filter- 
pressed  or  otherwise  filtered,  and  the  gasoline  finally 
recovered.  The  product  is  a  filtered,  low-cold-test  cylin- 
der stock. 

The  so-called  Western  lubricating  oils  are  made  from 
crudes  that  contain  little  paraffin.  The  procedure  is 
similar  to  the  refining  of  Pennsylvania  oils,  except  as 
it  may  be  modified  by  the  character  of  the  merchantable 
products  possible.  Most  of  the  California  crudes  and 
much  of  the  Oklahoma  and  Texas  crudes  are  "topped" 
for  the  removal  of  gasoline  and  illuminating  oils,  and 
the  undistilled  residue  is  sold  direct  as  fuel  oil  without 
further  refining. 

Oklahoma  crude  and  some  heavy  crudes  from  Texas 
and  California  are  now  worked  up  for  the  manufacture 
of  certain  lubricants,  such  as  cylinder  oil,  red  engine 
oil  and  lighter  lubricating  distillates.  The  distillates 
have  higher  gravities,  lower  flash  points,  higher  vis- 
cosities at  low  temperatures  (70  or  100  deg.  F.)  and 
lower  cold  tests  than  do  Pennsylvania  products  of  the 
same  class. 

Characteristics  and  Requirements  of  Oils 
Commonly  Used  in  Power  Plants 

In  the  following  are  given  the  characteristics  and 
general  requirements  to  be  expected  from  gas  oil  and 
oils  in  common  use  in  the  power  plant: 

Gas  Oil — The  oils  distilled  between  illuminating  oils 
and  the  light  lubricating  oils  are  used  for  carbureting 
water  gas  and  other  gas  to  improve  the  illuminating 
power  and  for  the  direct  manufacture  of  gas  in  heating 
retorts  as  applied  in  the  production  of  illuminating  gas 
direct  from  the  oil.  This  gas  oil  is  a  cheap  product. 
In  redistilling  the  lubricating-oil  distillates,  the  light 
ends  are  run  into  the  gas  oil.  This  product  is  some- 
times used  for  fuel  oil.  Its  gravity  generally  ranges 
from  32  to  38  deg.  Baume. 

Neutral  Oils — These  oils  are  manufactured  by  steam 
distillation  and  are  of  high  viscosity  in  proportion  to 
their  gravity.  After  the  wax  has  been  removed  from 
the  mixed  lubricating-oil  distillate,  the  oil  is  "reduced" 
by  steam  distillation  to  remove  the  lighter  oils.  These 
light  oils  constitute  the  iionviscous  neutrals,  while  the 
residue  from  this  final  distillation  constitutes  the  viscous 
neutrals. 

The  nonviscous  neutrals  usually  have  a  gravity  well 
above  30  deg.  Be.  and  a  low  viscosity  suitable  for  light 
spindles.  These  oiis  are  considered  the  best  spindle 
oils  as  they  do  not  stain  like  paraffin  oils.  They  are  not 
usually  acid  treated.  The  viscosity  is  45  to  65  at  100 
deg.  Fahrenheit. 

The  viscous  neutrals  are  usually  slightly  above  30  deg. 
Be.  and  have  viscosities  ranging  from  80  to  200  at  100 
deg.  F.  They  are  suitable  for  motor  oils,  turbine  oils, 
gas-engine  oils,  air-compressor  oils  and  for  the  highest 
grade  of  service.  The  color  is  reduced  by  repeated  fil- 
tration through  fuller's  earth  instead  of  by  acid  treat- 
ment. To  make  the  heavier  oils,  the  viscous  neutrals 
are  blended  with  small  amounts  of  high-flash,  filtered, 
steam-cylinder  stock.  Blended  oils  of  high  viscosity  may 
have  gravities  as  low  as  27  deg  Be.,  even  when  from 
Pennsylvania  stock.  Viscous  neutrals  are  also  made 
from  other  stocks,  in  which  case  the  gravities  will  be 
much  lower  than  from  the  Pennsylvania  distillates  alone. 


Spindle  Oils — These  are  low-viscosity  oils  of  45  to  100 
Saybolt  at  100  deg.  F.  They  may  be  light  paraffin  oils, 
but  usually  and  preferably  they  are  the  nonviscous 
neutrals. 

Engine  Oils — Commercial  engine  oils  are  usually  the 
heavier  paraffin  oils.  The  heavier  oils  are  nearly  always 
red,  but  the  amount  of  color  depends  on  the  amount  of 
acid  treatment  or  of  filtration.  The  color  is  not  an  index 
to  the  lubricating  quality.  Heavier  engine  oils  are  some- 
times built  up  by  the  addition  of  cylinder  stocks  to  heavy 
distillates.  Viscous  neutrals  were  formerly  much  used 
as  engine  oils.  Under  present-day  manufacturing  con- 
ditions, high-gravity  neutrals  now  go  largely  into  the 
niotor-oil  trade.  At  the  same  time  low  crude  Western 
neutrals  are  sold  to  a  large  extent  as  engine  oils.  For 
circulating  systems  neutral  oils  are  to  be  desired  and 
are  more  satisfactory  than  paraffin  oils,  as  they  separate 
from  water  more  readily. 

Turbine  Oils — These  are  similar  to  the  lighter  motor 
oils.  The  neutral  oils  separate  from  water  better  than 
do  the  paraffin  oils  and  are  naturally  more  desirable  for 
this  class  of  service. 

Air  Compressor  Oils — These  are  similar  to  the  lighter 
motor  oils. 

There  is  also  a  class  of  undistilled  oils,  from  which, 
by  steam  distillation  of  Pennsylvania  oils  or  other  paraf- 
fin-base oils,  a  heavy  undistilled  oily  residue  is  left  in 
the  still.  This  is  used  as  a  cylinder  stock  after  being 
removed  from  the  impurities.  It  generally  has  a  high 
fire  test  of  500  deg.  F.  and  a  viscosity,  when  from  Penn- 
sylvania stock,  of  140  to  280  at  210  deg.  F.  The  gravity 
of  such  stock  will  not  run  below  24  deg.  Baume. 

Under  this  class  there  is  a  filtered  cylinder  stock  hav- 
ing a  fire  test  that  rarely  runs  over  600  deg.  F.  and  aj 
viscosity  that  seldom  exceeds  160  and  gravity  not  less] 
than  26  deg.  Be.,  if  made  from  Pennslyvania  stock. 
As  a  general  rule  in  the  manufacturing  of  oils,  filtering 
is  considered  to  reduce  the  viscosity  of  cylinder  stock. 
Bright  stocks  generally  show  a  low  cold  test.  Com- 
pounded oils  are  made  by  mixing  or  blending  a  mineral 
oil  with  a  fatty  oil.  The  chief  compounded  oils  are  cylinder 
oils  made  by  dissolving  animal  oil  or  other  animal  fats 
in  cylinder  stock.  Marine-engine  oils  are  made  by  dis- 
solving rape  oil  or  blown  rape  oil  in  mineral  oil.  Com- 
pounded pils  for  other  purposes  than  steam-cylinder 
lubrication  are  seldom  used.  As  a  general  rule  the 
viscosity  of  a  compound  oil  is  much  less  than  the  theo- 
retical viscosity  calculated  from  the  oils  used. 


Experiments  are  to  be  undertaken  at  the  Arlington 
(Va.)  experimental  farm  of  the  United  States  Depart- 
ment of  Agriculture  by  the  chemists  of  the  Bureau  of 
Chemistry  on  the  production  of  gas  by  the  distillation 
of  straw,  corn  stalks,  leaves,  etc.  The  work  will  follow 
the  lines  of  the  investigations  made  at  the  University 
of  Saskatchewan  for  several  years.  The  plant  consists 
of  a  single  retort  with  accessory  cooling,  washing,  and 
gas-storage  equipment,  which  will  permit  tests  of  va- 
rious sorts  of  materials  under  different  conditions  of 
distillation.  The  methods  best  suited  to  the  use  of  the 
gases  for  farm-power  production  will  also  be  studied. 
The  amount  of  work  that  can  be  done  during  the  coming 
year  will  depend  largely  upon  the  amount  of  the  general 
appropriation  for  the  Bureau  of  Chemistry,  as  no  special 
funds  for  this  particular  work  are  available  as  yet. 
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Some  Characteristics  of  Shaft 
Governors 

By  Charles  Myers 

Among  the  many  questions  concerning  shaft  govern- 
ors, with  curved  slot  eccentrics,  that  are  of  interest  to 
the  engineer,  the  following  are  the  most  prominent: 
Does  the  action  of  the  governor,  in  changing  from  full 


FIG.  1. 


CURVED  SLOT  ECCENTRIC  FOR 
SHAFT  GOVERNOR 


load  to  no  load  cause  the  eccentric  to  revolve  around  the 
shaft,  or  to  move  across  the  shaft?  Does  the  action  of 
the  governor  change  the  lead  in  any  way,  or  will  the 
engine  maintain  the  same  lead  under  different  loads? 
If  the  engine  increases  its  speed  a  few  revolutions  per 
minute  when  the  load  is  decreased,  will  the  action  of  the 
governor  cause  the  exhaust  port  to  close  earlier  and 
provide  the  extra  compression  needed  for  the  increase 
in  speed?  In  answer  to  the  first  question,  it  can  be 
seen  from  Fig.  1  that  the  eccentric  does  not  revolve 
around  the  shaft,  but  that  it  moves  across  the  shaft, 
describing  a  short  circular  arc  about  a  center,  which 
is  some  distance  from  the  center  of  the  shaft.  The 
pivot  about  which  the  eccentric  swings  is  usually  on  a 
spoke  of  the  flywheel. 

In  most  engines  the  lead  will  remain  very  nearly 
constant  under  all  loads  on  one  center,  but  will  vary 
a  little  more  on  the  other  center.  The  amount  and  di- 
rection of  these  variations  will  depend  on  the  position 
of  the  eccentric  pivot  and  on  the  length  of  eccentric  rod. 

In  Fig.  2  is  shown  the  position  of  the  eccentric  under 
full  load  with  the  engine  on  the  crank-end  center  and 
the  valve  (a  piston  valve)  showing  a  certain  amount 
of  lead  at  A.  Now,  assuming  that  the  eccentric  is  not 
fastened  to  the  flywheel  in  any  way,  it  is  free  to  move 
across  the  shaft  and  will  move  in  a  circular  arc  about 
a  center  at  the  joint  between  the  valve  rod  and  the 
eccentric  rod.  Under  these  conditions  the  valve  would 
not  move  as  the  eccentric  swings  across  the  shaft. 
Now,  if  the  eccentric  is  moved  across  the  shaft  after 
being  attached  to  the  flywheel,  it  will  not  describe 
the  same  arc  as  when  the  joint  in  the  valve  steam 
served  as  the  center,  and  the  valve  will  move  from  its 
original  position,  thereby  changing  the  lead. 

The  relative  changes  may  be  better  understood  by 
referring  to  Fig.  3.  The  arc  H  is  drawn  about  a  center 
at  the  point  X  and  represents  the  path  of  the  center 


of  the  eccentric  if  it  turned  about  the  joint  at  the 
end  of  the  valve  rod.  The  arc  R  was  drawn  about  a 
center  at  the  point  Y  and  represents  the  path  of  the 
eccentric  when  swinging  about  its  regular  pivot  on  one 
of  the  flywheel  spokes.  In  the  case  illustrated  the  line 
through  X  and  Y  represents  the  center  line  of  the 
engine,  and  the  distance  between  the  points  where  the 
two  arcs  intercept  this  line  would  represent  the  move- 
ment of  the  valve  and  therefore  the  change  in  lead,  in 
going  from  the  full-load  position  to  the  no-load  or 
neutral  position.  Referring  back  to  Fig.  2,  it  is 
obvious  that  under  these  conditions  as  the  load  de- 
creased the  valve  would  be  moved  toward  the  crank  end, 
and  therefore  the  lead  would  be  increased. 

When  the  engine  is  on  the  head-end  center,  the  posi- 
tion of  the  eccentric  and  valve  will  be  as  shown  in  Fig. 
4.  Referring  again  to, Fig.  3,  the  arc  K  represents  the 
path  of  the  eccentric  in  swinging  across  the  shaft 
about  the  valve-rod  joint  (center  at  a)  and  the  arc  S 
the  path  when  the  eccentric  swings  about  its  fulcrum 
(central  at  b).  As  before,  the  distance  between  these 
two  arcs,  when  measured  along  the  center  line  of  the 
engine,  will  present  the  change  in  lead,  and  it  is  obvious 
that  this  change  is  greater  than  in  the  case  where 
the  engine  was  on  the  crank-end  dead  point.  In  draw- 
ing the  diagram  in  Fig.  3,  the  proportions  were  so 
taken  as  to  exaggerate  the  change  in  lead  so  that  it 
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PIG.    2.      POSITION    OF    ECCENTRIC    AND    PISTON    VALVE 
A.T  FULL-LOAD;  ENGINE  ON  CRANK-END  CENTER 
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FIG.    3.      DIAGRAM   TO    SHOW    CHANGE   IN   LEAD   AS   THE 
ECCENTRIC  SWINGS  ACROSS  THE  SHAFT 


FIG.   4.      POSITION  OF  ECCENTRIC  AND  PISTON  VALVE  AT 
FULL-LOAD,    ENGINE   ON   HEAD-END    CENTER 


might  be  seen  easily.  In  the  actual  engine  the  length 
of  the  eccentric  rod  is  so  great  in  proportion  to  the 
distance  through  which  the  eccentric  swings  that  the 
arcs  H  and  K  are,  for  all  practical  purposes,  straight 
lines  at  right  angles  to  the  center  line  of  the  engine. 
Under  these  conditions  the  difference  between  the 
change  in  lead  on  the  two  ends  is  too  small  to  be 
measured,  and  although  there  is  such  a  difference  it 
would  not  show  up  on  the  indicator  card  in  the  case 
of  any  reasonably  well-designed  engine.    It  is  also  true 
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:hat  in  an  actual  engine  the  total  swing  of  the  eccen- 
tric is  relatively  much  smaller  and  the  radius  of  the 
arcs  R  and  S  is  relatively  much  greater  than  is  shovra 
in  Fig.  3.  As  a  result,  the  change  in  lead  becomes  very 
small  and  is  usually  considered  negligible. 

In  the  case  illustrated,  the  pivot  about  which  the 
eccentric  swings  is  located  180  deg.  from  the  crank, 
and  the  valve  is  a  piston  valve  taking  steam  at  the 
middle.  Under  these  conditions,  as  the  eccentric  swings 
across  the  crank  the  lead  is  increased.  If  the  eccen- 
tric pivot  were  placed  in  line  with  the  crank  and  used 
in  connection  with  a  piston  valve,  the  effect  would  be 
to  decrease  the  lead.  This  can  be  seen  by  referring 
again  to  Fig.  3,  where,  under  these  conditions,  the  arc 
R  would  be  curved  in  the  opposite  direction,  which  would 
result  in  moving  the  valve  toward  the  head  end  of  the 
cylinder,  and  this,  as  will  be  seen  from  Fig.  2,  would 
result  in  closing  the  port  and  therefore  decreasing  the 
lead.  With  a  plain  slide  valve,  and  the  eccentric  pivot 
in  line  with  the  crank,  moving  the  valve  toward  the 
head  end  when  the  engine  is  on  the  crank-end  center 
would  result,  of  course,  in  an  increased  lead.  In  the 
fourth  possible  case  the  pivot  of  the  eccentric  is  180 
deg.  from  the  crank,  with  a  plain  slide  valve,  which  will 
result  in  an  increased  lead  as  the  eccentric  moves 
across  the  shaft. 

The  most  important  feature  of  the  governor  is  its 
ability  to  change  the  point  of  cutoff  so  as  to  admit 
just  the  amount  of  steam  required  to  maintain  a 
uniform  speed  under  any  load.  In  order  to  do  this 
it  is  necessary  to  make  cutoff  come  earlier  when  the 
load  decreases  or  the  speed  increases.  Referring  again 
to  Fig.  1,  the  eccentric  is  here  shown  as  it  would  be 
with  the  engine  standing  still;  that  is,  the  spring  has 
drawn  the  eccentric  out  as  far  as  possible.  In  this 
position,  which  is  also  shown  in  Fig.  2,  the  "thick  part" 
of  the  eccentric  is  along  the  line  ab,  and  as  the  engine 
runs  over,  the  valve  will  continue  to  open  until  the 
point  b  turns  into  line  with  the  center  line  of  the 
engine.  From  that  time  on  the  valve  will  be  closing, 
although,  of  course,  cutoff  will  not  occur  until  some 
time  later.  Suppose  now,  that  the  weight  is  pulled  out 
by  centrifugal  force,  when  it  will  be  seen  from  Fig. 
1  that  the  eccentric  will  move  down  across  the  shaft. 
Referring  again  to  Fig.  2,  this  will  result  in  the  thick 
part  of  the  eccentric  being  along  the  line  DE,  which 
is  already  practically  on  the  center  line  of  the  engine, 
and  therefore  the  eccentric  is  in  a  position  to  begin 
closing  the  port.  It  is  obvious,  then,  that  as  the  weight 
on  the  governor  moves  out,  steam  will  be  cut  off  earlier. 

A  study  of  the  valves  and  ports,  as  shown  in  Fig.  2, 
makes  it  clear  that  an  earlier  cutoff  simply  means  that 
the  valve  has  reached  a  certain  point  in  its  travel  some- 
what earlier.  If,  then,  the  steam  port  on  the  crank  end 
is  closed  earlier,  obviously  the  exhaust  port  on  the 
head  end  must  be  closed  earlier,  since  both  are  closed 
as  the  valve  moves  toward  the  head  end  of  the  cylinder. 
It  is  evident,  then,  that  the  curved  slot  eccentric  will 
give  the  desired  earlier  compression,  as  the  load  on 
the  engine  decreases. 

The  usual  method  of  explaining  the  ability  of  the 
governor  to  produce  an  earlier  cutoff  and  an  earlier 
compression  is  to  say  that  as  the  weights  fly  out  the 
angular  advance  of  the  eccentric  is  incraesed,  and  its 
eccentricity  is  decreased.  It  is  hoped  that  the  explana- 
tions given  here,  which  are  in  an  entirely  different 
form,  will  make  this  matter  plain  to  somo  who  have 
difficulty  in  understanding  the  more  technical  form. 


Wattmeter  and  Power-Factor  Indicator 
Connections 

By  H.  C.  Yeaton 

Figs.  1  and  2  show  the  connections  for  a  polyphase 
wattmeter  and  power-factor  indicator  to  measure  the 
power  and  power  factor  of  a  three-wire,  three-phase 
circuit,  using  either  two  or  three  current  transformers, 


Source 


rPofentia/  Transformers 


,'Wattmet^ 


Load 

FIG.    1.      WATTMETER  AND   POWER-FACTOR   INDICATOR 
CONNECTIONS  WITH  TWO   CURRENT  TRANSFORMERS 


and  two  potential  transformers.  The  use  of  three 
current  transformers,  in  the  installation  of  instruments 
in  power  plants,  quite  frequently  occurs.  However,  only 
two  current  transformers  are  necessary  to  give  the  same 
results. 

It  is  preferable  to  connect  the  instruments  like  Fig.  1, 
as  it  eliminates  the  cost  and  installation  of  an  extra 


Source 


;Pofential  Transformers 


\Mxffmefer 


Load 

P'IG.    2.      WATTMETER  AND  POWER-FACTOR   INDICATOR 
CONNECTIONS  WITH  THREE  CURRENT  TRANSFORMERS 

current  transformer.  The  same  results  are  obtained  by 
either  method  of  connections,  as  the  resultant  of  the  two 
current  transformers  in  Fig.  1  is  the  same  as  that  of  the 
extra  current  transformer  in  Fig.  2,  and  the  instan- 
taneous polarity  of  current  through  the  instrument  is 
the  same  in  both  cases,  as  is  indicated  by  arrows. 
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Charles  T.  Main  —  Industrial  Engineer 

A  Technical  Man  with  Wide  Experience  in  This  Newly  Recognized  Field 

of  Engineering 


AMONG  the  suggestions  contained  in  a  recent 
l\  committee  report  to  the  American  Society  of 
-X.  Jl  Mechanical  Engineers  was  a  recommendation 
that  Industrial  Engineering  be  considered  as  a  major 
subject  in  arranging  for  discussions  by  the  Society. 
This  is  only  one  testimony  to  the  growing  recognition 
of  the  importance  of  this  branch  of  engineering. 

The  problems  of  power  generation  and  use,  of  the 
uses  of  steam  in  various  manufacturing  processes, 
of  the  complicated  automatic  machinery  in  the  modern 
factory  and  most  impor- 
tant of  all,  the  human  or 
social  problems  involved 
where  large  numbers  of 
people  work  together 
must  be  solved,  not  as 
individual  problems  but 
with  regard  to  their  re- 
lations to  each  other.  It 
is  the  industrial  engi- 
neer to  whom  we  must 
look  to  solve  these  prob- 
lems and  on  whose  solu- 
tion of  them  depends  the 
success  or  failure  of 
modern  industry  in  this 
country.  It  has  been 
said  that  America  could 
always  produce  the  right 
man  or  men  to  fill  any 
need.  When  the  need 
for  industrial  engineers 
was  recognized  it  was 
found  that  a  group  of 
men  were  already  at 
work  fulfilling  the  need. 
One  of  the  men  occu- 
pying a  prominent  posi- 
tion in  this  group  is 
Charles  T.  Main  of  Bos- 
ton. His  engineering 
experience  has  covered 
textile  mills,  industrial 
plants  of  all  kinds  and 

steam  and  hydraulic  power  development.  He  has  had 
a  hand  in  the  evolution  of  a  number  of  large  enterprises 
and  has  contributed  no  small  amount  to  the  general 
industrial  progress. 

Mr.  Main  was  born  in  Marblehead,  Mass.,  Feb. 
16,  1856,  and  can  trace  his  ancestry  to  old  American 
families  established  in  colonial  days.  He  graduated 
from  the  Massachusetts  Institute  of  Technology  in 
1876  with  the  Degree  of  Bachelor  of  Science  in  the 
Department  of  Mechanical  Engineering  and  spent  the 
next  three  years  as  an  assistant  in  the  same  depart- 
ment. It  is  a  familiar  saying  among  teachers  that  the 
best  way  to  leani  a  subject  thoroughly  is  to  teach  it 
to  someone  else.  Undoubtedly  Mr.  Main's  three  years 
as  a  teacher  served  to  round  out  and  fix  in  his  mind 
the  technical  training  he  had  received  while  a  student, 


CHARLES   T.   MAIN 


In  1879  he  began  his  connection  with  industry  as 
a  draftsman  in  the  Manchester  Mills,  Manchester, 
N.  H.,  leaving  there  in  January,  1881,  to  become  engi* 
neer  of  the  Lower  Pacific  Mills  in  Lawrence,  Mass. 
In  1886  he  was  promoted  to  the  position  of  assistant 
superintendent,  and  a  year  later  became  superintend- 
ent of  the  mill.  From  the  first  of  his  connection  with 
the  Pacific  Mills  Mr.  Main's  duties  required  consider- 
able executive  ability  and  gave  him  a.  chance  to  show 
what  he  could  do.    That  he  was  at  heart  an  engineer, 

rather  than  an  executive 
is  shown  by  his  action 
in  retaining  direct  con- 
trol of  all  engineering 
work  when  assuming  the 
executive  duties  of  the 
superintendency.  During 
his  eleven  years  with 
this  mill  he  directed  the 
reorganization  and  re- 
building of  the  plant  and 
for  more  than  five  years 
had  charge  of  its  opera- 
tion. Finally  the  "call 
of  engineering"  became 
too  strong  to  be  resisted 
and  in  1892  he  left  the 
JPacific  Mills  and  began 
the  practice  of  miscel- 
1  a  n  e  0  u  s  engineering 
work  in  Providence.  In 
Januar3%  1893,  he  be- 
came associated  with 
F.  W.  Dean  under  the 
firm  name  of  Dean  & 
Main  in  general  engi- 
neering work.  As  was 
natural,  the  attention  of 
the  new  firm  at  first  was 
devoted  to  textile  engi-r 
neering,  but  gradually  it 
reached  out  to  include 
work  in  every  sort  of 
industrial  plant.  Jn  1907 
Mr.  Main  embarked  independently  under  the  name  of 
Charles  T.  Main,  Engineer. 

During  his  seventeen  years  as  an  industrial  engi- 
neer, Mr.  Main's  services  have  been  in  demand  over 
the  entire  field  of  such  engineering.  He  has  directed 
the  design  and  construction  of  many  plants  and  has 
reorganized  others.  Among  his  larger  undertakings 
are  the  Wood  Worsted  and  the  Ayer  Mills  in  Lawrence  as 
representatives  of  the  textile  industry,  and  develop- 
ments for  the  Montana  Power  Company  aggregating 
about  250,000  hp.,  in  the  hydro-electric  field.  In  addi- 
tion to  his  work  in  design,  construction  and  reorgani- 
zation, Mr.  Main  has  served  as  expert  witness,  or  as 
referee,  in  important  legal  actions  involving  engineer- 
ing questions,  and  has  made  numerous  appraisals  of 
industrial  plants. 
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He  has  always  taken  an  active  interest  in  public 
affairs  and  been  ready  to  do  what  he  could  for 
the  public  welfare.  In  Lawrence  he  was  a  member  of 
the  board  of  trustees  of  the  public  library  and  a 
member  of  the  school  committee,  besides  being  an 
alderman  of  the  city.  In  Winchester  v/here  he  has 
lived  for  some  years  he  has  been  a  member  of  the 
water  and  sewer  board. 

Mr.  Main  has  always  been  active  in  the  work  of 
the  American  Society  of  Mechanical  Engineers  of 
which  he  became  a  member  in  1885.  He  was  a  man- 
ager of  the  Society  from  1914  to  1917  and  its  president 
in  1918.  He  also  represented  the  Society  in  the  dele- 
gation of  American  engineers  who  went  to  France, 
on  the  invitation  of  the  French  engineering  societies, 
to  discuss  the  problems  involved  in  the  rehabilitation 
of  that  country. 

While  naturally  the  American  Society  of  Mechanical 
Engineer  claims  Mr.  Main's  first  attention,  he  is  also 
connected  with  other  technical  societies.  Among  them 
are  the  American  Society  of  Civil  Engineers,  the  Amer- 
ican Institute  of  Consulting  Engineers  and  the  Boston 
Society  of  Civil  Engineers.  Of  the  last  named  society 
Mr.  Main  is  a  past  president.  He  is  also  a  past  presi- 
dent of  the  Engineers  Club  of  Boston  and  a  member 
of  the  Exchange  Club  of  Boston,  the  Engineers  Club 
of  New  York  and  the  Calumet  and  Winchester  Country 
Club  of  Winchester,  Mass.  His  financial  activities 
include  directorship  in  the  Massachusetts  Trust  Co., 
the  Tennessee  Eastern  Electric  Co.  and  the  Berkshire 
Cotton  Manufacturing  Co.,  as  well  as  a  trusteeship  in 
the  Winchester  Savings  Bank. 

Among  all  his  varied  activities,  an  important,  if  not 
the; most  important,  one  is  his  life  membership  in  the 
Corporation;  of  the  Massachusetts  Institute  of  Tech- 
nology. ■  Mr.-  Main  has  not  forgotten  the  institution  in 
which  he  received  his  early  training  and  takes  an  es- 
pecial- interest  in  his  own  department.  It  is  true  that 
a;  ma^n  of  his  ability  would  have  probably  succeeded  with- 
Oiut'such  training  as  he  received  at  Technology,  but  un- 
dijubtedly  this  training  has  smoothed  many  a  difficulty 
aind  helped  him  out  of  many  a  tight  place.  He  has, 
however,  well  repaid  his  debt  to  the  Institute  by  his 
service  as  a  member  of  its  governing  body. 

Some  Notes  on  the  Loss  of  Head  Due 
to  Friction  in  Water  Pipes 

By  H.  M.  Brayton 

In  any  system  of  piping  through  which  water  is 
pumped,  the  loss  in  head  due  to  friction  is  an  important 
item  in  the  selection  and  operation  of  the  pumping 
equipment.  While  this  loss  may  be  decreased  by 
increased  pipe  sizes,  an  economic  balance  must  be  main- 
tained between  the  saving  in  friction  and  the  cost  of 
pipe.  Although  much  remains  to  be  done,  a  great  deal 
of  experimental  work  has  already  furnished  data 
from  which  we  may  calculate  these  losses  with  sufficient 
accuracy  for  practical  purposes.  These  investigations 
also  suggest  methods  of  reducing  friction  losses  without 
increasing  the  cost  of  installation. 

As  a  guide  in  designing  piping  systems  so  as  to 
balance  first  cost  against  friction  losses,  a  velocity  of 
not  over  five  feet  per  second  has  been  found  to  give 
reasonable  results,  although  in  some  cases  three  feet 
per  second  is  enough.  As  a  check  on  this  it  is  good 
practice  to  provide  for  a  maximum  loss  of  head  of  about 


five  feet  in  one  hundred  feet  length  of  pipe.  The  whole 
system  should  be  as  free  from  bends  as  possible,  espe- 
cially short-radius  elbows.  The  loss  in  the  90-deg.  bend  j 
in  a  20-in.  pipe  is  equivalent  to  that  in  one  hundred 
feet  of  straight  pipe. 

Usually,  a  certain  pressure  is  desired  at  the  discharge 
end  of  the  pipe,  and  adding  the  loss  of  head  due  to  fric- 
tion to  the  static  head  gives  the  total  head  on  the  pump. 
In  such  a  determination  the  loss  of  head  in  the  suction 
side  of  the  system  must  not  be  neglected.  When  the 
pump  is  above  the  water  supply,  the  suction  friction  and 
static  heads  must  be  added  to  the  discharge  friction 
and  static  heads  in  order  to  get  the  total  head  and 
required  power.  If  the  pump  is  below  the  water  level  in 
the  supply,  the  suction  friction  head  only  is  added  to 
the  discharge  head  and  the  suction  static  head  is  then 
subtracted  to  obtain  the  total  head.  In  other  words,  ' 
when  water  flows  to  the  pump  by  gravity,  the  suction 
head  helps  out  and  reduces  the  required  power. 

One  way  to  determine  the  friction  loss  in  the  system 
is  to  obtain  a  table  from  any  of  the  numerous  pump 
manufacturers.  These  tables  usually  give  the  friction 
loss  at  the  various  velocities  and  for  all  of  the  common 
sizes  of  pipe.  In  the  absence  of  such  a  table  the  loss 
can  be  obtained  from  the  fundamental  formula  for 
friction  in  pipes  which  reads  as  follows: 


i?  = 


fLV^ 
2gD 


H 


0.025  LV^ 
64.4Z> 


If  L  =  100  ft.,  the  formula  simplifies  to 


iJ  = 


0.025  X  100 y2       0.03881^ 


64.4Z> 


D 


Elbows  and  bends  are  transferred  into  equivalent  feet 
of  straight  pipe  in  calculating  the  losses. 

In  the  determination  of  the  lost  head  in  systems  that 
are  made  up  of  several  branches  extending  from  one,  it 
must  be  noted  that  the  sum  of  the  losses  in  the  different 
branches  is  not  the  lost  head  for  the  system.  This 
would  be  a  much  larger  value  than  the  true  one.  The 
branch  that  contains  the  longest  line  or  has  the  largest 
number  of  elbows  should  be  selected  and  its  lost  head 
determined.  It  is  sometimes  necessary  to  calculate  all 
the  branches  in  order  to  tell  which  one  has  the  greatest 
loss.  When  this  is  found,  it  should  be  added  to  the  loss 
incurred  in  the  system  up  to  the  point  where  that 
branch  leaves  the  header.  This  total  will  be  the 
maximum  loss  for  the  system. 

When  the  delivery  point  is  located  a  long  distance 
from  the  pumphouse,  the  friction  loss  may  be  consider- 
able, and  the  designer  m.ust  look  for  ways  and  means  of 
reducing  it  to  a  minimum.  It  sometimes  happens  that 
two  or  more  lines  are  run,  each  fed  by  its  own  pump. 
This  arrangement  is  all  right  when  the  distance  is 
short,  but  when  long  the  loss  is  much  more  than  nec- 


in  which  H  =  lost  head  in  feet ;  L  =  length  of  pipe  in 
feet ;  V  ■==  velocity  of  water  in  pipe  in  feet  per  second ; 
D  =  pipe  diameter  in  inches;  /  =  the  friction  factor; 
g  =  32.2. 

The  value  of  /  varies  slightly  for  different  velocities 
and  for  different  diameters  of  pipe.  For  the  usual 
range  met  with  in  power-plant  practice,  however,  a 
value  of  0.025  is  accurate  enough  for  practical  work. 
The  equation  then  becomes 
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essary.  In  this  connection  it  is  interesting  to  note  how 
the  friction  loss  is  reduced  in  such  a  case  by  merely 
combining  the  several  pipes  into  one  large  main.  Not 
only  is  friction  head  reduced  by  this  procedure,  but  con- 
siderable saving  in  first  cost  is  realized.  A  general 
formula  showing  just  how  the  friction  does  decrease  as 
we  combine  several  pipes  into  one,  may  be  deduced, 
using  the  following  notation:  h  =  head  lost  in  each 
small  pipe  in  feet ;  H  =  head  lost  in  the  one  large  pipe 
in  feet;  d  =  diameter  of  small  pipes  in  inches;  D  = 
diameter  of  large  pipe  in  inches ;  /  =  friction  factor  = 
0.025 ;  L  =  length  of  pipe  in  feet ;  V  =  velocity  of  water 
in  feet  per  second. 

The  size  for  the  one  large  pipe  should  be  such  that 
the  velocity  of  the  water  through  it  shall  be  the  same 
as  in  the  several  small  pipes.  The  fundamental  friction 
formula  already  given  may  be  written, 

,    _fLV'        .   „        fLV' 
^  ~  64Ad   ''"'^  "  "  64AD 

As  the  quantity  of  water  flowing  is  always  equal  to  the 
area  multiplied  by  the  velocity,  and  assuming  equal 
velocities  in  the  two  cases, 

Q  =  AV  =  NaV 

where  A  and  a  are  the  areas  of  the  large  and  small 
pipes,  respectively.    We  may  solve  this  as  follows: 


A  =  Na  or 


0.785  Z)2       N  0.185  d-^ 


or  D  =  ^N  d 


144  ,.     144 

Substituting  this   value   of  D   into   the   H  equation 
given  above  results  in  the  following  expression: 

fLV^ 


H 


64.4VliV  d 


or  solving  for  d,  we  have. 


d  = 


fLV 


64AylN  H 
From  the  first  equation  under  this  consideration, 

fLV 
64.4/1 


d 


Now  equating  these  two  values  for  d  gives 
P  fLV^  ^      fLV 

64.4/1        64.4  ViVi/ 

Assuming  the  value  of  /  to  be  the  same  under  the  two 
conditions,  the  foregoing  simplifies  to 


H  = 


h 


This  last  equation  tells  simply  that  the  lost  head  when 
several  small  pipes  are  replaced  by  one  large  one  is 
equal  to  the  lost  head  in  one  of  the  small  pipes  divided 
by  the  square  root  of  the  number  of  small  pipes  thus 
united.  For  example,  if  four  small  pipes  are  replaced 
by  one  large  one  so  that  the  velocity  of  the  water 
through  the  large  pipe  will  be  the  same,  and  the  total 
friction  loss  in  one  of  the  small  pipe  lines  was  15  ft., 
then   the   loss    in   the    one   large    line   would   be   only. 


^5 

V4 


^  -  7.5/^. 


It  has  already  been  stated  that  the  friction  factor  / 
was  considered  equal  in  the  two  cases,  and  there  may 
be  some  who  object  to  this  assumption.  By  consulting  a 
table  of  friction  values,  however,  it  will  be  noticed  that 


they  are  smaller  for  the  larger  sizes  of  pipe.  If  / 
equals  the  friction  factor  in  the  small  pipe  and  F  that 
in  the  larger,  the  foregoing  equation  would  become 

As  the  value  of  /  is  greater  than  the  value  of  F,  the 

F 

f 

H  still  smaller  than  when  the  friction  factors  were 
assumed  equal. 


ratio     >     is  less  than  unity,  which  makes  the  value  of 


Portable  Insulating-Oil  Testing  Set 

A  small,  compact,  portable  testing  set,  shown  in  the 
figure,  suitable  for  oil  testing  only,  consisting  of  a  main 
testing  transformer  having  a  high-potential  winding  for 
25,000  volts,  a  control  and  an  oil-testing  spark  gap,  has 
recently  been  developed  by  the  General  Electric  Co.  The 
ter-ting  transformer  has  a  ratio  of  110  to  25,000  volts 
and  is  of  the  oil-insulated  type.  The  transformer  weighs 
about  seventy  pounds  and  is  equipped  with  handles 
which  make  it  easy  to  carry.    It  is  designed  for  indoor 


OIL-TESTING  TRANSFORMER  AND  CONTROL  PANEL 

service;  if  used  outdoors,  it  should  be  provided  with  a 
suitable  cover. 

The  control  consists  of  an  air-cooled  auto-transformer 
with  regulating  taps  connected  to  a  selector  switch  with 
dial  to  give  15,000,  17,500,  22,500  and  25,000  vclts  on 
the  high-tension  winding  of  the  main  transformer,  and 
a  double-poie  step-resistance  knife  switcn,  which  pre- 
vents wave  distortion  when  the  transformer  is  cyt  into 
the  line.  These  devices  are  all  mounted  as  a  unit, 
shown  to  the  right  in  the  figure. 

The  oil-testing  spark  gap  is  made  of  a  hard-rubber 
body  molded  in  one  piece,  the  electrodes  being  one-inch 
disks  with  their  shafts  shrunk  into  the  molded  part. 
One  electrode  is  made  movable  by  rotating,  and  a  gage 
is  provided  for  adjusting  the  spacing.  The  test  is 
carried  out  as  follows:  The  gap  is  lifted  from  its  sup- 
ports and  filled  with  a  sample  of  the  oil.  It  is  then 
replaced  on  the  supports,  and  after  the  dial  on  the  con- 
trol has  been  set  for  15,000  volts,  the  knife  switch  is 
closed  and  held  for  about  five  seconds.  If  the  oil  does 
not  break  down,  the  test  is  repeated  on  higher-voltage 
steps. 
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Unity  Power-Factor  Synchronous  Motor 

By  W.  T.  BERKSHIRE 

Alternating-Current  Engineering  Department,  General  Electric  Company 


Examples  are  worked  out  to  shotv  Jiow  a  1,000-kw. 
synchronous  motor  affects  the  total  kilovolt- 
ampere  load  on  a  system  tvhen  the  motor  is 
operating  at  unity  power  factor,  0.80  power-fac- 
tor leading  and  at  0.0  power-factor  leading.  The 
power  factor  of  a  unity  power-factor  motor  under 
different  loads  is  also  discussed. 


THE  disadvantages  of  low  power  factor  are  gener- 
ally known  to  most  users  of  electric  power.  Low 
power  factor  means  unnecessarily  large  and  more 
expensive  generators,  and  exciters  with  poor  efficiency 
due  to  increased  losses;  increased  cost  of  station,  trans- 
forming and  switching  equipment  and  increased  cost 
of  transmission  line  and  distributing  transformers.  It 
also  results  in  poor  voltage  regulation.  Furthermore, 
low  power  factor  may  mean  underloaded  prime  movers 
with  decreased  prime-mover  efficiency.  Because  of  the 
disadvantages  mentioned,  power  companies  are  already 
beginning  to  charge  higher  power  rates  where  the  power 
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FIG.  1.   EFFECT  OF  ADDING  1,000-KW.  LOAD  TO  A  2,000- 
KVA.  0.60  POWER  FACTOR  LOAD 

factor  of  the  consumer's  circuit  is  lower  than  a  certain 
limit;  consequently,  low  power  factor  means  increased 
motor-operating  costs. 

Low  power  factor  is  due  to  the  lagging  current  drawn 
from  the  line  by  inductive  loads  such  as  induction 
motors,  series  and  multiple  arc  lamps  or  even  trans- 
formers supplying  incandescent  lamps. 

For  any  given  mechanical  load  on  a  synchronous 
motor  the  current  in  the  armature  is  a  minimum  at  a 
certain  field  excitation,  this  current  being  neither  lag- 
ging nor  leading,  and  the  motor  constitutes  a  unity 
power-factor  load  on  the  line.  In  this  case  all  the 
current  taken  by  the  motor  is  energy  current,  the  func- 
tion of  which  is  to  drive  the  load  and  supply  the  losses 
of  the  motor.  Now,  if  the  field  excitation  is  increased, 
the  motor  will  take  a  leading  current  from  the  line. 
This  leading  current  may  be  separated  into  two  com- 
ponents: First,  an  energy  component  as  mentioned  in 
the  foregoing,  and  second,  a  magnetizing  cu»*rent  which 
is  a  current  that   tends  to   magnetize  the  generator's 


fields,  which  is  the  so-called  wattless  leading  component. 
This  wattless  leading  component  of  the  synchronous 
motor  may  be  used  to  neutralize  an  equal  amount  of 
wattless  lagging  component  due  to  induction-motor  load 
on  the  system.  The  excitation  may  be  further  increased 
until  ths  motor  current  consists  almost  wholly  of  the 
wattless  leading  component,  the  energy  component  being 
only  sufficient  to  supply  the  losses  of  the  motor,  none 
being  available  for  driving  mechanical  load.  The  motor 
is  then  operating  purely  as  a  synchronous  condenser. 

Improvement  in  power  factor  can,  therefore,  be  ef- 
fected by  the  application  of  the  synchronous  machine  in 
either  one  of  three  ways:  (a)  As  a  unity  power-factor 
motor,  that  is,  all  the  input  being  used  for  energy;  (b) 
as  a  power-factor  correcting  motor,  that  is,  part  of  the 
input  being  used  for  energy  and  part  for  furnishing 
wattless  leading  current  to  the  line;  (c)  as  a  synchron- 
ous condenser,  that  is,  all  the  input  being  used  to  supply 
wattless  leading  current  to  the  line.  The  following  are 
examples  of  each  of  the  foregoing  uses : 

Assume  a  load  of  1,200  kw.  at  0.6  power  factor  or 
2,000  kva.  What  will  be  the  effect  of  adding  a  1,000-kva. 
synchronous  motor  to  the  system  (a)  at  unity  power 
factor,  (b)  at  0.80  leading  power  factor,  and  (c)  at  0.0 
leading  power  factor — in  other  words,  as  a  synchronous 
condenser? 

(a)  As  a  Unity  Power-Factor  Motor — Referring  to 
Fig,  1,  the  initial  load,  1,200  kw.  at  0.60  power  factor, 
is  represented  by  the  line  AC,  the  kilovolt-amperes  being 


1,200 
0.60 


2,000,  represented  by  the  line  AB.    The  watt- 


less  lagging  kilovolt-amperes,   represented   by   BC   = 

\/AB'  —  AC  =  V2;000'  —  1,200=  =  1,600  kilovolt- 
amperes.  Now,  by  adding  a  1,000-kva,,  1,0  power 
factor  load,  represented  by  the  line  CD,  the  total  load 
becomes  AC  -\- CD  =  AD  or,  1,200  +  1,000  =  2,200  kw. 
The  wattless  lagging  kilovolt-amperes  remain  un- 
changed, or  1,600  kva,  ^  BC  =-  DF.  The  total  kilovolt- 
amperes  required,  therefore,  to  deliver  2,200-kva.  energy 


load  will  be  \/ AD'  +  DF'  =  V2,200=  -f  1,600=  =  2,720 


2,200 


0.81. 


kva.,  and  the  new  power  factor  will  be  ^";^ 

With  the  addition  of  this  unity  power-factor  motor 
it  will  be  noted  that  two  important  things  are  accom- 
plished; namely,  the  power  factor  is  raised  from  0.60 
to  0.81  and  the  energy  load  has  been  increased  from 
1,200  to  2,200  kw.,  or  83  :\  per  cent,  with  an  increase  of 
only  36  per  cent  in  the  generator  capacity ;  namely,  from 
2,000  to  2,720  kilovolt-amperes. 

(b)  As  a  0.80  Power  Factor  Motor — Referring  to  Fig. 
2,  the  lines  AC,  AB,  and  BC  represent  the  initial  energy 
load,  the  total  kilovolt-amperes  and  the  wattless  lagging 
kilovolt-amperes  respectively,  the  same  as  in  Fig.  1.  A 
1,000-kva.  0,80  leading  power-factor  motor  is  now  to  be 
added  to  the  system.  This  motor  will  deliver  a  1,000  X 
0.80  =  800-kw.  energy  load,  represented  by  the  lines  MF 
and  CD.    It  will  also  deliver  "wattless  leading"  kilovolt- 
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amperes  equal  to  BM  =  \/BF''  —  MF'  =  Vl,000'  — 

800"  =  600  wattless  leading  kilovolt-amperes.  The  600 
wattless  leading  kilovolt-amperes  will  neutralize  an  equal 
amount  of  the  1,600  wattless  lagging  kilovolt-amperes, 
so  that  the  wattless  lagging  kilovolt-amperes  after  the 
motor  is  added  will  be  DF  =  EC  —  BM  =  1,600  — 
GOO  ^=  1,000  kilovolt-amperes. 

The  energy  load  will  then  be  AD  =  AC  -\-  CD  = 
1,200  -f  800  =  2,000  kw.,  the  wattless  lagging  kilovolt- 
amperes  will  be  reduced  to  1,000;  and  the  total  kilovolt- 
amperes   required   to  carry  this   load  will  be  AF  = 


The  power  factor  is  equal  to  the  cosine  of  the  phase 
angle  between  the  volts  and  current.  In  the  construc- 
tion of  Figs.  1,  2  and  3  angle  0  is  made  equal  to  an  angle 
whose  cosine  is  equal  the  power  factor.  In  the  problem 
the  power  factor  is  0.60  before  correction  is  made; 
0.60  corresponds  to  the  cosine  of  an  angle  of  approxi- 


=  0.895  instead  of  0.60.     It  will  be  noted  also 


\/AD'  -f  DF'  =  V 2,000'^  +  1,000'  =  2,235  kva.    The 

new  power  factor,  after  the  motor  is  added,  will  then  be 

2,000 

2,235 

that  the  energy  load  has  been  increased  661  per  cent, 

with  an  increase  of  only  11J|  per  cent  in  the  generator 

capacity. 

(c)  As  a  0.0  Power  Factor  Motor;  That  Is,  a  Syn- 
chronous Condenser — In  this  case  the  problem  is:  How 
much  will  the  power  factor  of  the  system  be  increased 
by  the  addition  of  a  1,000  kva.  synchronous  condenser, 
it  being  the  intention  to  keep  the  same  energy  load? 
Fig.  3,  as  in  Figs.  1  and  2,  again  shows  the  initial 
energy  load,  total  kilovolt-amperes  and  wattless  lagging 
kilovolt-amperes  by  the  lines  AC,  AB  and  BC,  respec- 
tively. The  1,000-kva.  synchronous  condenser,  neglect- 
ing the  energy  required  to  supply  its  losses,  which  may 
be  only  3  or  4  per  cent,  will  supply  a  wattless  leading 
load  1,000  kva.,  equal  to  BM.  The  total  wattless  lagging 
kilovolt-amperes  will  then  become  BC  —  BM  =  CM  = 
1,600  —  1,000  =  600  kva.,  and  the  total  kilovolt-amperes 
required  to  carry  the  same  load  will  become  AM  = 

1,341.6  kva. 
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FIG.    2.      DIAGRAM    SHOWING    EFFECT 
ADDING    1,000-KVA.    0.80    LEADING 
POWER-FACTOR   LOAD   TO   A 
2,000-KVA.  LOAD 


OF 


new  power  factor  will  then  be 


1,200 


=  0.895.     Not 


1,341.6 

only  is  the  power  factor  increased  from  0.6  to  0.895, 
but  it  will  be  noted  that,  by  the  addition  of  this  syn- 
chronous condenser,  to  carry  the  energy  load  a  generator 
of  only  about  two-thirds  the  former  capacity  is  required, 
with  a  corresponding  reduction  in  the  capacity  of  all 
transforming  and  switching  equipment,  transmission 
lines  and  exciters. 


FIG.    4.      POWER   FACTOR   OF   .SYNCHRONOUS    MOTOR   AT 
DIFFERENT  LOADS,  WITH  FIELD  HELD  CONSTANT 

mately  53  deg.,  consequently  angle  0   in  the   figure   is 
made  53  degrees. 

In  the  application  of  synchronous  motors  the  highest 
eflSciency  in  the  driving  of  mechanical  loads  can  be 
obtained  by  the  use  of  the  unity  power-factor  motor.  It 
requires  less  exciter  capacity  and 
costs  considerably  less  than  a  syn- 
chronous motor  designed  to  operate 
at  leading  power  factors.  Such  a 
motor,  of  course,  constitutes  a  non- 
inductive  load  on  the  lines;  that  is, 
it  does  not  furnish  any  wattless 
leading  kilovolt-amperes  when  op- 
erating at  full  load,  but  as  sho\vn 
in  Fig.  1,  it  does  improve  the  power 
factor  of  the  system  to  a  consider- 
able extent.  If,  however,  it  is  un- 
derloaded, with  full-load  excitation 
on  the  field,  it  always  operates  at 
a  leading  power  factor  furnishing 
a  certain  amount  ol  wattless  lead- 
ing kilovolt-amperes  to  the  line 
depending  on  the  degree  of  under- 
loading. Fig.  4  shows  the  leading 
power  factor  at  which  a  normally 
designed,  unity  power-factor  syn- 
chronous motor  will  operate  at  partial  loads  with  the 
normal  full-load  excitation  constantly  maintained.  It 
will  be  noted  that  at  50  per  cent  of  the  normal  kilovolt- 
ampere  output,  the  machine  will  operate  at  a  0.73  power- 
factor  leading,  and  at  about  35  per  cent  normal  kilovolt- 
ampere  input  it  will  operate  at  0.0  power  factor :  that  is, 
purely  as  a  synchronous  condenser.  In  the  average 
motor  this  value  of  kilovolt-ampere  input  at  0.0  per 
cent  power  factor  will  vary  from  20  to  30  per  cent. 


1200  Kw. 


PIG.  3.   ADDING  1.000-KVA 
0.0  LEADING  POWER- 
FACTOR  LOAD  TO  A 
2,000-KVA.  LOAD 
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The     Framanco"  Pump  Regulator 

A  new  type  of  pump  regulator  designed  to  maintain 
a  constant  differential  between  the  discharge  pressure 
and  the  steam  pressure  or  a  fixed  pressure  at  the 
delivery  end  of  the  pump,  has  been  perfected  by  the 
I'ramingham  Manufacturing  Co.  for  the  Edward  Valve 
and  Manufacturing  Co.,  of  Chicago.  The  constant  dif- 
ferential regulator  will  automatically  maintain  a  fixed 
excess  discharge  pressure  above  the  boiler  pressure 
suflScient  to  overcome  the  friction  head  in  the  feed 
line  and  the  static  head.  In  services  where  it  is  desired 
to  maintain  a  fixed  pressure  at  the  delivery  end  of  the 
pump  regardless  of  fluctuations  in  the  steam  pressure, 
provided,  of  course,  there  is  sufficient  pressure  to 
operate  the  pump,  a  regulator  of  the  constant-pressure 
type  is  employed.  Regulators  of  either  type  are  of 
the  same  construction,  the  only  difference  being  in 
the  application  of  the  control  cylinder  and  component 
parts. 

One  of  the  distinguishing  features  of  the  new  regu 
lator  is  the  separation  of  the  valve  proper  and  the 
control  cylinder,  so  that  the  operating  mechanism  is 
not  subjected  to  the  high  temperature  of  the  steam, 
thus  eliminating  expansion  and  contraction  troubles. 
The  working  parts  are  in  plain  sight  of  the  operator. 


FIG.  1.  FRAMANCO  PUMP  REGULATOR 

and  the  proper  size  of  control  cylinder  for  the  condi- 
tions existing  in  the  plant  can  be  attached  to  the 
valve  proper. 

The  principle  of  furnishing  a  regulator  to  meet  the 
particular  operating  conditions  to  which  it  is  applied 
is  further  carried  out  in  the  application  of  the  spring 
arm  which  connects  the  spring  to  the  actuating  shaft. 
This  arrangement  also  serves  to  compensate  for  the 
extension  of  the  spring,  and  its  consequent  increased 
tension  by  the  shortening  of  its  effective  moment  arm. 

Fig.  1  shows  the  valve  proper  and  the  control 
mechanism  in  a  vertical  position.    It  will  operate  equally 


well  in  a  horizontal  line  or  in  any  other  position,  as 
shown  more  plainly  in  Fig.  2,  the  operating  mechanism 
is  bolted  to  the  valve  body,  the  latter  containing  the 
valve  seats  and  a  balanced  disc  made  steam  tight.  The 
disc  is  actuated  through  a  link  and  revolving  shaft 
from  the  cylinder  mounted  on  the  side  of  the  valve 
proper.      For   flexibility   this  cylinder  contains   a   two- 


Detail  of  Disk 


Section  through  Cylinder 


Front  Efevation 


FIG.  2.  DETAILS  OF  REGULATOR  DESIGN 

part  piston  with  steam  pressure  on  one  side  and  water 
pressure  on  the  other,  the  differential  being  secured 
by  tension  on  a  spring  located  between  the  valve  proper 
and  the  control  cylinder.  By  means  of  a  screw  adjust- 
ment the  spring  tension  may  be  varied  so  as  to  vary 
the  differential  as  desired. 

When  the  regulator  is  used  to  control  the  pressure 
of  feed  M^ater  to  the  boilers,  the  valve  proper  is  instal- 
led in  the  steam  lead  to  the  boiler  feed  pump  and  one 
end  of  the  control  cylinder  is  connected  to  the  same 
line.  Water  pressure  is  admitted  to  the  other  end  of 
the  cylinder  through  a  connection  from  the  discharge 
line  of  the  pump. 

With  the  steam  pressure  and  the  spring  operating 
on  one  end  of  the  piston  and  the  water  pressure  on  the 
other,  after  proper  adjustment  has  been  secured,  the 
whole  mechanism  is  in  equilibrium.  Anything  that 
disturbs  the  balance  causes  the  piston  to  move  in  one 
direction  or  the  other,  closing  or  opening  the  valve,  as 
the  case  may  be.  Referring  to  the  sectional  view,  Fig. 
2,  should  the  steam  pressure  increase  or  the  water 
pressure  for  some  reason  be  reduced,  the  piston  moves 
to  the  left,  the  spring  causes  the  operating  arm  to 
follow  the  piston,  thus  rotating  the  shaft  and  opening 
the  steam  valve.  More  steam  causes  the  pump  to  speed 
up,  which  in  turn  increases  the  water  pressure  until 
the  balance  is  restored.  It  is  claimed  that  with  a 
normal  pressure  of  175  lb.  an  increase  of  less  than  5  lb. 
will  close  the  valve  and  stop  the  pump,  or  a  decrease  of 
two  to  three  pounds  will  cause  the  valve  to  open  full, 
admitting  the  full  steam-line  capacity  to  the  pump.  The 
steam  connection  to  the  control  cylinder  is  always  made 
from  above  so  that  condensation  will  collect  in  the 
steam  space  and  insure  a  practically  uniform  tempera- 
ture at  both  ends  of  the  cylinder. 
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Proposed  Super-Power  Station 

THE  LEADING  article  in  this  issue  deals  with  a 
proposed  super-power  station.  It  is  proposed  to 
design  this  station  with  multiples  of  thirty-thousand 
kilowatt  turbines  and  a  total  station  capacity  as  high 
as  five  hundred  thousand  kilowatts  is  suggested.  A 
supplement  illustrates  the  general  idea  and  shows 
many  innovations,  which,  although  most  of  them  may 
be  found  in  part  in  a  number  of  stations,  have  not  all 
been  incorporated  in  any  one  station. 

This  design  of  super-power  station  has  for  its  basis 
a  grouping  of  boilers  and  turbines  as  a  single  unit, 
four  boilers  supplying  steam  for  one  turbo-generator. 
Two  thirty-thousand  kilowatt  turbines  and  eight 
seventeen  hundred  and  sixteen  horsepower  boilers  are 
to  comprise  a  unit. 

Without  doubt  the  present  tendency  is  toward  larger 
power  stations.  The  practice,  however,  has  been,  in 
the  main,  to  pipe  all  boilers  to  a  common  steam  header 
from  which  branch  pipes  are  led  to  the  various  tur- 
bines. In  some  instances  the  group  plan  has  been 
adopted;  that  is,  certain  boilers  have  been  laid  out  to 
serve  a  certain  turbine  or  turbines.  In  such  instances 
the  boilers  have  generally  been  housed  in  a  single 
boiler  room  and  the  turbines  in  a  turbine  room,  with  a 
brick  wall  between  the  rooms. 

Mr.  Stevens  goes  a  step  farther  in  carrying  out  the 
group  plan,  and  while  proposing  that  four  boilers  shall 
supply  steam  to  one  turbo-generator  set,  he  does  not 
interconnect  one  group  of  four  boilers  with  a  second 
group  of  the  same  number.  Moreover,  but  four  boil- 
ers are  permitted  in  one  boiler  room  and  but  eight 
boilers  are  housed  in  the  same  structure.  If  the  sta- 
tion capacity  is,  say,  one  hundred  and  twenty  thou- 
sand kilowatts,  two  separate  buildings  are  to  be  used 
having  an  explosion  gap  between  them  of  at  least 
twenty  feet. 

The  idea  of  an  explosion  gap  is  also  carried  out  in 
regard  to  the  boiler  room  being  separated  from  the 
turbine  room,  where  in  the  proposed  station  a  low  pump- 
room  separates  them  and  a  brick  wall  separates  the 
turbine  room  from  the  switchhouse.  Even  the  turbine 
room  is  protected  by  an  explosion  wall  between  two 
turbine  units. 

In  this  construction  there  are  several  obvious  advan- 
tages, the  main  one  being  that  in  case  of  a  boiler  ex- 
plosion, which  is  remote  under  present  practice,  the 
damage  would  be  confined  to  one  boiler  room,  or  at 
the  worst  to  one  boiler  house.  The  same  would  apply 
in  the  case  of  a  tube  rupture  or  the  bursting  of  a 
steam  main  or  branch  pipe. 

Thirty  thousand  kilowatt  turbines  are  specified  be- 
cause this  size  is  within  the  zone  of  maximum  economy 
in  practice,  and  it  is  about  the  limit  of  size  that  can 
be  supplied  with  four  units  of  boilers,  which  in  this 
proposed  station  are  served  by  one  stack. 

At  the  top  of  the  station  it  is  planned  to  have  an 
operating  room  containing  every  known  device  for 
boiler-plant  operation,  thus  enabling  the  master  boiler 


operator  to  make  hourly  tests  of  boiler  output,  if  so 
desired.  Even  periscopes  are  provided  for  observa- 
tion of  the  furnaces  and  for  reading  the  water  level 
in  the  gage  glasses. 

Sleeping  quarters  and  baths  are  provided.  A  riot 
alarm  whistle,  searchlight  and  wireless  equipment  are 
adjuncts  to  the  general  apparatus.  Telephones  are  to 
be  located  wherever  required  in  order  to  obviate  the 
necessity  of  the  men  wasting  time  in  getting  into  com- 
munication with  the  chief  operator. 

Warm  air  is  to  be  taken  from  the  generator,  but  a 
stop  valve  will  prevent  dust  and  soot  from  being  blown 
back  into  the  turbine  in  case  of  a  tube  rupture  in  the 
boiler.  Coal  and  ashes  are  to  be  handled  by  means  of 
full-sized  railroad  cars,  and  the  track  design  is  such 
that  the  largest  type  of  locomotives  can  run  through 
the  plant.  An  examination  of  the  supplement  shows 
many  devices  and  arrangements  of  apparatus  that 
have  not  been  mentioned  herein. 

No  claim  is  made  by  the  designing  engineer  for 
originality  in  the  application  of  the  ideas  to  this  super- 
station,  and  criticism  will  be  welcomed. 

Conservation  the  Only  Way  Left  To 
Meet  the  Fuel  Situation 

THE  best  of  America's  soft  coal  is  going  to /Europe 
in  quantities  which  we  are  not  in  a  position  to  say; 
but  it  is  conservative  to  state  that  they  are  large,  in 
fact,  the  neck  of  the  bottle  now  is  not  ships  to  carry 
coal,  but  port  facilities  at  Hampton  Roads  to  clear  the 
volume  demanded.  Europe  surely  cannot  furnish  its 
own  coal  in  adequate  quantities  for  a  long  time  to  come, 
probably  not  within  the  next  three  years.  And  as  long 
as  Europe  is  in  this  shape,  depend  upon  it,  she  will 
gladly  pay  for  the  high  heat  value  American  coals,  and 
coal  prices  as  well  as  coal  pvailability  will  continue  to 
be  a  problem  to  American  industries. 

The  fact  that  most  people  do  not  have  to  the  fore 
in  their  minds  is  that  fuel  is  a  basic  commodity;  it  is 
the  very  foundation  of  modern  civilization. 

Oil  fuel  presents  a  more  serious  outlook  than  coal. 
It  is  certain  that,  generally,  we  cannot  look  to  it  to 
materially  alleviate  the  coal  situation.  There  is  not 
enough  of  it  coming  out  of  the  ground.  We  are  begin- 
ning to  realize  that  oil  is  essentially  a  marine  fuel. 
And  before  many  years  we  may  be  reconciled  to  the 
belief  that  it  is  a  naval  fuel.  For  surely,  bng,  long 
before  there  are  indications  that  the  supply  is  meager, 
the  navies  of  the  world  will  cause  fuel  oil  to  be  unavail- 
able for  purposes  other  than  their  own.  And  the  marine 
demand  today,  naval  and  merchant,  is  what  is  causing 
the  scarcity  and  high  price  of  oil  to  land  consumers. 

It  should  interest  industrial  fuel  consumers  to  know 
that  the  engineers  of  the  United  States  Shipping  Board 
Emergencv  Fleet  Corporation  more  than  a  year  ago 
completed  boiler  and  stoker  designs  for  ships.  They  did 
so  not  only  for  some  of  the  ships  which  were  soon  t  j 
use  coal,  but  to  prepare  for  the  day  when  there  migh. 
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be  a  greater  number  burning  coal  than  oil.  Even  the 
most  efficient  arrangement  of  baffles  for  these  stoker- 
fired  rharine  boilers  has  been  detennined. 

Engineers  must  see  that  the  only  hope  of  meeting  the 
fuel  situation  is  by  economy  in  its  use.  The  need  for 
conservation  is  every  bit  as  great  now^  as  at  any  time 
during  the  war. 

The  situation  is  abnormal;  that  is,  fuel  economy  is 
today  somewhat  a  different  problem  than  it  is  ordinarily. 
Time  was  when  the  purchaser  of  coal  could  not  only 
choose  the  grade  he  would  have,  but  could  buy  it 
according  to  specification.  Today  he  is  glad  to  get 
anything  that  can  be  charitably  called  coal.  And  most 
consumers  cannot  get  enough  of  that  kind.  One  can  do 
much  to  get  low  fuel  consumption  if  one  begins  with 
the  design  in  a  new  plant.  But  few  new  plants  are 
being  built.  Money  is  in  such  condition  that  such  a 
thing  as  remodeling  the  boiler  room,  or  whole  power 
plant  is,  in  most  places,  out  of  the  question.  One  can- 
not buy  new  equipment  when  the  chief  determining 
factor  in  its  selection  is  coal,  which  cannot  be  chosen. 
But  there  are  many  appliances  which  will  be  worth-while 
if  purchased,  provided  these  are  not  already  a  part  of 
the  plant. 

There  never  was  a  time  when  engineers  should  more 
diligently  keep  records  of  the  plant's  performance  and 
more  minutely  follow  up  what  the  records  show.  The 
plant  today  which  is  not  at  least  weighing  its  coal  and 
water  deserves  censure.  The  management  which  per- 
mits its  plant  to  run  without  providing  it  with  equip- 
ment to  check  performance  is  not  on  its  job. 

Unity  Power-Factor 
Synchronous  Motor 

OF  THE  three  applications — as  a  unity-power-factor 
motor,  a  synchronous  condenser  or  a  combination  of 
both — the  unity-power-factor  synchronous  machine  is 
the  most  eflficient.  The  exciter  capacity  required  is  less, 
and  the  cost  is  lower  than  that  of  a  machine  designed  to 
operate  at  leading  power  factor.  Such  a  machine  at 
full  load  will  constitute  a  unity-power-factor  load  on  the 
system  and  will  therefore  help  to  improve  the  power 
factor  of  the  system  as  a  whole.  At  less  than  full  load, 
with  full-load  excitation  on  the  fields,  the  machine  will 
operate  at  a  leading  power  factor  and  will  supply  a 
certain  amount  of  leading  kilovolt-amperes  that  will 
compensate  for  an  equal  amount  of  lagging  kilovolt- 
amperes  required  by  induction  motors  on  other  induc- 
tive equipment. 

Elsewhere  in  this  issue  is  an  article  on  the  "Unity- 
Power-Factor  Synchronous  Motor,"  by  W.  T.  Berkshire. 
One  of  the  features  of  this  article  that  is  of  particular 
interest  is  the  curve  showing  how  the  power  factor  of  a 
synchronous  motor  with  constant  field  excitation  be- 
comes leading  as  the  load  decreases.  This  characteris- 
tic is  the  reverse  of  the  induction  motor,  in  which  even 
at  full  load  its  power  factor  is  never  above  eighty- 
seven  per  cent  lagging  and  drops  to  low  lagging  values 
if  the  load  is  materially  reduced.  In  a  comparison  of 
the  power-factor  curve  referred  to  in  the  foregoing  with 
that  of  the  average  induction  motor,  it  is  found  that 
at  fifty  per  cent  load  the  power  factor  of  the  synchron- 
ous motor  is  about  seventy-three  per  cent  leading, 
where  that  of  an  induction  motor  is  around  sixty-five 
or  seventy  per  cent  lagging.  This  means  that  if  the 
load  is  reduced  on  a  synchronous  motor,  it  acts  to  im- 
prove the  lagging  power  factor  of  the  system,  whereas. 


if  the  load  is  reduced  on  an  induction  motor  it  acts 
to  make  the  lagging-power-factor  conditions  worse.  In 
other  words,  if  an  induction  motor  is  operating  under- 
loaded, not  only  is  its  efficiency  reduced,  but  it  has  a 
deleterious  effect  upon  the  power  system  as  a  whole. 
When  a  synchronous  motor  is  operating  at  reduced 
loads,  its  efficiency  will  also  be  reduced,  but  it  will  de- 
velop characteristics  that  improve  the  operation  of  the 
system,  therefore  compensating  in  a  measure  for  the 
loss  in  efficiency. 

Constructive  Legislation 

THE  appropriation  of  one  hundred  and  tw€nty-five 
thousand  dollars  recently  recommended  in  the  Sun- 
dry Civil  Bill,  to  be  expended  in  determining  what 
the  power  requirements  are  for  the  industries  and 
railroads  in  the  North  Atlantic  Seaboard  States  and 
how  to  most  efficiently  meet  these  needs  is  a  step  in 
the  right  direction  and  is  worthy  of  the  support  of 
every  American  citizen.  This  appropriation  "carries  with 
it  the  privilege  to  use  private  funds.  At  this  time 
there  is  no  better  opportunity  for  public-spirited  men 
to  do  this  country  a  great  service  than  to  see  to  it 
that  the  necessary  funds  are  forthcoming  to  make  this 
investigation  with. 

The  American  Institute  of  Electrical  Engineers, 
throughi  President  Calvert  Townley,  has  appointed  a 
committee  on  the  super-power  system,  consisting  of  W. 
S.  Murray,  chairman;  H.  W.  Buck,  H.  V.  Bozell,  George 
Gibbs,  J.  W.  Lieb,  Malcolm  MacLaren,  William  McClel- 
lan,  C.  S.  Ruffner,  E.  B.  Rushmore,  C.  F.  Scott  and  Percy 
Thomas.  With  the  Government  appropriation  forthcom- 
ing to  carry  on  the  work,  it  is  most  gratifying  that  the 
investigation  will  receive  the  support  of  these  eminent 
engineers  and  one  of  our  National  engineering  societies. 


Experts  estimate  that  we  burn  up  each  year  in  this 
country  two  and  one-half  billion  dollars'  worth  of  by- 
products in  the  five  hundred  million  tons  of  bitumi- 
nous coal  used;  that  three  hundred  million  dollars  each 
year  is  wasted  by  our  present  methods  of  power  genera- 
tion in  the  industrial  region  extending  from  north  of 
Boston  to  Washington,  D.  C,  and  from  one  hundred 
to  one  hundred  and  fifty  miles  inland  from  the  coast. 
It  is  estimated  that  we  have  over  twenty  million  con- 
tinuous horsepower  of  undeveloped  water  powers.  If 
this  were  all  developed  and  available,  it  would  result  in 
a  saving  of  three  hundred  and  fifty  million  tons  of 
coal  per  year,  allowing  an  average  of  four  pounds  of 
coal  per  horsepower-hour.  In  artificial  illumination 
we  are  wasting  two  hundred  million  dollars'  worth  of 
light  each  year  according  to  the  experts.  These  are 
only  some  of  our  power  wastes;  there  are  many  others. 
Are  we  going  to  continue  to  tolerate  them  ? 


In  certain  type  of  substations  material  reductions  in 
first  cost  have  been  obtained  by  installing  the  equip- 
ment out  of  doors.  Although  in  some  small  isolated  in- 
stallations, where  climatic  conditions  are  extremely 
favorable,  boilers,  engines  and  generators  have  been 
installed  in  the  open,  no  definite  effort  has  been  made 
to  apply  this  practice  generally.  With  the  cost  of  power- 
plant  installations  rising  to  undreamed  of  heights,  has 
the  time  not  arrived  to  investigate  the  possibilities  of 
outdoor  power  plants  to  determine  if  a  large  percentage 
of  the  investment  required  to  house  the  equipment  by 
our  present  practice  cannot  be  eliminated? 
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Pulverized  Coal  Under  Boilers 

The  writer  read  with  considerable  interest  the  re- 
marks published  in  Power  under  date  of  April  27,  1920, 
on  page  681,  by  T.  A.  Marsh,  chief  engineer  of  the 
Green  Engineering  Co.  In  the  first  paragraph  Mr. 
Marsh  states  that  he  believes  it  fundamentally  wrong 
to  take  coal  and  burn  it  in  a  powdered  condition.  I  be- 
lieve that  it  is  better  and  easier  to  burn  coal  in  pul- 
verized form  than  it  is  in  lumps  on  grates  subjected  to 
the  action  of  the  heat. 

In  the  second  paragraph  Mr.  Marsh  claims  that  some 
accurate  way  of  measuring  the  ash  discharge  from  the 
stacks  from  pulverized-coal-fired  furnaces  should  be 
found  before  definite  statements  concerning  it  are 
made.  It  is  true  that  a  large  percentage  of  the  ash 
from  pulverized-coal-fired  furnaces  will  be  discharged 
from  the  stack.  The  percentage,  however,  dissipated 
from  a  first-class  installation  equipped  with  econo- 
mizers and  settling  chambers  will  not  be  sufficient  to 
cause  a  complaint,  as  has  already  been  shown  by  instal- 
lations using  pulverized  coal  in  thickly  populated  dis- 
tricts. This  question  of  ash  dissipation  depends  greatly 
upon  the  velocity  of  the  gases  passing  through  the 
setting,  and  the  percentage  would  naturally  vary  ac- 
cording to  the  operating  conditions  and  the  general  de- 
sign of  the  installation,  the  same  as  that  ash  discharged 
from  a  stoker  installation  would  vary  according  to  the 
conditions  under  which  the  stoker  is  operated. 

In  his  fourth  paragraph  Mr.  Marsh  states  that  the 
cement  industry  has  more  data  on  the  subject  of  pul- 
verized coal  than  have  steam  producers.  This  state- 
ment is  correct,  and  we  do  not  hesitate  to  assert  that 
we  have  more  data  on  what  is  being  done  in  connection 
with  pulverized  coal  in  the  cement  industry  than  any 
other  organization,  and  we  are  thoroughly  familiar  with 
every  installation  in  the  cement  industry  in  the  United 
States  and  Canada.  We  are  positive  that  any  plant  in 
which  the  cost  is  as  high  as  one  dollar  per  ton  to  pre- 
pare the  coal  is  not  being  efficiently  operated,  unless  the 
particular  coal  plant  has  a  very  small  capacity  and  un- 
less the  plant  is  operated  only  periodically. 

In  order  to  show  just  what  the  cost  of  preparing  coal 
is  at  the  present  time,  we  would  like  to  say  that  dur- 
ing the  month  of  August,  1919,  at  the  plant  of  the 
Allentown  Portland  Cement  Co.,  2,976  gross  tons  of  coal 
were  pulverized  and  the  actual  cost  of  pulverizing  was 
as  follows:  Drying,  0.0804;  grinding,  0.0874;  opera- 
tion, 0.0043;  power,  0.1793;  labor,  0  0368;  repairs, 
0.0765.  Total,  46.44c.  per  gross  ton,  or  41c.  per  net  ton, 
no  interest  or  depreciation  included.     This  can  be  taken 


as  representing  the  average  cost  in  portland-cement 
plants  in  the  Lehigh  Valley  district,  for  the  quantity  of 
coal  pulverized  daily  from  which  these  figures  are  taken 
is  low,  and  no  doubt  in  larger  plants  they  would  be 
modified  materially. 

The  cost  of  preparing  coal  will  vary  primarily  ac- 
cording to  the  quantity  pulverized  daily,  so  that  any 
general  statements  or  criticisms  that  are  made  as  to  the 
cost  in  one  plant  have  no  bearing  on  the  subject  as  a 
whole.  H.  G.  Barn  HURST,  Chief  Engineer. 

Allentown,  Pa.  Fuller  Engineering  Company. 

Grounds  Cause  Alternator  to  Lose 

Field  Control 

A  suitable  resistance  was  installed  in  the  field  cir- 
cuit of  a  120-kva.  three-phase  60-cycle  600-volt  alter- 
nator, with  direct  connected  exciter,  to  operate  in  paral- 
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WIRING  DIAGRAM  OF  EXCITER  CIRCUITS 

lei  with  oiher  unirs.  When  testing  the  unit  I  found  the 
regulation  satisfactcry  until  about  half  the  resistance 
was  cut  out,  when  the  voltage  jumped  to  its  full  value 
and  the  field  ammeter  failed  to  give  a  reading.  The  re- 
sistance box  was  tested  and  found  to  be  in  pood  condi- 
tion, then  all  wiring  was  checked.  The  trouble  was 
finally  located  in  one  brush-holder  on  the  exciter  and  one 
collector  ri.ig  on  the  alternator  being  grounded  as  in  the 
diagram.  After  these  repairs  were  made,  the  control 
was  satisfactory  again.  P.  A.  Topper. 

Philadelphia,  Pa. 
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Central-Station  Operating  Code 

In  the  editorial  in  the  Mar.  9  issue,  "An  Operating 
Code  for  Large  Central  Stations,"  a  sentence  reads, 
"This  means  that  without  large  turbines  there  is  an 
absence  of  large  condensers,  boilers  and  other  allied 
apparatus." 

In  the  industrial  power-plant  field  it  is  not  uncommon 
to  see  boiler  plants  that  are  fully  as  up-to-date  and  that 
contain  as  large  units  as  are  found  in  some  of  the  large 
central  stations. 

Some  years  ago  a  turbine  or  reciprocating  central 
station  with  twenty  or  thirty  boilers  was  unusual;  in- 
dustrial plants,  however,  equaled  that  many  and  even 
more.  Since  then  the  central  station  has  advanced  won- 
derfully and  so  have  industrial  power  plants. 

Operators  in  large  industrial  plants,  even  though  the 
mechanical  output  may  be  of  only  a  few  thousand  horse- 
power, are  obliged  to  furnish  a  large  volume  of  steam, 
and  this  performance  requires  just  as  efficient  units  as 
the  central  station. 

I  believe  that  the  central  station  should  take  care  of 
its  own  code,  to  be  adopted  universally  if  possible,  but 
each  station  of  which  I  have  knowledge  has  methods 
differing  quite  materially  from  the  others. 

New  York  City.  C.  W.  Peters. 

Fatal  Accidents  Occurring  on 
Low-Voltage  Circuits 

Your  editorial  on  page  341  of  the  March  2  issue, 
"Fatal  Accidents  on  Low-Voltage  Circuits,"  refers  to 
the  report  of  G.  S.  Ram,  electrical  inspector  of  fac- 
tories in  England,  in  which  he  shov/s  that  of  ninety- 
nine  fatal  electrical  accidents  occurring  in  England  dur- 
ing the  period  from  1915  to  1918  inclusive,  seventy-nina 
were  on  circuits  of  five  hundred  and  fifty  volts  or  less, 
while  only  twenty  were  on  circuits  of  one  thousand  voltsi 
a,rid  over.  From  this  data  you  draw  the  conclusion  that 
low  voltages  are  as  dangerous  as  high  voltages,  and  I 
beg  to  take  issue  with  you,  not  on  your  conclusion,  but 
on  your  method  of  drawing  it.  Certainly,  voltages  of 
one  thousand  and  over  are  in  miUch  less  general  use 
than  the  lower  voltages,  and  consequently  there  would 
be  much  greater  opportunity  for  accidents  occurring 
around  the  number  of  low-voltage  machines  in  use  than 
around  the  much  smaller  number  of  high-voltage  (above 
one  thousand)   machines  in  use. 

However,  I  think  that  your  conclusion  is  well  taken, 
and  a  personal  experience  may  be  of  some  interest  in 
this  connection.  I  was  using  a  Parr  adiabatic  combus- 
tion calorimeter,  which  was  connected  up  to  a  110-volt 
circuit  for  the  purpose  of  firing  the  charge  of  coal  in 
the  small  capsule,  by  means  of  a  fuse  wire.  In  con- 
nection with  the  calorimeter  there  wi»s  also  a  small 
water-circulating  system,  which  furnished  hot  water. 
I  was  accustomed  to  putting  my  hand  on  a  piece  of  one- 
inch  pipe  that  formed  one  side  of  the  water  system,  to 
determine  whether  the  water  was  hot  enough.  Thinking 
that  the  current  was  off  (but  it  happened  to  be  on  and 
connected  to  the  metal  top  plate  of  the  instrument), 
with  my  left  hand  on  the  top  plate,  T  reached  down  and 
took  hold  of  the  water  pipe  to  find  out  how  hot  the  water 
was.  The  shock  almost  caused  mi2  to  jerk  the  heavy 
calorimeter  onto  the  floor,  trying  to  pull  loose.  This 
incident  greatly  increased  my  respect  for  a  110-volt  cir- 
cuit, which  I  had  always  been  given  to  understand  was 
not  at  all  dangerous. 


The  inspector  and  meter  tester  of  the  local  public- 
service  company  later  told  me  of  some  of  his  experiences 
with  several  near  fatal  accidents  in  which  workmen  had 
handled  low-voltage  circuits.  The  cause  seemed  in  each 
case  to  have  been  carelessness  in  the  matter  of  ground- 
ing. In  one  case  it  was  found  that  the  victim  of  the 
shock  had  been  sent  to  a  creamery  to  do  some  repair 
work  and  had  been  making  the  change  while  standing 
in  a  pool  of  water.  Incidents  like  this  would  seem  to 
indicate  that  workmen  are,  as  a  ruJo,  very  careful  about 
the  ground  connections  when  they  are  working  with 
higher  voltages,  even  with  the  voltages  used  on  street- 
railway  systems;  while  at  lower  voltages  they  become 
more  careless  because  they  think  there  is  comparatively 
little  danger.  Some  reliable  data  on  this,  and  public 
education,  would,  I  think,  be  very  desirable. 

Decatur,  111.  W.  J.  Risley,  Jr. 


Increasing  Boiler  Output  by  the  Help 
of  a  CO2  Recorder 

In  an  editorial  in  the  April  20  issue  of  Poiver,  entitled 
"Increasing  Boiler  Output,"  you  suggest  either  the  in- 
stallation of  forced-draft  mechanical  stokers  or,  when 
hand-fired  furnaces  are  retained,  equipping  them  with 
some  device  for  increasing  the  draft.  Another  method, 
not  mentioned  in  your  editorial,  is  the  installation  of 
CO,  recording  equipment.  The  CO,  recorder  is  generally 
thought  of  as  a  means  of  saving  fuel  rather  than  for  in- 
creasing capacity,  but  it  may  be  applied  primarily  for 
either  purpose. 

As  an  example,  assume  a  boiler  plant  consuming  ten 
tons  of  coal  per  day.  S'uppose  it  is  found  by  the  use  of 
a  CO.  recorder  that  the  excess  air  can  be  reduced  to 
such  an  extent  that  the  same  capacity  can  be  main- 
tained by  burning  nine  tons  per  day.  This,  of 
course,  results  in  a  saving  of  coal  cost  and  is  highly 
desirable.  Suppose,  now,  that  increased  capacity  is 
desired  and  that  the  original  amount,  or  ten  tons  of  coal 
per  day,  is  burned,  but  that  with  the  aid  of  the  CO,  ma- 
chine the  improved  efficiency  is  maintained,  with  the 
result  that  the  capacity  will  be  increased  by  approxi- 
mately 11  per  cent. 

The  matter  of  draft  is  another  important  item,  to  be 
considered.  Many  plants  are  today  struggling  to  take 
advantage  of  all  the  draft  possible  in  order  to  increase 
capacity,  but  are  supplying  so  much  excess  air  that  they 
are  not  able  to  realize  the  available  capacity.  The  engi- 
neer may  complain  that  the  chimney  is  not  big  enough 
and  it  may  not  be  big  enough,  to  handle  the  quantity  of 
gases  discharged  into  it;  but  as  soon  as  the  quantity 
of  excess  air  is  diminished  to  economical  proportions, 
the  volume  of  hot  gases  shrinks,,  and  the  chimney,  re- 
lieved of  its  .overload,  has  no  difficulty  in  handling  all 
that  is  required  of  it. 

In  a  certain  case  a  battery  of  four  boilers  equipped 
with  stokers  was  unable  to  meet  the  demand  for  steam, 
and  the  purchase  of  two  additional  units  was  contem- 
plated. CO,  recorders  were  first  installed,  however,  and 
by  reducing  the  excess  air,  so  much  additional  heat  was 
absorbed  by  the  boilers  that  one  unit  could  be  cut  out 
of  service  and  the  three  remaining  boilers  had  ample 
capacity  to  meet  all  the  required  demands.  The  use  of  a  ^ 
CO,  recorder  will,  obviously,  often  result  in  a  very  inex- 
pensive increase  in  boiler-plant  capacity  and  at  the  same 
lime  reduce  the  fuel  cost  por  boiler  horsepower. 

New  York  City.  F.  F.  Uehling. 
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Symbol  for  B.T.U. 


For  some  fifteen  years  I  have  used  the  symbol  shown 

herewith  as  a  substitute   for  the  three   letters   B.t.u. 

They  are  combined  in  the  symbol   and  are 

' j9        speedily  produced  with  two  strbkes   of  the 

( ti  pencif  without  the  use  of  periods.     Having 

\(t^  found   it  convenient,   I   submit   it   with   the 

'  hope    that    others    interested    may    find    it 

equally  helpful. 

Kansas  City,  Mo.  R.  L.  Weber. 


was  piped  to  the  heating  coils.  Each  pipe  line  ran  to 
a  separate  heating  coil.  It  will  be  seen  that  either 
exhaust  or  live  steam  could  be  used  at  will  on  the  heat- 
ing coils. 

All  returns  were  brought  back  through  individual 
pipes,  and  the  control  was  so  arranged  that  the  return 
could  (if  exhaust)  be  turned  into  the  same,  or  if  live 
steam  were  used  it  could  be  returned  to  the  boilers. 

The  designer  of  this  layout  went  to  another  position 
before  the  i  ystem  was  completed,  but  he  left  drawings 


The  Designer  of  This  Heating  System 
Meant  Well 

It  has  occurred  to  me  that  perhaps  the  readers  of 
Power  might  like  to  know  how  a  first-class  engineer 
carried  out  a  iob  some  years  ago.  He  was  the  only 
man  in  a  group  of  three  or  four  towns  who  had  a  first- 
class  license,  and  he  boasted  that  the  inspector  who 
visited  his  plant  had  complimented  him  highly  on  the 
control  for  the  steam-heating  system,  which  was  hie^ 
own  idea  and  one  that  he  had  never  even  heard  of  or 
seen  anywhere  else. 

This  factory  was  three  stories  high  with  basement 
and  attic,  and  heating  coils  of  the  trombone  pattern 
were  installed.    In  one  corner  of  the  engine  room  was  a 


PIG.   1.     ARRANGEMENT  OP  CONTROL,  IN  BOILER  ROOM 

layout  as  shown  in  Fig.  1.  A  live-steam  manifold  made 
up  of  tees  and  nipples  was  suspended  in  a  horizontal 
position  about  eight  feet  from  the  floor.  Under  this, 
perhaps  thirty  inches,  was  another  line,  but  of  larger 
fittings  for  exhaust  steam.  A  series  of  vertical  pipes 
connected  the  two  manifolds. 

Midway  between  the  manifolds  on  each  vertical  line 
was  a  tee,  and  a  valve  was  placed  on  the  live-steam 
side  and  one  on  the  exhaust-steam  side  to  control  either 
live  or  exhaust  steam  to  the  tee,  the  outlet  of  which 


KFG. 


I'KESENT   ARRANGEMENT   OK   HEATING    SYSTEM 


and  recommendations  for  his  successor  to  follow.  I 
happened  to  be  the  victim,  and  here  is  what  I  found: 
The  coils  throughout  the  factory  were  of  the  trombone 
type,  and  before  steam  got  halfway  through  the  shortest 
coil,  it  had  turned  to  water,  and  yet  the  system  was 
designed  to  return  the  water  to  the  boilers  by  gravity. 
Exhaust  steam  was  likewise  introduced  to  the  coils 
through  the  same  l]-in.  pipe,  and  about  fifteen  pounds 
back  pressure  was  necessary  to  get  the  exhaust  even 
into  the  first  pipe  of  the  coil. 

As  the  southern  exposure  was  a  good  place  to  use 
exhaust  steam,  I  rebuilt  four  coils,  making  them  into 
the  manifold  pattern  and  feeding  them  with  a  4-in.  line. 
On  the  ends  of  the  coils  was  coupled  an  old  single-plunger 
pump,  belted  to  the  lineshafting  and  operated  only 
when  the  engine  was  running,  but  as  there  was  no 
exhaust  steam  except  when  the  engine  was  running,  it 
worked  all  right. 

I  could  turn  live  steam  through  this  line  to  get  it 
warmed  before  starting,  and  a  bleeder  near  the  pump 
took  care  of  the  return. 

By  the  end  of  the  first  winter  I  introduced  a  home- 
made condenser  near  the  plunger  pump,  and  one  pound 
back  pressure  on  the  engine  took  care  of  the  heater  and 
the  coils  in  the  south  side  of  the  building. 

By  running  a  4-in.  live-steam  pipe  directly  to  the 
north  side  of  the  factory  near  the  stair  tower  and 
putting  up  a  riser,  I  was  able  to  return  the  water  by 
gravity  from  six  coils  to  the  boiler.  Fig.  2  is  a  plan 
of  the  present  system. 

The  moral  seems  to  be  that  trombone  coils  are  not 
practical  for  gravity  return  systems  and  that  control 
from  one  point  is  not  alv/ays  an  advantage;  also  that 
ample  area  must  be  allowed  in  the  piping  so  that  the 
drop  in  pressure  will  not  be  excessive;  and  finally,  that 
the  power-plant  man  with  experience  in  handling  units 
of  thousands  of  horsepower  makes  a  veiy  poor  designer 
for  the  small  plant,  unless  he  has  started  his  career_in 
the  small  plant  and  knows  its  needs. 

New  York  City.  C.  W.  PETERS. 
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Favors  the  Oil  Engine 

We  have  500  hp.  in  steam  engines,  150  hp.  in  gas 
engines,  and  190  hp.  in  electric  motors,  the  last  operat- 
ing on  central-station  current.  We  burn  coal  costing 
$3.50  per  short  ton  for  steam  making  and  city  gas  of 
C50  B.t.u.  per  cu.ft.  at  70c.  per  1,000'  cu.ft.  in  the  gas  en- 
gines; central-station  current  at  2.02c.  per  kw.-hr.  is 
supplied  to  the  motors.  For  the  oil-engine  estimate  we 
will  assume  oil  as  costing  5c.  per  gal.  and  6  gaL  per  horse- 
power-hour. Based  on  these  costs,  940  hp.  of  electric 
current  for  one  month  of  25  ten-hour  days  would  cost 
$3,562;  steam  and  gas  per  month  would  cost,  fuel  and 
labor,  $2,491,  and  oil  and  labor  for  oil-engine  power, 
$1,237.  Reduced  to  kilowatt-hours  this  gives  for 
central-station  current  a  cost  of  2.02c.  per  kw.-hr. ;  steam 
and  gas  power,  1.41c.  per  kw.-hr.,  and  for  the  oil 
engine,  0.7c.  per  kilowatt-hour. 

It  looks  as  if  the  oil  engine  had  the  best  of  it  in 
operating  costs,  and  with  twenty  years'  experience  in 
making  gas  engines  do  their  work  with  reliability  and 
economy,  I  have  no  fear  of  not  getting  satisfactory 
results  from  an  oil  engine. 

In  the  past,  with  cheap  fuels,  we  have  been  unable 
to  see  much  of  anything  except  first  cost,  but  that  day 
has  gone.  Economy  of  operation  must  play  a  more 
prominent  part  in  the  selection  of  power  apparatus. 

A  good  steam,  oil  or  gas  engine  directly  coupled, 
driving  a  lineshaft,  has  the  advantage  that  several  losses 
are  avoided  with  which  the  central  station  has  to  con- 
tend. I  have  always  contended  that  with  first-class 
equipment  and  attendance  the  average  mill  or  factory 
power  plant  can  make  its  ovm  power  at  a  profit  over 
purchased  power.  Frequently,  however,  where  the  cost 
of  power  is  but  a  small  part  of  the  total  costs  of  manu- 
facturing, this  is  given  but  little  consideration. 

Anderson,  Ind.  J.  0.  Benefiel. 

Suggested  Changes  for  Diesel  Engines 

In  order  to  bring  about  more  satisfactory  operation 
of  the  Diesel  type  of  engine,  one  of  the  first  things 
the  designer  should  do  is  to  remove  the  high-pressure 
air  compressor  from  the  engine.  The  present  direct- 
connected  air  compressor,  in  the  writer's  opinion,  causes 
many  shutdowns,  and  the  accompanying  dissatisfaction. 

It  is  difficult  to  understand  why  the  compressor  was 
ever  directly  connected  to  the  engine,  as  it  is  'not  an 
efficient  drive.  I  would  suggest  the  adoption  of  a  small 
three-stage  high-speed  vertical  compiessor  driven  by  an 
electric  motor,  sm.all  engine  or  from  a  shaft.  A  motor- 
driven  compressor,  with  inclosed  silent-chain  drive  run- 
ning in  oil,  would  make  an  ideal  unit.  There  should  be 
sit  least  two  such  compressors  in  each  plant.  If  the 
plant  contains  more  than  one  engine,  the  compressors 
should  be  so  arranged  that  one  would  supply  air  for 
all  the  engines  and  the  other  held  as  a  reserve.  Then, 
if  one  broke  down,  the  other  could  be  cut  in  without 
shutting  down  the  engines. 

The  air  compressor  on  a  Diesel  engine  is  like  unto  the 
boiler-feed  pump  in  a  steam  plant,  and  it  is  not  much  of 
a  steam  plant  that  has  but  one  feed  pump.  The  same 
will  be  said  of  the  air  compressor  in  the  Diesel  plant. 
The  independent  compressor  could  be  made  an  efficient 
unit,  because  its  speed  could  be  regulated  according  to 
the  air  requirement. 

The  oil  pump  on  a  Diesel  engine  is  comparable  to 
the  boiler  of  a  steam  plant,  but   in   all   large  power 


plants  there  is  at  least  one  reserve  boiler.  Two  oil 
pumps  should  be  placed  on  each  engine,  one  to  be  held 
in  reserve.  They  should  be  independently  operated  or 
they  could  be  operated  from  the  camshaft,  but  so  fitted 
that  either  pump  could  be  repaired  while  the  other 
pumped  the  oil,  and  this  without  shutting  down  the 
engine.  I  lay  15  per  cent  of  the  engine  shutdowns  to  j 
the  oil  pump. 

Another  fixture  that  would  be  of  advantage  on  the  I 
Diesel  engine  is  a  duplicate  fuel-oil  injector  valve.  Two! 
of  these  valves  could  easily  be  put  on,  and,  then,  when 
one  went  wrong  the  other  could  be  cut  in.  It  would, 
howeve>',  be  some  job  to  design  these  valves  so  that 
one  could  be  repaired  while  the  engine  was  being  oper- 
ated, but  it  can  be  done.  At  least  a  spare  valve  or  two, 
complete  with  cages,  should  be  kept  on  hand  and  in 
repair,  to  be  put  in  when  the  engine  was  shut  down 
for  some  other  cause. 

In  my  opinion,  75  per  cent  of  the  shutdowns  could 
be  eliminated  if  oil  engines  were  built  with  duplicates, 
as  outlined  in  the  foregoing.  The  remaining  25  perj 
cent  of  the  shutdowns  are  due  to  the  load,  the  engine] 
itself  and  other  little  causes,  but  not  more  than  10  per] 
cent  are  caused  by  the  engine  itself,  if  it  is  properly] 
operated  and  closely  watched. 

A  crosshead  on  large  engines  should  be  used,  but  not] 
one  that  will  permit  the  crosshead  to  lift  from  its! 
guides.  The  crossheads  now  in  use  keep  the  greatest] 
wear  from  the  cylinder  and  piston  and  are  far  better] 
than  no  crosshead  at  all.  The  pistons  have  a  job  all] 
their  own  and  should  not  be  called  upon  to  do  the  work 
of  a  crosshead  as  well.  It  costs  money  to  put  in  a 
crosshead,  but  why  not  spend  a  little  more  on  the  first 
outlay  and  cut  out  repair  and  high  depreciation  costs?] 
A  crosshead  permits  of  the  necessary  adjustment  toj 
take  up  the  wear. 

The  piston  should  be  fitted  with  at  least  three  oil] 
grooves,  properly  spaced  and  extending  all  the  way] 
around  it,  if  a  vertical  piston.  If  it  is  a  horizontal! 
piston,  the  grooves  should  extend  all  the  way  around] 
except  for  about  one-half  inch  at  four  points  and  stag-j 
gered  so  as  to  make  the  groove  hold  the  oil  and  prevent] 
it  from  flowing  to  the  bottom  of  the  cylinder.  It  is] 
also  well  to  have  an  oil  groove  in  the  cylinder  of  largej 
engines.  But  all  grooves  should  be  cut  large  to  prevent 
them  from  becoming  clogged. 

A  light  oil-feed  pump  should  be  provided  to  furnish! 
lubricating  oil  to  the  cylinder,  and  it  is  a  good  plan] 
to  have  the  connections  enter  the  cylinder  at  three 
points.  A  low-oil  alarm  should  be  placed  on  the  oil! 
pump  as  a  precaution.  It  takes  but  a  few  minutes! 
for  trouble  to  develop  with  such  high  temperature  and! 
no  oil  and  very  serious  trouble  it  may  become  in  the| 
course  of  time. 

Some  types  of  internal-combustion  engines  operate 
with  a  water-injection  system.  It  can,  to  a  certaini 
extent,  be  applied  to  all  such  engines,  and  would  help, 
I  think,  and  also  do  away  with  considerable  noise  and 
would  accomplish  about  all  the  water-injection  method 
is  supposed  to  do. 

I  would  run  the  cooling  water  from  the  jackets  down 
over  the  baffles  in  the  air-intake  box.  The  intake  air 
passing  through  this  spray  of  warm  water  would  become 
saturated  with  moisture  and  would  be  so  under  all  con- 
ditions and  at  all  times.  This  air  would  also  be  free 
of  dust  and  grit  and  would  be  in  the  proper  condition 
to  enter  the  cylinders.  George  J.  Trosper. 

Winkelman,  Ore. 
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INQUIRIES 
OF  GENERAL 

11^  litLl^lldi 


Kerosene  in  Boilers — What  are  the  objections  to  the  use 
of  kerosene  for  the  prevention  or  removal  of  scale  from 
boilers  ?  W.  G. 

Kerosene,  especially  when  used  in  excessive  quantities,  is 
likely  to  cause  leaks  in  the  boiler  and  to  distill  over  and 
attack  gaskets  and  pipe  joints.  When  introduced  into  boil- 
ers in  which  there  is  already  a  deposit  of  scale,  the  loosening 
and  accumulation  of  the  scale  in  the  bottom  of  the  boiler 
may  cause  blistering  and  bagging  of  the  boiler  metal. 


Pressure  in  Closed  Heater  Higher  Than  Boiler  Pressure — 

Why  is  it  necessary  to  have  a  higher  relief  pressure  for  the 
safety  valve  on  a  closed  feed-water  heater  than  the  blowoff 
pressure  of  the  boiler  safety  valve?  W.  H.  B. 

For  boiler  feeding,  the  pressure  in  the  heater  must  be  as 
much  higher  than  boiler  pressure  as  may  be  necessary  to 
overcome  the  losses  of  pressure  sustained  in  discharging  the 
feed  water  from  the  heater  threugh  the  piping  and  fittings 
in  the  feed  line,  and  boiler-check  valve,  to  the  boiler. 


Lift  of  Jet  Pump — Water  is  raised  by  a  steam  jet  pump 
to  a  height  of  4  ft.  6  in.  above  the  pump,  and  the  suction 
water  is  supplied  at  a  pressure  of  1  lb.  per  sq.in.  What  is 
the  lift  of  the  pump  ?  M.  M.  W. 

If  the  suction  water  is  delivered  to  the  pump  under  a 
pressure  of  1  lb.  per  sq.in.  =  2.3  ft.  head,  and  the  pump  is 
capable  of  discharging  to  a  level  that  is  4  ft.  6  in.  above 
the  point  where  the  suction  pressure  is  measured,  then  the 
net  lift  of  the  pump  is  4.5  —  2.3  =  2.2  ft.,  or  about  26i  in. 


Choking  Pressure  Gage  Cock  to  Dampen  Vibrations — Will 
dampening  the  vibrations  of  a  pressure  gage  by  choking 
the  gage  cock  give  true  indication  of  the  average  pressure? 

C.  T. 

The  pressure  indicated  will  be  only  an  approximation  of 
the  average.  When  there  is  leakage  around  the  joint  of  the 
plug  of  the  gage  cock,  especially  when  the  cock  is  nearly 
closed,  the  true  pressure  will  be  greater  than  the  pressure 
indicated  by  the  gage,  and  on  that  account  readings  should 
not  be  relied  upon  unless  the  connections  are  tight. 


Necessity  of   Unequal  Laps   for   Equalizing   Cutoff — For 

equalizing  cutoff  with  a  D  slide  valve,  why  is  it  necessary 
to  set  the  valve  with  more  lap  on  the  head  end  than  on  the 
crank  end?  G.  N.  H. 

On  account  of  angularity  of  the  connecting  rod  a  fewer 
number  of  degrees  of  rotation  of  the  eccentric  is  accom- 
plished for  a  fraction  of  stroke  from  the  head  end  than  from 
the  crank  end.  Hence,  to  obtain  closure  of  the  valve  for 
cutoff  to  take  place  as  early  in  the  stroke  from  the  crank 
end  as  from  the  head  end,  the  valve  must  have  more  lap  on 
the  head  end. 


Water  Power  Available  for  Electric  Generator — What 
number  of  horsepower  can  be  realized  for  an  electric  gen- 
erator from  a  turbine  waterwheel  supplied  by  a  stream  flow 
of  10  cu.ft.  of  water  per  second,  where  there  is  a  total  fall 
of  17  ft?  R-  R- 

The  net  working  head  realized  will  depend  on  the  loss  of 
head  sustained  in  getting  the  water  to  and  from  the  turbine, 


depending  on  the  character  of  the  development,  and  for  a 
given  net  head  and  given  rate  of  flow  the  power  realized 
depends  on  the  efficiency  of  the  turbine  and  transmissive 
machinery.  Assuming  that  the  available  net  working  head 
is  14  ft.  and  the  combined  efficiency  of  the  turbme  water- 
wheel  and  transmissive  machinery  is  70  per  cent,  the  power 
reslized  would  be 

14  X  10  X  62.3  X  60 

ooQQQ X  70  per  cent  =  11.1  hp. 


Power  Factor  of  an  Unbalanced  Load — In  our  plant  we 
have  a  three-phase,  2,300-volt,  250-kw.  alternator.  How  can 
I  find  the  power  factor  from  the  readings  of  the  polyphase 
wattmeter,  ammeters  and  voltmeter?  The  ammeters  do 
not  all  read  alike.  R.  A.  W. 

Power  factor  is  the  ratio  of  the  watts  to  the  volt- 
amperes.  The  wattmeter  reads  directly  in  watts.  If  the 
load  is  balanced  on  a  three-phase  circuit,  the  volt-amperes 
equal  the  voltmeter  reading  times  one  ammeter  reading 
multiplied  by  1.732.  Where  the  load  is  not  balanced,  the 
volt-amperes  equal  the  sum  of  the  three  products  obtained 
by  multiplying  each  ammeter  reading  by  the  volts  meas- 
ured to  the  neutral  point.  For  example,  on  a  2,300-volt 
circuit  the  wattmeter  reads  95  kw.  and  the  ammeters  read 
25,  30  and  35  amperes,, respectively.  Since  this  is  a  three- 
phase  circuit,  the  volts  to  neutral  equal  2,300  -^  1.732  = 
1,328.  The  products.of  volts  to  neutral  and  ammeter  read- 
ings are  1,328  X  25  =  33,200,  1,328  X  30  =  39,840  and 
1,328  X  35  =  46,480,  respectively,  and  the  total  volt- 
amperes  =  33,200  +  39,840  -f  46,480  =  119,520  watts. 
Then  the  power  factor  =  watts  -f-  volt-amperes  =  95,000 
-^   119,520   =  0.79. 


Motor  Field  Coils  Burn  Out, — What  causes  the  field  Cuils 
of  a  four-pole  shunt  motor  to  burn  out  frequently?  Tha 
motor  will  operate  satisfactori'-"-  for  a  week  or  ten  days, 
and  then  one,  and  sometimes  two,  of  the  field  coils  will  be 
roasted  out.  The  field  coils  are  not  grounded  when  they 
fail.  J.  C.  L. 

If  the  same  coils  bum  out  each  time,  the  trouble,  no 
doubt,  is  due  to  th?  coils  that  do  not  burn  out  being  short- 
circuited  or  grounded,  consequently  putting  full-line  poten- 
tial across  the  coils  that  burn  out.  It  would  be  advisable 
to  see  to  it  that  the  coils  that  do  not  burn  out  are  not  short- 
circuted  or  grounded,  as  it  is  almost  certain  that  this  is  the 
source  of  the  trouble.  If  one  of  the  field  coils  of  a  direct- 
current  motor  is  short-circuited  or  grounded,  it  will  not 
cause  this  coil  to  burn  out,  but  would  put  a  higher  voltage 
across  the  other  coils  in  the  machine,  which  might  cause  the 
latter  to  be  destroyed.  If  there  is  any  electrical  disturb- 
ance causing  this  trouble,  it  is  probably  due  to  the  con- 
troller used  on  the  motor.  It  is  not  stated  what  type  of 
controller  is  being  used  or  what  the  motor  is  used  for.  The 
trouble  complained  of  frequently  occurs  on  elevator  or  other 
types  of  automatic  controllers  where  conditions  exist  that 
open  the  field  circuit,  and  cause  a  heavy  voltage  to  be  in- 
duced in  the  coils,  which  either  breaks  down  the  insulation 
of  the  field  coils  or  of  the  armature.  It  may  be  that  some 
such  condition  as  this  exists  in  the  motor's  controller.  If 
so,  the  controller  should  be  adjusted  so  as  to  prevent  open- 
ing the  field  circuit. 
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Condensed-Clipping  Index  of  Equipment 

Clip,  paste  on  3  x  5-in.  cards  and  file  as  desired 


Staybolt,  GaUagher  Flexible 

P.   F.   Gallagher,   Clifton,   S.   I. 

"Power."  March  16,  1920 


li'.-t^ 


''i    DdhrShetl 


This  staybolt  consists  of  a  flexible 
steel  sleeve  2  J  in.  at  its  largest  out- 
side diameter.  The  sleeve  is  thread- 
ed to  screw  into  a  13 -in.  tapped  hole 
the  boiler  sheet,  and  is  also 
threaded  to  take  a  drilled  1-in.  di- 
ameter staybolt  at  the  threaded  por- 
tion. The  flexible  sleeve  extends  i 
in.  beyond  the  boiler  sheet,  and  is 
■[^  in.  thick.  The  staybolt  is  1  in. 
in  diameter  at  the  threaded  portion. 
This  design  permits  of  a  staybolt  1 
in.  longer  than  could  be  used  if  the 
staybolt  were  screwed  directly  into  the  boiler  sheet.  The  idea 
of  the  design  is  to  obtain  flexibility  in  the  steel  sleeve  instead  of 
having  the  strain  come  upon  the  threaded  joint(  where  the  stay- 
bolt  screws   into   the   boiler   sheet. 


Chain,    Sure-Lock    L,ink-Belt    Chain 

Vulcan  Link  Belt   Co.,   Inc.,   Endicott,   N.   T. 
"Power" 


The  links  of  this  chain  lock  over  at 
right  angles.  The  lugs  on  the  inner  side 
bar  rides  the  flanges  of  the  hooks.  The 
links  will  not  detach  except  when  at  right 
angles,  which  position  does  not  occur  even 
in  abnormal  operation.  The  belt  operates 
with  the  sprocket  teeth  against  the  back 
of  the  hook,  but  may  be  driven  in  both 
directions.  There  is  practically  n'^  wear  or 
friction  on  the  inner  face  of  the  lugs,  their 
purpose  being  to  prevent  the  links  from  be- 
coming detached. 


Arch,   Shaw   Suspended  Boiler 

L.  S.  Shaw  &  Co.,  Union  Building,  Cleveland,  Ohio. 
"Power,"  March  23,   1920 

This  arch  Is  con- 
structed by  suspend- 
ing forms  from  cross- 
beams and  filling  in 
between  with  a  com- 
pound consisting  of 
firebrick  material  of 
silica  and  alumina 
fireclay  that  is  highly 
charged  with  asbestos 
fiber,  and  is  free  from 
expansion  and  con- 
traction. The  mono- 
lith arch  is  adaptable 
to  all  furnace  design 
and  irregularities  in  construction,  and  it  is  only  necessary  to 
pour  into  a  form  similar  to  that  for  pouring  cement.  After  the 
firebrick  has  been  baked,  it  presents  a  firebrick  surface  that 
is  exposed  to  the  fire  all  suspension  bolts  and  girders  being  pro- 
tected from  the  heat  of  the  furnace.  It  is  simple  to  build,  easy 
to  repair,  and  but  few  repair  parts  are  required  to  be  kept  on 
hand. 

Condenser,  New  Wheeler  Auxiliary  Tube-Plate 

Wheeler  Condenser  and  Engineering  Co.,  Carteret,  N.  J. 
"Power,"  Feb.  10,  1920 

TVio  oj-inflfins«>r  is  used 
chiefly  in  connection  with 
salt  circulating  water. 
The  tubes  are  expanded 
into  a  tube  plate,  which 
eliminates  the  possibility 
•of  leakage  at  that  end. 
At  the  other  end  the 
tubes  are  provided  with 
Standard  ferrules  and 
condenser  packing.  The 
packing  permits  the 
tubes  to  expand  freely 
and  yet  maintain  an  al- 
most leakless  joint.  At  this  end  of  the  condenser  a  thin  auxiliary 
tube-plate  or  baffle  is  provided  through  which  all  the  tubes  pass. 
The  holes  in  this  plate  are  of  such  size  as  to  make  a  sliding  fit 
with  the  tube.  In  case  of  leakage,  the  circulating  water  drops 
to  the  bottom  of  the  compartment  between  the  two  tube-plates 
and  is  then  carried  off  through  a  drain  at  the  bottom. 


Engine,  Harrisburg  Dual  Clearance 

Harrisburg  Foundry  and  Machine  Works,  Harrisburg,  Pa. 
"Power,"  March  30,  1920 


The  latest  development  in  en- 
gines of  the  uniflow  type  incorpor- 
ates a  design  having  two  clear- 
ances. Steam  is  expanded  from  a 
small  clearance  and,  by  means  of 
a  single-balance  piston  valve,  is 
allowed  to  compress  first  into  a 
large  chamber  and  finally,  as  the 
piston  nears  the  end  of  the  stroke, 
into  a  smaller  clearance.  The 
eteam  that  has  been  compressed 
into  the  large  chamber  enters,  due 
to  the  automatic  action  of  a  valve, 
into  the  cylinder  at  the  opposite 
end  and,  mixing  with  the  expand- 
ing steam  on  the  return  stroke,  expands  with  it  and  passes  out 
through  the  central  ports  to  the  exhaust  line. 


Heater,  Russell  Storage 

Griscom-Russell  Co.,  90  West  St.,  New  York  City. 
"Power,"  March  16,  1920 


This  heater  is  Intend-  p 
ed  to  supply  hot  water  L 
in  hotels,  apartment 
houses,  factories,  etc., 
and  is  desigrned  with  a 
number  of  straight 
tubes  in  the  steam  ele- 
ment of  sufficient  length 
to  insure  that  the  re- 
quired heating  will  be  L- 
taken  care  of  and  that 
all  the  steam  will  be  condensed.  The  drain-tube  area  is  only 
sufficient  to  carry  the  condensation  back  to  the  steam  head.  The 
brass  tubes  are  expanded  in  a  fixed  tube  plate  at  one  end  and 
in  a  floating  tube  plate  at  the  other,  thus  permitting  expansion 
and  contraction  of  the  tube  without  strain  on  the  tube  joints.  The 
shell  is  finished  with  welded  construction  or  j-iveted  as  preferred. 


Heat    Meter,    New    Compensated 

The  Brown   Instrument  Co.,   Philadelphia,   Pa. 
"Power,"  Sept.  20,  1919 

This  instrument  elimin- 
ates the  effect  of  line  and 
thermocouple  resistance  by 
means  of  an  operation  that 
is  simple  and  gives  accurate 
results.  In  testing  with 
this  instrument,  it  is  only 
necessary  to  connect  the 
thermal  couple  with  the  in- 
strument binding  posts, 
press  a  button,  turn  a  knob 
and  take  a  reading,  which 
will  be  the  correct  electro- 
motive force  of  *^he  thermal 
couple  at  its  hot  end,  even 
if  the  line  is  miles  in  length. 
The  line  may  have  as  much 
as  15  ohms  resistance.  The 
instrument  is  direct  read- 
ing through  its  entire  scale 
range,  requires  no  dry  nor 
standard    cells. 


Filter,    Nugent    Automatic    Alarm    Oil 

W.  W.  Nugent  &  Co.,  150  West  Superior  St.,  Chicago,  IlL 
"Power,*  Sept,   23,  1919 


This  filter  Is  equipped  With  an  auto- 
matic alarm  consisting  of  a  tilting 
two-compartment  tank,  two  gongs 
and  a  gong  beater  which  moves  with 
the  tank.  When  one  of  the  compart- 
ments fills,  the  tank  becomes  over- 
balanced and  tilts,  whereupon  the 
beater  comes  in  contact  with  a  gong, 
thus  sounding  an  alarm,  which  Indi- 
cates that  the  oil-filtering  bag  is 
overflowing.  When  the  second  or 
third  bag  begins  to  overflow,  the  in- 
terval between  alarm  signals  becomes 
shorter  and  the  alarm  is  more  insist- 
ent. The  alarm  is  sounded  so  as  to 
prev-ent  the  overflow  of  dirty  oil  into 
the   filtered   oil. 
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Patented  Aug.  20,  1918 
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Steam  Versus  Electric  Driven  Steel  Mills 


At  the  Pittsburgh  monthly  meeting,  Dec.  20,  1919, 
of  the  Association  of  Iron  and  Steel  Electrical  En- 
gineers, a  discussion  ivas  had  on  "Steam-  Versus 
Electric-Driven  Mills."  A  brief  report  of  this  meet- 
ing was  published  in  Power,  Jan.  13,  1920.  After 
this  discussion  considerable  time  was  devoted  to 
collecting  and  tabulating  additional  material,  and 
the  results  of  thisi  investigation  tvere  published  re- 
cently in  the  association's  monthly  bulletin,  of  which 
this  article  is  a  brief  abstract.  The  total  discussion 
comprises  JtO  pages  and  11  inserts.  Copies  can  he 
obtained  by  addressiyig  the  association's  office  at 
518  Empire  Building,  Pittsburgh,  Pa. 


WITH  a  view  to  contributing  toward  the  elimination 
of  doubts  that  seem  to  exist  on  some  of  the  most 
essential  points  regarding  main-roll  drives  for  steel 
mills,  H.  E.  Siebert^  has  prepared  and  given  in  his  discussion 
a  number  of  curves  and  tables  which  are  derived  from  tests 


40-in.  reversing  blooming  mills  driven  by  steam  engines. 
In  one  case  the  engine  is  a  42  x  60-in.  twin-simple 
reversing  type,  throttle  controlled.  In  another  case  the 
engine  is  a  44  x  70  x  60-in.  tv/in-tandem-compound  unit. 
Another  drive  analyzed  is  that  of  a  .52  x  90  x  60-in.  tandem- 
compound  engine  of  the  Corliss  type,  operating  condensing. 
The  latter  engine  drives  a  4.3-in.  three-high  blooming  mill, 
having  a  rolling  rate  of  from  170  to  210  tons  per  hour  of 
2.5-ton  ingots.  The  table.  Fig.  1,  gives  detailed  information 
on  a  number  of  steam  and  electrically  driven  mills.  It  is 
limited  to  the  tests  made  by  the  author  and  some  of  the 
tests  of  Dr.  Puppe,  on  both  steam-engine  driven  and  electric- 
driven  mills. 

In  comparing  the  different  engines  in  Fig.  1,  it  will  be 
seen  that  the  water  rate  per  indicated  horsepower-hour  on 
the  Mesta  single-lever-controlled  engine  is  2.3  lb.  and  on  the 
other  heavy  engines  controlled  by  the  throttle  alone  it  is  32 
to  35  lb.  per  indicated  horsepower-hour.  This  comparison 
shows  what  steam  economy  can  be  effected  by  cutoff.  The 
real  point — steam  per  ton — can  be  obtained  for  any  elonga- 
tion by  multiplying  indicated  horsepower-hours  per  ton  by 
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FIG.   1.      DETAILED   INFORMATION  ON   A   NUMBER    OF     STEAM    AND   ELECTRICALLY    DRIVEN   MILLS 


made  on  some  of  the  largest  steam-driven  mills  in  the  Pitts- 
burgh and  Youngstown  districts.  For  the  sake  of  com- 
parison he  has  included  results  of  tests  from  the  work  of 
Dr.  Puppe  on  steam-  and  electric-driven  mills  in  Europe 
These  curves  show  principal  results  of  tests  on  38-in.  and 
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the  water  rate  of  the  engine.     The  table  also  shows  tha' 
the   same   compound   engine,  whose   non-condensing   water 
rate  is  54  lb.  per  indicated  horsepower-hour,  has  a  conden^ 
ing  water  rate  of  about  35  lb.     Thus  a  material  saving  en 
be  effected  by  condensing  operation. 

In  applying  these  data  care  should  be  observed  in  the  use 
of  the  figure  foi  water  rate  per  "effective  horsepower."    If 
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this  figure  is  used,  the  "mill  efficiency"  should  also  be  used, 
since  in  the  case  of  a  heavy  engine  having  a  high  water  rate 
per  "effective  horsepower,"  the  mill  and  engine  efficiency  is 
low  and  in  that  efficiency  the  losses  are  expressed  in  the 
high  water  rate  per  "effective  horsepower."  In  every  case 
indicated  horsepower-hotirs  per  ton  X  water  rate  per  indi- 
cated horsepower-hour  —  indicated  horsepower-hours  per 
ton  X  water  rate  per  effective  horsepower-hour  X  nidi  and 
engine  efficiency. 

As  an  illustration  of  the  relative  economy  of  steam  and 
electric  drives  the  author  takes  that  of  a  large  plant  con- 
taining 6  heavy  reversing  and  2  three-high  drives,  steam 
engines  being  the  prime  movers.  The  gross  product  of  the 
plant  (as  rolled)  can  be  taken  as  100,000  tons  per  month, 
the  greater  part  being  shapes.  The  engines  are  compound 
condensing,  having  an  average  water  rate  of  38  lb.  per 
indicated  horsepower-hour,  including  condenser  auxiliaries, 
and  are  in  condition  to  give  service  for  some  years,  the 
entire  steam  plant  being  about  thirteen  years  old.  Steam 
is  generated  in  stoker-fired  central  boiler  plants  at  155  lb. 
gage,  with  an  average  superheat  of  50  deg.  F.  The  plant 
at  the  present  time  is  short  of  electric  power  to  the  extent 
of  about  4,000  kw.,  the  peak  being  7,000  kw.  In  this  par- 
ticular case  the  field  is  almost  ideal  for  a  central  station  of 
about  25,000  kw.  The  question  is,  "Would  the  economy 
of  the  electric  mill  drive  warrant  a  replacement  of  the 
engines?" 

In  this  analysis  it  is  shown  that  the  cost  per  ton  of 
steel  rolled  with  the  steam  drive  is:  Fixed  charges,  $0.14; 
repairs  and  maintenance,  $0.10;  lubrication,  waste  and  mis- 
cellaneous supplies,  $0.03;  operating  labor  is  taken  as  equal 
to  that  of  the  electric  drive;  total  cost  of  steam  per  ton 
output,  $0.93,  making  a  grand  total  cost  per  ton  for  steam 
drive  of  $1.20.  On  the  electric  drive  the  cost  per  ton 
is:  Fixed  charges,  $0.42;  repairs,  maintenance  and  mis- 
cellaneous supplies,  $0.02;  cost  of  current,  $0.32;  cost  of 
labor  is  taken  equal  to  that  for  steam  drive,  making  a 
grand  total  for  the  electric  drive  of  $0.76.  A  saving  in 
favor  of  the  electric  drive  over  the  steam  of  $1.20  — 
$0.76  =  $0.44  per  ton,  which  represents  an  interest  re- 
turn on  the  investment  of  16  per  cent  in  favor  of  electric 
drive. 

The  foregoing  condition  is  considered  one  of  the  most 
favorable  for  the  steam  drive.  For  a  new  plant  the  condi- 
tions will  be  entirely  different,  at  least  from  the  standpoint 
of  fixed  charges,  because  both  steam  and  electric  plants 
will  be  governed  by  present-day  prices.  From  the  data 
presented  in  the  curves  and  tables  given  in  the  discussion 
the  author  arrives  at  the  following  conclusions: 

1.  The  power  requirements  by  different  mills  rolling  at 
widely  different  rates  show  very  close  agreement.  This  is 
especially  true  of  the  blooming  and  billet  mills,  both  re- 
versing and  three-high. 

2.  The  data  show  that  the  electric  reversing  mill  re- 
quires just  as  much  power  per  unit  of  elongation  as  the 
steam-driven  reversing  or  the  three-high  mill. 

3.  The  60  per  cent  kinetic  energy  which  is  stored  in  the 
rotating  masses  of  the  electric  reversing  mill  and  which 
is  reclaimed  in  the  form  of  electrical  energy,  does  not  ap- 
pear on  the  curves  in  favor  of  this  form  of  drive.  This 
fact  is  evidently  due  to  the  greater  moment  of  inertia  of 
the  rotor  masses,  as  compared  with  that  of  the  steam-driven 
mills. 

4.  Acceleration  losses  in  reversing  steam  drives  vary 
from  12  to  36  per  cent  of  the  indicated  work,  for  the 
light  and  heavy  engines  respectively.  The  lighter  the 
engine  is  the  easier  it  is  to  control  and  the  less  this  loss. 

5.  The  reversing-mill  engine,  especially  in  the  foi-m  of  a 
twin-tandem  compound,  is  a  very  complicated  machine, 
and  as  such  it  demands  moi*e  attention  and  repair  than 
the  average  mill  mechanical  force  can  possibly  devote  to 
it  in  the  time  that  is  available  for  such  repairs. 

The  single-lever  controlled  engine  is  a  forward  step  in 
the  direction  of  steam  economy,  but  it  imposes  a  heavy 
penalty  in  the  form  of  acceleration  loss.  Can  we  not  build 
a  light,  yet  a  simple  and  strong  engine? 

6.  The  motor-driven  mill  possesses  decided  advantages 
in  the  way  of  mechanical  simplicity,  space  reouii-ed,  clean- 
liness of  plant,  etc.,  aside  from  its  economic  advantage. 


7.  No  fixed  rule  can  be  laid  down  for  the  relative  economy 
of  the  steam  and  electric  drives  for  different  plants,  be- 
cause the  plant  conditions  vary  within  wide  limits.  For 
the  case  taken,  the  advantage  is  in  favor  of  the  electric 
drive.  It  does  not  follow,  however,  that  this  advantage 
would  obtain  in  another  case.  Each  particular  plant  must 
be  studied  in  detail.  Such  a  study  may  show  that  the 
economic  gain  in  one  plant  does  not  apply  to  another  plant 
where  the  conditions  may  be  different. 

In  his  discussion  the  following  data  on  steam  consump- 
tion, as  obtained  from  a  55x60-in,  twin-simple-reversing 
engine  driving  a  40-in.  blooming  mill,  were  presented  by 
B.  E.  Eppelsheimer': 

Date — July  30.  1919 

Average  steam  pressure,  lb.  gage 160 

Duration  of  test,  hours 17 

Average  feed-water  temperature,  deg.  F 210 

Total  boiler -feed  water,  lb 1.690,000 

Total  loss  through  safety  valves  and  blowoff 144,000 

Net  steam  to  engine,  lb 1,546,000 

Average  steam  per  hour,  lb 90,940 

Maximum  flow,  steam  per  hour,  lb 150,750 

Minimum  flow,  steam  per  hour,  lb 25,000 

Size  of  ingots 18  x  20-in. 

Size  of  blooms 7  x    4-in. 

Number  of  ingots  rolled 436 

"Weight  of  ingots  rolled,  tons 1,014  (FP  832) 

Steam  per  ingot,  lb 3,570 

Steam  per  ton  steel,  lb 1,520 

In  addition  to  the  foregoing  data,  obtained  when  the 
mill  was  rolling  steel,  the  steam  consumption  was  deter- 
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FIG.    2.      DATA   ON   34-IN.    ELECTRICALLY-DRIVEN 
REVERSING  MILL 


mined  for  the  engine  and  mill  running  idle  and  for  the 
engine    alone   with   the    mill    disconnected.      During   these 
tests  there  were  no  reversals  of  the  engine,  so  that  there 
were  no  plugging  strokes  as  in  actual  rolling.     The  steam  i 
consumption  under  these   conditions  was   too   small  to  boj 
measured   accurately  by   the    venturi   meter   and   was    ob- 
tained by  flow  meters  in  the  steam  lines  from  the  indivi-j 
dual  boilers.     Since   the   steam   flow  was   practically   con- 
stant,  this   type   of  meter  is   accurate  under  these   condi- 
tions.   The  results  of  these  idle  tests  to  determine  the  fric- 
tion load  are  as  follows: 

Engine  and  Engine 

Friction  load                                                               Mill  Alone 

Duration,   minutes    20  20 

Engine  speed,  r.p.m 41  40 

Steam   per   hour,   lb 36,900  29,610 

Steam  per  revolution,  lb 15.0  12.35 

This  blooming-mill  engine  exhausts  into  receivers  which 
supply  steam  to  low-pressure  turbines  run  condensing. 
Since  the  low-pressure  steam  to  the  turbines  replaces  high- 
pressure  steam  of  the  same  total  available  heat  energy, 
the  blooming-mill  engine  should  be  credited  with  the  heat 
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energy  available  in  the  exhaust.  The  available  energy  be- 
tween 160-lb.  gage  and  5-lb.  gage  through  the  blooming- 
mill  engine  is  43.4  B.t.u.  per  pound  of  steam.  The  avail- 
able energy  betw^een  5-lb.  gage  and  28-in.  vacuum  to  the 
turbine  is  39.1  B.t.u.  per  lb.  of  steam.  The  total  available 
energy  for  high-pressure  steam  between  160-lb..  gage  ant^ 
28-in.  vacuum  is  82.5  B.t.u.  Each  pound  of  exhaust  steam 
used  in  the  turbine  saves  0.457  lb.  of  high-pressure  steam. 

The  data  presented  in  Fig.  2  were  given  by  E.  S.  Jeffer- 
ies',  for  an  electrically  driven  34-in.  reversing  mill,  which 
has  been  in  operation  for  6J  years,  during  which  time  it 
has  rolled  1,353,879  net  tons  of  various  sizes,  varying  in 
size  from  10-in.  rounds  dovra  to  4  x  4's,  the  average  size 
being  5  x  5  in.  This  equipment  has  given  practically  no 
trouble,  as  illustrated  by  the  fact  that  in  the  last  4J  years 
the  total  delays  charged  by  the  mill  department  against 
the  equipment  was  11  hours,  35  minutes,  which  is  roughly 
one  minute  delay  for  every  2,000  tons  rolled. 

The  electric  cost  data  over  the  6i-year  period  for  an  18- 
in.  four-stand  billet  mill,  which  is  driven  by  a  1,600-hp. 
motor,  through  a  herringbone  reduction  gear,  and  rolls 
4  X  4's  to  Ig  in.  square,  are  as  follows: 

Total  tonnag-e  rolled — 697,012  net  tons  Per  Cent 

Repairs    and    maintenance $0.0028  1.3 

Labor    in    operation 0.0249  11.3 

All  power    0.1740  78.8 

Interest  and  depreciation 0.0191  8.6 

Total  electrical  cost $0.2208  100.0 

The  total  time  delay  on  this  mill  is  not  more  than  one 
minute  in  a  minimum  of  four  to  five  thousand  tons  rolled. 

Similar  cost  data  during  the  same  6i  years  for  a  rod 
and  wire  mill,  which  is  a  Morgan  continuous  mill,  having 
ten  12-in.  roughing  stands  and  six  10-in.  finishing  stands, 
rolling  li-in.  billets  to  No,  5  rods,  are  as  follows: 

Total  tonnage  rolled — 395,925   tons  Per  Cent 

Repairs    $0.0175  1.7 

Labor    0.0457  4.4 

All   power    0.8140  78.1 

Interest  and  depreciation 0.1660  15.8 

Total    cost    per    ton...; $1.0432  100.0 

The  electrical  equipment  on  this  mill  comprises  a  3,200- 
hp.  synchronous  motor  driving  two  1,200-kw.  generators, 
which  in  turn  drive  two  1,600-hp.  variable-speed  motors 
controlled  by  the  Ward-Leonard  system.  Here  also  the 
delays  have  been  so  few,  especially  in  the  last  four  years 
when  there  has  been  no  delay  charged  whatsoever. 

Others  contributing  to  the  discussion  are:  K.  A.  Pauly, 
general  engineer.  General  Electric  Co.;  G.  E.  Stoltz,  gen- 
eral engineer,  Westinghouse  Electric  and  Manufacturing 
Co.;  B.  C.  Fennell,  engineer,  Nordberg  Co.,  Milwaukee,  Wis.; 
B.  R.  Shover,  consulting  engineer,  Pittsburgh,  Pa.;  F.  G. 
Cutler,  steam  engineei-,  Tenn.  C,  I.  &  R.R.  Co.,  Birmingham, 
Ala.;  R.  H.  Keil,  power  engineer,  Jones  &  Laughlin  Steel 
Co.,  Pittsburgh,  Pa.;  and  Gordon  Fox,  electrical  engineer. 
Steel  and  Tubes  Company  of  America,  Indiana  Harbor,  Ind. 


Massachusetts  Board  of  Boiler  Rules 
Has  Hearing  in  Boston 

The  Massachusetts  Board  of  Boiler  Rules  convened  in 
Boston,  Thursday,  May  6,  at  its  semi-annual  meeting  to  con- 
sider changes  in  rules.  The  meeting  was  presided  over  by 
John  H.  Plunkett.  Two  members  of  the  board,  John  A. 
Collins  and  H.  H.  Lynch,  and  former  Chief  Inspector  George 
A.  Luck,  were  present. 

Mr,  Stetson,  a  representative  of  the  Bigelow  Boiler  Co., 
New  Haven,  Conn.,  requested  permission  to  weld  longitudinal 
joints  in  vertical  fireboxes  of  boilers  and  called  upon  F.  L. 
Fairbanks  to  present  the  case  for  him.  Mr.  Fairbanks  con- 
ceded that  certain  seams  of  boilers  could  be  welded  without 
danger  to  the  structure.  He  said  that  as  a  whole  in  the 
welding  of  a  firebox  or  inner  sheet,  the  parts  where  the 
weld  is  made  are  in  compression  and  the  severe  stresses  are 
distributed  on  the  staying.  All  large  railroads  allow  welding 
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of  joints  in  flat  plates  in  fireboxes.  No  trouble  has  been 
experienced  and  the  trials  have  been  very  successful.  It  is 
now  a  regular  practice.  For  several  years,  the  A.  S.  M.  E. 
did  not  permit  welding  of  seams,  but  now  allows  this  process 
if  the  stress  is  carried  by  the  construction.  In  the  firebox 
boiler  when  the  strength  is  carried  by  the  staying  of  the 
circular  outside  wrapper,  the  sheet  is  safer,  and  the  Bigolow 
Boiler  Co.  feels  warranted  in  asking  permission  to  weld 
longitudinal  joints  of  vertical  fireboxes.  Mr  Fairbanks  then 
went  on  to  say  that  the  Bigelow  people  were  prepared  to  do 
welding  by  both  the  oxyacetylene  and  the  electric  processes. 
Mr.  Fairbanks,  who  has  had  much  experience  along  these 
lines,  advocated  this  method  for  the  less  important  seams  of 
the  boiler. 

Mr,  Stewart,  head  of  the  Stewart  Boiler  Works,  Wor- 
cester, Mass.,  opposed  the  A.  S.  M.  E.  rules,  for  the  reason 
that  just  such  processes  as  here  proposea,  jeopardize  the 
safety  of  boilers.  If  such  practices  are  followed,  the  factor 
of  safety  is  lost.  The  board  had  iniled  in  the  past  that  the 
forged  weld  only  could  be  used,  and  this  shows  that  the 
board  has  previously  considered  autogenous  welding  unsafe. 
Mr.  Stewart  also  stated  that  welded  seams  would  eventually 
leak.  As  to  compression  this  depended  on  the  staybolts — 
if  they  are  always  there — but  if  broken  they  cannot  support 
the  weld.  He  said  that  he  had  always  opposed  anything 
in  the  Massachusetts  rules  that  tends  to  lower  the  safety 
standard. 

Fred.  E.  Dillon,  of  the  Dillon  Boiler  Works,  of  Fitchburg, 
Mass.,  at  this  juncture  asked  Mr.  Fairbanks  if  he  thought 
that  staybolts  might  break  and  not  support  the  welded  joints. 

Mr.  Fairbanks  replied  that  he  had  thought  so  at  one  time, 
but  that  as  chairman  of  a  subcommittee  of  the  Boiler  Code 
Committee  he  had  done  a  gi'eat  deal  of  study  and  investiga- 
tion work  along  these  lines.  As  a  result  of  this  ^research 
work,  in  his  opinion  the  furnaces  of  vertical-tube  boilers 
were  under  compression  and  self-sustaining  and  staybolts 
were  not  necessary  for  the  support  of  the  firebox  sheet.  He 
said,  however,  that  if  the  water  were  to  leave  the  boiler, 
the  staybolts  might  prevent  bulging  between  stays  and 
therefore  were  beneficial.  The  Massachusetts  Boiler  Rules 
permit  forge  welding.  I  have  a  large  number  of  forge- 
welded  tanks.  It  takes  a  very  expensive  equipment  to  forge 
weld  and  that  is  its  greatest  objection.  I  believe,  however, 
that  autogenous  welding  when  the  stress  is  carried  by  other 
means  than  the  weld,  is  safe  and  reasonable.  Construction 
should  be  allowed  as  provided  for  in  the  A.  S.  M.  E.  Boiler 
Code. 

Mr.  Fessenden,  of  the  Petroleum  Products  Co.,  petitioned 
the  board  for  permission  to  tap  heating  boilers  for  hot- 
water  circulation  to  the  oil-supply  pipes  in  order  to  reduce 
the  viscosity  of  the  oil.  He  introduced  Mr.  Fiske,  a 
mechanical  engineer  of  the  company,  who  pointed  out  that 
this  arrangement  of  tapping  is  comparable  with  the 
Lamphrey  mouthpiece  construction  but  has  not  so  many 
joints. 

Charles  E.  Gorton,  of  the  American  Uniform  Boiler  Law 
Society,  asked  the  board  to  consider  the  following  amend- 
ment to  the  rules: 

Although  a  boiler  may  not  conform  in  all  respects  to  the 
requirements  of  the  boiler  rules  as  they  exist  upon  the  date 
when  this  amendment  is  passed,  yet  if  such  boiler  shall  have 
been  found  upon  inspection  during  construction  by  a  boiler 
inspector  duly  qualified  under  the  provision  of  Section  4, 
Chapter  465  of  the  Acts  of  1907,  as  amended  to  conform  in 
all  respects  to  the  Rules  for  the  Construction  of  Stationary 
Boilers  and  for  Allowable  Working  Pressures  foi-mulated  by 
the  Boiler  Code  Committee  of  the  American  Society  of 
Mechanical  Engineers  and  submitted  to  the  Council  of  that 
Society  December  3,  1918,  and  if  such  boiler  shall  be 
stamped  by  such  inspector  in  accordance  with  the  provisions 
of  paragraph  332  of  said  rules,  and  if  such  boiler  shall  be 
found  upon  inspection  by  the  Division  of  Inspections  to  con- 
form in  design,  construction  and  workmanship  with  the 
requirements  of  said  rules,  then  such  boiler  shall  be  certified 
as  inspected  by  the  Division  of  Inspections  for  opei-ation  in 
Massachusetts  and  shall  be  allowed  a  working  pressirre  com- 
puted in  accordance  with  said  Rules  for  Allowable  Working 
Pressures  formulated  by  said  Boiler  Code  Committee;  pro- 
vided, however,  that  where  said  nales  conflict  with  any  pro- 
vision of  the  statutes  of  the  Commonwealth  of  Massachusetts 
the  latter  shall  apply. 
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Mr.  Dillon,  speaking-  on  behalf  of  the  New  England  Asso- 
ciation of  Boiler  Manufacturers,  said  that  at  the  March 
meeting  of  that  association  a  resolution  had  been  passed 
that  the  past  work  of  the  Board  of  Boiler  Rules  be  approved 
and  that  no  acceptance  of  boilers  of  any  lower  standard  be 
permitted.  This  was  an  indirect  intimation  that  the  boilers 
manufactured  in  accordance  with  the  regulation  of  the  A.  S. 
M.  E.  Boiler  Code  were  of  an  inferior  quality  and  lower 
standai'd. 

Mr.  Gorton  interrupted  to  call  attention  to  the  fact  that 
all  of  the  members  of  the  New  England  Association  of 
Boiler  Manufacturers  made  boilers  to  the  A.  S.  M.  E. 
standard  and  asked  why  any  manufacturer  should  build 
boilers  for  outside  states  that  were  unsafe  and  if  it  was 
necessary  to  prove  that  boilers  manufactured  under  the 
A.  S.  M.  E.  Code  were  safe.  "There  are  really  very  few 
differences  between  the  boilers  made  under  the  A.  S.  M.  E. 
Code  and  those  made  under  the  Massachusetts  Code,"  said 
Mr.  Gorton,  and  he  then  read  a  list  of  the  sixteen  states 
that  operate  under  the  A.  S.  M.  E.  Code. 

Mr.  Dillon  replied  that  it  was  true  that  mere  was  very 
little  difference,  but  said  that  those  were  the  differences  to 
which  they  referred  and  which  they  wanted  to  preserve  and 
that  the  New  England  Boiler  Manufacturers  Association 
stood  up  for  Massachusetts  rules. 


A  meeting  of  the  executive  committee  will  be  held  in  ths 
near  future  to  reach  decisions  on  the  cases  brought  before 
the  board  at  the  hearing. 


Latest  New  York  Power  Plant 
To  Have  Large  Units 

The  two  60-cycle  turbo-generators  which  will  be  installed 
in  the  new  Hell  Gate  station  of  the  United  Electric  Light 
&  Power  Co.,  of  New  York,  will  be  of  the  tandem-compound 
type,  each  rated  at  43,750  kva.  at  80  per  cent  power  factor 
or  35,000  kw.  They  will  be  designed  to  carry  peak  loads 
of  40,000  kw.  for  short  periods.  These  units,  which  will 
be  built  by  the  Westinghouse  Electric  &  Manufacturing  Co., 
will  be  similar  to  the  60-cycle  units  installed  in  the  North- 
west station  of  the  Commonwealth  Edison  Co.  The  gen- 
erators will  be  designed  for  13,200  volts,  and  the  units  will 
operate  at  1,200  r.p.m. 

The  turbines  will  be  designed  to  operate  at  220  lb.  steam 
pressure,  200  deg.  F.  superheat  and  29  in.  vacuum.  They 
will  have  reaction  blading  throughout.  The  high-pressure 
element  of  this  type  of  machine  is  single-flow  and  the  low- 
pressure  element  is  double-flow. 
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John  Wesley  Hyatt,  inventor  of  the 
Hyatt  roller  bearing-,  died  suddenly  on 
May  10,  of  heart  disease,  in  his  eighty- 
third  year,  at  his  residence,  Windermere 
Terrace,  Short  Hills,  N.  J. 
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Personals 


Barton  R.  Sliover,  Consulting-  Electrical, 
Iron  and  Steel  Plant  and  Steam  Engineer, 
Oliver  Building,  Pittsburgh,  Pa.,  has  added 
to  his  organization  W.  C.  Rott  as  chiet 
engineer. 

Charles  F.  L,ederer,  until  recently  super- 
intendent of  way,  of  the  Milwaukee  (Wis.) 
Electric  Railway  and  Light  Co.,  has  become 
associated  -with  the  rail-welding  depart- 
ment of  the  Metal  and  Thermit  Corp.,  of 
New  York. 

J.  H.  McEUiinney  recently  resigned  as 
chief  engineer  of  the  Youngstown  Sheet  and 
Tube  Co.,  Youngstown,  Ohio,  to  become 
chief  engineer  for  the  Columbia  Steel  Co., 
Elyria,    Ohio. 

G.  E.  Stoltz,  general  engineer  of  the 
Westinghouse  Electric  a-nd  Manufacturing 
Co.,  East  Pittsburgh,  Pa.,  has  been  ap- 
pointed engineer  in  charge  of  the  steel-mill 
section  of   the   engineering  d3partment. 

WiUiam"  F.  MaJlay,  who  during  the  war 
-was  chief  engineer  of  the  United  States 
Destroyer  "Stevens"  a-nd  previous  to  th& 
■war  was  with  the  Lincoln  Manufacturing 
Co  Fall  River,  Mass.,  is  now  in  charge 
of  the  new  plant  of  the  New  England  Oil 
Refining   Co. 
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Society  Affairs 
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The  American  Society  of  Safety  Engi- 
neers will  meet  on  Friday,  May  28,  at  the 
Engineering  Societies  Building,  West  39th 
Street,  New  York.  The  meeting  will  be 
devoted  to  the  safety  features  of  com- 
pressed-air work  in  tunnel  and  foundation 
construction. 

Tlie  American  Society  of  Mechanical 
Engineers  is  planning  the  formation  of  a 
professional  section  covering  the  handling 
and  distribution  of  material.  The  purpose 
of  such  a  section  is  to  a  +  tract  the  atten- 
tion of  the  technical  and  business  minds 
to  this   phase   of  commerce, 

The  Associatetl  Manufacturers  of  AVater 
Purifying  Equipment  will  meet  in  Montreal, 
Canada,  in  conjunction  with  the  annual 
convention  of  the  American  Water  Works 
Association  during  the  week  of  June  20. 
Reports  of  the  committees  on  standardiza- 
tion of  contracts  and  sizes  of  filters,  to- 
gether with  tentative  forms  and  schedules. 
Will   be   submitted   at  the  meeting. 


The    New    England    States    Association    of 

the  National  Association  of  Stationary  En- 
gineers vi^ill  hold  its  annual  convention  at 
Worcester,  Mass.,  July  8,  9  and  10,  and 
in  connection  the  annual  exhibition  ot 
power-plant  machinery,  accessories  and  sup- 
plies will  be  conducted  July  7,  8  and  3 
under  the  auspices  of  the  New  England 
Association  of  Commercial  Engineers.  The 
annual  meeting  and  election  of  officers  wui 
be  held  at  this  time  by  the  N  B.  A.  C.^- 
Adequate  entertainment  has  been  planned 
for  the  delegates  and  visitors  to  the  con- 
vention. 

The  American  Welding  Society  at  a  meet- 
ing in  New  York  City,  on  April  22  elected 
the  following  officers:  President,  J.  H. 
Deppeler,  Metal  and  Thermit  Co^p^  vice 
president  (two-year  term),  J.  W.  Owens, 
Norfolk  Navy  Yard  ;  vice  president  (one- 
year  term),  D.  B.  Rushmore,  General  Blec 
trie  Co.  ;  directors  (three-year  term),  W. 
M.  Baird.  Linde  Air  Products  Co  ;  A.  M. 
Candv,  Westinghouse  Electric  and  Manu- 
facturing Co.;  C.  J-^Halsey  Electric  Arc 
Cutting  &  Welding  Co.  ;  C  J.  Jones,  con- 
sulting engineer;  C.  A.  McCune,  Page  & 
Wire  Co  ;  S.  W.  Miller,  Rochester  Welding 
Works ;  Joah  Bragden  David  Lipton  Sons 
Co.  ;  P.  F.  Willis,  Henderson -Willis  Welding 
and'  Cutting   Co. 

The  American  Society  of  Heating  and 
Ventilating  Engineers  will  hold  its  semi- 
annual meeting'  May  26,  27  and  28  at  St. 
Lou"s  Mo.!1n  the  Hotel  Statler..  The  opening 
day  wni  be  devoted  to  registration  and 
business  meetings,  reports  of  committees^ 
Ptc  During  the  afternoon  a  jomt  meeting 
with  the  American  Society  of  Refrigerating 
Engineers  will  be  held,  and  in  the  evening 
a  theatrical  entertainment  will  be  given 
at  the  Municipal  Open-Air  Theater,  Forest 
Park.  On  Thursday  there  will  be  a  joint 
meeting  with  the  American  Society  of 
Mechanical  Engineers  and  the  American 
Society  of  Refrigerating  Engineers,  a  boat 
ride  on  the  Mississippi  River  and  a  banquet 
at  the  Hotel  Statler,  jointly  with  the  Amer. 
ican  Society  of  Refrigerating  Engineers. 
Friday  will  be  devoted  to  professional 
sessions. 

The  American  Boiler  Manufacturers' 
Association  will  hold  its  thirty-second 
annual  convention  at  the  French  Lick 
Springs  Hotel,  French  Lick,  Ind.,  May  31, 
June  1  and  2.  The  first  day  of  the  con- 
vention will  be  taken  up  by  reports  con- 
cerning the  A.  S.  M.  E.  Boiler  Code.  The 
reports  deal  with  the  piomulgation  of  the 
Code,  simplification  of  data  sheets,  stamp- 
ing of  boilers,  etc.  A  paper  on  "Fuel  Con- 
servation" will  be  presented  by  David 
Moffat  Myers,  consulting  engineer.  New 
York.  In  the  afternoon  delegates  may  in- 
dulge in  tennis,  bathing,  riding,  croquet 
and  other  sports.  During  the  third  session 
on  Tuesday.  June  1,  the  reports  of  the 
treasurer  and  of  the  auditing  committet- 
will  be  read.  This  session  is  for  members 
only.  The  last  day  of  the  convention  will 
be  given  over  to  the  report  of  the  nominat- 
ing -committee  and  the  election  and  in- 
stallation  of  officers. 
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Miscellaneous  News  | 
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The  Pensylvania  State  College  is  opening 
a  two  weeks'  summer  course  in  Industrial 
Organization  and  Management  from  Aug. 
9  to  21.  It  is  designed  to  meet  the  needs 
of  manufacturers,  ■superintendents,  employ- 
ment directors,  foremen,  accountants,  and 
all  others  who  are  concerned  with  the  daily 
affairs  of  industry  and  who  are  willing  to 
devote  two  weeks  to  intensive  study. 

Tlie  Franklin  Imstitute  at  a  meeting  on 
May  19,  presented  the  Franklin  Medal  to 
Sir  Auckland  Geddes,  British  Ambassador, 
on  behalf  of  the  British  government  for  the 
Honorable  Sir  Charles  A.  Parsons,  New- 
castle-on  Tyne,  England,  and  to  W.  A.  F. 
Ekengren,  Minister  of  Sweden  on  behalf  of 
the  Swedish  government  for  Professor 
Svante  August  Arrhenius,  Noble  Institute, 
Stockholm,   Sweden 

Engineering  Council,  in  the  referendum 
on  a  National  Department  of  Public  Works 
conducted  by  the  United  States  Chamber 
of  Commerce,  voted  in  favor  of  a  Depart- 
ment of  Public  Works  established  by  the 
National  Government.  The  Council  also 
favored  a  Department  of  Public  Works  to 
be  established  by  a  suitable  modification 
of  the  existing  Department  of  the  Interior 
but  was  opposed  to  the  creation  of  an 
entirely    new    department. 
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I  Business  Items  | 
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Tlie  Steam  Motors  Co.,  Springfield, 
Mass.,  announces  the  opening  of  a  new 
office  at   50   Church  St.,   New   York  City. 

Tli«  Dwlght  Manufacturing  Co.,  of  Chi- 
cago, has  moved  its  business  offices  from 
12  and  14  South  Jefferson  St.  to  565  West 
Washington  Boulevard.  The  new  quarters 
are  larger,  and  the  company  will  have 
better  facilities  for  taking  care  of  a  greatly 
increased  business. 
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I  Trade  Catalogs  f 


The   Joseph    H.   Roach   &    Compan.v,    Inc., 

Philadelphia,  Pa.,  has  completed  publica- 
tion of  a  new  15-page  catalog  entu.eu 
"The  Roach  Stoker."  The  booklet  contains 
illustrations  and  descriptions  of  the  stoker* 
handled  by  this  company.  A  copy  will  be 
sent    on    request. 

The  Metal  &  Thermit  Corp.,  New  York 
City,  has  issued  a  third  and  revised  edi- 
tion of  its  pamphlet  entitled  "Laboratory 
Experiments  with  the  Thermit  Process  of 
Welding."  The  pamphlet  illustrates  and 
describes  various  exi)eriments  which  are 
intended  to  show  the  speed  of  reaction,  the 
heat  produced  thereby  and  effect  obtained 
by  superheated  liquid  slag  and  superheated 
liquid   steel. 


Philadelphia  and  Boston 


May  25,  1920 
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I  New  Construction  I 
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Prices  of  steam  coals  both  anthracite  and  bitu- 
rn.nous,  f.o.b.  mines,  unless  otherwise  stated,  are  as 
follows: 

ALANTIC  SRABOARD 

Anthracite-Coals  supplying  New  York.  Phila- 
delphia and  Boston : 


Tlllllllllllliiii,,,,,,,,,,,,,,, 
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PROPOSED    WORK 

award    the    cottr-tct    fn}^\u^^-    ^'''l    ^oo" 
of   a    2   story   servfcp    «tL-*''®    construction 
Ave       A  c!tf.aTv,    i,^  »*?    station    on    Klmwnn,i 
stali*.ri     in     o*"   heating  system 
siaiiea     in    same.       T^t^i     __/, 


?211,726! 
?214,900 


Pea 

Buckwheat 
Rice 


Mine 
5 
$3.40(« 


r-iocior  iing.  Co.,   74   Cortland   St 
[.    i^'imty    i:^g.    Co.,    30    Church    St ' 

Ker'r 'ru^bfne   Co''1'r^H:"'-{i^  .^'enefaror^; 

Gem.     Electric     Co       i?r^"'S^    ^^^    «36.550 

N.    W.    KeUoee   Co"    Qr.    w^>'^^'     «40.570 

contractors   alf  of  "Vew   Yn%l^  r^V'    «16.465 

construction      Habcock    &    Wilcox     sV     f7y     I'K'   '^'^"er. 

on    Klmwood      York     City      $29  qos      ijo^'/'?,'"'^'.  ^^■-    ^ 

ri   will   be   in-      Bailey  Bldg     Phila    'j-^o  "'i^"     ^'^''P-     3 

imated     fost       nah^;;^!,    P^^Vxr., ""^■'  ?>'^.'a6  :  soot  hlnwo 


.w.. ,  ,_    ,„     b"<?°'^'    Fleet   aAd    Prin 

Barlev  2. 75(?i;  3.25     heating   system    will    be    in< 

bJ[,2 2 .  25®  2 . 50     Total   estimated  cost,   ? 750 " 


$100,000.""     ""•'""■       '^°^^^     estimated     cost^      Babcock  &^Wilcox^'sf  sV'^^ ''  ^T^  '''°^er8 


ce    St.s. 


a    theatre 
A    .steam 


boiler, 

"'ew 

304 

era 

and 

enser 

City, 


in.stalled    in    same! 


2.50 


000 


Bituminous-Steam  sizes  supplying  \ew  York,     motor 


Pitai.  Fo'g  Kn'|^^L^n^V^I°    Shoe    Hos- 
3     h...     «o     cycIe^^-'si'nVirX'en^V^'-  " 


,.^?!°'    Philadeli>liij^_j. 

pervising    Archt. 


A.    Wetmore,    Su- 


volt 


Latrobe 

Connellsville  coal 


$4.25@$4.50 

^      ,    .           ,  ,              4.25@   4.50 

^•ambnas  and  Eomersots 4  35(ui   5  15 

!?Iearfields '^ 

Pocahontas 

^ew  River 


Power ^Co  ^"^finn^TP?     Niagara     &     Eri 


P-np    at    the-uiiit^d'^^Je^^ii;^  V^ 

Co^;,Vla'Js"^'n*uiPd-J\^  ?n"d'^'2^V"-^  ^'-«« 
^v.«ft«.?„n„,f/--  ^.actoV     A^stLr^'atln^ 


4.00®  4.75 
6.50®  7.00 
6.50®  7.00 


sv^t^ri,       ii^!-^°"^*"ction      system    will    be    instalWi   Vn  ^^^^"^   heating 
t.ystem.     Estimated  cost,      estimated   cost,    ?50ofooo  '^°^^^ 

r^^e    Niagara.    Lockpo 


and-Ont-kr^"f^!»eT  of    ?'fiof\7'  .^ockport 
Bldg..    i.s    nr«^o',-t^'-i','   160.0  Marine  Trust 


Md..    Balti 


BUFFALO 

Bituminous— Prices  f.o.b.  Buffalo: 

ittsburgh  slack 

line-run 

lUmp 

bughiogheny 


CLEVELAND 

Bituminous— Prices  f.o.b.  min 


meet   industrll?  dSa^n^s^^^^.    Syracusey'^'o^ 
cost,    $300,000      "'""^"^s.     T-^tal  estimated 

&  Eie^t^i"corr"o?ith^nr  J"'""  ^tate  Gas 
catinn    tr.   *ur"i.  ?^  Ithaca  has  made  a7-.r.U- 


cation   tc    the   P>ub 


as  made  appli 


bard  and"Com"^t;;J^ft|^'tr  ^  ^°-  ^om- 
prepared  for  the  construptinn  ^^''"f  P'^n^ 
175  X  190  ft  shirt  fipi^^,,"  '^^■?-  *  story, 
and  AVolfe  St  A^tP^^^'^^.?"  ^"^h  Ave. 
he  installld  n  same  ^nt'Lf '"f-^^^'^"!  ^"i" 
$500,000.  Lockwood  nr^  estimated  cost, 
Park  Ave.,  N°e^w^To°r^'  c'Jy^^rrclfts.'^"'  ''' 
Va^    Norfolk — C. 


$6.00 
6.25 


for    permissTon     to  ^'^'•^-    Comn:. 'Ind-^^^r      225  ^Piume    St  "^^    ^^\  Whitehurst    &    Co 
$2.60?.40"S'rn"ds  ^o  iSff-,at^n^     ^-e     °t^-jH'l'o/ JoV^n^^^'^u^h  ^L^^'l 


6.00®  6.50     Cmb.  c/o'DrviI"F''T^n\'  i^^V^^'"-  ^Porting 
6.75  110  West  34th  St     h^^\-^^S^^-  and  Engr^ 

100    X    175    ft     c?ub  ^an^.l"  ''""^  ^  2  story 
and    Lexington    Ave  ^  ^^®"?.  ^^  ".5th  St. 


story 
steam  heating  system  \vHn"K^"''''  ^^^  A 
same.  Total  J«H™o.:tV"  A^  jnstaljed  in 
Herts 


^.....     &'^Robertlon'"''Wl     TS-    "^O.OOO: 
New  York  Cig,"rchtl'ind^l'n'|?s"     ^""• 


^tem^n;?,^,,,    A    steam^atW     Ar^k,  ^f  ^ 


y^;'      ^o'chmond— Herts 


mated   cost,    $300,000^''  '"  ^^™^-    '^°*^1  ^^ti- 
Aj;r^20^^^Vl;"^;7.^„-  ?.«e'f,<rh  and  C,  L. 


&      Robertson, 


b.  8  slack 
o.  8— J-in 


4.25 
3.50®  4.00 

'•^'^!"^™" 3.50®   4.00 

o  mine-run 4   sn 

-30ahontas-Mine-run .    '. ',  .  ,       3 .  25®  4 .  00 


Plans  tb  build  a  1°sto1:r-  ^^^^^^  YoTk  City 
building.  A  stfam  h^^?; J"'°^^^*'°"al  office 
installed  in  lamf  TnV.",^  ^^'^^em  will  be 
?«0.000.  O^^S|•  naml^^ifhS.'^'^  ^°^^ 
-^'•.r:.    ^^--boro-The    Revolution    Cot- 


samf.     T^r.r„°..?l^'i®"?   ^1"    be    installe 
$350,000 


ST.    LOUIS 

Anthracite— Probably  not  more  than  20  per  cent 
the  demand  in  this  market  can  be  supplied.  Prices 
ective  Apr.  I  were  as  follows: 


Williamson 

and 

Franklin 

Counties 


Mt.  Olive 
and 


ne-run. . 
eenings. 
mp 


same.     Total  e"strraated  cosi;  $^50:000^""''    ''' 

Berlin^-22^6*We;r4i;;d''^  ^^"l"  ^''•^  ^^^'^^S 
prepared  for  the  construVtinn''  ^^^'^f  P'anl 
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O.,  Toledo — The  Toledo  Ry.  &  Light  Co. 
plans  to  construct  a  sub-station  to  replace 
the  Casino  Sta.  recently  destroyed  by  fire. 
The  new  station  will  have  a  capacity  oi 
10  000  kw.  and  will  serve  the  lower  town 
industries,  the  new  intercepting  sewerage 
pumping  station  and  the  Toledo  Beach  car 
E  Estimated  cost,  $225,000.  C.  Derge, 
Asst    Genl.   Mgr. 

Ind..  Gary— Z.  Erol  Smith,  305  East  55th 
St.,  Chicago,  will  soon  award  the  contract 
for  the  construction  of  a  1  story,  50  x  400 
ft  factory  for  the  O.  K.  Giant  Battery  Co. 
515  B'way.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$75,000.  ^  , 

Mich..  Detroit— Dodge  Bros.  Joseph 
Campau  Ave.,  plan  to  construct  a  100  x 
100  ft  power  house.  Four  12,000  np. 
steam  turbines,  four  12,000  hp.  boilers, 
Automatic  coal  handling  conveyors,  stokejs^ 
and  ash  handling  conveyors  and  complete 
steam  driven,  turbo-generator  sets  will  be 
installed  in  same.  Total  estimated  cost, 
$2,000,000. 

Mich.,  Detroit— The  Newton  Packing  Co., 
1041  14th  Ave.,  will  soon  award  the  con- 
tract for  the  construction  of  a  1  s  ory  68 
Y  q5  ft  packing  house  on  14th  A\e.  An 
electric  power  motor  will  be  installed  m 
same  Total  estimated  cost,  ,H0,000. 
MUdner  &  Eisen,  924  Hammond  Bldg., 
Archts.  ^       ,    c       • 

'Mich,.  Detroit— The  Sacred  Heart  Semi- 
nary 155-  McDougal  Ave.,  engaged  Donald- 
son &  Meier,  Archts.,  1314  Penobscot  Bldg^, 
?o  prepare  plans  for  the  construction  ^f  a 
•?  and  4  story  seminary  on  Linwooa  Ave 
Ld  Joy  Rd  Plans  include. a  separate 
tteam  bleating  plant  Total  estimated  cost, 
$2  500,000.    W.  W.  Walker,  Chn. 

Mich.,  Detroit— Julius  Stroh  1676  Jef- 
ferson Ave.,  plans  to  build  an  18  story,  80 
X  Too  ft  ofhce  building  at  the  West  Grand 
Circus  Park.  Steam  heating  equipment 
will  be  installed  in  same. 

Mich  Highland  Park  (Detroit  P-  O)  — 
Tohn  H  Kunsky,  501  Madison  Theatre 
TMde  engaged  C  Howard  Crane,  Archt., 
Wurman  Bw|!  to  Prepare  plans  for  the  con 
«triiction  of  a  2  story,  127  x  200  tt.  tneatre 
on  Woodward  and  Waverly  Aves.  A  steam 
heating  and  forced  ventilation  system  will 
blinst^Ued  in  same.  Total  estimated  cost, 
$300,000. 

Mich.,  Saginaw— The  Herzog  Art  Furni- 
ture Co  1900  South  Michigan  Ave.,  will, 
'soon  awkrd  the  contract  for  the  construe- 
tion  of  a  3  story,  85  x  2Z7  tt.  lacwiy. 
Steam  heating  boilers,  electric  power  etc 
will  be  installed  m  same.  Total  estimatea 
Tost  $95,000.  Cooper  &  Beckbissmger,  114 
South  Jefferson  St.,  Archt. 

Ill  Chicago— Graham,  Anderson,  Probst 
&  White,  Archts.,  1417  Ry.  Exch  Bldg., 
will  soon  award  the  contract  for  the  con- 
struction of  a  6  story.  73  ^  lOO  ft  office 
hiiilding-  at  325  South  Wells  bt.  tor  me 
Pennsyfvania  Offices,  Itic  A  steam  heating 
svsteni  will  be  installed  m  same.  Total 
estimated  cost,   $350,000. 

Tii  T.ocknort — The  Penitentiary  Comn. 
Win  re^e^e  SIds  until  June  1  for  the  fur- 
nishing and  installation  of  four  300  hp. 
water  tube  boilers  and  stokers  in  the  power 
house  at  the  Illinois  State  Penitentiary, 
near  here. 

Wis.,  Milwaukee — The  Central  Bd.  of 
Purchases  received,  bids  May  10  for  fur- 
nishing a  1.500  gal.  combination  motor 
driven  street  flusher  and  sprinkler,  from  the 
Paufy  Motor  Truck  Co..  2530  North  Ave 
$8,775;  Sterling  Motor  Truck  Co  t6th 
Ave.  and  Rogen  St.  West  Alhs  $9  427  • 
Amer    Auto  •Co.,    187   Wisconsin   St.,    $9,969 
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Wis.,  Milwaukee— The  Federal  Eng.  Co.. 
Engr.,  Stephenson  Bldg.,  will  soon  award  the 
contract  for  the  furnishing  of  coal  convey- 
ing machinery  for  the  Natl.  Knitting  Co.. 
905  Clinton  St. 

Mnn..  Chisholm— Ernest  Drew  Town 
Recdr.,  will  receive  bids  until  July  1  for 
ilie  construction  of  a  2  story,  64  x  298  ft. 
building  on  Lake  St.  A  steam  and  mechan- 
cal  ventilating  system  will  be  installed  in 
same      Total  estimated   cost,    $450,000. 

Minn..  St.  Paul— The  Times  Auto  Supply 
Co  56th  and  B'way,  New  York  City, 
is  having  preliminary  plans  prepared  for 
the  construction  of  a  6  story,  98  x  130  ft. 
office-warehouse  on  St.  Peter  and  6th  Sts 
A  steam  heating  system  and  electric  motors 
will  be  installed  ih  same  .  Total  estimated 
cost  $300,000.  Toltz,  King  &  Day,  1410 
Pioneer    Bldg.,    Archts. 

Kan.,  Americus— The  city  voted  $18,000 
bonds  to  build  an  electric  transmission  line 
from  here  to  Emporia.     Noted  May  lo. 

N  D.,  Grand  Forks  —  The  Industrial 
Com'n  of  North  Dakota,  Bismarck,  will 
receive  bids  until  May  29  for  the  construc- 
tion of  a  reservoir,  filter  plant,  power  house 
and  plant.  Boilers,  stokers,  etc.,  wHl  be 
installed  in  same.  C.  L  Pillsbury  Co  2305 
Oliver  Ave.,  S.,  Minn€apolis,  Minn..  Engr. 
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Mo.  St.  Louis — The  city  plans  to  install 
one  220  hp.  engine  and  a  horizontal  single 
crank  engine  for  the  pumping  station.  J.  A. 
Brooks,    Engr. 

Cal.,  San  Diego— Tne  Bureau  of  Yards 
&  Docks,  Navy  Dept,  Wash.,  D.  C,  plans 
to  install  cold  storage  insulation.  Esti- 
mated cost,   $125,000. 

Cal..  San  Francisco — The  Pacific  Gas  & 
Electric  Corp.,  445  Sutter  St.,  plans  to  im- 
prove and  construct  additions  to  the  elec- 
trical generating  and  distributing  system, 
including  hydro-electric  plants  along  the 
Pitt  River,  transmission  lines,  etc.  iotai 
estimated  cost,  $13,062,426.  John  Britton. 
Vice-Pres. 

M  I.,  Guam  —  The  Bureau  of  Yards  & 
Docks,  Navy  Dept.,  Wash.,  D.  C.,  will 
soon  award  the  contract  for  the  installa- 
tion of  turbo  alternatorsV  exciters  and 
switchboards.      Estimated    cost,    $33,000. 

Ont.,  London — J.  M.  Moore,  Archt.,  425 
Richmond  St.,  will  receive  bids  i,ntil  May 
31  for  the  construction  of  a  4  story,  .75  x 
180  ft.  hospital  on  St.  James  St.  Boilers, 
radiators,  etc.,  will  be  installed  in  same. 
Total  estimated   cost.    $160,000. 

Ont..  Toronto — The  Famous  Players  Can- 
adian Corp.,  Temple  Bldg.,  is  having  plans 
prepared  for  the  construction  of  a  2  st9ry 
motion  picture  theatre.  A  steam  heating 
system  will  be  installed  in  same^  Total 
estimated  cost,  $300,000.  J.  M.  Jeffrey.  348 
Confederation   Life   Bldg.,   Archt. 

Ont..  Wroxeter — The  Town  Council  plans 
to  build  a  power  plant.  Estimated  cost; 
$15,000.  Mr.  Flint,  Hydro  Bldg.,  Toronto. 
Engr.  „ 

CONTRACTS    AWARDED 

Mass..  Boston — Snider  &  Druker,  18  Tre- 
mont  St.,  will  build  an  8  story,  60  x  100 
ft  mercantile  building  on  Kneeland  Ave. 
A  steam  heating  system  will  be  installed  m 
same.  Total  estimated  cost,  $500,000. 
Work  will   be   done   by   day   labor. 


Mass..  Bostonr— Swift  &  Co.,  60  North 
Market  St.,  has  awarded  the  contract  for 
tTie  construction  of  a  2  story  office  build- 
ing and  a  2  story  extension  to  boiler  room, 
to  the  R.  F.  Morrison  Co.,  Ci'.y  Sq.  Bldg. 
Total  estimated   cost,    $18,000 


Mass.,  New  Bedford — The  Empire  Thea- 
tre Inc.,  2  Masonic  Bldg.,  has  awarded  the 
contract  for  the  construction  of  a  2  story, 
70  X  140  ft.  theatre  on  Elm  St,  to  the 
Weiss  Constr.  Co.,  40  Court  St.,  Boston.  A 
steam  heating  system  will  be  installed  in 
same.      Total  estimated  cost.    $325,000. 

Mass..  South  Boston  (Boston  P.  O.)  — 
The  Joseph  Burnett  Co.,  36  India  St., 
Boston,  has  awarded  the  contract  for  the 
construction  of  a  7  story.  80  x  160  ft. 
manufacturing  building  on  Fargo  and  •  D 
Sts.  to  the  William  M.  Bailey  Co.,  88  Bro^.d 
St  Boston.  A  steam  heating  system  will 
be 'installed  in  same.  Total  estimated  cost. 
$400,000. 

N  Y.,  New  York — Crawford,  Russell, 
Weaver  &  Everett.  2  West  42nd  St.,  will 
build  two  buildings,  one  31  story  and  the 
other  25  story  on  Park  and  Madison  Aves., 
45th  to  47th  Sts.  A  steam  heating  systeni 
will  be  installed  in  same.  Total  estimated 
cost,  $25,000,000.  Work  will  be  done  by 
day  labor. 

N  Y..  New  York — The  New  York  Edison 
Co,  Irving  PI.  and  15th  St..  has  awarded 
the  contract  for  the  construction  of  a  3 
story,  45  X  75  ft.  transformer  station  on 
East  6th  St..  to  Clough  Bourne  101  Park 
Ave.  Estimated  cost.  $60,000.  Noted 
Feb.  9. 

N.  Y..  New  York — The  Vincent  Astor 
Estate,  23  West  26th  St..  has  awarded  the 
contract  for  changing  the  14  story  hotel 
on  42nd  St.  and  B'way  into  an  office  build- 
ing, to  Marc  Eidlitz.  30  Bast  42nd  St.  A 
stiam  heating  system  will  be  installed  in 
same.     Total  estimated  cost.   $200,000. 

N.  Y.,  St.  Margaret's  Bay— The  Novo  Scotia 
Power  Comn.,  Halifax,  has  aw-arded  the 
contract  for  the  construction  of  a  power 
house,  etc..  in  connection  with  the  pro- 
nosed  hydro-electric  development,  to  D.  U. 
Loomis  &  Sons,  1112  St.  Patrick  St  Mont- 
real, P.  Q.  Total  estimated  cost,  $250,000. 
o!  Cleveland— The  Cleveland  Rubber 
Corp.  Co.,  1900  Euclid  Ave.,  has  award^.d 
the  contract  for  the  construction  of  a  1 
story,  52  x  IDS  ft.  boiler  house  at  2110 
West  114th  St.,  to  the  U.  S.  Eng.  &  Constr. 
Co.,  Engineers  Bldg.  Estimated  cost. 
$56',000. 

Mich..  Saginaw — St.  Mary's  Parish  has 
awarded  the  contract  for  the  construction 
of  a  3  story.  114  x  125  ft.  parish  school 
building,  to  the  Burnett-Heinge  Co.,  Main 
St  A  steam  heating  boiler,  fan  system, 
etc  will  be  installed  in  same.  Total  esti- 
mated   cost,    $175,000. 

la..  Waterloo — Deere  &  Co..  1325  3rd 
Ave  ,  has  awarded  the  contract  for  the 
construction  of  a  group  of  foundry  build- 
fngi  incTudfng  a  3  storyT  120  x  120  ft.  serv- 
icl  building,  etc.,  to  the  Scales  Constn  Co. 
Circulating  fans  and  motors  will  be  in- 
stalled  in  same.  Total  estimated  cost 
$400,000. 

Neb.,  Ingleside— The  Bd.  of  Comrs.  oi 
the  State  Institutions  has  awarded  the  con 
tract  for  the  installation  of  a  heating  sys 
tem  in  the  proposed  hospital  and  receivinj 
building,  to  Phelps  &  Underwood.  » 
$24,000. 

Tex..  Austin— The  State  Bd.  of  Contro 
has  awarded  the  contract  for  the  installa 
tion  of  a  complete  heating  system  m  th 
lunatic  asylum  here,  to  John  L..  Martlr 
408  Congress  Ave.,  at  $47,500.  Note. 
May  3. 

Cal.,  Westend  (San  Rafael  P.  O.)— Th 
Westend  Mining  Co.  has  awarded  the  cor 
tract  for  the  construction  of  a  borax  piar 
to  John  Simpson  &  Co.,  Grant  Bldg.,  Lo 
Angeles.  Plans  include  an  80  x  180  i 
mill  building,  32  x  48  tt.  boiler  house,  et 
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Our  coal  was  slack  an'  run-of-mine,  an'  say,  it 
sure  was  gassy!  As  full  of  pitch  as  Georgy  pine.  An' 
smoky?  Lawd  'a  massy!  The  way  it  cluttered  up  them 
tubes  was  surely  somethin'  frightful,  an'  in  the  boiler 
room  us  boobs  got  mighty  peeved  an'  spiteful. 

The  boiler  wasn't  none  too  high,  which  sorter 
cramped  the  furnace;  but  no  wise  geezer  drifted  by  to 
show  us  or  to  learn  us.  An'  so  the  sooty  gases  riz  an' 
through  the  boiler  floated,  an'  everywhere  they  hit, 
they  friz,  until  the  tubes  was  coated. 

Then  there  was  merry  hell  to  pay!  The  pressure 
got  to  droppin'  in  spite  of  the  unceasin'  way  us  fellers 
kept  a-hoppin',  until  the  chief  instructed  us  to  give  the 
tubes  a'  cleanin' — his  language  bein'  mostly  cuss,  but 
mighty  plain  of  meanin*. 

We  rigged  a  scaffold  out  of  plank  an'  got  the  steam 
lance  goin',  an'  cussed  the  blank-star-double-blank- 
three-daggers  job  of  blowin'.  We  couldn't  make  the 
stuff  stay  put  for  half  a  minute,  brother ;  for  when  one 
tube  was  clean,  the  soot  went  settlin'  on  another. 

But  that  was  in  the  early  days  before  our  eyes  was 
open.  We've  canned  them  foolish,  ancient  ways,  the 
swearin'  an'  the  mopin'.  For  blowin'  soot's  so  easy, 
now,  there's  hardly  nothin'  to  it;  ic's  almost  sinful, 
I  allow,  to  take  good  pay  to  do  it. 

We  take  a  firm  an'  steady  grip  upon  a  valve  an' 
turn  it,  an*  just  about  as  qui«k  as  zip!  that  soot  is 
gone,  gol  dum  it!  Today  our  jobs  is  fit  for  gents  an'  all 
our  costs  is  lower,  an*  everybody's  happy  sence  the 
boss  installed  a  blower. 
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Many  engineers  do  not  take  the  trouble  and 
others  do  not  know  how  to  keep  records  that  will 
enable  them  to  obtain  the  most  efficient  boiler- 
room  operation.  This  article,  in  text  and  tables 
and  by  numerous  curves,  gives  information  that 
should  enable  any  engineer  to  get  the  most  out 
of  his  boiler  plant. 


FEW  engineers  have  really  kept  pace  with  the 
economic  trend  of  events  that  have  taken  place 
in  the  boiler  room,  and  the  direct  result  of  this 
has  been  a  high  cost  of  power  due  to  a  waste  of  coal. 
Few  people  realize  the  importance  of  the  coal  ques- 
tion, but  everyone  is  alive  to  the  fact  that  the  price 
of  coal  is  advancing,  partly  due,  no  doubt,  to  the 
increased  cost  of  mining,  but  also  partly  due  to  the 
rapid  using  up  of  the  most  easily  mined   coal  beds. 
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FIG.    1.      CURVES    SHOWING   EFFECT   OF  FIRE   THICKNESS 

Therefore  engineers,  wherever  possible,  should  prevent 
the  waste  of  coal  in  the  boiler  rooms  of  small  and 
large  power  stations.  Table  I  shows  the  percentage 
cost  of  power  chargeable  to  the  boiler  room.  This  table 
is  based  on  the  generating  cost  per  kilowatt-hour  as  100 
per  cent.  It  will  be  seen  that  the  average  boiler- 
room  cost  will  run  very  close  to  85  per  cent  of  the  total 
cost  of  power. 

Does  it  pay  to  devote  time  and  thought  to  the  boiler 
room?  The  answer  is  found  in  Table  II.  During  the 
year  A  no  great  care  was  given  the  boiler  room ;  that  is, 
no  one  man  has  been  detailed  to  keep  a  close  watch  on 


But  in  the  year  B  such  a  man  had  been  made 
responsible  for  this  work.  This  table  very  clearly 
shows  that  it  does  pay  to  give  attention  to  the  boiler 
room. 

Final  commercial  economy  of  boiler  operation  is  the 
next  question  that  presents  itself.  I  think  that  Mr. 
Polakov  has  given  us  the  best  possible  formula,  or 
equation;  namely,  that  Es  =  Ef  y^  Ep  \  Em  X  Eq 
X  ■E'c  X  Et,  in  which  E  indicates  the  ratio  of  utiliza- 
tion or  efficiency  and  the  corresponding  indexes  signify 
as  follows:  s  =  steam  generation,  /  =  financial  out- 
lay, p  =   purchase  of  fuel,  m  =  attendance  of  meri, 

TABLE  I.     PERCENTAGE  COST  OF  POWER  CHARGEABLE  TO  THE 
BOILER  ROOM 
Plant  A  B  C  D  E 

Total  kw.-hr.  output.   95,403,319   120,349,670  33,246,600  47,875,967  233,015,000 
Lb.  of  coal  per  kw.- 


hr. 


Cost  of  coal  per  2000 
lb.,  dollars 

Comparative  total 
cost  per  kw.-hr., 
per  cent 

Coal  cost,  per  cent. .  . 

Water  cost,  per  cent. . 

Boiler-room  labor,  per 
cent 

Boiler-room  mainte- 
nance labor,  per 
cent 

Boiler-room  mainte- 
nance material,  per 
cent 

Total  per  cent  cost  in 
boiler  room 


2.72 
■  2  38 

'n  7 

64    158 
1.98 

7  920 

2  376 

2.376 
78.810 


2.81 
2  377 

116.3 

63.188 

6  273 

8  555 

2.281 

6.273 
86.570 


3.004 
2.32 

109.4 

70.648 

0  202 

9    109 

0  809 

1.417 
82.185 


3.517 
1.61 

138.8 

44  765 

2.011 

14  698 

1    165 

2.170 
64.809 


2.443 
2.715 

100 

77  453 

0  709 

4  673 

1.  107 

3.610 
87.552 


g  =  gasification  of  fuel  in  furnace,  c  =  combustion 
of  gases,  and  t  =  transmission  of  heat  of  gases  to  the 
boiler  water  and  steam. 

Of  all  the  foregoing  modifiers  only  that  of  the  finan- 
cial outlay  lies  beyond  the  power  of  the  operating 
engineer;  therefore  it  has  been  disregarded  in  this 
discussion. 

At  this  point  it  might  be  well  to  consider  the  approx- 
imate loss  per  pound  of  fuel  burned  in  a  well-operated 
power  plant.  Table  III  is  based  on  the  actual  operation 
of  a  plant,  and  wherever  the  losses  could  not  be 
accurately  determined  they  were  calculated  with  care. 
This  table  is  used  only  to  indicate  where  the  possible 
losses  occur  and  in  what  relative  proportion. 

It  will  be  seen  that  a  total  loss  of  24.5  per  cent 
occurs  in  the  boiler  room.  This  naturally  raises  the 
question.  Where  do  these  losses  occur?  In  the  boiler 
and  furnace  or  in  the  plant  as  a  whole?  .  This  can  be 
partly  solved  by  making  up  a  heat-balance  table  for 
the  boilers,  which  will  show  the  relative  losses.  An 
example  is  given  in  Table  IV,  which  is  based  on  actual 
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operating  conditions  of  a  600-hp.  boiler  with  a  natural- 
draft  front-feed  stoker.  With  the  aid  of  this  table  one 
can  classify  the  boiler  losses  in  burning  coal  as  fol- 
lows: (1)  Loss  in  dry  chimney  gases;  (2)  loss  due 
to  incomplete  combustion;  (3)  loss  of  fuel  through 
grates;  (4)  superheating  moisture  in  air;  (5)  moisture 


TABLE  II. 


RESULT  OF  CARE  IN  THE  BOILER  ROOM 

Per  Cent 


Year  A 

Net  kw.-hr.  generated 233,015,000 

Lbs.  of  coal  per  kw.-hr 2.  443 

Cost  of  coal  per  2000  lb 2.715 

Boiler-room  labor  cost,  per  cent. .  .  4 .  673 

Coal  cost,  percent 77.453 

Water  cost,  per  cent 0 .  709 

Boiler-room    maintenance    labor, 

per  cent 1.107 

Boiler-room  maintenance  material, 

per  cent 3.610 

Relative  total  cost  per  kw.-hr 1 00 

Net  thermal  efficiency,  per  cent... .  10.18 


Year  B 
271,732,000 
2.210 
2.783 
4  187 
76.260 
0.666 

1.142 

3.330 

.93 

11.31 


Increase 
16.616 


Per  Cent 
Decrease 


■ 

9:537 

2.505 

16.587 

8  321 

12  50 

4.0 

14.  11 

6.888 

11.1 

in  fuel;  (6)  hydrogen  in  fuel;  (7)  soot  and  smoke; 
(8)  radiation  and  minor  losses. 

Having  located  the  possible  boiler  losses,  there  yet 
remain  the  losses  of  the  boiler  room  at  large.  These 
are  as  follows:     (1)   Purchase  of  unsuitable  coal;   (2) 

TABLE  III.     FUEL  LOSSES  AND  THEIR  RELATIVE  PROPORTIONS 

Per  Cent 

Combustible  matter  in  ash 2.5 

Radiation  and  leakage  of  boiler ' 14.0 

Gases  rejected  to  chimney 5  0 

BlowofT  losses 15 

Radiation  and  leakage  of  steam  piping 15 

Friction  loss  in  auxiliaries  and  turbines 2  0 

Rejected  to  condenser 58  0 

Electrical  losses 12 

Required  for  auxiliaries 6.5 

Total  loss 92  2 

Regained  from  condensate  and  exhaust  steam 4.0 

Total  per  cent  delivered  to  bus 11.8 

weathering  of  coal  in  transportation  and  in  storage; 
(3)  poor  feed-water  temperatures;  (4)  labor  condi- 
tions; (5)  maintenance;  (6)  unsuitable  boiler-room 
record  sheets. 

Naturally,  in  considering  these  items  one  must  have 
reliable  data  on  the  condition  of  the  boiler  room  as  a 
whole.  This  can  be  obtained  only  by  an  actual  test, 
and  therefore  the  first  point  of  operating  a  boiler  room 
efficiently  must  be  that  of  a  test  on  the  who^.e  plant. 
This  does  not  mean  a  highly  specialized  testing  equip- 


ment commonly  known  as  a  laboratory  test,  for  the 
general  results  given  in  such  reports  are  a  mass  of 
highly  calculated  data  and  have  little  or  no  bearing  on 
the  actual  operating  boiler  conditions.  What  is  favored 
is  a  continuous  boiler-room  test  using  the  following 
instruments :  An  open  feed-water  heater  with  a  meter- 
ing device  of  tested  accuracy;  water-flow  meters  on  the 
boiler-feed  pumps;  standard  meter  on  the  makeup  line; 
steam-flow  meters  on  the  main  steam  lines  and  one  for 
moving  from  boiler  to  boiler;  reliable  scale  for  the  coal 
used ;  recording  temperature  gage  on  the  steam  header, 
blowoff  and  feed-water  line;  recording  pressure  gage 
on  the  steam  and  feed  lines  and  good  thermometers  on 
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FIG.  2.     CURVES  SHOWING  EFFECT  OF  DRAFT  OVER  FIRE 

the  open  feed-water  heater.  If  these  instruments  are 
properly  used,  v  continuous  test  on  the  boiler  room  is 
possible. 

The  next  important  action  to  be  taken  is  that  of 
making  an  actual  test  on  each  tj^pe  of  boiler  and  stoker 
in  the  plant  so  that  the  present  operating  conditions 
may  be  known.  This  test  should  be  reported  graph- 
ically, as  it  is  then  possible  to  see  at  a  glance  the 
effect  of  various  items  on  the  boiler  and  fu'mace  effi- 
ciency. Figs.  1,  2  and  3  illustrate  the  graphical  method 
of  reporting  boiler  tests  by  means  of  plotted  curves. 
The  next  point  in  order  is  to  run  a  series  of  tests  t6 
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determine  tl..-  right  Lind  of  coal  for  the  various  boilers. 
An  example  of  such  a  test  is  given  by  Table  V. 

It  must  be  remembered  that  each  plant  will  have 
special  operating  features  and  that  they  must  be  treated 
as  important  factors,  but  in  general  when  the  follow- 
ing items  have  been  determined  or  computed,  a  true 
answer  can  be  made  regarding  the  right  kind  of  coal: 
British   thermal   units   per   dollar;   coking   features   of 
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FIG.   3.      OPERATING   CURVES   OF  WATER-TUBE ,  BOILER 


the  coal;  nature  of  ash;  smoking  characteristics;  labor 
involved  in  burning;  efficiency  of  boiler  and  furnace; 
effect  on  boiler  maintenance;  possibility  of  obtaining 
a  stable  supply;  amount  of  storage  loss. 

When  the  proper  coal  has  been  found,  the  remainder 
of  the  trouble  experienced  in  efficient  boiler-room  opera- 
tion becomes  simply  a  problem  of  boiler  operation. 

Suppose  that  sufficient  records  have  been  obtained 
from  the  daily  station  tests  to  enable  one  to  study  them 
in  a  thorough  manner.  The  first  thing  that  will  come 
to  mind  is,  What  is  the  typical  load  curve  for  each 
day?    This  can  easily  be  determined  from  the  readings 

TABLE  IV.     HEAT-BALANCE  TABLE   SHOWING   RELATIVE   LOSSES 

Per  Cent 

Heat  absorbed  by  boiler 77 .  50 

Heat  lost  by  moisture  in  coal 0.15 

Heat  lost  by  hydrogen  in  coal 4 .  40 

Heat  lost  to  chimney 1 2 .  00 

Heat  lost  by  moisture  in  air 0 .  25 

Heat  lost  by  carbon  monoxide 0 .  80 

Heat  lost  by  carbon  in  ash 2 .  08 

Heat  lost  by  raaiation  (by  difference) 2.82 

and  charts,  although  it  must  be  remembered  that  the 
chart  "obtained  from  the  open  feed-water  heater  does 
not  always  indicate  the  true  boiler-room  load  curve, 
for  the  rate  of  feeding  will  influence  this  item  to  a 
marked  1  degree;  but  if  the  station  steam-flow  chart  is 
used,  it  can  be  readily  calculated  and  upon  the  deter- 
mination of  this  fact  a  suitable  load-curve  chart  can  be 
made  up  and  upon  this  chart  can  also  be  plotted  the 
boiler  hours  in  service.  As  a  rule  a  valuable  bit  of 
information  can  be  gathered  from  this  chart. 

The  information  obtained, can  be  used  in  the  issuing 
of  a  boiler-load  chart  which  wiir show  the  boiler  oper- 
ator the  proper  number  of  boilers  to  be  carried  on  the 
line  and  also  the  number  of  boilers  needed  for  stand-by 
use.    An  example  of  such  a  chart  is  given  in  Fig.  4. 


Having  a  definite  plan  in  operation  regarding  the 
number  of  boilers  to  be  carried  on  the  line,  the  question 
of  banking  boilers  arises.  This  matter  has,  as  a  rule, 
been  given  little  or  no  thought  in  the  average  boiler 
room,  and  naturally,  the  first  questian  asked  is.  How 
much  coal  does  it  take  to  properly  bank  a  boiler?  Table 
VI  shows  the  amount  of  coal  needed  for  various  types 
of  boilers  and  stokers.     The  figures  given  are  the  result 

TABLE  VI.     AMOUNT  OF  COAL  NEEDED  FOR  BANKING 

Normal  Lb.  Lb.   of 

Boiler  of  Coal  Coal  per 

Name  of  Boiler  and  Stoker                   Rating  per  Hour  B.-Hp. 

B.  &  W.  boiler,  Roney  stoker 600  162  0.270 

B.  &  W.  boiler,  Bayonne  stoker 600  201  0.334 

Edge  Moor,  hand  fired 600  115  0   1 92 

Heine,  hand  flred 300  53  0.177 

Stewart,  hand  fired 150  19  0.127 

of  tests  that  were  made  over  a  long  period,  but  no 
experiments  were  made  to  determine  the  proper  method 
of  banking.  That  is,  the  boiler  was  banked  as  it  had 
always  been. 

Later,  a  test  was  made  on  the  first  boiler,  and  by 
trying  different  methods  it  was  found  that  by  banking 
the  boiler  in  a  scientific  manner  100  lb.  per  hour,  or 
0.166  per  boiler-horsepower,  was  sufficient.  This  same 
test  also  determined  that  it  took  an  additional  1,500  lb. 
of  coal  to  bring  the  boiler  up  to  a  steaming  rate  of 
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100  per  cent.  In  general  it  will  be  found,  when  con- 
ducting such  a  test,  that  the  results  obtained  for  the 
first  five  hours  are  not  reliable  because  the  walls  of 
the  furnace  give  off  the  heat  stored  up  in  them.  In 
general,  the  following  rules  should  be  adopted  in  bank- 
ing boilers:  Have  seal  plates  made  to  seal  up  the 
hopper;   install  a  tight-fitting  damper;  see  that  there 


TABLE  V.     TEST  ON  TWO  94-HP.  RETURN  TUBULAR  BOILERS 

^'■*^*^ Natural            Natural            Natural            Parsons'           Parsons'  Parsons' 

*          •                                                                                           Blower              Blower  Blower 

Kind  of  coal. .  . .-. '...•. Buckwheat     Buckwheat        Buckwheat     Buckwheat    Buckwheat  Buckwheat 

Steam  pres.sure... 85                     85                     85                     90                    90  90 

Temp,  of  feed  water. 198                    200                    200                    192                    192  192 

Equiv.evap.  fromandof  212' F 9.15                  919                  918                  9  30                 9  45  9  62 

Hp.  developed.    .......... ^ 140                    142                140.5                    160                    i55  148 

bteam  for  steam  jets,  per  cent 8  52                  6  89  4  86 

Cost  of  Ihp.,  inc.  jets,  cents 0  5179             0.5158             0.5163             0.5611              0.5387  0.5179 

Evap.  per  lb.  of  combustible 10.45               10.63               10.43               11.06               11.03  11.24 

Priceof  buckwheat.  $2.75.    Price  of  bird's-eye,  $2.10.    Heating  surface,  1405.    Grate  surface,  33. 
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are  no  air  leaks   in  the  setting,  and  do  not  bank  the 
boiler  too  soon. 

Naturally,  many  engineers  will  ask  why  such  stress 
is  laid  on  the  banking  of  a  boiler.  This  is  because  in 
a  majority  of  plants  the  coal  used  for  banking  will 
run  very  close  to  4  per  cent  of  the  total  coal  used,  and 
this  at  best   is  a  large,  unavoidable   loss,   and   it  pays 


In  the  fuel  bed  the  draft  losses  will  be  in  some  pro- 
portion to  the  size  of  coal,  shape  of  pieces,  nature  of 
firing  and  the  nature  of  the  ash  and  grate  construction. 
Very  few  designing  engineers  have  devoted  much  of 
their  time  to  the  draft  problem.  When  it  is  attacked 
in  a  thorough  manner,  its  solution  is  quite  simple. 
7he  heat  drop  through  a  boiler  is  an  item  of  impor- 
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10       15      ^0       Z5      30       35      40      45       50       55 
Length  of  6a&  Travel  in  Boiler,  766+ 

FIG.      6.        TEMPERATURES     OBTAINED     AT 

VARIOUS   POINTS   IN   600-HP.    BOILER 

SETTx'NG 


to  give  attention  to  this  item,  for  every  pound  of  coal 
saved  by  proper  banking  is  a  clear  gain  in  the  economic 
operation  of  the  plant. 

The  next  important  item  to  be  attended  to  is  that 
of  the  boiler  settings.  This  matter  many  engineers 
fail  to  consider  of  importance.  There  is  no  excuse  for 
leaky  boiler  settings,  for  a  few  hours'  work  of  a  handy 
man  with  asbestos  cement  will  eliminate  this  serious 
boiler-room  loss. 

The  question  of  draft  can  be  solved  by  a  boiler  test 
made  so  that  it  will  show  the  effect  of  various  drafts 
on  the  boiler  operation.  This  test  should  also  show 
the  draft  loss.  Table  VII  illustrates  the  value  of  such 
tests  made  on  two  boilers  supposedly  identical,  and  Fig. 


tance  to  the  economic  operation  of  the  plant,  and  its 
determination  is  a  simple  matter,  as  only  an  electric 
pyrometer  with  several  leads  is  required.  To  some  this 
test  will  seem  superfluous,  nevertheless  it  shows  the 
condition  of  the  baffles  and  where  the  greatest  heat  drop 
occurs.  To  illustrate  the  value  of  such  a  test,  two 
curves,  Figs.  6  and  7,  are  used  which  show  the  tem- 
peratures obtained  in  two  hand-fired  water-tube  boilers. 
Everyone  realizes  the  importance  of  baffles  in  relation 
to  boiler-room  economy.  In  most  cases  the  manufac- 
turer has  properly  located  his  boiler  baffles,  but  in  some 
instances  it  has  been  found  advisable  to  move  them, 
owing  to  the  restricted  flow  of  gases.  The  necessity 
for  this  change  can  be  readily  ascertained  by  making  a 
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5  is  a  curve  sheet  which  shows  the  effect  of  draft  on 
the  capacity  of  a  600-hp.  boiler  with  a  chain-grate 
stoker. 

The  draft  conditions  of  plants  are  varied,  but  in 
general  the  following  items  affect  it:  Height  of  chim- 
ney or  stack;  tightness  of  flues;  number  of  bends  in 
the  flue  and  heat  insulation  of  the  flue  and  economizer 
settings.  In  the  boiler  proper  the  draft  loss  will  depend 
largely  on  the  height  and  spacing  of  the  tubes,  soot  and 
ashes  on  the  tubes,  and  on  the  boiler  design  and  baffles. 


test  on  the  draft  and  temperature  conditions  of  the 
boiler  at  various  ratings.  The  construction  of  the  baffle 
is  important  and  should  be  given  close  attention.  The 
best  possible  bafile  construction  is  obtained  when  two 
courses  of  baffle  brick  are  used  with  a  t-in.  sheet  of 
asbestos  millboard  between  the  courses.  This  baffle  is 
easily  constructed  and  repaired. 

In  the  last  few  years  some  experiments  have  been 
made  on  the  concrete  baffle,  but  its  success  has  been 
seriously   questioned.     The   plastic   asbestos   baffle   has 
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been  tried  v.  ith  varying  success,  but  in  most  places 
where  high  ratings  are  used,  this  type  has  been  found 
unsuitable  for  the  front  baffle,  although  it  does  give 
fairly  satisfactory  service  in  the  second  and  third 
baffles. 

The  design  and  construction  of  the  furnace  depend 
largely  on  the  method  of  firing  and  also  on  the  rate 
of  combustion.  But  recent  experiments  have  shown 
that  the  design  of  the  bridge  wall  has  a  marked  influence 
on  the  life  of  the  furnace  and  also  on  the  efficiency  of 
combustion ;  marked  success  has  been  experienced  in  the 
use  of  curved  bridge  walls.  The  best  form  of  arch 
can  be  obtained  only  by  a  series  of  experiments  because 
each  type  of  boiler  and  furnace  will  require  a  diflferent 
form.  In  the  construction  of  the  furnace,  bricks  of  a 
poor  quality  but  uniform  as  to  size  will  outlast  bricks 
of  good  quality  but  not  uniform.  In  all  cases  bricks 
entering  into  the  construction  of  a  furnace  should  be 

TABLE  VII.    EFFECT  OF  DRAFTS  ON  BOILER  OPERATION 

600-Hp.  B.  &  W.  Boilers,  Westinghouse  Underfeed  Boiler  Boiler 

Stokers  No,  1  No.  3 

Average  steam  pressure 203  00  200 .  00 

Average  boiler  horsepower 728  00  947  00 

Pressure  in  ashpit,  in.  of  water 2   73  2  65 

Draft,  inside  damper,  in 0745  0815 

Draft,  overfire,  in 0  048  0   119 

Drop  from  fire  to  soot  chamber,  in 0.697  0  696 

Draft  at  second  row  of  tubes,  first  pass,  in 0  065  0   119 

Draft  at  middle  of  first  pass,  in 0  075  0    1  56 

Draft  at  top   of  first  pass,   in.    (superheater  located 

here) 0  092  0    171 

Draft  at  top  of  second  pass,  in.  (superheater  located 

here) 0.265  0.342 

Draft  at  middle  of  second  pass,  in 0.313  0414 

Draft  at  bottom  of  second  pass,  in 0 .  423  0.511 

Draft  at  bottom  of  third  pass,  in 0 .  440  0.531 

Draft  at  middle  of  third  pass,  in 0  509  0  592 

Draft  at  top  of  third  pass,  in 0  565  0 .  638 

Per  cent  drop  from  fire  to  bottom  at  first  pass,  per  cent..  2  44  . 

Per  cent  drop  from  bottom  to  middle  of  first  pass 1    43  5.32 

Per  cent  drop  from  middle  to  top  of  first  pass 2 .  44  2.15 

Per  cent  drop  from  top  of  first  to  top  of  second  pass.  ..  .  6.36  7  47 

Per  cent  drop  from  first  to  second  pass .  .  .  , 24 . 8  24.  6 

Per  cent  drop  from  top  of  second  pass  to  middle  of 

second  pass 6  88  10  35 

Per  cent  drop  from  middle  of  second  pass  to  bottom  of 

second  pass 15.8  1 3 .  93 

Per  cent  drop  from  fire  to  bottom  of  second  pass 53.7  56  35 

Per  cent  drop  from  bottom  of  second  pass  to  bottom  of 

third  pass 2.44  2  87 

Per  cent  drop  from  bottom  of  third  pass  to  middle  of 

third  pass 9.9-  8  76 

Per  cent  drop  from  middle  of  third  pass  to  top  of  third 

pass 8.04  6  61 

Per  cent  drop  from  fire  to  top  of  third  pass 74.2  74  6 

Per  cent  drop  from  top  of  third  pass  to  damper 25.8  25  4 

Per  cent  drop  from  bottom  of  first  pass  to  top  of  second 

pass .  28.7  32.1 

Per  cent  drop  from  top  of  second  pass  to  bottom  of  third 

pass .  25.1  27.2 

Per  cent  drop  from  bottom  of  third  pass  to  top  of  third 

pass 17  95  15  4 

gaged,  and  if  they  vary  one-eighth  inch  from  the  spec- 
ified size,  they  should  be  rejected.  In  many  cases  the 
use  of  a  high-temperature  cement  will  be  found  of  value. 
It  is  advisable  to  have  a  complete  set  of  drawings  for 
each  size  of  brick  ased  in  furnace  construction  so  that 
when  ordering  bricks  the  manufacturer  can  be  furnished 
with  one.  This  will  obviate  any  confusion  in  regard 
to  sizes.  Table  VIII  shows  the  approximate  melting 
points  of  various  bricks. 

Fuel-siftings  loss  is  one  of  importance  and  is  quite 
an  item  in  the  average  plant.  To  avoid  this  loss  is 
a  problem  of  mechanical  operation,  as  for  instance,  the 
installation  of  a  siftings  hopper  and  bucket  conveyors 
for  sending  the  siftings  back  to  the  boiler  or  coal 
bunker.  When  burning  coal  containing  a  large  amount 
of  siftings,  it  should  be  sprayed  with  water;  it  will  be 
found  that  an  increased  efficiency  can  then  be  obtained. 
There  is  a  small  loss  in  burning  wet  coal,  but  as  this 
is  only  about  1  per  cent  for  an  addition  of  10  per  cent 
moisture,  the  gain  obtained  from  the  better  coking  fea- 
tures will  more  than  offset  the  loss  due  to  moisture. 
There   is   also   a   loss   caused    from    superheating   the 


moisture  in  the  air  admitted  to  aid  combustion,  but  it 
is  a  small  one,  and  in  plants  where  the  economic  opera- 
tion of  the  boiler  room  has  been  reduced  to  the  point 
of  considering  this  item,  it  has  been  taken  care  of  by 
piping  the  exhaust  air  from  the  generators  to  the  intake 
of  the  blower  fans. 

The  smoke  loss  is  of  vital  importance,  not  so  much, 
perhaps  because  of  the  economic  loss  in  the  burning  of 

TABLE  VIII.  APPROXIMATE  MELTING  POINTS  OF  VARIOUS  BRICKS 

Nature  of  Brick  Melting  Point,  Deg.  F.  Natureof  Brick  Melting  Point,  Deg.F 

Fireclay 3000  KaoMn 3150 

Bauxite 2900-3200  Bauxite  Clay  3250 

Silica 3100  Alumina  (Pure)  3650 

Chromate ^700  Chromite 3950 

Magnesia.         ,  3900  Silica  (Pure)  .  3175 

coal  as  because  it  is  a  bone  of  contention  between  the 
company  and  the  people  living  in  the  vicinity  of  the 
plant.  Nowadays  a  city  of  any  importance  has  its 
smoke-abatement  commission.  The  economic  loss  will 
seldom  run  over  1  per  cent. 

It  might  be  well,  however,  to  consider  some  of  the 
general  methods  of  smoke  abatement.  Where  hand-fired 
boilers  are  used,  the  installation  of  stokers  will  aid,  but 
it  must  be  remembered  that  a  properly  designed  and 
well-operated  furnace  will  burn  coals  without  smoke  up 
to  a  certain  predetermined  rate  of  combustion,  but 
when  this  point  is  passed  smoke  will  issue  owing  to  the 
lack  of  furnace  capacity  to  supply  air  and  mix  the  gases. 
In  a  hand-fired  furnace  the  rate  of  firing  should  be 
frequent,  and  often  with  a  short  period  of  air  admis- 
sion after  firing.  The  use  of  small  sizes  of  coal  will 
result  in  less  smoke.  Keep  down  the  CO,  for  as  the 
percentage  of  CO  increases  so  does  the  black  smoke. 

The  loss  due  to  incomplete  combustion  of  coal  is 
somewhat  vague,  but  if  we  change  it  to  read  loss  due 
to  presence  of  CO,  then  one  readily  sees  its  direct 
bearing  on  efficient  operation.  Many  believe  that  all 
the  loss  due  to  incomplete  combustion  can  be  laid  to 
CO,  but  I  have  many  reasons  to  believe  that  the  CO 
is  not  directly  responsible  for  all  the  loss,  but  rather, 
that  it  is  simply  a  good  danger  signal  for  some  other 
loss.  To  confirm  this  belief  one  has  only  to  run  a 
series  of  boiler  tests  and  to  see  that  an  advance  of 
0.2  per  cent  will  produce  a  loss  in  efficiency  of  about  4 
per  cent,  which  is  slightly  more  than  four  times  the 
theoretical  loss  due  to  such  an  advance.  This  point 
could  be  more  fully  explained  if  some  of  our  experi- 
mental laboratories  would  conduct  some  research  work 

TABLE  IX.     EFFECT  OF  SOOT  ON  BOILER  TUBES 

First       Second  Third 

Series       Feries  Series 
Equivalent  evaporation  from  and  at  212  deg.  F.  per 

lb.  of  dry  coal 6.2           7.04  6  23 

Dry  coal  per  sfi.ft.  of  grate  surface  per  hour 1 3 .  40         9 .  09  1 3  40 

Temperature  of  escaping  gases 62 .  70         5 .  46  6.  98 

First  series,      5  days,  soot  allowed  to  remain  on  tubes. 
Second  series,  5  days,  tubes  cleaned  each  mornirg. 
Third  series,     5  days,  soot  allowed  to  remain  on  tubes. 

Increase  in  evaporation  due  to  clean  surfaces,  per  cent 13 

Decrease  in  coal  burnt  per  sq.ft.  of  grate  per  hour,  percent 32   16 

Lowering  of  stack  temperature  due  to  clean  surfaces,  per  cent 1 7  59 

along  these  lines.  Fig.  8  illustrates  the  theoretical  rate 
of  loss  due  to  CO  for  a  semi-bituminous  coal  oi 
14,098  B.t.u. 

The  loss  in  efficiency  due  to  chimney  gases  is  so  well 
known  that  it  is  only  necessary  to  briefly  state  the 
general  causes  of  high  flue-gas  temperatures,  which  are: 
Excess  air;  percentage  of  boiler  rating;  bad  baffles  and 
soot  and  ashes  on  boiler  tubes.  To  illustrate  the  loss, 
the  curve,  Fig.  9,  shows  the  percentage  of  loss  due 
to  high  flue-gas  temperature  for  a  semi-bituminous  coal 
of  14,008  B.t.u. 
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The  loss  due  to  smoke,  soot  and  ashes  on  the  boiler 
tubes  can  be  no  better  shown  than  by  Table  IX,  which 
shows  the  result  of  tests  made  by  the  University  of 
Illinois. 

Since  it  is  necessary  to  clean  tubes,  the  question 
arises  as  to  what  method  should  be  used?  The  best 
method  is  by  the  installation  of  a  mechanical  soot 
blower  using  steam  at  boiler  pressure.  The  next  best 
is  that  of  dusting  the  tubes  with  steam  by  means  of  a 
dusting  nozzle  using  steam  at  boiler  pressure.  This 
last-named  way  is  satisfactory  if  the  tube  blower  can 
be  made  to  perform  his  duties  in  a  thorough  manner, 
but  vigilance  must  be  exercised  if  this  method  is  u.sed. 


The  mo.st  satisfactory  arrangement  is  that  of  a 
ratchet  chronometer  valve  on  each  boiler  to  which  should 
be  attached  a  rope  for  operating  it,  and  a  1-in.  pipe 
run  down  to  the  middle  point  of  the  side  wall  with  a 
connection  on  the  end  for  attaching  the  blowing  hose  or 
pipe.  The  blowing  member  should  he  made  of  t-in.  pipe 
in  four  sections  each  4  ft.  long.  These  sections  should 
be  jointed  together  by  means  of  a  metal  toggle  joint, 
the  end  section  being  equipped  with  a  piece  of  pipe  6 
ft.  long  with  a  dusting  nozzle  on  one  end. 

Tubes  should  be  blown  twice  a  day  where  the  boilers 
are  run  continuously  at  high  ratings  and  once  a  day 
under  normal  operation. 


On  the  Road  with  the  Refrigeration  Troubleman 


By  J.  C.  MORAN 


Fie  is  called  to  a  plant  where  it  is  impossible 
to  get  a  suction  pressure  of  more  than  15  in. 
vacuum  unless  the  compressor  is  run  very  slowly. 
An  oil  separator  in  the  suction  line  was  the  source 
of  the  trouble,  as  it  had  not  been  properly  cared 
for.  On  the  next  job  a  pipefitter  causes  no  end 
of  trouble  in  midsummer.  The  symptoms  of 
these  troubles,  how  they  were  located,  and  what 
ivas  done  to  overcome  them  are  well  told  by  the 
troubleman. 


WE  HAD  installed  a  100-ton  plant  in  a  manufac- 
turing establishment  for  air-cooling  purposes, 
and  it  had  been  in  operation  for  about  a  year 
when  we  got  a  rush  call  to  come  out  and  see  what  had 
happened  to  it.  The  crew  could  not  get  the  plant  to 
work  at  all.  I  arrived  on  the  job  by  the  first  train 
and  found  the  plant  shut  down  and  everybody  running 
around  in  circles. 

The  engineer  had  stopped  operation  the  day  before 
and  pumped  the  plant  down  to  make  a  repair  on  the 
suction  line  between  the  machine  and  the  coolers.  After 
he  had  pumped  about  25  in.  vacuum  two  or  three  times, 
the  steamfitters  tried  to  open  the  line  at  one  of  the 
joints  and  found  that  there  was  still  considerable  pres- 
sure on  it.  So  the  engineer  pumped  it  down  a  couple 
of  more  times,  and  finally  kept  the  machine  running 
slowly  to  hold  the  vacuum  at  this  point  while  the  men 
broke  into  the  line.  When  they  tried  to  open  the  joint 
under  these  conditions,  there  was  still  a  strong  pressure 
on  the  line.  It  was  getting  late  in  the  day,  and  the 
engineer  decided  they  had  better  give  it  up  for  a  bad 
job  and  let  it  go  until  some  other  day. 

Then  the  queer  thing  happened.  It  was  impossible 
to  get  a  suction  pressure  of  much  above  15  in.  vacuum 
unless  the  machine  was  run  very  slowly.  No  matter 
what  they  did  with  the  expansion  valves  or  anything' 
else,  it  did  not  make  any  difference.  The  room  temper- 
atures kept  going  up,  and  there  were  many  complaints 
about  high  room  temperatures  because  it  was  a  hot 
day  in  midsummer. 

On  going  over  the  entire  plant  in  a  rather  hurried 
inspection,  I  could  find  nothing  wrong.  I  experimented 
with  the  expansion  valves  until  they  were  open  several 
turns,  but  without  improving  things.  So  I  began  to  look 
for  obstructions  in  the  pipe  lines. 


I  suspected  the  trouble  might  be  in  a  suction  stop 
,'alve  located  about  25  ft.  back  from  the  compressor  in 
the  suction  line.  I  tried  to  remove  the  bonnet  and 
changed  my  mind  in  a  hurry.  There  was  considerable 
pressure  on  the  valve.  It  was  plain  that  the  trouble 
was  at  some  place  nearer  the  compressor.  The  next 
joint  was  where  an  oil  and  scale  reparator  was  located 
in  the  line.  Fig.  1  shows  the  connections.  I  first 
tried  to  open  the  joint  at  A.  The  pressure  was  high  at 
this  place.     So  I  tried  another  joint  between  the  oil 


FIGS.   1   AND   2. 


FIG. 2 

THE  OIL,  SEPARATOR  WAS  FILLED  WITH 
FROZEN  OIL  AND   SCALE 


separator  and  the  compressor.  Here  I  found  a  vacuum 
on  the  line.  It  must  be  remembered  that  the  machine 
was  turning  over  slowly  and  holding  about  15  in.  vacuum 
on  the  line. 

There  was  only  the  joint  at  B  on  the  oil  separator 
left  for  me  to  try,  and  I  next  tried  opening  it.  Here 
also  there  was  a  vacuum.  It  was  then  plain  that  the 
trouble  was  between  the  two  flanges  A  and  B,  and 
likely  some  place  ''n  the  oil  separator.  It  seemed  impos- 
sible to  pump  the  line  out,  so  I  went  back  to  the  valve 
V  in  the  illustration  and  shut  it  off  tight.  The  flanges 
at  A  were  then  opened  to  let  the  ammonia  blow  until 
the  pressure  was  gone.  As  soon  as  it  was  safe  we  took 
the  cover  off  and  examined  the  separator. 

It  tool:  but  one  look  to  ascertain  what  was  the  trouble. 
A  cross-section  of  the  separator  is  shown  in  Fig.  2. 
The    entire    separator    was    filled   with    heavy    oil    and 
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foreign  matte;-  which  had  frozen  together  into  a  solid 
mass  that  had  entirely  plugged  the  outlet  at  C,  which 
was  the  side  that  connected  to  the  compressor.  We  had 
to  play  a  steam  hose  on  the  separator  for  about  half 
an  hour  before  we  could  get  the  stuff  soft  enough  to 
dig  out. 

When  the  engineer  had  started  to  pump  out  the 
system,  there  was  probably  a  considerable  amount  of 
liquid  ammonia  in  the  separator.  When  the  pressure 
was  pumped  down  to  25  in.  vacuum,  this  ammonia  liquid 
began  to  boil  out,  and  at  this  pressure  the  temperature 
was  probably  somewhere  around  75  deg.  below  zero. 
This  froze  the  oil  and  other  contents  of  the  separator 
into  a  solid  mess,  and  as  only  very  little  gas  was  coming 
through  the  separator  at  the  finish  of  pumping  down, 
it  dragged  the  mess  into  the  outlet  C  and  finally  froze 
it  solid.  At  least  that  is  what  I  concluded.  It  might 
have  been  that  a  chunk  of  the  mixture  was  blown  up 
and  settled  into  the  outlet  C  at  one  time,  and  thus  shut 
off  the  flow. 

Of  course  the  engineer  had  no  one  else  but  himself 
to  blame  for  the  trouble.  Scale  and  oil  traps  in  the 
suction  line  should  be  blown  as  regularly  as  the  oil 
trap  in  the  discharge  line.  It  may  not  be  required  to 
blow  them  so  often,  but  they  should  be  tried  every 
week  or  two  to  see  that  they  are  clear,  and  if  there  is 
any  oil  or  other  foreign  matter  in  them  that  should 
be  blown  out  before  they  fill  up  and  become  useless.  In 
this  case  the  trap  had  never  been  blown  since  the  plant 
was  started. 


Another  time  I  got  a  hurry  call  from  a  25-ton  plant 
we  had  installed  in  a  wholesale  market  in  a  small  town. 
When  I  arrived  on  the  job,  the  owner  was  about  ready 
to  throw  the  machine  out  of  the  place  and  the  engineer 
was  not  in  much  better  humor.  They  had  not  been 
able  to  use  the  machine  for  two  days  and  had  to  get 
along  as  best  they  could  by  loading  the  cooler  with  ice, 
which  was  both  expensive  and  troublesome. 

The  engineer  informed  me  that  the  first  sign  of 
trouble  was  that  the  condenser  pressure  began  to  climb 
and  it  had  risen  from  the  usual  150  lb.  to  over  200  lb. 
This  happened  over  a  period  of  about  a  week.  At  the 
same  time  he  had  been  compelled  to  keep  on  opening  the 
expansion  valves  more  and  more  until  they  were  wide 
open,  and  still  the  suction  pressure  kept  dropping  down 
until  it  had  fallen  from  25  lb.  to  10  in.  vacuum.  It 
was  also  impossible  to  get  frost  on  the  suction  line,  and 
even  the  frost  on  the  expansion  coils  in  the  cooler 
thawed  off. 

I  first  thought  that  che  system  was  entirely  too  short 
of  ammonia,  but  there  was  a  gage  glass  on  the  receiver 
and  this  was  full.  I  even  opened  one  of  the  joints  in 
the  liquid  line  about  twenty  feet  from  the  liquid 
receiver  just  enough  to  let  it  dribble  and  found  that 
there  was  plenty  of  both  pressure  and  liquid  in  this  part 
of  the  line.  Next  we  went  around  the  cooler,  tried  all 
the  expansion  valves  and  found  them  wide  open  with 
not  the  slightest  sound  of  liquid  passing  through  them. 
An  expansion  valve  when  it  is  working  right  and  the 
plant  is  properly  charged  will  sound  something  like  a 
throttled  water  valve  under  high  pressure.  All  the 
valves  were  frosted  over,  also  the  liquid  line  for  about 
twenty  feet  back  to  where  it  was  insulated.  This  was 
another  good  sign  that  something  out  of  the  ordinary 
was  wrong,  because  the  liquid  line  is  never  frosted 
if  the  plant  is  working  right,  and  an  expansion  valve 


should  have  a  sharp  frost  line  across  it  where  the  pres- 
sure changes  from  the  high  to  the  low  side.  This  will 
generally  be  diagonally  across  the  body  of  the  valve. 

I  thought  at  first  that  it  might  be  due  to  the  disk 
coming  loose  on  the  valve  stem  on  a  valve  that  had  been 
installed  the  wrong  way  in  the  line,  but  there  was  no 
place  where  this  could  happen,  there  being  only  two 
valves  in  the  line,  one  at  the  receiver  and  another  in 
the  cooler.  However,  the  line  was  frosted  far  back  of 
the  valve  in  the  cooler  so  that  the  trouble  could  not 
be  in  this  valve.  I  had  already'  tested  the  line  ahead  of 
the  valve  on  the  receiver  when  I  opened  the  joint ;  there- 
fore, the  trouble  could  not  be  in  either  of  these. 

There  was  only  one  other  possible  reason  for  the 
trouble  and  that  was  that  the  liquid  line  was  partly 
blocked  by  scale  or  other  substance  some  place  between 
the  receiver  and  the  expansion  coils.  Working  on  this 
theory,  I  began  tracing  the  liquid  line  back  to  the  base- 
ment where  the  compressor  and  receiver  were  located. 
Finally  I  came  to  a  joint  in  the  horizontal  run  of  the 
line,  where  I  heard  a  sizzling  sound  like  an  expansion 
valve  that  is  just  cracked  off  the  seat.  Removing  the 
insulation,  I  found  that  the  pipe  was  warm  up  to  this 
flange  while  on  the  side  going  to  the  expansion  coils 
it  was  frosted  sharp,  showing  that  the  line  was  choked 
at  this  place  until  the  pressure  was  throttled  from  the 
200  lb.  condenser  pressure  to  that  in  the  expansion 
coils,  which  was  probably  several  inches  vacuum. 

We  shut  off  the  line  at  the  expansion  coils,  and  using 
the  bypasses,  we  pumped  out  the  receiver  and  the  liquid 
line  through  one  of  the  condenser  coils,  shutting  off  the 
other  two  stands.  After  the  line  was  thoroughly 
pumped  out,  we  broke  open  the  joint  and  found  that 
the  steamfitter  had  failed  to  remove  the  burr  made  by 
the  pipecutter  in  cutting  the  pipe.  This  reduced  the 
inside  diameter  of  the  pipe  over  one-half  and  also  pro- 
vided an  excellent  pocket  for  scale  and  other  matter 
to  accumulate.  This  had  piled  up  until  it  practically 
shut  off  the  flow  through  the  line.  Of  course,  the 
liquid  accumulated  in  the  condenser  and  this  increased 
the  condenser  pressure,  while  the  amount  of  liquid  get- 
ting through  the  blocked  part  of  the  pipe  was  not  enough 
to  keep  the  expansion  coils  v/orking,  and  as  a  result  the 
suction  pressure  dropped  and  the  frost  came  off  the 
expansion  coils,  the  suction  line,  and  the  machine. 
After  we  had  removed  the  scale  and  reamed  out  the 
pipe  that  made  the  trouble,  everything  went  along  fine. 

Pumping  Water  with  a  Spiral-Spring  Belt 

What  the  eminent  British  scientists  are  pleased  to 
call  a  "mechanical  impertinence"  has  recently  made  its 
appearance  in  England,  in  the  form  of  a  unique  pump 
which  works  by  means  of  a  spiral-spring  belt,  says  the 
Scientific  American. 

The  pump  consists  simply  of  a  spiral-spring  belt,  a 
grooved  weight  which  turns  with  the  bottom  loop  of 
the  belt  and  holds  the  latetr  in  place,  and  a  driving 
crank  and  pulley  for  turning  the  belt.  Despite  this 
simple  construction  the  pump  is  capable  of  lifting  a 
thousand  gallons  of  water  per  hour  from  a  depth  of  300 
feet,  even  when  worked  only  by  hand,  according  to  re- 
ports. The  coil-like  cable  is  sunk  to  any  depth  by  a 
rotating  weight.  Obeying  the  law  of  capillary  attrac- 
tion, the  water  lodges  between  the  turns  of  the  spiral 
spring  and  only  falls  out  when  it  reaches  the  top  of  the 
pump. 
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Testing  Polyphase  Watt-hour  Meters 


By  p.   B.  Findley 


Comparison  is  made  between  the  single-phase 
and  polyphase  watt-hour  meters.  A  detailed  de- 
scription is  given  of  the  meters,  and  how  to  test 
and  adjust  the  polyphase  type  is  explained. 

SINCE  the  polyphase  watt-hour  meter  consists  of 
two  single-phase  elements  mounted  on  a  common 
shaft,  its  mechanical  construction  is  practically  the 
same  as  that  of  the  single-phase  instrument  and  the 
adjustments,  except  as  noted  in  the  following,  are 
identical.  In  Fig.  1  is  shown  a  Westinghouse  type  OA 
polyphase  watt-hour  meter  with  the  cover  removed,  and 
Fig.  2  shows  the  back  view  of  the  meter  element  re- 
moved from  the  case. 

The  arrangement  of  the  parts  is  indicated  very  clearly 
in  the  figures. 
An  aluminum 
mounting  frame 
F  serves  as  a 
foundation  for 
the  meter  ele- 
ment. To  it  are 
attached  the  iron 
punchings  M  and 
M,  which  form 
the  magnetic  cir- 
cuits for  both 
the  upper  and 
the  lower  me- 
tering elements. 
On  the  core  are 
the  current  coils 
C  and  C  and  the 
potentials  coils 
P  and  P.  The 
permanent  mag- 
nets A  and  A  are 
fastened  to  L- 
shaped  punch- 
ings, which  in 
turn  are  secured 
to  the  frame  by 
the      clamping 

screws  S.  The  adjustments  for  no  load,  light  load  and 
full  load  are  made  in  precisely  the  same  manner  as  for  a 
single-phase  meter,  save  that  everything  is  in  duplicate, 
as  can  be  seen  by  comparing  Figs.  1  and  2  with  Figs.  3 
and  4.  The  shaft  has  the  same  wire-type  guide  bearing  at 
the  top  and  ball-and- jewel  bearing  at  the  bottom,  and 
the  gear  train  to  the  register  is  on  the  same  principle 
as  that  of  the  single-phase  instrument.  Those  who 
have  read  the  articles  in  the  Jan.  28  and  Feb.  4,  1919, 
issues  of  Power,  on  "Testing  Single-Phase  Watt-Hour 
Meters,"  will  readily  see  that  the  polyphase  meter  de- 
scribed in  this  article  is  practically  two  single-phase 
meters  similar  to  that  described  in  the  previous  articles 
combined  into  one  element.  The  single-phase  meter  is 
shown  in  Figs.  3  and  4,  so  that  a  convenient  compar- 
ison can  be  made  with  Figs.  1  and  2  respectively. 

The  first  test  to  be  made  on  a  polyphase  watt-hour 
meter  is  at  no-load.     With  operating  voltage  on  both 


FIG. 


1.         POLYPHASE      WATT-HOUR 
METER,  COVER  REMOVED 


potential  coils  the  light-load  adjusting  loops  are  moved 
by  turning  the  square-headed  screws  G  until  the  discs 
do  not  ^'creep"  in  either  direction.  About  one-fourth 
of  the  adjustment  should  be  made  with  each  loop. 
Practically  this  test  is  made  by  giving  the  discs  a 
gentle  push,  first  in  one  direction  and  then  in  the 
other,  with  the  fingers;  they  should  not  continue  to 
rotate  in  either  direction.  The  light-load  compensator 
in  the  meter  under  consideration  consists  of  two  metal- 
lic loops  which  pass  through  the  air  gaps  in  the  poten- 
tial coil's  magnetic  circuits.  These  can  be  seen  at  J 
Figs.  2  and  4,  clamped  under  the  hexagon  nuts  N.  By 
turning  with  a  screwdriver,  the  square-headed  screws 
G,  Figs  1  and  3,  the  loops  can  be  made  to  move  up  and 
down  in  the  air  gaps. 

The  design  of  a  polyphase  meter  is  such  that  when 

properly  ad^ 
justed  the  pas- 
sage of  one  kilo- 
watt-hour 
through  either 
element  will 
cause  the  regis- 
tration of  one 
kilowatt-hour  on 
the  dial.  If  one 
kilowatt-hou  r 
passes  through 
each  coil  simul- 
taneously, two 
kilowatt  -  hours 
will  be  regis- 
ter e  d.  There- 
fore, each  elec- 
tromagnetic sys- 
tem, seen  in  tlie 
rear  view,  Fig. 
2,  must  have 
the  same  effect 
on  the  rotating 
disc.  Specifi- 
cally, a  current 
flowing  through 
the  upper  cur- 
rent coils  must  have  the  same  effect  as  if  flowing 
through  the  lower  coils.  This  adjustmeent,  once  made 
at  the  factory,  is  practically  permanent  indefinitely. 
For  completeness,  it  is  given  here: 

After  the  no-load  adjustment  is  made,  leaving  the 
potential  coils  alive,  connect  the  current  coils  in  series 
and  allow  full-load  current  to  flow,  reversing  one  coil  if 
necessary  so  that  the  discs  do  not  rotate,  if  they  do, 
remove  the  register  mechanism,  loosen  the  screws  D, 
Fig.  1,  and  insert  a  screwdriver  into  the  slots  B,  Fig. 
2.  The  magnetic  systems  can  be  moved  up  and  down 
as  a  unit  with  respect  to  the  discs,  and  should  be  so 
placed  that  no  rotation  takes  place.  Then  the  effect  of 
each  current  element  will  be  the  same  on  its  respective 
disc.  The  current  should  be  cut  off,  and  the  no-load 
adjustment  checked  and  readjusted  if  need  be.  The 
clamping  screws  are  tightened  and  the  register  re- 
placed. 


;.      REAR    VIEW    OF    METER- 
ING ELEMENT,  FIG.  1 
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The  next  step  is  to  adjust  for  light  load.  This  is 
done  in  the  same  manner  as  for  a  single-phase  meter, 
the  connections  being  made  as  described  later,  so  that 
operating  voltage  is  applied  to  both  potential  coils,  and 
about  one-tenth  full-load  current  flows  through  each 
current  (;oiI.  A  rotating-standard  meter  is  included  in 
the  circuit,  and  the  adjusting  loops  J  are  moved  by  the 
square-headed  screws  G,  until  the  meter  registers 
correctly. 

Full  load  is  next  applied  with  the  same  connections 
as  in  the  foregoing  and  the  permanent  magnets  A  ad- 
justed for  correct  registration,  the  necessary  movement 
being  distributed  among  the  four  magnets. 

Since  the  great  majority  of  single-phase  meters  arc 
used  on  lighting  circuits  which  have  high  power-factor 
loads,  they  are  adjusted  for  power-factor  correction  at 
the  factory.  Polyphase  meters,  however,  generally 
serve  such  loads  as  induction  motors,  distribution  cir- 
cuits with  partly  loaded  transformers,  etc.,  the  power- 
factor  of  which  is  low.  They  are  therefore  provided 
with  lag  adjustments,  which  are  coils  of  copper  wire 
W,  Fig.  2,  wound  around  the  potential-coil  pole  tips 
and  having  long  leads  L.  By  changing  the  length  of 
the  leads  L  the  resistance  of  coil  W  is  changed,  hence 
the  magnetic  flux  from  the  potential  coils  and  the  rota- 


FIG.    3.      SINGLE-PHASE   WATT-HOUR   METER 

tion  of  the  disc  are  also  varied.  This  adjustment  rarely 
requires  attention,  and  it  is  not  the  general  practice  to 
check  it  except  on  new  and  repaired  meters.  The  test 
is  easily  made,  however;  each  phase  should  be  tested 
separately  with  a  wattmeter  or  one-half  of  a  polyphase 
rotating-standard  meter,  with  full-load  current  and  volt- 
age, the  latter  being  lagged  so  as  to  give  0.50  to  0.70 
power  factor.     Since  a  single-phase  rotating  standard 


is  not  specially  adjusted  for  low  power  factors,  it  is  not 
necessarily  accurate  enough  for  this  test. 

The  essential  constant  of  a  watt-hour  meter  is  the 
watt-hour  constant,  Kh,  which  is  the  watt-hours  per 
revolution  of  the  shaft.  The  constant  for  a  polyphase 
meter  is  just  double  that  for  a  single-phase  meter  of  the 
same  rating.  A  good  way  to  visualize  this  is  to  re- 
member that  the  polyphase  meter  consists  of  two  single- 
phase  elements  of  the  same  rating,  locked  together.     If 


FIG.  4.     REAR  VIEW  OF  METERING  ELEMENT,  FIG.  3 

the  same  load  were  on  each  element,  and  we  imagine 
the  connection  between  them  cut,  they  would  continue 
to  rotate  at  the  same  speed.  Each  would  then  rotate, 
let  us  say,  once  for  each  kilowatt-hour  metered  by  it; 
that  is,  once  for  each  two  kilowatt-hours  metered  by  the 
pair.  Then  if  we  locked  them  together,  the  combina- 
tion would  still  continue  to  rotate  once  for  each  two 
kilowatt-hours  m*etered;  that  is,  Kn  would  be  twice  what 
it  was  for  a  single  element. 

In  testing  a  polyphase  meter  ooth  potential  coils 
must  be  energized,  and  this  will  be  assumed  in  what 
follows.  Suppose,  now,  we  are  testing  with  both  cur- 
rent coils  in  series  and  in  turn  connected  in  series  with 
the  current  coil  of  a  single-phase  standard  wattmeter. 
Then  the  power  is  registered  twice  by  the  service  meter, 
once  by  the  standard  meter.  So  we  must  multiply  the 
standard  readings  by  2  before  using  them  in  the 
formula. 


E  ^ 


3600  KhN  X  100 
PT 


-  100 


where 

E  =  Per  cent  error,  plus  if  service  meter  is  fast 
and  minus  if  service  meter  is  slow; 

Kh  =  Watt-hour  constant  of  service  meter; 

N   =  Revolutions  of  service  meter  in  T  seconds  and 

p  ^=  Twice  the  true  watts  registered  by  the  stand- 
ard wattmeter. 

If,  however,  we  are  testing  with  a  single-phase  rotat- 
ing standard,  in  series  with  both  current  coils  as  above, 
then  if  Ku  for  the  standard  is  half  that  for  the  service 
meter,  we  can  compare  revolutions  directly.  This  can 
also  be  done  if  we  have  each  element  of  the  service 
meter  connected  to  an  element  of  a  polyphase  rotating 
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standard  meter,  where  Ki,  for  the  standard  is  the  same 
as  for  the  service  meter.     Then 


E  = 


NX  100 
M 


volt  coil  could  be  connected  to  a  110-volt  circuit  and 
the  two  110-volt  coils  connected  in  parallel,  obtaining  5 
volts  with  a  capacity  of  225  amperes.    For  the  moderate 


100 


where 

E  =:  Per  cent  error,  plus  if  service  meter  is  fast 
and  minus  if  the  service  meter  is  slow; 

A^  =  Revolutions  of  service  meter; 

M  =  Revolutions  of  rotating  standard. 

This  formula  is  true  only  under  the  conditions  noted 
in  the  foregoing.  If  the  polyphase  rotating  standard 
has  a  different  watt-hour  constant  from  the  service 
meter,  it  is  most  convenient  to  use  a  conversion  table 
furnished  by  the  manufacturer  of  the  standard  meter, 
similar  to  that  described  in  the  article.  "Testing  Single- 
Phase  Watt-Hour  Meters  With  a  Rotating  Standard  of 
Different  Make,"  Oct.  28-Nov.  4,  1919,  issue.  For  in- 
stance, suppose  we  have  to  test  a  Fort  Wayne  type  K 
meter,  100  volts,  5  amperes,  watt-hour  constant  1,000, 
with  a  Westinghouse  polyphase  rotating  standard  set  for 
5  amperes  100  volts,  having  a  watt-hour  constant  of 
0.666.  Setting  the  load  on  each  phase  to  be  approxi- 
mately equal  and  to  give  20  r.p.m.  of  the  service  meter, 
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FIG.       tj. 
METERING 


we  find  the  number  of  revolutions  of  the  standard  which 
takes  place  in  20  revolutions  of  the  service  meter.  Com- 
paring this  figure  with  the  table,  we  find  the  percentage 
of  error  and  adjust  to  eliminate  it.  If  no  table  is  at  hand 
use  the  formula. 


E 


NJChx  X  100 


currents  usually  required,  as  in  testing  meters  to  be 
used  with  current  transformers,  which  are  built  for  100 
volts  and  5  amperes,  the  current  is  taken  directly 
from  a  110-volt  line,  as  in  Fig.  7. 
For  high  accuracy  on  low  power 
factors,  a  polyphase  rotating  stand- 
ard, Figs.  5  and  6,  should  be  used. 
The  connections  for  this  test  are 
given  in  Fig.  8.  Obviously,  power 
transformers  for  furnishing  current 
at  low  voltage  can  be  inserted  in 
the  current-supply  wires.  For  test- 
ing at  low  power  factors,  a  phase- 
shifting  transformer  should  be 
inserted  in  the  potential  supply  cir- 
cuits. This  is  simply  a  small  poly- 
phase transformer  whose  secondary 
coils  can  be  shifted  to  bring  them 
partly  under  the  influence  of  two 
primary  coils  instead  af  under  one 
primary  coil,  as  in  the  ordinary  trant;- 
former.  Thus  the  phase  of  the  secondary  voltage  will  lie 
between  the  phases  of  the  two  primary  coils,  and  at  any 
desired   angle   of   lag   or   lead   with   the   load   current. 


■Connect  to  2 -Phase  3-Wire  or  J^ise  Supply 
■Connect  to  2-Phase  4-WireSupply 


INTERIOR       VIEW 
ELEMENT,  FIG.  5. 


-  100 


NsKhs 
where 

E  =  Per  cent  error,  plus  if  service  meter  is  fast 
and  minus  if  the  service  meter  is  slow; 

Nx    =  Observed  revolutions  of  service  meter; 

Ns    =  Observed  revolutions  of  standard  meter; 

Khx  =  Watt-hour  constant  of  service  meter; 

Kha  =  Watt-hour  constant  of  standard  polyphase 
meter. 

The  simplest  way  of  testing  a  polyphase  meter  is  to 
connect  its  potential  coils  in  parallel  across  a  suitable 
source  of  single-phase  voltage,  and  its  current  coils  in 
series  with  a  single-phase  rotating  standard  and  a  re- 
sistance load.  Where  a  very  large  current  is  required 
and  a  suitable  transformer  is  available,  it  may  be  used 
to  supply  current  at  low  potential,  the  potential  coils 
being  energized  from  the  line.  For  example,  if  a  200- 
ampere  meter  is  to  be  tested,  and  a  25-kw.  2,200  to 
110   to   220-volt  transformer   is   available,    the   2,200- 


FIG.  8.   TESTING  POLYPHASE  METER  WITHOUT  TRANS- 
FORMERS WITH  POLYPHASE  ROTATING  STANDARD 

Wherever  polyphase-meter  connections  are  made,  it  is 
essential  to  have  some  check  on  the  polarity  of  the 
various  coils.    Rotating  standard  meters  have  one  volt- 
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age  and  one  current  terminal  of  each  circuit  marked, 
and  these  should  be  connected  to  the  same  wire  of  the 
supply  circuit,  A  final  check  on  the  correctness  is  made 
as  follows: 

Place  a  small  noninductive  (resistance)  load  on  each 
phase.  Open  the  potential  circuit  of  the  upper  element, 
and  the  current  circuit  of  the  lower  element  (first  short- 
circuiting  the  current  transformer  winding  if  trans- 
formers are  used).  If  the  meter  runs  at  all,  the  poten- 
tial circuits  have  been  transposed  between  the  line  and 


3.  If  not  abused,  instrument  transformers  will  retain 
their  accuracy  for  at  least  five  years.  Therefore,  routine 
tests  of  instruments  may  be  made  on  the  low-voltage 
side  of  the  transformers. 

4.  In  thus  testing  a  polyphase  watt-hour  meter  with 
a  polyphase  standard  on  a  running  load,  simply  insert 
one  current  coil  of  the  standard  in  each  current  lead 
at  the  meter,  and  connect  the  potential  coil  of  the  stand- 
ard across  the  proper  potential  terminals  of  the  service 
meter  as  in  Fig.  9,  and  make  sure  that  each  rotating 
standard  element  drives  the  discs  forward. 


Poten     I  Trans. 


oa 


SERVICE  METER 


FIG.    9. 


TESTING  POLYPHASE  METER  WITH   TRANSFORM- 
ERS WITH  ROTATING  STANDARD 


Cleaning  Apparatus  for  Generator 
Windings 

By  F.  C.  Williams 

The  sketch  shows  an  apparatus  that  I  rigged  up  for 
cleaning  the  windings  of  generators  and  motors.  It 
was  made  from  material  that  was  found  around  the 
plant.  We  have  high  winds  and  much  dust,  and  it  is  a 
problem  to  keep  the  machinery  clean.  We  have  four  oil 
and  gas  engines,  each  with  its  own  air-starting  tank, 
but  all  are  piped  together  and  so  the  supply  of  com- 
pressed air  is  sufficient. 

I  took  the  three-gallon  gasoline  tank  of  a  preheating 
torch  and  piped  it  as  shown.  After  connecting  with  the 
air  supply  at  A,  with  all  valves  closed,  the  pressure  was 


the  meter.  Interchange  the  potential  circuits — upper 
for  lower — and  test  again.  If  the  meter  does  not  run, 
the  proper  phases  are  together,  assuming  that  there  are 
no  "shorts"  or  "opens"  in  the  wiring. 

Occasionally,  these  checks  must  be  made  on  an  in- 
stallation which  serves  only  high-tension  apparatus — 
for  instance,  2,200-volt  motors  or  transformers  metered 
on  the  "high"  side.  Here  an  artificial  load  is  imprac- 
ticable. The  test  should  be  made  therefore  with  the 
apparatus  loaded,  since  at  light  loads  both  transformers 
and  induction  motors  have  low  power  factors.  When 
the  power  factor  of  a  polyphase  circuit  is  below  0.50, 
one  element  of  a  watt-hour  meter  will  try  to  run  back- 
ward so  that  rotation  backward  would  mean  nothing 
unless  we  were  sure  that  the  power  factor  was  above 
0.50.  On  the  average  for  loads  of  above  15  per  cent  of 
full  load,  the  power  factor  of  an  induction  motor  is 
above  0.50. 

Both  current. and  potential  transformers  are  gener- 
ally used  on  polyphase  circuits,  either  for  safety  or  to 
bring  the  current  in  the  meter  within  workable  limits. 
Fig.  9.  The  meter  connections  in  the  figure  are  of  the 
simplest  sort;  its  two  current  and  two  potential  coils 
have  both  ends  brought  out  to  its  terminal  boards, 
whence  they  are  connected  to  the  transformers.  While 
some  complicated  wiring  schemes  may  be  found,  espe- 
cially if  relays  or  other  meters  are  served  from  the 
same  transformers,  yet  they  are  in  general  simple.  The 
following  points  should  be  borne  in  mind  when  dealing 
with  any  such  installation: 

1,  A  current  transformer  will  be  ruined  if  the  second- 
ary is  opened  while  the  primary  is  carrying  current. 
Therefore,  always  keep  the  secondary  closed,  either 
through  some  instrument  current  coil,  or  through  a 
short-circuit. 

2.  Most  instrument  potential  transformers  are  rated 
at  25  watts.     Never  overload  them. 


D  Hose  vinol  Nozzle 

for  Cleoininq.-- 


AIR  AND   GASOLINE   APPARATUS   FOR   CLEANING 
GENERATOR  WINDINGS 


turned  on  and  then  the  globe  valve  B  on  the  air  line  was 
cracked  and  a  pressure  built  up  in  the  gasoline  tank  to 
about  twenty  or  thirtj'  pounds.  This  valve  was  then 
closed  and  the  valve  C,  between  the  two  tees  at  the  top, 
opened  to  give  the  proper  blast.  Then  the  valve  D  on 
the  gasoline  line  was  cracked.  The  result  was  a  spray 
of  air  and  gasoline  through  the  nozzle,  which  has  about 
a  i^-in.  opening.  This  spray  reaches  into  cracks  and 
holes  where  nothing  else  can  go  and  brings  out  the  dirt 
and  grease. 
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Deals  with  the  economies  to  he  expected  of  super- 
stations,  including  heat  balance,  power  costs  at 
the  stvitchboard,  latest  forws  of  byproduct  steam 
turbines  for  producing  heating  and  manufactur- 
ing steam  and  the  economies  that  are  obtained 
by  using  them,  and  suggestions  regarding  the 
placing  of  super-power  stations  in  large  indus- 
trial communities. 


IN  PRESENTING  this  article,  it  seems  best  to  carry 
the  reader  through  the  various  power-development 
stages  from  approximately  the  first  generation  of 
electricity  by  means  of  the  simple  non-condensing 
engine  to  the  latest  development  in  power-plant  ma- 
chinery design.  Table  I  shows  the  advance  in  the  art 
of  steam  engineering,  with  special  reference  to  engines, 
dating  from  the  small  high-speed  slide-valve  engines 
to  the  5,000-kw.  angle  compound  engines  (7,500  hp. 
maximum)  of  the  Interborough  Rapid  Transit  Co., 
which  represent  about  the  height  of  the  development 
in  so  far  as  reciprocating  steam  engines  go.  These 
engines,  although  more  efficient  after  thirteen  years 
of  service  than  when  first  installed,  were  supplanted  in 
1917  by  cross-compound  reaction  turbines  of  30,000- 
kw.  capacity. 

Table  II  shows  the  evolution  of  steam-turbine  prac- 
tice, starting  with  a  very  small  steam  exciter  set  of 
35-kw.  capacity,  exhausting  to  the  atmosphere,  and 
carrying  the  development  through  to  the  50,000-kw. 
units  of  the  three-cylinder  type,  having  a  maximum 
rating  of  70,000  kw.  The  specific  types  of  turbines 
referred  to  in  this  article,  however,  are  the  30,000- 
kw.  units,  which  show  a  thermal  efficiency  of  26.5 
per  cent. 

The  economies  shown  by  Table  II  graphically  bring 
out  the  reasons  why  engineers  are  working  toward 
the  great  super-station,  the  necessity  for  which  is 
illustrated  by  Fig.  1,  which  shows  the  growth  of 
central-station  operations^  Behind  the  growth  of  the 
central  station  is  the  fact  that  building  super-stations 
is,  economically  speaking,  the  right  thing  to  do. 


Power  stations  that  are  built  from  now  on  should 
be  of  the  so-called  super-power-station  design,  and 
although  the  supplement  design  accompanying  the  Mav 
25  issue  of  Power  may  not  be  adopted,  it  may  sug- 
gest to  other  engineers  a  better  design  than  has 
thus  far  been  used,  especially  with  reference  to  the 
handling  of  the  condensing  water,  coal  into  the  station, 
ashes  away  from  the  station,  and  the  minimum  number 
of  men  employed  per  kilowatt  output,  as  well  as  the 
minimum  cost  of  construction. 

Regarding  the  economies  of  this  type  of  station,  the 
heat-balance  sheets.  Fig.  2,  illustrate  the  possibilities, 
provided  the  exact  conditions  stated  on  the  sheets  are 
carried  out,  such  as  steam  pressure,  superheat  or 
total  temperature,  vacuum  or  exhaust  pressures,  and 
also  the  correct  and  proper  heat  balances  maintained 
at  all  times  in  the  station. 

Two  heat-balance  sheets  for  the  stated  efficiency  of 
the   boiler   are   shown.     The   higher   economies    shown 


♦Tllustrtited   In   the   May   25.   1920   issue   of  Poiocr. 

tConsulting  Engineer,  Lowell.  Mass. 

'From  McGraw-Hill  Co.'s  brochure.  March.  1920. 


FIG.   1.      SHOWING  GROWTH  OF  GEXTRAT.-ST.\TIOX 
OPERATION 


by  the  second  sheet  are  with  steam  extracted  from 
the  upper  stages  of  the  turbine  and  used  in  preheating 
the  combustion  air  to  a  moderate  temperature,  say 
170  deg.  The  preheating  of  combustion  air  has  been 
tried  out  and  used  many  times,  but  a  moderate  de- 
gree of  preheating  the  air  has,  to  the  ^\Titer's  knowl- 
edge, never  been  scientifically  arranged  for,  installed 
and  used,  other  than  with  the  Howden's  forced-draft 
system  or  Ellis  &  Eaves'  systems  in  marine  work, 
which  have  been  notably  successful. 
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Regarding  the  boiler  efficiency  given,  the  company 
handling  these  boilers  authorized  the  statement  that 
it  will  guarantee  an  efficiency  of  85  per  cent  and  that 
a  higher  efficiency  may  be  expected.  An  eminent 
engineer  has  also  stated  that  STs  or  even  90  per  cent 
over-all  efficiency  might  be  obtained  with  the  system 


of  the  super-station  when  Stevens-Pratt  boilers  are 
used.  To  illustrate  further  the  economies  of  such  a 
station.  Table  III  shows  the  power  costs  at  the  switch- 
board of  a  100,000-kw.  steam-turbine  station.  At- 
tention is  called  to  the  coal  cost  in  mills  per  kilowatt- 
hour  with  different  load  factors.     Fig.  3  is  a  graphic 


TABLE  I.  SHOWING  THE  ADVANCE  IN  ENGINE  ECONOMIES 


Steam  Conditions 
Initial 

Pressure,  Final 

Lb.  Gage  Pressure, 

and    Deg.  In. 

Size  and  Typo  of  Unit                                             Superheat  Mercury 

50-kw.  high-speed  slide-valve  engine 100  dry  Atmos. 

1,000-kw.  cross-compound  Corliss 150  dry  26.0 

3,750-kw.  N.  Y.  Edison  engines 185  dry  27.0 

5,000-kw.  Interborough  engines 175  dry  25   5 


•—Perfect  Engine  — 

(Rankine  Cycle) 

B.t.u. 

Kw., 

per 

Min. 

per  Cent 

386  0 

216.5 

202.5 

214  5 


Rankine 
Eff. 
14.75 
26.3 
28  1 
26.5 


Steam 
Rate, 
Lb. 
per 
Kw.-Hr. 
48.0 
21.0 
16  8 
17.1 


-Actual  Engine- 


B.t.u. 
Kw. 
pel 
Min. 

807 
386 
312 
314 


Thermal 
Eff. 

per  Cent 

7.05 

14.75 

18.25 

18   10 


Ratio 

per  Cent. 

Thermal   Eff. 

Rankine   Eff, 

47.8 

56.0 

65.0 

68  4 


of  double  jacketing  the  boilers  and  circulating  the  heat 
of  radiation,  as  well  as  the  cooling  air  from  the 
generator,  into  and  through  the  furnaces;  especially 
so  if  either  oil  or  pulverized  coal  is  used  as  a  fuel. 
At  least,  the  economies  shown  work  out  in  this  way 
mathematically,  and  it  appears  that  if  great  care  and 


curve  illustrating  still  further  the  possibilities  of  a 
super-station.  These  figures  may  not  be  exactly  correct, 
but  it  is  the  system  of  working  out  rather  than  the 
results  which  are  illustrated,  principally  for  the  use 
of  the  engineering  generation  that  has  not  had  to 
do  with  matters  that  relate  to   super-power  stations. 
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FIG.    2.     TWO  HEAT-BALANCE  SHEETS  OF  A  30,000-KW.   STEAM-POWDER  PLANT   EQUIPPED   WITH    STEVENS-PRATT 
BOILERS;    325-LB.    GAGE,    200    DEG.    SUPERHEAT   AT   THROTTLE;   27  IN.  HG.  VACUUM;  POWER  FACTOR.  0.8; 

EFFICIENCY,  RANKINE  CYCLE,  76  PER  CENT 


skill  are  used  in  the  design,  the  efficiencies  recorded 
may  be  obtained  at  the  outgoing  leads  of  the  station. 

The  heat-balance  diagrams  are  worked  out  to  scale, 
and  the  use  of  steam  in  the  auxiliaries  and  the  radia- 
tion of  buildings  is  in  direct  proportion  to  the  balance 
of  the  diagram.  It  is  hoped  that  some  engineer  will 
discover  a  way  in  the  future  to  reduce  the  condenser 


In  addition  to  the  power  generated  by  super-stations 
in  the  central-power  service  of  the  future,  there  is 
another  element  of  conservation  that  may  be  made. 
While  up  to  the  present  time  district  heating  with 
systems  as  an  auxiliary  to  central-power  stations  has 
not  been  much  thought  of  or  developed  in  America, 
and    while    some    attempted    systems    have    not    been 


TABLE  II.  SHOWING  THE  EVOLUTION  OF  TURBINE  PRACTICE 


Steam    Condition 
Initial 

Pressure,  Final 

Lb.  Gage  Pressure, 

and  Deg.  In. 

Size  and  Type  of  Unit                                          Superheat  Mercury 

35-kw.  steam-turbine  exciter  set 175-100  Atmos. 

1  OOkw.  horizontal  turbine 1 50-dry  28 ,  0 

500-kw.  vertical  turbine 1 50-drj'  28 .  0 

500-kw.  horizontal  turbine 1 50-dry  28.  0 

500-kw.  horizontal  tiu-bine 175-100  28.  0 

1000  kw.  horizontal  turbine  (multi-velocity  stage)              ••   '  190-ioO  28  5 

20,000-kw.  turbine 265-250  29  0 

30,000-kw.   -50.000-kw.  turbine 259-250  29 .  0 

*50,000-kw.  turbine,  three-cylinder  unit 300-200  28  5 

*  Maximum  rating,  70,000  kw. 


Perfect  Engine 
(Rankine  Cycle) 
B.t.u. 


Kw., 
per 
Min. 
per  Cent 
309.0 
197  0 
197  0 
197  0 
190  0 
190  5 
184  0 

164  5 

165  0 
169.0 


Rankine 
Eff. 
1! 

28. 
28 
28 
29. 
29 
31. 
34 
34 


33.7 


Steam 
Rate, 
Lb. 
pel 
Kw.-Hr. 
47  0 
25  0 
24  0 
19.5 
17   1 
14  3 
13  8 
10  6 

9  95 
10.2 


Actual  Engine 


B.t.u. 

Kw. 
per 

Min. 
844 
469 
450 
365 
338 
285 
276 
229 
215 
214 


Thermal 

Eff. 

per  Cent 

6  74 

12.12 

12.63 

15  58 

16.85 

19.3 

20  6 

24.8 

26.5 

26.5 


Ratio 

per  Cent, 

Thermal  Eff. 

Rankine   Eff. 

36  7 

42.0 

43  8 

54  0 

56  3 

66  7 

66.7 

72  0 

76  8 

78.8 


3irculating-v/ater  losses.  Some  attempts  have  already 
been  made  to  do  this,  but  as  yet  they  do  not  appear 
to  be  successful  in  practice. 

The  sizes  of  the  units,  boilers,  turbines  and  switch 
gear  are  limited  only  by  the  unit  size  of  the  boilers. 


successful  financially  because  of  lack  of  proper  foresight 
and  experience,  the  possibility  of  thus  making  use  of 
heat  energy  that  otherwise  would  largely  go  to  waste 
in  the  form  of  condensing-water  discharge  must  make 
this   form   of  service   of   increasing    interest   and   im- 


and  the  first   sheet  of   Fig.   2  shows   the   possibilities      portance.     In  most  all  industries  (other  than  very  large 
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machine  shops  and  similar  processes)  large  volumes 
of  manufacturing  and  heating  steam  are  used.  Several 
instances  are  known  of  factories  using  300,000  to  400,000 

lb.  of  steam  an  hour 
for  heating  and 
manufacturingpro- 
cesses,  and  in  the 
power  arrangement 
of  the  near  future 
the  electric  energy 
used  for  power  will 
be  generated  in  su- 
per^steam  stations, 
from  hydro-electric 
plants,  or  both,  as 
well  as  the  manu- 
facturing steam 
made  as  a  byprod- 
uct to  power.  There 
is  nothing  new  in 
this  principle,  since 
we  have  records  in 
New  England  man- 
ufacturing plants 
of  this  systembeing 
used  as  early  as 
1860,  when  a  very 
able  naval  engineer 
was  employed  by  a 
large  textile  mill  to 
change  over  its  steam  system.  He  arranged  to  use  non- 
condensing  engines  at  10  or  12  lb.  back  pressure  for 
the   producing   of    approximately    100,000    to    150,000 


0     10    20     30    40    50    60    70    80    90    100 
Averaqe  Load  ,  KiIowoi++s. Thousands 

FIG.    3.     COST   OF   POW^ER   OF 

100,000-KW.   ST^AM  PLANT 

AT  TIDEW^ATER 


lb.  of  steam  an  hour  for  the  dyehouse,  bleachcry  an 
steam  heating  of  the  plant. 

As  early  as  1907  the  writer  investigated  the  re 
of  turbines  in  this  manner  and  from  that  day  to  th;;, 
has    installed    a   great   many    machines,    some    running 
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Safety^  Throttles- 
'■'connecfed  with 
.Governoiiand  Trip 


»   /lb  t^anufacturina  Work 
^,..  ■''  Itancie  4S-Siltf.(50-eoib.)  0-244,000  lb. 
y-AII  Valves  controlled  from  Pressure 
in  this  Line 


Relief  Valve  to  Ats. 

\\,.Open  SO  lb.,  Close  SI  lb.  balanced  Check 
'open  55  lb.  close  Si  lb  Locf'e  weighted. 

'  "-I-"    f^^---     t4otor  Control  or  Equivalent. 
"Low  Pressure  Steam  Inlet, 
rStop  Valve       Pressure  from 
.'■Check  Valve       1-2 lb.  to  a Maxr 
ofdorlOlb.y 
Exhaust  from  small  Engines. 
Pumps,  Vulcanizers  ancf 
present  Steam  wasting 
to  the  Atmosphere. 


\Mechanism   Thermometer 


H.  R  Turbine  J 

Double  Receiver.--'' 
Piping  below  C.L. 
of  Casings 


L.R  Turbine 
'Packing  Leakage 
and  Temperature 
Control  Connection 


Generator 
SOOO-IO.OOOKw. 
or  0-10,000  Hw. 


Condenser 


FIG. 


4.      DIAGRAMMATIC    SKETCH   OF   DOUBLE-CYLIXDER 
EXTRACTION    AND    LOW-PRESSURE    TURBINE 


entirely  non-condensing  and  some  with  different  ar- 
rangements of  stage  extraction  or  admission  of  steam 
to  the  lower  stages  of  the  turbines  as  the  case  might 
be;  that  is  to  say,  connected  to  a  common  low-pressure 
or  exhaust  main  with  steam  engines  and  pumps  op- 
erating non-condensing  so  that  at  off-peak  periods, 
the   exhaust   of   the   non-condensing   engines   could    be 


TABLE  III.     POWER  COSTS  AT  SWITCHBOARD  OF  100,000-KW.  STEAM-TURBINE  STATION 


Main  Units — 4- 

-35, 000-kw.  turbines 

— economy — 10  lb 

.  steam  per  kw 

-hr.;  4—5,801 

-Hp.  B.&W..S 

tevens-Pratt  \ 

Doilers  and 

economizers  ^ 

85  per  cent  over 

-all  efficiency. 

Investment- 

-$10,000,000 

Fixed  Cost, 

Labor, 

Maxi- 

Repairs, 

Coal, 

mum 

Load 

Average 

Etc., 

Cost. 

Load 
in 

Factor, 
per 

Load, 
in 

Kw.-Hr. 
per 

Mills 
per 

Mills 
per 

-Mills  per 
Ton  at 

T.-„.   u. 

Coal   per 

Kw. 

Cent.* 

Kw. 

Year 

Kw.-Hr. 

Kw.-Hr. 

$4  00 

$6  00 

$8  00 

$10.00 

$12  00 

$15.00 

100.000 

100 

100,000 

876,000,000 

1.56 

to  55 

3.76 

4  86 

5  96 

7   06 

8    16 

9.81 

90 

90,000 

788,400,000 

1.74 

0  55 

3.94 

5.04 

6    14 

7   24 

8  34 

9.99 

80 

80,000 

700,800,000 

1.95 

0.55 

4.  15 

5.25 

6.35 

7  45 

8.55 

10  20 

70 

70,000 

613,200,000 

2.23 

0  55 

4.43 

5   53 

6.63 

7.73 

8  83 

10.48 

60 

60,000 

525,600,000 

2.61 

0   55 

4  81 

5  91 

7  01 

8    1.1 

9  21 

10  86 

50 

50,000 

438,000,000 

3   13 

0  55 

5  33 

6.43 

7.53 

8  63 

9  73 

11.38 

40 

40,000 

350,400,000 

3.91 

0.55 

6.11 

7.21 

8.31 

9  41 

10.51 

12.16 

30 

30,000 

262,800,000 

5.21 

0  55 

7.41 

8.51 

9.61 

10.71 

11.81 

13  46 

20 

20,000 

175,200,000 

7  81 

0  55 

10  01 

11    11 

12.21 

13.31 

14.41 

16  06 

80.000 

100 

80,CU0 

700,800,000 

1.95 

0  55 

4.  15 

5  25 

6  35 

7.45 

8  55 

10.20 

90 

72,000 

630,720,000 

2   17 

0  55 

4  37 

5.47 

6  57 

7  67 

8  77 

10  42 

80 

64,000 

560,640,000 

2  44 

0  55 

4  64 

5.74 

6  84 

7  94 

9  04 

10  69 

70 

56,000 

490,560,000 

2.79 

0  55 

4  99 

6  09 

7    19 

8  29 

9  39 

11.04 

60 

48,000 

420,480,000 

3  26 

0  55 

5  46 

6.56 

7  66 

8  76 

9.86 

11   51 

50 

40,000 

350,400,000 

3.91 

0  55 

6.11 

7  21 

8  21 

9  3i 

10  41 

12.06 

40 

32,000 

280,320,000 

4  89 

0  55 

7  09 

8    19 

9  29 

10  39 

11    49 

13.14 

30 

24,000 

210,240,000 

6  51 

0.55 

8.71 

9  81 

10  91 

12  01 

13.11 

14.76 

20 

16,000 

140,160,000 

9  78 

0.59 

12.14 

13.32 

14  50 

15  68 

16  86 

18.63 

60,000 

100 

60.000 

525,600,000 

2  61 

0  55 

4.81 

5  91 

7  01 

8    11 

9  2! 

10.86 

90 

54,000 

473,040,000 

2.90 

0.55 

5    10 

6  20 

7   30 

8  40 

9  50 

11.15 

80 

48,000 

420,480,000 

3.26 

0  55 

5.46 

6  56 

7  66 

8  76 

9.86 

11.51 

70 

42,000 

368,920,000 

3   73 

0  55 

5  93 

7  03 

8    13 

9   23 

10  23 

11.88 

60 

36,000 

315,360,000 

4  35 

0  55 

6  55 

7  65 

8.75 

9  85 

10  95 

12.60 

50 

30,000 

262,800,000 

5   21 

0  55 

7  41 

8.51 

9  ol 

10  71 

11    81 

13  46 

40 

24,000 

210,240,000 

6   51 

0  55 

8  71 

9  81 

10  91 

12  01 

13    11 

14.76 

30 

18,000 

157,680,000 

8  69 

0  57 

10  97 

12.17 

13   25 

14   39 

15  53 

17.24 

20 

12,000 

105,120,000 

13  02 

0  68 

15  74 

17   10 

18.46 

19   82 

21.18 

23.22 

40,000 

100 

40,000 

350,400,000 

3  91 

0  55 

6    11 

7.21 

8  31 

9   4! 

10  51 

12.16 

90 

36,000 

315,360,000 

4  35 

0  55 

6  55 

7.65 

8  75 

9   85 

10.95 

12.60 

80 

32,000 

280,320,000 

4  89 

0.55 

7  09 

8   19 

9  29 

10   39 

11   49 

13   14 

70 

28,000 

245,280,000 

5  58 

0  55 

7  78 

8  88 

9  98 

11    08 

12    18 

13  73 

60 

24,000 

214,240,000 

6  51 

0.55 

8  71 

9  81 

10  91 

12  01 

13    11 

14  76 

50 

20,000 

175,200,000 

7  81 

0.55 

10  01 

11    11 

12  21 

13   31 

14  41 

16.06 

40 

16,000 

140,160,000 

9  78 

0  59 

12    14 

13.32 

14   50 

15  68 

16.86 

18.63 

30 

12,000 

105,120,000 

13   02 

0  68 

15  74 

17.  10 

18  46 

19  92 

21    18 

23.22 

20.000 

100 

20,000 

175,200,000 

7.81 

0.55 

10  01 

11.11 

12  21 

13   31 

14.41 

16.06 

90 

18,000 

157,680,000 

8.69 

0.57 

10  97 

12.17 

13   25 

14   39 

15.53 

17.24 

80 

16,000 

140,160.000 

9.78 

0.59 

12.14 

13  32 

14  50 

15  68 

16  86 

18.63 

70 

.    14,000 

122,640,000 

11.16 

0  61 

13  60 

14  82 

16  04 

17   26 

18  48 

20.31 

60 

12,000 

107,120,000 

13.02 

0  68 

15.74 

17.  10 

18  46 

19  82 

21.18 

23.22 

50 

10,000 

87,600,000 

15.62 

0.71 

18.46 

19.88 

21.30 

22  72 

24.14 

26  27 

*  Load  factor  taken  as  ratio  of  average  load  to  maximum  coal  consumption  is  figured  with  15  per  cent  leeway  above  guarantees, 
t  Coal  cost  per  kw.-hr.  per  $1  per  ton. 
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used  in  the  lower  stages  of  the  turbine  rather  than 
wasting  it,  since  in  textile  mills  there  is  a  large  waste 
of  steani,  due  to  the  fact  that  the  dyehouse  load 
Usually  goes  off  from  11:30  to  12  in  the  morning 
and  again  at  4  in  the  afternoon. 

Until  quite  recently  no  turbines  were  built  for  operat- 
mg  non-condensing  or  against  a  back  pressure  of  over 


tOOO       IXO      4000       5000      6000       7000      8600      90M      iOflOO 
_Lood    in    K'.lowortt* 

30ff».  TurbmtHffmtttimc.  *'lirnat7!%,Dep/efkin-6.l}%RirfioafFhess.!!ivp-fnmTrtmme1oExfmctim,WalOmp'.3% 
1501b      -         ...        »-65»;-        -3.07%    ,„--",         ,-■  '.    '       r,    -611% 

Conaensin^  Holies  taken  proporfional  io  that  of  iOO  lb.  Turoine.  in  Hcrtia  of  Total  Energy  erf  constant  Errtropy 

FIG.    5.      ECONOMIES    OF   A    10,000-KW.    DOUBLE-CYLINDER 

EXTRACTION    AND   LOW-PRESSURE    STEAM    TURBINE: 

300-LB.    GAGE,    100    DEG.    F.  ;    2-IN.    ABS. 

75-LB.  GAGE  STEAM  EXTRACTION 

No.  1 — Curves  shown  dotted  are  for  other-  turbines  than  10,000- 
kw.  plotted  to  same  scale  oi  extraction,  kilowatts  and  steam 
charged  to  power  per  kilowatt-hour,  but  with  different  steam- 
flow  curves,  not  shown.  No.  2 — Maximum  throttle  flow  taken 
at  250,000-lb.  for  all  turbines.  No.  3 — Generator  and  friction 
losses  taken  at  10.4  per  cent  foi'  all  turbines.  No.  4 — Extraction 
water   apply   only   when   all   possible   steam   is    being   extracted. 

60  lb.,  but  in  the  rubber  industry  80  to  90  lb.,  or 
even  100  lb.,  is  desired,  and  to  cope  with  this  condi- 
tion a  turbine  arrangement  as  shown  in  Fig.  4  was 
evolved. 

This  machine  is  termed  a  double-cylinder  extraction 
and  low-pressure  turbine.  It  consists  of  a  high-pres- 
sure and  a  low-pressure  turbine  mounted  on  one 
shaft  with,  say,  a  10,000-kw.  generator.  This  ma- 
chine will  operate  automatically  with  steam  extracted 
from  0  gage  to,  say,  80  lb.  pressure  and  from  0  to 
244,000  lb.  extracted  at  a  predetermined  pressure.  It 
will  operate  entirely  condensing  with  only  a  slightly 
reduced  economy  from  that  of  a  standard  machine,  and 
it  will  operate  also  for  any  intermediate  extraction  of 
steam  or  generation  of  power.  At  the  same  time 
large  amounts  of  steam  may  be  admitted  to  the  low- 
pressure  casings  in  the  way  of  returns  from  vulcaniz- 
ing machinery,  which  should  be  put  through  regen- 
erators or  separators  at  1  to  2  lb.  pressure  for  the 
precipitation  of  the  acids.  The  control  of  this  ma- 
chine is  from  the  sustained  or  maintained  pressure 
in  the  steam  line  to  the  manufacturing  systems.  In 
other  words,  the  machine  is  controlled  from  its  by- 
product rather  than  from  its  electrical  end;  but  at 
the  same  time,  if  more  service  is  demanded  from  the 
electrical  end  than  the  proportionate  amount  of  steam 


passing  through  to  the  manufacturing  process  would 
admit,  the  automatic  valve  mechanism  will  open  to 
the  low-pressure  or  condensing  turbine  the  necessary 
amount  of  steam  to  follow  the  electrical  demands. 

The  economies  of  this  machine  are  illustrated  by 
Fig.  5,  and  it  will  be  observed  what  splendid  economies 
are  obtained  from  a  machine  of  this  type,  which  may 
be  installed  to  keep  the  entire  output  of  the  machine 
when  running  non-condensing  or  part  non-condensing 
and  part  condensing,  at  a  rate  of  7  lb.  of  steam  or 
even  less  per  kilowatt-hour  at  the  generator  leads 
chargeable  to  power  in  kilowatts. 

At  tha  left  oi  the  center  line  in  each  sheet  are 
shown  the  amounts  of  steam  chargeable  per  kilowatt- 
hour  when  operating  non-condensing,  and  to  the  right 
of  the  dip  of  each  curve,  the  effect  of  some  or  part 
of  the  steam  passing  on  to  the  condenser.  These 
curves  include  a  liberal  allowance  for  the  amount  of 
steam  or  power  used  by  a  jet  condenser  and  therefore 
give  the  total  approximate  amount  of  steam  charge- 
able to  power  as  generated  by  this  byproduct  machine. 
If  a  surface-condensing  equipment  were  used,  these 
would  be  substantially  cut,  which  would  still  further 
reduce  the  amount  of  steam  chargeable  per  kilowatt- 
hour  produced. 

Patents  are  now  pending  which  will  protect  the  com- 
pany that  evolved  this  turbine  in  connection  with  the 
writer  and  his  staff. 

For  a  more  simple  illustration  of  the  great  possi- 
bilities of  non-condensing  turbines  to  match  or  phase 


iO  20        ^     30  40       ^     BO  60  70 

Total   Kilowatt   Output  from   Turbine,  Thousornols, 

FIG.   6.      COMPARISON  OF  TOTAL  STEAM  CHARGEABLE  TO 

POWER  FROM  CONDENSING  AND  NON-CONDENSING 

TURBINES  UNDER  CONDITIONS  AS  STATED 

FOR   THE   SEVERAL   CURVES 

Ciirvc  A,  estimated  total  steam  per  kilowatt-hour,  4,000-kw. 
turbmc.      B,    estimated    total    throttle    steam,    4,000-kw.    turbine. 

C,  estimated   total   steam   chargeable   to   power,    4,000-kw.    turbine. 

D,  estimated  total,  throttle  steam  for  4,000-kw.  turbine  plus  10 
per  cent  of  steam  for  condensers.  E  and  F,  3,000-  and  7,500-kw. 
turb;ne,  same  conditions.  G,  total  throttle  steam  for  500-kw. 
turbine. 

in  with  the  super-station  or  central  station,  owned 
by  a  public  utility  or  owned  and  operated  by  the 
plant  in  question,  see  Figs.  6  and  7. 

This  type  of  turbine  is  in  effect  a  "power-producing 
pressure-reducing  turbine"  and  can  be  constructed  in 
practically  any  size  up  to  2,500-kw.  capacity  and  is  so 
valved    and    arranged    that    it    will   automatically    float 
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on  the  line  and  deliver  quantities  of  steam  in  propor- 
tion to  the  demand,  giving  a  proportionate  amount  of 
byproduct  power;  in  other  words,  it  is  similar  to  a 
reducing  valve,  and  the  splendid  economies  of  this 
turbine  in  one  particular  instance  are  illu,itrated  by 
Figs.  6  and  7. 

As  these  turbines  are  manufactured  in  small  units, 
they   may   be   located    at    a    distance    from    the    boiler 


se'„ 


2  J  4 

Total    Kw.   Output    from 


1  2  J 

Turbine    Thousands 


FIG.   7.      COMPARISON  OF  TOTAL,  STEAM  CHARGEABLE  TO 

POWER  FROM   CONDENSING  AND  NON-CONDENSING 

TURBINES  UNDER  CONDITIONS   STATED  FOR 

THE   SEVERA-L   CURVES 


instruments  for  ali  units  being  brought  together  in 
this  one  central  operating  room.  If  this  were  done, 
some  saving  could  be  made  by  placing  a  flat  roof 
directly  above  the  fanroom,  letting  the  coal-bunker 
pace  walls  act  as  parapet  walls.  However,  it  would 
seem  that  the  coal-consuming  capacity  of  each  unit 
of  this  plant  and  the  cost  of  coal  so  that  perpetual 
boiler  tests  and  accurate  records,  obtained  by  weights 
and  mea.sures,  may  be  kept  throughout  the  life  of 
one  of  these  plants. 

Locating  these  super-power  stations  in  large  indus- 
trial communities  would  enormously  reduce  the  amount 
of  coal  necessary  to  handle  the  power  of  such  com- 
munities, for  the  coal  consumed  per  unit  in  the  super- 
stations,  broadly  speaking,  is  about  one-half  that  of 
the  isolated  plant,  and  by  making  use  of  the  byproduct 
turbines  for  manufacturing  and  heating  steam,  enor- 
mous further  reductions  in  the  use  of  coal  are  made, 
to  say  nothing  of  a  relay  power  at  the  customer's 
plant,  or  at  least  a  part  relay  to  the  purchased  power. 

In  one  instance,  on  which  the  writer  has  worked 
for  several  years,  the  conservation  of  coal  is  about 
500,000  tons  per  year,  and  furthermore,  in  his  judg- 
ment there  will  not  be  over  five  or  six  great  stations 
in  New  England  at  some  subsequent  future  date. 

These  large  stations  require  such  vast  amounts  of 
condensing  water  that  they  can  be  located  only  on 
such  rivers  as  the  Connecticut  or  Merrimack,  or  at 
shore  ports  on  rivers,  lakes  or  oceans,  where  the  intake 


Curve  C,  estimated  total  steam  chargeable  to  power,  4,000-kw. 
turbine,  200-lb.  gage,  lOO-deg.  superheat  80-lb.  gage  exhaust. 
D,  estimated  total  steam  for  4.000-kw.  turbine.  E,  S,000-kw. 
turbine.  F,  7,500-kw.  turbine.  G,  500-kw.  turbine.  All  with 
200-lb.  steam,  lOO-deg.  superheat,  28-in.  vacuum.  H,  difference 
in  total  pound  steam  per  hour  between  curve  C  and  curve  D,  F 
01-  G,  whichever  is  lowest.  K,  dollars  gross  saving  per  year  of 
2.000  hours'  operation  at  kilowatt  rate,  9-lb.  evaporation  and  coal 
at  $8.80  in  bunker  if  non-condensing  turbine  is  used.  Cr,  Dr,  Er. 
Fr  and  Gr,  kilowatt-hour  rate  curves  corresponding  to  total  steam 
curves  C,  D,  E,  F  and  G. 


plant;  that  is,  used  locally  for  outlying  buildings,  or 
at  or  near  the  processes  using  large  amounts  of  steam, 
which  will  do  away  with  the  necessity  of  running 
large  and  very  expensive  low-pressure  mains,  through- 
out the  plant  from  the  central  station.  They  should, 
however,  be  connected  into  the  main  electrical  dis- 
tribution systems.  This  turbine  is  evolved  and  stand- 
ardized by  one  of  the  large  electric  companies,  and 
therefore  is  a  marketable  commercial  product  at  the 
present  time.  A  diagrammatic  sketch  of  such  a  unit 
is  shown  in  Fig.  8. 

To  sum  up,  the  power  plant  of  the  future  will  be 
along  the  basic  lines  suggested  by  this  article,  and 
it  is  suggested  that  power  contracts  be  made  with 
the  permission  to  manufacture  what  power  is  desired 
by  byproduct  turbines — that  is,  byproduct  to  power 
production — and  by  such  station  designs  as  was  shown 
in  the  May  25  issue  of  Power  and  in  this  article,  as 
giving  a  complete  program  which  should  be  followed. 

In  the  actual  working  out  of  designs  for  multiple 
units  of  these  super-power  stations,  following  the  lines 
suggested  in  the  previous  article,  there  would  be 
bridges  provided  between  the  60,000-kw,  units,  and 
these  for  maximum  safety  to  station  operatives  might 
be  made  open  rather  than  closed.  To  bring  out  clearly 
the  separation  of  units  advised,  these  bridges  were 
purposely  omitted  from  the  illustrations. 

Further,  the  chief  engineer's  operating  or  instru- 
ment room  might  be  constructed^   " —  onlv  one  unit. 
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FIG.    8.      DIAGRAMMATIC   SKETCH   OF   TURBO-GENERATOR 

.\RR.\NGED  TO  OPERATE  AS  A  POWER-PRODUCING, 

PRESST'RE-REDUCINC    TURBINE 


canal  and  discharge  canal,  or  conduit,  from  the  con- 
densers should  bf;  1,000  ft.  or  more  apart.  Of  course, 
the  question  of  currents, 'tidal  effects  and  many  other 
conditions  enter  into  this  problem,  but  this  state- 
ment is  made  for  guidance  of  designers  in  planning 
a  station  location.  Furthermore,  it  would  not  be  ad- 
visable to  start  any  super-station  where  the  ultimate 
development  possible  would  be  less  than  100,000  kw. 
It  would  be  better  not  to  locate  in  any  position  where 
an  ultimate  development  of  240,000  kw.  or  300,000'kw. 
was  not  possible.  This,  however,  would  be  controlled 
largely  by  the  cost   of  transmission   lines,    franchises. 
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money  values,  and  innumerable  other  conditions  that 
enter  into  a  project  of  this  size. 

When  otherwise  practicable,  it  will  be  well  so  to 
choose  locations  for  central  stations  that  later  full 
advantage  may  be  taken  of  economies  to  be  brought 
about  by  the  recovery  and  utilization  of  distillates  and 
other  chemical  products  from  coal.  This  is  a  matter 
at  present  little  thought  of,  but  likely  to  be  of  in- 
creasing  importance   for   the   future. 

To  illustrate  further  what  the  celebrated  engineers 
of  the  country  are  promulgating  as  to  the  possibilities 
of  the  great  super-power  stations  of  the  near  future, 
Figs.  9  and  10,  taken  from  the  March  16,  1920,  issue 
of  Power,  with  additions,  show  graphically  what  is 
being  seriously  thought  of. 

This  super-power  zone,  as  shown  in  Fig.  9  takes  in  the 
area  between  Boston  and  Washington  and  extends  in- 
land from  the  coast  100  to  150  miles.  The  suggested 
transmission  lines  from  the  hard  and  soft  coal  fields, 
Niagara  Falls,  Cedar  Rapids  and  from  main  hydro- 
electric plants  are  shown  by  Fig.  10. 

From  investigations  and  research  I  have  found  that 
there  is  a  300,000-kw.  load,  not  including  the  steam- 
railroad  electrification,  within  a  radius  of  fifty  miles 
from  Newburyport  or  Beverly,  Mass.,  which  could  be 
tied  in  with  the  great  water-power  developments  at 
Manchester,  N.  H.,  Lowell  and  Lawrence,  Mass.;  and 
with  the  great  development  and  proposed  developments 
of  the  Edison  Company,  of  Boston,  Mass.,  the  con- 
servation in  this  power  zone  alone  amounts  to  about 
500,000  long  tons  of  coal  per  year,  conservatively  speak- 
ing, with  all  the  attendant  advantages  in  the  conserva- 
tion of  coal,  money  and  men.  The  project  considers 
the  use  of  the  river  banks  and  railroad  rights-of- 
way  for  transmission  lines,  and  placing  a  station  of 
that  kind   in  the  northeastern   range  of  the  proposed 


Scotia  which,  if  used  as  pulverized  fuel,  would  make 
two  methods  of  shipment  to  this  point  by  water — 
Nova  Scotia  coal  and  coal  from  the  Virginia  fields. 
This  would  relieve  the  congested  freight  situation  of 
this  thickly  settled  manufacturing  district. 


FIG.    10. 


SUGGESTED    POWDER-TRANSMISSION    LINES    FOR 
SUPER-POWER  ZONE 


FIG.   9.     MAP  SHOWING  APPROXIMATE   SUPER-POWER  ZONE 


f-uper-power  zone  illustrated  by  Fig.  9  would  reinforce 
in  a  splendid  manner  the  loop  transmission  line  sug- 
gested. 

1  L-.rther,   there    is   a   vast   amount    of   coal    in    Nova 


A  cross-tie  in  this  loop  in  New  England  and  some- 
what paralleling  the  Connecticut  River  and  its  hydro- 
electric and  large  steam  developments  is  suggested. 
This  would  further  substantiate  and 
augment  the  eastern  part  of  the 
super-power  zone  loop  in  New  Eng- 
land and  would  also  further  relay 
the  great  power  demands  of  New 
York  City  and  vicinity.  There  are 
other  untold  resources  in  New  Eng- 
land for  such  a  project  as  has  been 
outlined  herein. 

The  time  will  come  when  no  com- 
pany or  individual  will  be  allowed  to 
operate  any  plant  at  a  thermal  effi- 
ciency of  less  than  a  predetermined 
percentage ;  neither  will  any  company 
be  allowed  to  operate  any  turbines  or 
equivalent  machinery  condensing 
when  they  could  be  operated  non- 
condensing  and  the  exhaust  steam 
used  in  heating  and  manufacturing, 
or  when  purchased  power  from  a 
large  super-station  can  be  advantage- 
ously made  available. 

In  other  words,  as  coal  and  oil,  in 
fact,  all  known  fuels,  are  non-renew- 
able, natural  resources,  the  general 
public  will  be  forced  to  use  the  ut- 
most care  in  their  consumption. 
Nothing  new  has  been  advanced, 
but  an  effort  has  been  made  to  bring  out  clearly  im- 
portant facts,  which  are  of  interest  to  all  who  have 
to  do  with  power-plant  problems  of  the  present  or 
near  future. 
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The  Compressed-Spruce  Pulley 

Spruce  of  the  Pacific  Northwest  came  into  its  own 
during  the  war,  being  found  excellent  for  airplane  uses. 
Now  comes  the  announcement  of  another  application 
of  it  which  promises  as  much  for  power  transmission 
as  it  did  for  the  air  service.  R.  L.  Watts,  of  the 
St.  Paul  &  Tacoma  Lumber  Co.,  and  F.  J.  Walsh,  con- 
sulting engineer  for  the  Port  of  Tacoma,  Washington, 


FIG.    1.      LAMINATED  PIECE  SHOWING  ONE   END  COM- 
PRESSED AND  ONE  END  NOT  COMPRESSED 


while  pressing  laminated  spruce  to  make  the  glue  stick 
fast,  discovered  that  very  great  pressures  did  not 
splinter  and  did  not  materially  spread  the  wood,  but 
made  it  extremely  hard  and  dense.  This  led  to  the 
application  of  the  compressed  spruce  to  power-transmis- 
sion pulleys,  which  they  are  now  manufacturing  under 
the  name  of  Watts  &  Walsh  Co.,  Tacoma,  Wash.  The 
strips  of  wood  or  laminations  in  the  pulleys  are  originally 
i  in.  thick;  the  pressure  applied  for  compressing  is  at 
present  100  tons  per  sq.ft.,  though  a  press  capable  of 


2,500  tons  per  sq.ft.  will   be   used   later.     The   pulleys 
are  available  in  all  sizes. 

Fig.  1  shows  a  laminated  piece  with  the  upper  end 
the  original  width  and  the  lower  end  compressed.     Fig. 


Nominal  Bel-h  Tension  - 

no  lb.  per  sq.  in.  

Belt  Speeol  - 2000-ff. permin. 


Paper , 
Paper, 
Compressed  Spruce 


Slip,      Per 


3  4 

Cent. 


FIG.    2.       FERFORMANCE-TESl     RESULTS,    CONDUCTED    BY 

PROFESSOR   GEORGE    S.    WILSON,  , UNIVERSITY 

OF  WASHINGTON 


2  shows  performance  curves  obtained  in  tests  conducted 
at  the  University  of  Washington  by  Professor  Wilson, 
of  the  department  of  Mechanical  Engineering.  Fig.  .3 
shows  a  compressed-spruce  pulley  36   in.   in  diameter, 


FIG.  3.     COMPRESSED  SPRUCE  PULLEY  ON  250-HP.  MOTOR 

DRIVING  GANGSAW,   EXTREMELY  VARIABLE  LOAD, 

SW'INGING  FROM  NO  LOAD  TO   400-HP. 


31-in.  face;  the  distance  between  flanges,  where  the 
pulley  is  fastened  to  the  shaft,  is  but  5  in.  The  motor 
is  of  250-hp.,  with  extremely  and  suddenly  variable 
load  from  a  gangsaw  which  it  drives. 
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Paralleling  Two  Alternators  When  They  Rotate 

in  Opposite  Directions 


By  B.  a.  BRIGGS 


It  is  shown  why,  when  two  alternators  are  revolv- 
ing in  the  same  direction  and  connected  to 
operate  in  ^parallel,  they  cannot  be  connected  in 
parallel  if  the  direction  of  rotation  of  one  of  the 
machines  is  reversed,  until  the  connections  on  one 
phase  of  this  machine  is  reversed. 


I 


N  THE  article,  "Oper- 
ating Two  Alternators 
of  Opposite  Polarity  in 
Parallel,"  in  the  May  18th 
issue,  it  was  shown  that 
changing  the  direction  of 
the  exciting  current 
through  the  field  coil  of 
one  of  a  number  of  alter- 
nators does  not  prevent  it 
oeing  connected  in  paral- 
lel with  other  machines, 
except  where  two  alterna- 
tors are  operated  in  par- 
allel and  are  connected  to 
the  same  prime  mover. 
In  this  case  the  rotating 
elements,  being  connected 
permanently  together, 
cannot    seek    their    true 


terminals  negative.  Since  the  armatures  are  in  exactly 
the  same  relative  positions,  there  will  be  no  cross-current 
flowing  between  them,  therefore  they  are  in  phase.  In 
the  armatures  the  part  of  the  winding  that  is  supplying 
current  is  indicated  by  double  arrowheads.  Although 
there  is  voltage  generated  in  the  conductors  of  the  sec- 
tion between  b  and  c  at  the  instant  shown,  this  section 
is  not  effective  in  supplying  a  current  to  the  external 

circuit,  since  the  voltage 
generated  in  the  conduc- 
tors between  b  and  d  op- 
poses that  between  d  and 
c.  The  volts  generated  in 
these  two  sections  are 
equal  and  opposite,  con- 
sequently the  resultant 
voltage  is  zero,  and  no 
current  will  be  supplied 
from  this  section.  As- 
sume that  tJie  direction 
of  rotatioii  of  No.  2  ma- 
chine is  reversed,  as  in- 
dicated in  Fig.  2  by  the 
curved  arrow.  If  the  ar- 
mature of  this  machine 
is  turned  through  180  deg. 
from  the  position  in  Fig. 
1,   or  180  deg.  from  the 


FIGS.   1   TO   3.      SCHEMATIC   DIAGRAMS   OF   TWO   AL,TERNATORS  CONNECTED  IN   PARALLEL, 


phase  relation;j,  therefore  this  relation  must  be  deter- 
mined by  test  before  the  machines  are  put  into  service. 
The  next  question  that  arises  is,  "What  would  be  the 
effect  if  the  direction  of  rotation  of  an  alternator  that  is 
operating  in  parallel  with  other  machines  is  reversed?" 
In  Fig.  1  is  represented  two  three-phase  alternators 
connected  symmetrically  to  a  set  of  busbars,  and  both 
r.i.ichines  revolving  in  the  same  direction,  in  each 
T^.iichine  the  A  lenr.inivl  in  positive  and  tlie  B  and  C 


position  of  machine  No.  1,  Fig.  2,  it  will  be  seen 
from  the  arrowheads  that  the  machines  are  again  in 
phase.  The  A  terminals  are  positive  and  the  B  and  C 
terminals  negative,  and  the  voltages  generated  in  the 
ab  and  ac  sections  of  both  armatures  are  equal. 
Although  the  ab  section  in  the  left-hand  machine  is 
under  the  S  pole,  and  in  the  right-hand  machine  under 
the  N  pole,  and  vice-versa  for  the  ac  sections,  the  volt- 
age is  in  the  correct  direction  for  the  machines  to  bf 
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in  synchionism  at  the  instant  indicated.  Fronri  this  the 
conclusion  might  be  drawn  that  the  machines  can  be 
synchronized,  but  this  condition  represents  only  one 
instant  in  the  revolution,  and  although  the  machines 
might  be  in  synchronism  at  this  instant,  it  is  possible 
that  they  are  out  of  synchronism  at  all  other  points. 
Therefore,  before  a  decision  can  be  made,  other  points 
in  the  revolution  must  be  investigated. 

In  Fig.  3  both  armatures  have  been  revolved  through 
60  deg.  from  the  position  in  Fig.  2,  the  armature  of  No. 
1  turning  clockvi^ise  and  the  armature  of  No.  2  turning 
counterclockvi'ise.  The  arrowheads  indicate  that  al- 
though the  A  terminals  are  both  positive,  and  therefore 
apparently  have  the  correct  phase  relation,  terminal  B 
on  machine  No.  2  is  positive,  and  B  on  machine  No.  1 
is  negative,  and  vice  versa 
for  the  C  terminals.  Con- 
sequently, the  B  and  C  ter- 
minals on  the  two  ma- 
chines are  out  of  phase, 
and  if  these  machines  are 
connected  together  under 
this  condition  a  very 
heavy  current  will  flow  be- 
tween them.  Therefore 
the  generators  cannot  be 
synchronized  if  they  are 
rotating  in  opposite  direc- 
tions and  are  connected 
systematically  to  the  bus- 
bars. A  comparison  of 
Figs.  2  and  3  will  indicate 
what  has  happened.  In 
Fig.  2  it  will  be  seen  that 
similar   taps   on   the   two 


viously  referred  to  the  polarity  of  one  machine  wa.s 
reversed,  and  this  machine  was  found  to  be  in  synchron- 
ism with  the  other  machine  when  similar  armature  taps 
on  the  two  machines  had  relative  positions  in  space  180 
deg.  apart.  The  machines  then  remained  in  synchron- 
ism at  all  points  in  the  revolution,  since  they  were  turn- 
ing in  the  same  direction,  and  it  was  possible  to  main- 
tain a  fixed  relation  between  the  two  armatures.  In 
Fig.  2  the  armatures  are  turning  in  opposite  directions, 
consequently,  the  relation  between  the  positions  of  sim- 
ilar taps  on  the  two  armatures  are  continually  changing, 
and  therefore  their  voltage  relation. 

The  next  thing  to  consider  is  what  to  do  to  make  it 
possible  to  get  the  two  machines  in  parallel  when  rotat- 
ing in  opposite  directions.    This  can  be  done  by  crossing 

any  two  leads  on  the  ma- 
chine that  was  reversed — 
in  this  case  machine  No.  2. 
If  there  are  only  two  ma- 
chines, crossing  the  lead 
on  either  machine  would 
make  it  possible  to  syn- 
chronize them;  but  if  the 
'hase  of  the  busbars  is 
reversed,  then  any  induc- 
tion motors  on  the  system 
would  be  reversed,  conse- 
quently the  change  should 
be  made  on  the  machine 
that  is  being  put  into 
service.  Fig.  4  is  the  same 
as  Fig.  3,  except  that  leads 
B  and  C  of  machine  No. 
2  have  been  changed  at 
the    busbars;    that    is,    C 
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FIG.  5 
FIGS.   4   TO   6.      SAiNlK  AS   FIG. 


FIG.  6 
KXCRPT   "P."  AND  T"   LEADS  .\RK   1  .XTERGH AXGEO 


armatures  are  180  cleg,  apart ;  that  is,  the  a  tap  on  arma- 
ture No.  2  is  180  deg.  away  from  the  a  tap  on  armature 
No.  1,  likewise  for  the  b  and  c  taps.  In  Fig.  3  we 
find  the  taps  occupying  positions  in  space  only  60 
deg.  apart.  If  it  were  possible  to  maintain  similar 
taps  180  deg.  apart  in  space,  the  machines  would  remain 
in  synchronism,  but  since  they  are  turning  in  opposite 
directions,  the  position  of  similar  taps  with  relation  to 
iach  other  is  continually  changing.     In  the  article  pre- 


brush  has  been  connected  to  B  bus  and  B  brush 
connected  to  C  bus.  It  will  now  be  seen  that  the 
leads  going  to  the  .4  and  C  busbars  are  positive,  and 
to  the  B  bus  negative,  and  since  the  armatures  are  in 
a  position  where  each  will  generate  the  same  voltage, 
the  two  machines  are  in  synchronism  at  this  instance. 
The  armatures.  Fig.  5,  have  revolved  60  deg.  in  the 
direction  of  the  curved  arrows  from  the  position  shown 
in  Fig.  4.     In  this  position  the  terminals  connecting 


POWER 


Vol.  51.  No.  22 


to  A  and  B  busbars  are  negative,  and  the  terminals 
connecting  to  C  busbar  are  positive,  and  since  the 
armatures  are  in  a  position  to  generate  the  same  volt- 
age, they  are  again  in  synchronism,  as  in  Fig.  4.  In 
Fig.  6  the  armatures  have  turned  through  60  deg. 
from  the  position  in  Fig.  5,  and  an  inspection  will 
show  that  the  voltage  relation  between  the  two  ma- 
chines is  correct  for  parallel  operation.  From  the 
foregoing  the  conclusion  may  be  drawn  that  if  two 
alternators  are  connected  properly  for  parallel  opera- 
tion when  both  machines  are  revolving  in  the  same 
direction,  if  the  direction  of  rotation  of  one  of  the 
machines  is  reversed,  two  of  the  leads  must  be  re- 
versed on  this  machine  before  it  can  be  again  parallel 
with  the  other  machines.  This  discussion  refers  to 
three-phase  machines.  With  two-phase  machines  care 
must  be  exercised  to  cross  the  lead  on  either  phase  of 
the  machine  whose  direction  has  been  reversed. 

When  two  alternators  are  geared  to  the  same  tur- 
bine, one  revolving  in  one  direction  and  the  other  in 
an  opposite  direction,  to  connect  the  machines  to  oper- 
ate in  parallel  tie  a  like  lead  on  each  machine  together. 
For  example,  the  A  leads  on  each  machine  are  con- 
nected together.  Then  the  B  lead  on  one  machine  is 
connected  to  the  C  lead  on  the  other  machine,  and  vice 
versa,  as  was  done  in  Figs.  4  to  6.  Then  if  the  revolving 
elements  are  placed  in  the  same  relative  position  on  each 
machine,  as  explained  in  the  article,  "Synchronizing 
Two  Alternators  When  Driven  by  One  Turbine,"  page 
568,  Power,  Oct.  7,  1919,  and  the  exciting  current  made 
to  flow  through  the  field  coils  in  the  same  direction, 
the  two  alternators  should  come  up  to  voltage  in  exact 
synchronism. 

R.  K,  Hydro-Electric  Pressure  Regulator 

There  has  recently  been  developed  a  pressure  regu- 
lator designed  to  eliminate  all  erratic  action  in  oper- 
ation. The  scale  beam  is  free  to  respond  accurately  to 
variations  in  pressure  of  i  lb.  or  less  and  to  transmit 
its  readings,  by  means  of  an  electric  contact,  to  limit 
the  movement  of  the  motor  plunger.  The  variations  in 
pressure  are  transmitted  to  a  pilot  valve  which  controls 
the  movement  of  the  motor  by  means  of  electric 
magnets.  One  magnet  controls  the  upward  movement 
of  the  plunger  and  another  controls  the  downward  move- 
ment, the  pilot  valve  normally  being  held  in  a  neutral 
position,  when  no  pressure  can  be  admitted  to  the  motor 
cylinder. 

The  motor  travels  by  stages.  The  plunger  is  moved 
step  by  step  with  a  well-defined  period  of  rest  between 
each  stage  of  its  travel.  When  a  change  in  pressure 
takes  place,  the  plunger  is  moved  rapidly  to  the  next 
succeeding  stage  and  comes  to  rest  and  remains  in  that 
position  until  a  change  in  pressure  again  takes  place; 
in  this  way  the  plunger  assumes  at  all  times  a  position 
which  corresponds  with  the  pressure  and  thereby  regu- 
lates the  air  supply  to  the  furnace  in  the  quantities 
required. 

The  operation  of  the  regulator,  which  is  made  by  the 
Ruggles-Klingemann  Manufacturing  Co.,  Salem,  Mass., 
will  be  understood  from  the  following:  Wherever  the 
steam  pressure  exceeds  a  predetermined  amount  for 
which  the  scale  beam  is  weighted,  an  electric  contact  is 
made  with  the  underside  of  the  contact  disc  A,  thus 
sending  an  electric  current  through  the  coil  B  and 
energizing  the  magnet  C  and  the  attracti!.g  armature 


D,  which  raises  the  dashpot  plunger  E  and  the  valve 
spindle  F  and  admits  pressure  through  the  port  G  to 
the  underside  of  plunger  H.  As  the  plunger  moves 
upward,  it  revolves  the  contact  disc  A  by  means  of  a 
cord  /,  which  extends  to  the  top  of  the  plunger  rod,  the 
opposite  end  of  the  cord  being  provided  with  a  weight  J, 
so  as  to  take  up  the  slack  and  place  sufficient  tension  on 
the  cord  to  drive  the  contact  disc. 

The  contact  disc  moves  in  a  direction  to  break  the 
current  and  cause  the  armature  to  be  de-energized, 
which  allows  the  dashpot  plunger  E  to  settle  to  its 
bottom  position  and  return  the  spindle  F  to  its  neutral 
positon,  which  in  turn  brings  the  plunger  H  to  rest. 
If  the  steam  pressure  should  continue  to  increase,  the 
operation  will  be  repeated,  the  plunger  moving  up  to  a 
second  position,  and  so  on,  making  from  ten  to  twelve 
stops  before  the  stroke  is  completed.     Whenever  the 
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SHOWING  DESIGN  OF  ELECTRIC-PRESSURE  REGULATOR 

steam  pressure  decreases,  the  contact  point  K  engages! 
the  top  of  the  contact  disc  A,  which  sends  an  electric 
current  through  coil  L,  energizing  the  magnet  M  and' 
attracting  the  armature  N.  This  raises  the  dashpot 
plunger  0,  and  as  the  lever  P  is  f  ulcrumed  on  the  dash- 
pot  rod,  the  spindle  F  will  be  lowered,  thus  opening  the 
pert  Q  and  allowing  the  pz'essure  to  enter  the  top  of  the 
cylinder  R  and  force  the  plunger  downward.  As  the 
plunger  moves,  it  turns  the  contact  disc  A,  which  breaks 
the  circuit,  and  the  magnet  M  is  de-energized,  allowing 
the  armature  to  be  released  and  the  dashpot  plunger  0 
to  settle  into  its  bottom  position  and  bring  the  plunger 
H  to  rest,  the  plunger  making  regular  stops  on  the 
downward  stroke  with  short  periods  of  rest  the  same  as 
on  the  upward  stroke. 
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Steam  from  the  Earth 

In  Power  for  Jan.  13  was  described  the  use  that  is 
being  made  from  steam  obtained  from  borings  in  the 
volcanic  region  of  Italy.  Readers  will  be  interested  in 
the  further  information  that  the  publication  of  this 
article  has  brought  out. 

The  natural  steam  being  impregnated  with  impuri- 
ties that  are  likely  to  attack  the  turbine,  it  has  been 
necessary  to  use  the  heat  of  this  steam  for  the  produc- 
tion of  pure  steam  usable  in  the  turbine,  instead  of  us- 
ing it  direct.  This  transformation  is  effected  in  verti- 
cal evaporators  with  long  tubes  upon  the  Kestner  sys- 
tem. The  battery  of  evaporators  is  composed  of  thirty 
units,  each  having  a  heating  surface  of  150  sq.m.  (about 
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KESTNER  EVAPORATORS  FOR  PRODUCING  PURE  STEAM 

FOR  TURBINES  FROM  THE  HEAT  OF  VOLCANIC 

STEAM  IN  ITALY 

1,600  sq.ft.).  The  tubes,  which  are  7  m.  long  (about  23 
ft.)  are  of  aluminum,  the  only  available  metal  that  re- 
sists the  corrosive  action  of  the  steam  from  the  Soffioni. 

The  natural  steam  comes  to  the  evaporators  at  a  pres- 
sure of  about  two  atmospheres  and  considerably  super- 
heated. The  steam  is  produced  in  the  evaporators  at  a 
pressure  of  1}  atmospheres  and  is  superheated  before 
being  introduced  to  the  turbine.  Each  of  the  units  can 
evaporate  5,000  to  6,000  kg.  (11,000  to  13,000  lb.)  of 
water  per  hour. 

The  evaporator  units  are  arranged  in  pairs,  as  shown 
in  the  accompanying  section,  and  each  group  of  five 
pairs  is  supplied  from  the  same  superheater.  Steam 
from  the  Soffioni  enters  at  the  natural-steam  inlet,  passes 
through  the  tubes  of  the  superheater  and  then  through 


the  steam  manifold  to  the  evaporators.  The  condensate 
passes,  as  shown,  from  the  bottom  of  the  evaporator 
through  the  tubes  of  the  exchanger  and  is  finally 
discharged. 

Pure  water  enters  as  shown,  passes  over  the  ex- 
changer tubes  and  enters  the  bottom  of  the  steam  sep- 
arator, where  it  mixes  with  the  separator  drip  and  is 
led  to  the  bottom  of  the  evaporators.  Passing  up  through 
the  tubes,  this  water  is  evaporated,  any  priming  is  taken 
out  in  the  separator,  and  the  dry  steam  goes  down  to 
the  superheater  and  then  to  the  turbines.  It  is  claimed 
that  this  evaporator  apparatus  gives  a  thermal  efficiency 
of  88  per  cent. 

Coal  or  Oil  Fuel  for  Refrigerating  Plants? 

By  J.  E.  Porter 

In  comparing  coal  with  oil  fuel  for  refrigerating 
plants  no  fixed  rule  can  be  laid  down  that  will  apply  to 
all  plants,  owing  to  the  different  conditions  met  with  in 
e.ich  individual  installation.  Comparing  the  average 
calorific  values  of  the  two  fuels,  placing  coal  at  11,000 
B.t.u.  per  pound  and  oil  at  18,500,  it  is  evident  that 
the  oil  has  the  advantage.  It  should  not  be  taken  for 
granted,  however,  that  oil  will  be  the  cheaper  fuel,  as 
the  price  of  oil  relative  to  coal  'vill  determine  this 
factor.  The  only  logical  and  practical  way  to  ascertain 
which  is  the  cheaper  fuel  for  a  particular  plant  is  to 
make  a  complete  survey  and  take  into  consideration  the 
cost  of  every  item  entering  into  the  process  of  burning 
each  kind  of  fuel.  The  items  to  be  considered  in  the 
burning  of  coal  are  the  original  cost  per  ton  at  the 
mines,  freight  to  destination,  unloading  at  the  bunkers, 
losses  in  heat  value  while  in  storage,  handling  between 
bunkers  and  furnaces,  removal  and  disposal  of  ash  and 
general  upkeep  of  the  furnace. 

Oil  can  be  delivered  to  the  boiler  furnace  more  cheaply 
than  coal  as  it  is  handled  mechanically  at  all  times,  so 
that  a  considerable  saving  in  labor  is  to  be  expected.  The 
several  advantages  usually  accredited  to  oil  as  a  fuel 
are  that  for  the  same  heat  value,  oil  occupies  much  less 
space  than  coal.  The  firedoors  of  the  furnace  do  not 
have  to  be  opened,  reducing  excess  air  to  a  minimum, 
giving  a  more  even  temperature  and  better  combustion 
and  resulting  in  higher  capa<^ities  and  efficiencies.  The 
fires  are  more  easily  regulaced  to  meet  load  require- 
ments ;  there  are  no  losses  in  heat  value  during  storage. 
In  burning  oil  there  is  no  ash  and  ven-  little  smoke  or 
soot  if  the  burning  is  accomplished  in  a  properly 
designed  furnace  and  burner.  Under  such  conditions  it 
is  a  much  cleaner  fuel  than  coal,  but  the  reverse  is  true 
if  proper  conditions  are  not  maintained. 

Under  favorable  conditions  a  pound  of  fuel  oil  will 
evaporate  from  14  lb.  to  16  lb.  of  water,  while  the 
evaporation  from  a  pound  of  coal  will  range  between  7 
and  10  lb.  Assuming  a  distilled-water  ice  plant  and 
allowing  25  per  cent  to  cover  losses,  it  is  necessary  to 
evaporate  2,500  lb.  of  water  for  each  ton  of  ice  manu- 
factured. Placing  the  evaporation  by  oil  at  14  lb.  of 
water  and  by  coal  at  8  lb.,  it  will  require  about  180  lb. 
of  oil  or  313  lb.  of  coal  to  evaporate  the  2,500  lb.  of 
water.  Taking  the  present  price  of  fuel  oil  at  $3.15  per 
barrel,  the  fuel  costs  per  ton  of  ice  would  approximate 
$1.75;  with  coal  at  $5  per  ton  in  the  bunkers  the  fuel 
cost  per  ton  of  ice  figures  about  78c.  From  the  stand- 
point  of  fuel  alone  at   the   relative  price  quoted,  coal 
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has  a  decided  advantage.  The  saving  in  labor  and  the 
higher  efficiency  maintained  by  the  use  of  oil  w^ould 
lessen  this  advantage  to  some  extent,  although  not 
enough  to  overcome  the  difference  of  97c.  per  ton  of 
ice  made. 

Although  the  price  quoted  on  fuel  oil  was  given  to 
the  vs^riter  recently  by  a  refining  company  at  Oklahoma 
City,  there  are  no  plants  in  the  vicinity  paying  $3.15 
per  barrel  for  oil.  The  plant  using  this  fuel  had  con- 
tracted for  its  supply  some  time  ago,  and  it  is 
probable  that  its  fuel  cost  ranges  from  $1  to  $1.25 
per  ton  of  ice.  On  this  basis  the  oil  per  barrel  would 
cost  from  $1.80  to  $2.25.  Although  10  tons  of  ice  per 
ton  of  coal  is  quite  feasible,  the  usual  run  of  plants  will 
not  average  more  than  5  tons  of  ice  per  ton  of  coal,  so 
that  with  coal  at  $5  per  ton  the  fuel  per  ton  of  ice 
would  cost  $1.  If  the  prices  just  quoted  can  be  obtained, 
there  is  little  choice  between  the  two  fuels.  Considering 
the  scarcity  of  both  oil  and  coal,  however,  it  is  largely 
a  case  of  burning  the  fuel  that  can  be  more  readily 
obtained,  whether  it  should  happen  to  be  the  cheaper 
or  not. 

The  problem  that  confronts  the  refrigerating  engi- 
neer of  today  is  to  burn  the  kind  of  fuel  he  is  able  to 
get  with  the  greatest  degree  of  efficiency.  To  do  this  a 
furnace  must  be  designed  to  suit  the  particular  fuel 
used.  There  is  no  reason  for  anyone  to  think  that  any 
design  of  burner  will  do  or  that  the  burner  can  be  set 
into  any  kind  of  a  coal-fired  furnace  and  that  high  effi- 
ciency will  be  obtained.  It  cannot  be  done.  There  ^s 
just  as  nmch  difference  between  the  installation  for 
burning  oil  and  for  burning  coal  as  there  is  between 
a  pump  and  an  injector.  Both  perform  the  same  duty, 
but  in  an  entirely  different  manner  and  with  different 
results.  For  either  fuel  a  properly  designed  furnace 
and  for  oil  a  burner  that  has  been  approved  are  required. 
It  may  cost  a  great  deal  of  time  and  money  to  get  the 
furnaces  just  right,  but  the  expense  will  be  warranted 
and  it  will  probably  save  shutting  down  in  the  middle  of 
the  season. 

Clock-Pendulum  Precision 
Speed  Limit 

A  speed-limit  device  for  the  control  of  steam  engines 
has  recently  been  designed  by  E.  E.  Clock,  chief  inspec- 
tor of  the  turbine  and  engine  department  of  the  Fidelity 
and  Casualty  Co.,  of  New  York.  Patents  are  pending. 
The  operation  of  the  device  is  as  follows:  It  is  placed 
so  as  to  be  conveniently  connected  to  any  reciprocating 
part  of  the  engine.  There  are  two  pendulums.  One  is 
positively  driven,  designated  as  A,  and  moves  through 
a  fixed  arc;  the  other,  or  weighted  pendulum,  B,  is  in 
line  and  swings  with  the  positively  driven  one  until  such 
time  as  the  oscillations  become  fast  enough  to  overcome 
the  stabilizing  springs  C,  which  tend  to  hold  the 
weighted  pendulum  B  firmly  on  the  two  pins  D  pro- 
jecting through  the  curved  slots  in  the  disc  attached  to 
the  weighted  pendulum  B. 

As  the  positive-driven  pendulum  moves  to  the  right 
and  starts  upon  the  return  stroke  faster  than  the  speed 
for  which  it  is  adjusted,  the  right-hand  stabilizing 
spring  C  is  overcome,  the  disc  E  rises  off  the  right-hand 
pin  D,  swings  around  the  left-hand  pin  D,  becoming 
eccentric  to  that  pin  and  lifting  the  lever  G,  which 
carries  a  roller  above  but  clear  of  the  disc  E.    Raising 


the  lever  G  moves  the  top  of  the  latch  lever  H  to  the 
right,  the  bottom  or  latch  end  to  the  hit  and  drops  the 
weighted  valve-operating  lever  F,  which  opens  the  pilot 
valve  J,  resulting  in  a  flow  of  water  of  condensation 
under  full  boiler  pressure  through  the  connection  to  the 
operating  cylinder,  which  is  located  on  the  throttle- 
valve  bonnet. 

This  unlatches  the  automatic  throttle  valve  and  gives 
it  a  start.  At  the  same  time,  the  threaded  sleeve  being 
released,  the  flow  of  steam,  together  with  the  piston 
effect  of  the  full  area  of  the  valve  stem,  .closes  the 
throttle  promptly. 

Restoring  the  valve-operating  lever  F  opens  a  drain 
below  the  operating  piston  and  the  spring  /  causes  the 
piston  to  recede,  when  the  throttle  valve  may  be  opened 
and  the  apparatus  is  ready  to  repeat  its  former  action 
at  the  slightest  overspeed.    It  will  be  seen  that  there  can 
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be  no  stopping  of  the  engine  through  leakage  of  the 
pilot  valve,  as  the  drain  is  open  at  all  times  until  over- 
speed  action  occurs. 

The  magnets  shown  are  to  be  used  if  either  open-  or 
closed-circuit  electrical  remote  control  is  desired.  This 
electrical  remote-control  device  is  auxiliary  and  may  be 
omitted  without  interfering  with  the  action  of  the  speed 
limit. 

It  is  clear  that  this  speed  limit  is  suitable  for  use  in 
connection  with  any  type  of  valve  designed  to  operate 
with  pressure  or  release  of  pressure. 


In  commenting  on  the  failure  of  a  plugged  tube  in  the 
boil'^r  of  a  locomotive  at  Allerton  Bywater  Colliery,  the 
Engineer  Surveyor-in-Chief  to  the  Board  of  Trade  con- 
demns the  practice  of  stopping  leaky  tubes  by  means  of 
plain  tapered  plugs  driven  into  the  ends,  says  The  En- 
gineer. In  the  case  in  question,  the  plug  was  4i  in.  long 
by  l\i  in.  in  diameter  at  the  large  and  H  in.  in  diameter 
at  the  small  end.  It  was  driven  into  the  tube  by  means 
of  a  7-lb.  hammer,  but  blew  out,  with  fatal  results,  at  a 
pressure  of  about  115  lb.  per  square  inch. 
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One  Pound  per  Horsepower 

ONE  of  the  most  marked  characteristics  of  the  human 
being  is  his  interest  in  sporting  events  of  all  kinds. 
The  two  greatest  stimuli  to  the  normal  male  are  the 
opportunities  of  beating  the  other  chap  and  of  breaking 
a  record. 

In  the  early  days  of  the  last  century  the  Watt  en- 
gines used  for  pumping  water  from  the  tin  mines  in 
Cornwall  had  their  performance  much  improved  through 
competition  among  the  mines.  The  favorite  bet  in  that 
section  of  England  was  on  the  number  of  gallons  of 
water  pumped  each  week  per  bushel  of  coals. 

An  interesting  field  for  competition,  which  should 
arouse  the  sporting  instinct  of  the  engineer,  is  in  the 
reduction  of  weight  of  power  plants,  especially  as  the 
alluring  figure  of  one  pound  per  horsepower  is  dis- 
tinctly above  the  horizon.  Twenty  pounds  per  horse- 
power made  the  automobile  possible;  five  pounds  per 
horsepower  made  the  airplane  possible.  What  may  we 
not  expect  from  one  pound  per  horsepower? 

The  heaviest  source  of  power  in  common  use  is  animal 
power.  A  horse  weighing  one  thousand  pounds  will 
develop  eight-tenths  of  a  horsepower  for  eight  hours. 
For  the  continuous  twenty-four-hour  development  of 
one  horsepower,  3,750  pounds  of  horse  "would  be  neces- 
sary. Man  is  a  little  better  on  that  basis.  Under  fa- 
vorable circumstances  he  can  develop  one-seventh  of  a 
horsepower  for  eight  hours,  which  would  give  him  a 
weight  of  3,150  pounds  per  horsepower  if  the  indi- 
vidual man  weighs  one  hundred  and  fifty  pounds 
and  develops  power  continuously.  The  average  station- 
ary steam  plant,  including  boilers,  engines,  condensers, 
chimney,  and  the  numerous  auxiliaries,  the  water  in 
the  boiler  and  the  circulating  water,  has  a  weight  which 
is  high  and  extremely  variable.  All  condensing  steam 
plants  must  be  heavy  because  of  the  necessity  of  carry- 
ing a  large  weight  of  circulating  water.  A  modern 
locomotive  develops  about  two  thousand  horsepower  and 
weighs  300,000  pounds,  giving  a  weight  of  one  hundred 
and  fifty  pounds  per  horsepower.  This,  of  course,  in- 
cludes the  running  gear,  which  does  not  properly  be- 
long to  the  power  plant.  It  is  probably  possible  to  make 
a  non-condensing  power  plant  of  good  size  which  would 
not  weigh  more  than  forty  or  fifty  pounds  per  horse- 
power. It  might  be  composed  of  boilers  of  the  express 
marine  type  which  would  weigh  sixteen  to  twenty 
pounds  per  horsepower,  including  the  weight  of  water, 
and  of  turbines  which  would  weigh  fifteen  pounds  per 
horsepower,  and  of  the  necessary  auxiliaries. 

The  only  possibility  of  obtaining  light  power  plants 
is  by  the  use  of  the  internal-com.bustion  engine.  The 
Diesel  engine  with  its  high  efficiency  has  not  yet  been 
brought  down  to  a  reasonable  weight.  In  Europe, 
weights  of  fifty  to  sixty  pounds  per  horsepower  are  re- 
ported. In  this  country  the  weights  are  usually  four 
to  six  times  greater.  The  automobile  engine,  including 
the  radiator  and  jacket  water,  which  are  necessary  parts 
of  the  power  plant,  will  probably  average  about  ten 
pounds  per  horsepower.    The  aeronautical  engine  of  the 


water-cooled,  type  has  been  brought  down  to  a  total 
weight,  including  radiator  and  water,  of  approximately 
two  and  one-half  pounds  per  horsepower.  The  air-cooled 
aeronautical  engine  should  be,  and  is,  much  lighter. 
Varying  reports  about  the  A.  B.  C.  English  airplane 
engine  indicate  a  weight  per  horsepower  somewhere  be- 
tween 1.3  and  1.7  pounds.  This  seems  to  be  the  best 
figure  so  far. 

Another  improvement,  however,  looms  in  sight.  The 
horsepower  of  an  internal-combustion  engine  is  directly 
proportional  to  the  pressure  of  the  mixture  taken  in. 
.3y  the  use  of  a  centrifugal  compressor  (supercharger) 
the  admission  pressure  can  readily  be  doubled,  thereby 
doubling  the  power  of  the  engine.  This  device  has  been 
used  at  high  altitudes  for  maintaining  the  power  of  an 
engine.  It  could  also  be  used  on  the  ground  for  in- 
crease of  power  beyond  the  normal  ground  horsepower. 
S'uch  a  device  would  weigh  not  more  than  one-fourth 
the  weight  of  the  engine  and  would  thereby  increase  the 
power  per  unit  weight  by  sixty  per  cent,  if  its  use  did 
not  necessitate  such  changes  in  the  engine  as  to  cause 
the  weight  of  the  engine  to  be  increased.  It  is  certain 
that  the  attempt  to  double  the  intake  pressure  in  any 
of  the  existing  air-cooled  aeronautical  engines  would 
lead  to  overheating  of  the  piston  and  cylinder  as  a  re- 
sult of  the  increased  weight  of  fuel  burned,  but  modi- 
fications in  design  could  take  care  of  this  increased  heat. 
The  way,  then,  seems  open  for  those  who  desire  to  fol- 
low it.  It  will  not  be  very  long  before  one  pound  per 
horsepower  is  a  realized  fact. 

Power-Factor  Correction 
an  Economic  Issue 

POWER-FACTOR  correction  in  an  alternating-cur- 
rent circuit  is  a  problem  that  has  existed  ever  since 
the  installation  of  the  first  induction  motor.  However, 
it  is  only  within  recent  years  that  serious  attention  has 
been  given  to  improving  the  phase  relation  between  the 
voltage  and  current  in  alternating-current  circuits.  The 
real  significance  of  the  interest  centered  in  power-factor 
correction  at  this  time  is  found  in  the  statements, 
recently  made,  that  "the  power  companies-  today  can  sell 
more  power  than  they  can  finance  the  necessary  exten- 
sion for,  consequently,  one  of  the  most  difficult  prob- 
lems in  the  operation  of  utilities  is  that  of  finance,"  and 
that  "if  the  power  factor  of  all  connected  equipment 
utilizing  a  certain  com.pany's  service  could  be  raised  to 
unity,  the  entire  electrical  system,  including  generators, 
transmission  lines,  substations  and  transformers  could 
be  made  to  carry  thirty-five  thousand  kilowatts  more 
load  than  it  carries  at  ^the  present  time."  In  the  latter 
case  the  only  additional  investment  required  to  accomp- 
lish this  would  be  for  an  increase  in  the  turbines  and 
boilers  at  the  power  plant  to  bring  them,  up  to  the 
greater  capacity  of  the  electrical  system,  resulting  from 
the  higher  power  factor.  On  the  other  hand  the  installa- 
tion of  a  thirty-five-thousand  kilowatt  extension  would 
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require  an  investment  of  between  four  and  five  million 
dollars.  If  the  power  factor  of  the  system  was  in- 
creased to  unity,  the  service  would  be  materially  im- 
proved, the  losses  per  kilowatt  transmitted  considerably 
reduced,  and  the  operating  costs  remain  practically  the 
sam-e.  Where,  even  if  the  thirty-five-thousand  kilowatt 
additional  capacity  is  installed  the  service  would  not  be 
improved,  the  losses  per  kilowatt  transmitted  would  not 
be  decreased,  the  operating  cost  would  be  increased, 
besides  the  larger  capital  charge  required  to  pay  a 
reasonable  return  on  the  increased  investment. 

To  improve  the  power  factor  and  obtain  the  full 
advantage  resulting  therefrom,  the  correcting  must  be 
done  at  the  load.  Under  such  conditions  the  losses  in 
the  customers'  distributing  system  are  reduced  and  volt- 
age regulation  is  improved,  both  of  which  tend  toward 
better  service.  Besides  this  the  wattless  current  is  re- 
duced all  the  wak  back  to  the  station,  thus  increasing  the 
capacity  of  the  entire  system.  The  satisfactory  working 
out  of  this  problem  is  one  that  requires  close  co-opera- 
tion between  the  customer  and  the  power  company,  and 
its  solution  is  one  that  will  result  in  mutual  benefits  to 
all  parties  concerned. 

Power  From  the  Tide 

FOR  a  satisfactory  solution  of  the  economic  prob- 
lems before  the  world  today,  due  to  the  high  cost 
of  labor  and  materials,  shortage  of  production,  etc.,  the 
attention  of  the  various  nations  has  been  turned  toward 
a  greater  production  and  use  of  power.  Even  in  some 
of  the  most  backward  countries  surveys  are  being  made 
of  available  power  resources,  and  methods  are  being 
considered  how  best  to  develop  these  resources.  In  the 
more  progressive  countries,  where  the  production  of 
power  has  become  a  more  or  less  highly  developed 
science,  not  only  are  the  available  sources  that  have 
proved  commercially  possible  of  development  being 
carefully  considered,  but  those  sources  and  methods 
that  have  in  the  past  been  abandoned  on  account  of 
their  lack  of  commercial  possibilities  are  now  being 
carefully  scrutinized.  On  account  of  the  greatly  in- 
creased cost  of  power  production  from  coal,  it  may 
now  be  economically  possible  to  develop  some  of  the 
sources  that  a  few  years  ago  were  beyond  any  such 
a  consideration. 

Various  schemes  have  been  suggested  for  developing 
power  from  the  tide,  but  up  to  the  present  time  all  of 
these  have  proved  impractical  or  uneconomical  from 
the  commercial  side.  And  it  is  doubtful  if  in  this 
country  we  have  approached  a  condition  where  the  de- 
velopment of  power  from  the  tide  is  commercially 
economical,  even  under  the  most  favorable  conditions. 
Nor  will  we  until  the  present  available  water  power  of 
our  rivers  is  more  completely  developed  and  our  sources 
of  fuel  more  nearly  exhausted  than  at  present.  How- 
ever, in  a  country  like  England,  where  practically  the 
only  available  local  source  of  power  is  coal,  with  very 
limited  water  powers  on  the  rivers,  it  may  be  feasible 
to  develop  tidal  power.  According  to  the  Electrical 
Review  (London)  the  British  government  is  consid- 
ering preliminary  plans  inquiring  into  the  possibilities 
of  utilizing  the  available  water  power  of  the  country. 
Among  these  plans  are  those  which  pertain  to  the  de- 
velopment of  power  from  the  tide  at  the  mouths  of  a 
number  of  rivers.  It  has  been  pointed  out  that  since 
the  time  of  the  tide  varies  considerably  in  the  differ- 
ent rivers,  it  may  be  possible  to  take  advantage  of  these 


variations  to  increase  the  daily  period  power  could 
be  generated.  This  scheme  may  have  possibilities,  but 
whether  the  time  has  arrived  when  the  cost  of  power 
from  coal  is  such  as  will  make  the  scheme  a  commer- 
cial one  is  questionable.  Nevertheless,  the  considera- 
tion of  the  matter  by  the  British  government  indicates 
how  vitally  important  the  power  supply  has  become  in 
the  industrial  development  of  that  nation. 

Almost  every  scheme  for  the  development  of  tidal 
power  has  been  associated  with  the  idea  of  storage  of 
power  for  use  during  the  period  of  the  day  when  the 
tide  is  not  available.  The  electrical  storage  problem 
is  one  of  the  stumbling  blocks  to  the  successful  de- 
velopment of  the  scheme.  What  appears  to  be  a  better 
and  more  logical  solution  would  be  to  operate  the  tidal 
power  plant  in  conjunction  with  a  system  of  steam 
plants  or  hydro-electric  plants,  the  latter  on  rivers 
where  water  storage  is  available.  These  plants  could 
then  carry  all  the  load  that  the  tidal  plant  could  not. 
Unfortunately,  in  this  country,  locations  where  such 
a  scheme  might  be  worked  out  are  very  limited,  and 
where  such  localities  are  available,  they  are,  in  gen- 
eral, considerable  distances  away  from  large  industrial 
developments.  Therefore,  the  development  of  tidal 
power  in  this  country,  at  least,  is  hardly  a  matter  for 
present  consideration,  although  it  may  be  a  commercial 
possibility  in  countries  that  are  not  so  abundantly  sup- 
plied with  fuel  and  sources  of  water-power  develop- 
ment. 

Flanges  for  Steam-Flow  Meters 

A  LITTLE  forethought  in  planning  the  details  of  a 
power  plant  will  often  result  in  considerable  sav- 
ings. For  example,  there  may  be  no  present  thought 
of  using  a  steam-flow  meter,  but  by  and  by  the  need  or 
the  appreciation  of  the  advantages  of  such  an  apparatus 
may  develop. 

The  devices  used  to  give  sufficient  pressure  drop  in 
the  pipe  for  operating  the  meter  usually  require  flanges 
between  which  they  are  installed,  preferably  preceded 
and  followed  by  straight  courses  of  pipe  of  a  length 
equal  to  a  few  times  its  diameter.  The  insertion  of 
such  flanges  in  an  existing  pipe  line  is  disturbing,  time- 
consuming  and  expensive,  and  the  necessity  of  it  may 
prevent  or  delay  or  make  more  difficult  to  get  approval 
for  the  installation  of  a  meter,  the  use  of  which  would 
result  in  saving  many  times  its  cost.  Such  flanges  can 
be  put  in  at  little  or  no  extra  cost  in  the  original 
installation. 


I 


Great  Britain  is  using  every  means  possible  to  assure 
a  world-wide  oil  supply  for  her  own  navy  and  her  own 
people.  Some  have  criticized  this  policy,  but  it  looks  to 
us  like  a  very  natural  and  a  very  wise  precaution.  It 
would  pay  the  United  States  to  imitate  rather  than 
criticize  in  this  case.  We  are  going  to  need  more  and 
more  oil,  and  if  the  United  States  Government  does  not 
see  to  it  that  we  have  access  to  an  adequate  supply,  no 
other  government  is  likely  to  bother  about  it. 


Never  mind  if  the  railroads  cannot  haul  that  extra 
coal  you  ordered  for  next  winter's  use.  We  all  hope 
that  conditions  will  be  better  before  the  summer  is 
over.  Whatever  happens,  your  chances  of  getting  coal 
hauled  during  the  summer  are  better  than  when  the 
roads  are  handicapped  by  ice  and  snow. 
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What  Happens  When  a  Synchronous 
Motor  Is  Caused  to  Pull  Out 

The  Feb.  17  issue  of  Power  contains  a  letter  by  F.  L. 
Fairbanks  on  "What  Happens  When  a  Synchronous 
Motor  Is  Caused  to  Pull  Out?"  in  which  attention  is 
invited  to  the  danger  to  both  apparatus  and  life  due  to 
the  "pull-out  buck"  and  "electrical  pile-up"  of  synchron- 
ous motors.  The  danger,  pointed  out  in  the  article,  is 
the  possible  failure  of  direct-connected  flywheels  under 
the  influence  of  the  "pull-out  buck."  The  article  does 
not  make  clear  just  what  a  "pull-out  buck"  is,  but  there 
is  no  question  left  in  the  reader's  mind  regarding  the 
danger  of  using  a  motor,  with  such  a  formidable 
characteristic. 

What  is  needed  to  help  clear  up  the  situation 
is  not  so  much  the  redesign  of  flywheel  arms  as  an 
explanation  of  a  "pull-out  buck" ;  although,  if,  as  men- 
tioned in  the  article,  flywheels  are  to  withstand  such 
shocks  as  that  produced  by  the  piston  driving  a  mass 
of  water  or  metal  through  the  cylinder  head,  then,  un- 
questionably, adequate  strength  would  require  greater 
section  in  flywheel  arms  and  perhaps  in  other  "links  in 
the  chain,"  than  is  used  in  ordinary  practice. 

The  implication  in  the  letter  regarding  the  danger  of 
directly  connecting  synchronous  motors  to  flywheels  is 
not  justified  by  the  facts.  Too  many  synchronous 
motors  have  operated  safely  and  successfully  for  years 
and  have  survived  more  serious  circumstances  than  the 
"pull-out  buck"  can  possibly  create,  to  justify  such 
alarm  now.  The  following  explanation  of  the  action  of 
a  synchronous  motor  at  breakdown  brings  out,  incident- 
ally, some  of  the  fundamental  reasons  why  we  might 
expect  the  facts  of  synchronous-motor  history  to  be  as 
they  are. 

In  the  following  discussion  it  is  assumed  that  the  new 
terms  "pull-out  buck"  and  "electrical  pile-up"  are  in- 
tended to  mean  the  electrical  torque  of  the  motor  at  and 
immediately  following  breakdown — in  other  words,  the 
electrical  force  acting  on  the  poles  of  the  rotor  when  the 
motor  pulls  out  of  synchronism.  What  is  the  character 
of  that  force?  Is  it  a  very  large  unidirectional  force 
(a  "buck")  applied  "instantaneously,"  as  suggested  in 
the  article,  or  is  it,  instead,  a  force  which,  under  cir- 
cumstances of  breakdown,  is  applied  gradually,  not 
abruptly,  and  which  constantly  changes  direction  as  the 
rotor  and  stator  poles  slip  by  each  other?  It  is  the 
latter  and  is  represented  in  the  figure.  When  a  rotor  N 
pole  is  directly  under  a  stator  S  pole — that  is,  position 
a  in  the  figure — the  torque  is  of  zero  value.  In  position 
h  full-load  torque  value  is  obtained.  When  the  rotor 
pole  is  in  position  c,  a  maximum,  or  "pull-out,"  torque  is 


developed.  At  d  the  torque  is  again  zero,  and  at  e  the 
turning  effort  is  at  maximum,  but  this  time  it  is  in  an 
opposite  direction  to  that  at  c;  that  is,  it  is  now  in  a 
direction  to  stop  the  motor.  Position  h  is  the  position 
of  the  rotor  pole  with  respect  to  the  stator  pole  when 
the  motor  is  carrying  a  constant  load  torque  equal  to  B. 
First  this  force  is  in  a  direction  to  maintain  motion, 
then  in  a  direction  to  retard  it.  The  highest  value  of 
this  alternating  force  may  be  any  value  between,  say, 
the  force  corresponding  to  IJ  times  normal  load  and  4 
or  5  times  that  value,  depending  upon  how  rapidly  the 
motor,  by  external  means,  is  caused  to  pull  out  of  step; 
that  is,  how  fast  the  poles  are  caused  to  slip  by  each 
other  from  the  very  beginning  cf  the  phenomenon.   The 


CURVE   SHOWING   NATURE  OF   FORCE   EXERTED   OX  THE 
ROTOR  WHEN  MOTOR  IS  PULLED  OUT  OF  STEP 

more  rapidly  i^  happens,  the  greater  the  maximum 
value  until  the  foregoing  limit  is  reached;  then  there 
can  be  no  further  increase. 

The  reason  the  torque  is  greater  the  f-ister  the  poles 
slip  by  each  other  is  because  the  magnetic  flux  in  the 
poles  cannot  change  instantly.  The  flux  requires  a  def- 
inite time  to  change.  Thus  for  very  rapid  changes  of 
position  the  flux  decreases  only  slightly  in  the  first  few 
reversals,  whereas  for  slower  changes  in  position  the 
flux  can  practically  adjust  itself  at  all  times  to  the  ever- 
changing  pole  position.  In  the  former  case  the  flux 
remains  high;  in  the  latter  it  decreases.  The  greater 
the  magnetic  flux  the  greater  the  maximum  torque,  and 
vice  versa. 

But  before  this  torque,  in  either  case,  can  affect  the 
stresses  iu  the  flywheel  arms,  it  must  change  the  speed 
of  the  rotating  mass  of  the  motor,  which  in  turn  tends 
to  change  the  relative  position  of  the  rotor  with  respect 
to  the  flywheel.    This  produces  a  twist  or  torsion  in  the 
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shaft,  and  this  torsion  is  exerted  on  the  flywheel  arms. 
To  illustrate,  if  the  rotor  of  the  motor  had  negligible 
mass  or  inertia,  then  the  motor  forces  would  be  trans- 
ferred in  full  upon  the  shaft  and  flywheel  arms.  On  the 
other  hand,  if  the  motor  had  a  relatively  very  large 
inertia,  the  motor  forces  would  be  practically  all 
absorbed  by  this  inertia  without  appreciably  affecting 
the  shaft  or  flywheel  arms.  Between  these  limits,  if  the 
torsional  elasticity  of  the  shaft  is  neglected,  the  fraction 
of  the  motor  force  that  is  applied  to  the  flywheel  arms 
is  determined  by  the  relative  value  of  flywheel  and 
motor  inertia.  Thus,  roughly,  the  following  relation 
would  hold : 


Flywheel  Inertia 
as  Fraction  of 
Motor  Inertia 
0 
0.5 
1.0 
2.0 
10.0 
100.0 


Fraction  of  Motor 

Foi'ce  Applied  to 

Flywheel  Arms 

0 

0.33 

0.50 

0.66 

0.91 

0.99 


However,  the  shaft  twist  cannot  be  neglected,  espe- 
cially if  the  motor  force  is  changing  direction  rapidly, 
because  the  force  applied  to  the  flywheel  arms  is  meas- 
ured entirely  by  the  shaft  torsion;  that  is,  by  the 
relative  angular  displacement  of  the  flywheel  and  motor 
rotor. 

The  shorter  the  time  during  which  a  force  acts  on  a 
mass  the  greater  that  force  must  be  to  produce  the 
same  speed  change;  and  it  must  be  again  increased  by 
the  same  percentage  to  produce  the  same  angular  dis- 
placement. Thus,  100  lb.  acting  for  one  second  will 
produce  the  same  speed  change  in  a  given  mass  as  1,000 
lb.  acting  for  0.1  second;  or  it  will  produce  the  same 
angular  displacement  as  10,000  lb.  acting  for  0.1  second. 
Therefore,  in  order  to  obtain  a  large  force  in  the  motor, 
the  force  must  alternate  rapidly;  but  the  more  rapidly 
it  alternates,  proportionally  less  is  its  effect  in  changing 
speed,  and  less,  as  the  square,  is  its  effect  in  producing 
angular  displacement,  that  is,  in  producing  stress  upon 
flywheel  arms. 

While  these  considerations  are  necessarily  general, 
they  nevertheless  afford  a  basis  of  explanation  for  the 
fact  that  hundreds  of  synchronous  motors  with  direct- 
connected  flywheels  have  operated  for  years  with  no 
trouble  from  the  source  in  question.  And  that  is  a  good 
reason,  if  the  foregoing  discussion  is  not,  that  it  is  not 
dangerous  to  apply  synchronous  motors  to  apparatus 
involving  flywheels.  An  isolated  case  of  obvious  me- 
chanical failure  of  reciprocating  parts  in  a  compressor 
cylinder,  thus  throwing  a  severe  shock  on  the  flywheel, 
should  not  occasion  undue  suspicion  of  the  synchronous 
machine  that  happened  to  be  a  part  of  the  unit  it  is 
driving. 

It  seems  certain,  therefore,  that  under  the  circum- 
stances of  pull-out  or  breakdown,  there  is  no  danger  of 
overstressed  flywheel  arms  due  to  the  motor  forces, 
since  in  order  to  cause  breakdown,  either  the  voltage 
must  be  reduced,  in  which  case  only  normal  torque 
would  be  encountered,  or  a  sudden  shock  must  be  applied 
to  the  shaft.  In  the  first  case  the  torque  is  too  low  to 
cause  trouble;  in  the  second,  although  it  may  be  high,  it 
alternates  too  fast  to  produce  serious  stress  and  is  there- 
fore not  of  great  moment. 

However,  there  are  possible  circumstances,  entirely 
apart  from  conditions  of  pull-out,  in  which  the  higher 
motor  forces  may  be  involved.  If  when  the  motor  is 
operating  normally  the  line  switch  is  opened  and  then 
closed  again  after  the  rotor  has  dropped  back  out  of  its 
proper  phase  position,  it  is  possible  to  obtain  a  large 


force  of  relatively  long  duration.  This  condition  is  also 
approximated  when,  during  the  starting  procedure,  the 
motor  is  thrown  from  tap  voltage  to  line  voltage.  If  the 
operator  hesitates  between  these  operations,  the  motor 
will  drop  back.  This  often  happens,  and  seems  to  be 
the  worst  possible  condition  obtainable  for  throwing 
strain  upon  flywheel  arms.  Yet;  to  the  writer's  know- 
ledge, no  flywheel  has  ever  failed  under  that  condition, 
which  would  at  least  indicate  that,  so  far  as  possible 
strains  from  the  motor  are  concerned,  most  of  the 
present  standards  of  flywheel  design  are  adequate. 
However,  it  is  well,  as  the  letter  suggests,  to  make  sure 
in  design,  as  is  now  probably  always  done,  that  all  parts 
are  proportioned  with  reference  to  the  forces  to  which 
they  may  be  subjected,  so  as  to  reduce  the  liability 
of  failures  to  a  minimum. 

R.  E.  DOHERTY,  Engineer, 
A.  C.  Engineering  Dept., 
Schenectady,  N.  Y.  General  Electric  Co. 

Capacities  of  Steel  Stacks  for 
Oil  Burning 

Having  occasion  to  use  the  tables  for  chimney  capac- 
ity given  in  Marks'  Mechanical  Engineer's  Handbook 
and  finding  that  the  values  involved  lay  outside  the 
tables,  I  have  devised  the  following  formula: 

HP  =  0.006  H  (0.001  D  +  0.367)    {D  —AY 

where  HP  is  the  capacity  of  the  stack  in  boiler  horse- 
power, H  is  the  height  of  the  stack  in  feet,  and  D  is 
the  diameter  of  the  stack  in  inches. 

This  formula  applies  to  stacks  at  sea  level,  ard  for 
higher  altitudes  the  dimensions  must  be  corrected  as 
follows : 


D^ 
D. 


H 


1.0  +  0.017/?     and    Log  yr-  =  0.0332 /r 

no 


where  D  and  H  are  the  dimensions  of  the  stack  at  the 
given  altitude,  D„  and  Ho  are  the  dimensions  at  sea  level, 
and  h  is  the  elevation  in  thousands  of  feet  above  sea 
level. 

I  have  found  that  these  formulas  give  results  which 
check  very  well  with  the  values  given  in  the  "Handbook," 
and  I  have  used  them  to  determine  sizes  beyond  the 
limits  of  the  tables.  Willard  A.  Thomas. 

Los  Angeles,  Cal. 

More  Convenient  Observation  of 
Blowoflf  Leakage 

Having  read  the  question  and  answer  regarding  more 
convenient  observation  of  blowoff  leakage,  on  page  683 
of  the  April  27  issue,  I  think  it  might  be  interesting 
to  mention  another  method  that  I  have  seen  used 
with  success.  ' 

This  is  to  install  an  ordinary  recording  thermometer 
in  the  blowoff  line.  The  temperature  record  will  not 
only  be  an  accurate  indication  of  any  leakage  through 
the  blowoff  valves,  but  will  also  show  when  blowing 
down   takes  place. 

New  York  City.  G.  A.  BiNZ. 

[Such  an  installation  was  described  on  page  8  of 
the  Jan.  7,  1919,  issue  of  Power,  and  the  chart  ob- 
tained was  illustrated.  This  chart  gave  the  time  and 
duration  of  the  blowdown  and  also  showed  that  the 
pen  returned  to  its  normal  position,  indicating  that 
the  blowoff  valve  was  tight. — Editor.] 
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Superheating  With  Reciprocating 
Engines 

Generally  speaking,  the  reciprocating  engine  will  be 
benefited  as  much  by  superheating  as  the  steam  tur- 
bine will.  The  saving  to  be  expected  by  superheating 
is  dependent  on  the  amount  of  cylinder  condensation 
that  would  occur  in  the  same  engine  if  no  superheat 
were  used.  Evidently,  the  greater  this  condensation, 
the  larger  is  the  saving  possible. 

When  steam  is  superheated  200  or  even  250  deg.  F.,  it 
can  be  exposed  to  the  cooling  action  of  the  steam  chest 
and  cylinder  walls  without  condensation,  and  has  30  to 
40  deg.  greater  specific  volume  than  saturated  steam  of 
the  same  pressure.  For  example,  1  lb.  of  water  at  170 
lb.  pressure  absolute  produces  2.68  cu.ft.  of  saturated 
steam  at  368  deg.  F.  temperature.  After  passing 
through  the  superheater  and  gaining  200  deg.  super- 
heat, the  volume  will  have  been  increased  to  3.54  cu.ft. 
A  part  of  this  increased  specific  volume  is  lost  before 
the  expansion  of  the  steam  in  the  cylinder  takes  place 
on  account  of  the  cooling  action  of  the  cylinder  head, 
piston  and  cylinder  walls.  While  the  superheat  in  the 
steam  entering  the  cylinder  may  be  200  to  250  deg.,  the 
superheat  of  the  steam  in  the  cylinder  at  the  moment  of 
cutoff  is  considerably  less.  The  elimination  of  con- 
densation losses  together  with  the  increased  volume  of 
the  steam,  effects  substantial  savings  in  the  steam  con- 
sumption and  in  the  fuel  consumption  when  compared 
with  saturated  steam  opei:ation  under  the  same  con- 
ditions. 

The  opinion  has  frequently  been  advanced  that  the 
mean  effective  pressure  in  cylinders  using  superheated 
steam  is  altered  from  that  existing  when  saturated 
steam  is  used,  the  initial  pressure,  the  point  of  cutoff 
and  piston  speed,  of  course,  being  assumed  as  the  same 
in  each  case.  Theoretical  considerations  would  indicate 
that  a  lower  mean  effective  pressure  with  superheated 
steam  is  obtained,  and  this  conclusion  would  be  based 
upon  the  knowledge  that  the  expansion  curve  of  super- 
heated steam  falls  more  rapidly  than  with  saturated 
steam.  In  practice,  however,  with  highly  superheated 
steam  a  mean  effective  pressure  at  least  equal  to  that 
with  saturated  steam  is  obtained  and  an  explanation  for 
this  is  easily  made  clear.  For  example:  in  simple  non- 
condensing  engines  the  back  pressure  line  of  an  indi- 
cator diagram  is  decidedly  lower  with  superheated  steam 
than  with  saturated  steam,  a  condition  to  be  expected 
because  the  steam  exhausted  contains  less  moisture.  It 
is,  therefore,  lighter  than  saturated  steam,  and  flows 
through  the  exhaust  passages  with  less  resistance.  C.  D. 
Young,  before  the  American  Society  of  Mechanical  Engi- 
neers in  December,  1912,  gave  evidence  of  this  fact. 

In  the  case  of  multi-expansion  reciprocating  engines 
the  diagrams  taken  from  the  low-pressure,  and,  in  the 
case  of  triple  engines,  from  the  intermediate-pressure 
cylinder,  show  that  a  higher  m.e.p.  is  obtained  with 
superheated  steam.  In  the  high-pressure  cylinder  of 
multi-expansion  engines  it  is  generally  true  that  the  cut- 
off should  be  increased  if  the  power  output  of  the  engine 
is  to  be  maintained. 

But  our  consideration  of  the  possibility  of  increased 
engine  power  due  to  superheating  must  not  stop  here. 
Consider  a  saturated-steam  plant  in  which  the  boilers 
are  operating  at  their  full  capacity  to  supply  the  steam 
demanded  by  the  prime  movers.  Take  this  same  plant 
and  superheat  it — the  decrease  in  steam  consumption 


per  horsepower-hour  will  result  in  a  reserve  boiler 
capacity  which  will  either  make  possible  the  operation  of 
the  boilers  at  lower  rating  or  furnish  the  additional 
steam  necessary  to  meet  an  overload  on  the  prime  mover. 
In  other  words,  superheating  makes  it  possible  to 
increase  the  power  which  the  prime  mover  may  develop 
over  what  it  could  produce  with  saturated  steam. 

In  new  installations  the  use  of  superheated  steam 
permits  the  use  of  engines  having  larger  cylinder  diam- 
eters and  operated  with  shorter  cutoffs.  Because  cylin- 
der condensation  is  eliminated,  the  gain  in  economy  that 
is  produced  by  the  more  effective  expansion  of  the 
steam  is  realized. 

Experiments  have  shown  that  the  degree  of  superheat 
necessary  to  prevent  cylinder  condensation  varies  as  a 
general  rule  with  the  ratio  of  expansion.  In  American 
practice  the  steam  temperatures  ordinarily  recommended 
are  up  to  500  deg.  F.  for  Corliss  and  slide-valve  en- 
gines and  up  to  650  or  700  deg.  F.  for  piston  and  pop- 
pet-valve engines. 

The  gain  from  decreased  steam  consumption  due  to 
superheated  steam  is  ordinarily  expressed  in  percentage. 
This  gain  will  vary  in  various  types  of  engines  with  the 
different  superheat  temperatures  used.  For  example, 
with  150  deg.  superheat  the  following  gains  are  pro 
duced:  In  simple  engines  22-24  per  cent;  compound 
engines  16-19  per  cent;  triple-expansion  engines  14-16 
per  cent ;  uniflow  engines  10-12  per  cent.  It  is,  however, 
an  assured  fact,  and  a  strong  argument  for  the  more 
egneral  adoption  of  high-degree  superheat,  that  only 
engines  designed  for  and  using  high  degrees  of  super- 
heat can  successfully  compete  in  economy  in  the  power 
generation  field. 

It  is  often  necessary,  particularly  with  old  boilers,  to 
reduce  the  operating  pressure.  This  condition  results 
in  a  loss  in  plant  capacity.  Superheating  such  boilers 
will  enable  them  to  meet  the  power  demands  of  the 
plant  at  the  reduced  pressure  just  as  well  as  the  boilers 
did  before  the  pressure  was  reduced.  Furthermore, 
superheating  in  the  majority  of  cases  vdll  provide  an 
additional  reserve  power  over  that  of  the  plant  before 
the  pressure  was  reduced. 

The  installation  of  superheaters  materially  lowers  the 
plant  cost.  Where  it  is  used,  a  smaller  amount  of  boiler 
horsepower  is  needed  to  deliver  the  sanie  power.  Roughly 
speaking,  six  boilers  equipped  with  superheaters,  fur- 
nishing 150  deg.  of  superheat,  will  carry  the  same  power 
load  as  seven  boilers  delivering  saturated  steam.  By 
reason  of  this,  smaller  feed  pumps,  smaller  stacks, 
smaller  coal-handling  apparatus  and  less  coal-storage 
space  are  suflficient  for  the  demands. 

Piping  can  be  reduced  in  size,  because  higher  steam 
velocities  with  superheated  steam  are  possible.  This 
reduction  in  pipe  size  will  effect  a  saving  not  only  in  the 
pipe  line,  but  also  in  valves,  fittings  and  covering. 

In  the  turbine  superheated  steam  will  allow  the 
use  of  a  conductor  of  a  smaller  size  than  if  saturated 
steam  were  used.  Consequently,  smaller  circulating 
water  pumps,  hotwall  and  vacuum  pumps  can  be  used 
and  minor  apparatus  such  as  steam  separators  often  can 
be  dispensed  with.  These  items  materially  reduce  the 
initial  plant  cost. 

When  superheating  is  correctly  applied  to  the  indi- 
vidual conditions  in  a  specific  plant,  it  is  the  one  means 
which  wiK  show  an  improvement  in  power-plant  opei-a- 
tion  in  at  least  one  and  probably  all  parts  of  the  plant 
where  steam  is  used. 
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All  the  more  astonishing,  therefore,  becomes  the 
fact  that  in  spite  of  all  these  practical  advantages,  only 
about  15  per  cent  of  the  steam  horsepower  of  this  coun- 
try is  developed  from  superheated  steam.  Furthermore, 
this  percentage  represents  not  more  than  perhaps  5  per 
cent  of  all  the  steam  power  plants,  indicating  that  only 
plants  of  larger  capacity,  inherently  more  economical 
than  the  vast  majority  of  stationary  plants,  use  super- 
heat. 

Is  it  logical  that  comparatively  few  plants  having 
high  evaporation  rates  and  low  steam  consumption, 
should  be  the  ones  to  benefit  by  superheat,  while  85  per 
cent  of  the  nation's  steam  power  uses  fuel  extrava- 
gantly? Because  this  condition  is  not  consistent;  the 
opportunity  and  the  means  to  conserve  fuel  are  available 
and  the  necessity  is  urgent.  A,  Raymond. 

New  York  City. 


Boiler  Water-Leg  Drip  Pan 

In  stoker-fired  boilers  where  the  furnace  extends 
forward  of  the  front  water  leg  and  the  boilers  are  of 
the  horizontal  water-tube  type,  considerable  damage  is 


APPLICATION   OF   DRIP   PAN   TO    BOILER   WATER    LEG 


done  to  the  special  arch  and  furnace  tile,  also  to  the 
stoker  mechanism,  by  the  drip  of  water,  principally 
from  the  handhole  plates. 

The  illustration  shows  a  design  of  pan  used  for  eight 
425-hp.  boilers,  that  has  eliminated  this  trouble.  The 
pan  is  cast  in  one  piece  and  ife  of  such  dimensions  as  to 
extend  the  full  length  of  the  water  leg  and  wide  enough 
to  extend  2  in.  past  the  rear  sheet  to  catch  the  drip  at 
the  expanded  joint  of  the  tubes;  the  front  is  curved 
up  to  meet  the  doors,  and  a  i-in.  projecting  strip  is 
provided  for  a  joint  A. 

The  side  sheets  of  the  front,  which  carry  the  door 
hinges,  are  fitted  to  the  top  edge  of  the  pan  B;  an 
extension  is  provided  for  the  support  on  the  side  walls, 
and  this  carries  a  3|-in.  diameter  boss  tapped  for  a 
l^in.  pipe  into  the  bottom  of  the  pan;  the  end  of  this 
boss  is  ilush  with  the  side  walls  and  is  piped  to  the 
sewer. 

This  pipe  is  large  enough  to  carry  a  flood  of  water 
ruch  as  occurs  when  cleaning  out  or  when  the  pressure 
is  released  on  all  the  handhole  gaskets  at  once,  as  when 
a  boiler  is  taken  off  the  line.     When  the   Doiler  is  in 


service,  the  temperature  at  this  point  is  such  as  to 
evaporate  all  minor  leaks  if  the  pan  is  tight. 

The  sketch  C  shows  the  usual  method  of  providing 
for  this  leak  where  the  drip  pan  is  made  up  of  c'^an- 
nels  and  angles  and  forms  a  part  of  the  door  frame. 
Bolts  are  generally  used  to  permit  adjustment  of  the 
parts  in  erecting,  and  the  water  leaks  through  the  bolt 
holes  and  also  through  the  side-sheet  joint,  which  is 
below  the  bottom  of  the  water  leg. 

The  cast-iron  pan  has  lugs  projecting  from  the  bot- 
tom to  carry  the  stoker  cover  angles;  these  dispense 
with  the  angle  iron  D.  A.  M.  STILES. 

St.  Louis,  Mo. 

Where  the  Ammonia  Charge  Goes 

In  the  April  20  issue  of  Power,  J.  E.  Porter  makes 
the  statement  that,  "it  is  impossible  to  operate  a  plant 
and  not  lose  some  ammonia."    -While   it  is  true  that 
much  ammonia  is  lost  in  both  compression  and  absorp- 
tion system  plants,  it  is  nevertheless  possible  to  operate 
without  the  loss  of  ammonia  by  using  a  closed  system 
and  by  sweating  all  joints.    The  writer  is  familiar  with 
a    number    of    installations    where 
leakage  is  practically  if  not  abso- 
lutely zero.    They  have  operated  on 
the  same  charge  of  ammonia  with- 
out any  replenishment  whatsoever, 
and  the  chances  are  that  they  will 
continue  for  many  more  years  on 
the  same  charge  because  the  joints 
actually  become  tighter  or  less  liable 
to  leak  with   age.     There  are  no 
reciprocating  rods  to  pack,  there- 
fore there  can  be  no  leakage  from 
that  source. 

Inasmuch  as  the  joints  in  these 
installations  are  not  sweated,  and 
yet  there  is  no  evidence  of  leakage, 
it  is  plain  that  with  commercially 
perfect  joints  (whith  can  be  made) 
there  is  no  excuse  for  leakage.  The 
only  leak  possibility  would  then  lie 
in  the  safety  valve,  which  might 
be  lifted  owing  to  excessive  pres- 
sometimes     happens     where     operators     are 

N.  G.  Near. 


D 


sure,     as 
careless. 

Brooklyn,  N.  Y 


Packing  Valve  Stems  Under  Pressure 

On  page  476  of  the  March  23  issue  of  Poiver  Mr.  Noble 
gives  advice  about  how  to  pack  valve  stems  under  pres- 
sure. I  believe  that  his  suggestions  could  be  worked 
out  (if  a  person  wants  to  court  danger)  on  some  kinds 
of  valves,  but  not  in  the  case  to  which  I  originally 
referred. 

This  valve  was  of  cast  iron,  the  bonnet  was  a  flat 
plate  with  a  U-shaped  yoke,  threaded  to  receive  the 
valve  stem.  The  packing  was  put  in  an  annular  sps.ce 
in  the  plate,  where  the  stem  went  through  it,  and  was 
held  in  place  by  a  gland,  tightened  down  with  two  stud 
bolts  and  nuts.  I  have  found  that  kind  of  valve  to  be 
quite  mean  enough  to  pack,  even  when  cold,  in  case 
you  do  not  happen  to  have  exactly  the  proper  size  of 
packing.  GusTAV  Swenson. 

Rockford,   III. 
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,^,  INQUIRIES  fli 
TOF  GENERAL 
INTEREST 


Live-Steam  Coils  for  Oil-Storage  Tanks — What  is  the 
objection  to  heating  fuel  oil  in  a  storage  tank  with  a  pipe 
coil  supplied  with  live  steam  ?  S.  S.  D. 

The  objection  raised  against  the  use  of  live-steam  heating- 
coils  is  that  the  temperature  of  the  oil  might  be  raised  above 
the  flash  point  and  thereby  liberate  inflammable  vapor. 


Cleaning  Water  Jacket  of  Gas  Engine — What  solution  can 
be  used  for  cleaning  the  scale  from  the  water  jacket  of  a 
gas  engine?  R.  M. 

The  scale  usually  consists  of  lime  deposited  out  of  the 
circulating  water  and  can  be  removed  by  a  solution  of  one 
part  commercial  muriatic  acid  and  four  parts  of  water.  As 
soon  as  the  solution  has  done  its  work,  the  water  jacket 
should  be  thoroughly  washed  out  with  clean  water  to  pre- 
vent unnecessary  corrosion. 


Loosening  Piston  Rod  from  Crosshead — 'How  can  the 
tapered  end  of  an  engine  piston  rod  be  started  out  of  the 
crosshead?  R.  G. 

Place  the  engine  on  the  head-end  center,  remove  the  cotter 
and  replace  it  by  a  cotter  or  piece  of  steel  about  one- 
eighth  inch  less  in  width  than  the  clear  space  through  the 
cotter  way.  Then  detach  the  eccentric  rod  and,  with  the 
steam  valve  closed  on  the  head  end  and  open  on  the  crank 
end,  admit  steam  to  the  crank  end  of  the  cylinder.  If  the 
piston  rod  is  not  immediately  released  from  the  crosshead, 
clean  the  parts  thoroughly  and  make  another  trial  after 
leaving  the  joint  moistened  with  kerosene  for  a  few  hours. 


Cylinder  Oils  for  Compound  Engines — Are  different  kinds 
of  cylinder  lubricating  oils  necessary  for  use  in  the  high- 
and  low-pressure  cylinders  of  a  compound  engine? 

R.  C.  N. 

For  obtaining  good  lubrication  it  is  sometimes  necessary 
to  use  different  grades  of  oil.  The  drop  of  pressure  in  the 
high-pressure  cylinder  causes  condensation  and  the  supply 
of  steam  to  the  low-pressure  cylinder  will  be  wet,  with  a 
tendency  to  wash  the  film  of  oil  off  the  surface  of  the 
cylinder  and  make  lubrication  more  difficult.  The  oil  used 
for  the  low-pressure  cylinder  should  be  of  a  quality  that  will 
readily  combine  with  moisture  and  cling  to  the  cylinder 
walls,  and  the  oil  obtainable '  for  that  purpose  may  not  be 
suitable  for  the  high-pressure  cylinder. 


Front  and  Back  End  and  Forward  Stroke-  -Which  is  the 
front  and  which  is  the  back  end  ot  an  engine  cylinder  and 
from  which  end  is  the  forward  stroke  ?  C.  R. 

In  stationary-engine  practice  the  crank  end  is  called  the 
front  end  and  the  opposite  end,  commonly  called  the  head 
end,  is  the  back  end.  The  forward  stroke  is  toward  the 
front;  that  is  to  say,  it  is  the  stroke  from  the  back  or  head 
end  toward  the  front  or  crank  end.  The  distinction  is 
readily  fixed  in  mind  by  referring  to  the  fact  that,  in  an 
engine  with  a  trunk  piston,  pressure  for  developm.ent  of 
power  is  exerted  on  the  piston  only  during  its  forward 
stroke,  that  is,  when  the  piston  moves  from  the  back 
toward  the  front  end  of  the  cylinder.  In  locomotive  pi-ac- 
tice  the  end  of  the  cylinder  which  is  in  advance  when  the 
locomotive  moves  forward  is  designated  the  front  end,  and 
th-^refore  the  nomenclature  is  the  reverse  of  that  employed 
in  stationary  practice. 


Ratio  of  Expansion — What  is  meant  oy  the  ratio  of  ex- 
pansion in  an  engine?  W.  L.  S. 

In  the  operation  of  a  steam  engine,  the  ratio  of  expansion 
is  the  number  of  times  the  steam  is  expanded  after  cutoff 
occurs.  If  there  is  three  cubic  feet  of  steam  present  at 
cutoff  and  this  is  expanded  to  nine  cubic  feet,  or  three  times 
the  volume,  the  ratio  of  expansion  is  3.  The  approximate 
'atio  of  expansion  is  the  reciprocal  of  the  fraction  of  stroke 
at  which  cutoff  occurs.  Thus,  if  cutoff  occurs  at  },  stroke, 
the  approximate  ratio  of  expansion  is  3.  But  the  actual 
volume  at  cutoff  and  after  expansion  includes  the  clearance 
volume  at  one  end  of  the  cylinder  and  must  be  included  to 
find  the  actual  ratio  of  expansion.  Thus,  if  the  clearance 
is  5  per  cent  of  the  piston  displacement,  and  cutoff  occurs  at 
0.33  of  the  stroke,  the  actual  ratio  of  expansion  would  be 
1  ^  0.05  _  „  „- 
0.33   f  0.05  ~  ^-^^ 


Evaporation  Required  per  Boiler  Horsepower — How  many 
pounds  of  water  fed  at  the  temperature  of  160  deg.  F.  musl 
be  evaporated  per  hour  into  steam  at  140  lb.  gage  pressure 
to  make  one  boiler  hoursepower?  R.  N.  B. 

The  commonly  recognized  boiler  horsepower  consists  ir. 
the  transfer  of  the  amount  of  heat  required  to  evaporate 
34J  lb.  of  water  per  hour,  from  and  at  212  deg.  F.  The 
standard  boiler  horsepower  therefore  is  equivalent  to  the 
transfer  of  the  latent  heat  of  evaporation  to  34i  lb.  of 
water  per  hour,  or  970.4  B.t.u.  x  34J  =  33,478.8  B.t.u.  per 
hour.  When  the  feed  water  is  at  the  temperature  of  160 
deg.  F.,  it  contains  160  —  32  z^  128  B.t.u.  above  32  deg  F., 
and  as  a  pound  of  dry  saturated  steam  at  the  pressure  of 
140  lb.  gage,  or  155  lb.  absolute,  contains  1,194  B.t.u.  above 
32  deg.  F.,  each  pound  of  feed  water,  for  conversion  into  dry 
saturated  steam,  requires  1,194  —  128  =  1,066  B.t.u.,  and 
under  these  conditions  it  is  necessary  to  evaporate  33,478.8 
~-  1,066  =  31.4  lb.  of  water  per  hour  tor  the  evaporation 
to  be  equivalent  to  one  boiler  horspower. 


Reducing  Speed  of  Corliss  Engine. — How  can  the  speed  of 
a  Corliss  engine  be  reduced  from  75  to  60  r.p.m.  if  the 
weight  on  the  governor  has  been  set  over  as  far  as  it  will 
go  for  reducing  the  speed  ?  E.  B. 

Ascertain  what  speed  of  engine  is  obtained  when  the 
weight  for  adjusting  the  speed  is  set  at  about  the  middle  of 
its  adjustment.  Then,  to  retain  the  sane  speed  of  the 
governor  with  regulation  at  60  r.p.m.  of  the  engine,  replace 
the  receiving  pulley  on  the  governor  by  one  whose  diameter 
is  equal  to  the  diameter  of  the  present  governor  pulley 
multiplied  by  60  and  divided  by  the  ascertained  r.p.m.  of 
the  engine;  or  replace  the  governor  driving  pulley  on  t^e 
engine  shaft  by  one  whose  diameter  will  equal  that  of  th- 
present  pulley  multiplied  by  the  ascertained  r.p.m.  and 
divided  by  60.  The  exact  change  of  speed  will  not  be 
obtained  on  account  of  a  small  error  due  to  neglecting  con- 
sideration of  thickness  of  the  governor  belt,  but  the  devia- 
tion will  be  so  little  from  the  desired  speed  that  it  can  be 
corrected  by  changing  the  position  of  the  speed-adjusting 
weight. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
—Editor.] 
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The  Prime  Movers  Committee  Report  on 

Steam  Turbines 

Salient  Features  of  the  Report  of  the  Prime  Movers  Committee,  National  Electric 

Light  Association,  Pasadena,  California 


;%  RECORD   of  the   units   that  have  been   manufactured 

/\  since  the  last  report  indicates   that  30,000-kw.   1,800 

1-    V-r.p.m.   60-cycle,  and  35,000-kw.   1,500  r.p.m.   25-cycle, 

can  be  considered  for  the  present  as  the  maximum  standard 

size  of  single-shaft  single-barrel  unit  for  large  installations. 

During  the  last  year  a  considerable  amount  of  information 
has  been  obtained  from  the  operation  of  the  smaller  ma- 
chines, and  a  period  of  adjustment  and  improvement  in  both 
design  and  construction,  following  the  experience  that  has 
been  gained,  would  seem  to  be  imperative  if  these  large- 
sized  machines  are  to  be  brought  to  a  requisite  degree  of 
reliability  and  operating  efficiency. 

The  records  of  operation  of  single-shaft  units  have  not  by 
any  means  been  satisfactory.  Since  the  last  report  several 
addition  wheel  failures  have  occurred  to  units  of  this  type 
and    on    sizes   ranging   from    5,000    to    30,000-kw.    capacity. 

Changes  in  Design  of  Large  Turbines 

The  General  Electric  Co.  has  made  a  number  of  marked 
changes  in  the  design  of  its  large-sized  turbines,  the  prin- 
cipal changes  being  the  stiffening  of  the  center  bearing 
and  modifications  in  the  design  of  turbine  discs,  buckets, 
diaphragms  and  packing. 

The  changes  in  the  turbine  discs  consist  of  a  thickening 
of  the  disc  in  an  attempt  to  i-educe  the  possibility  of 
injurious  vibration;  elimination  of  the  weight-balancing 
holes,  and  the  change  in  the  number  and  location  of  steam 
eqv.alizing  holes  so  as  to  move  them  well  in  from  the  rim; 
and  changing  from  an  even  number  to  an  odd  number  of 
holes  with  rounded  and  polished  edges  at  the  wheel  surface. 

The  changes  made  in  the  buckets,  particularly  in  the  last 
stages,  consist  of  the  addition  of  a  reinforced  section,  carry- 
ing it  nearly  to  the  center  of  the  bucket  so  as  to  stiffen  the 
construction  materially.  In  addition,  the  very  long  buckets 
are  reinforced  by  the  use  of  a  bracing  strip  to  minimize 
vibration  which  might  occur. 

The  changes  to  the  diaphragms  consist  in  replacing  some 
of  the  cast-iron  sections  by  cast-stefel  construction  where 
stresses  indicate  this  to  be  necessary.  Additional  clearance 
space  around  the  diaphragm  is  also  provided  with  the  idea 
of  allowing  for  the  removal  of  a  large  part  of  the  con- 
densed water,  which  has  contributed  to  serious  erosion  of 
the  blading  in  certain  stages. 

A  radical  departure  has  been  made  in  the  type  of  dia- 
phragm packing.  The  new  type  differs  from  the  earlier 
construction  in  that  the  stationary,  inwardly  projecting 
short  teeth  of  the  labyrinth  have  been  changed  to  much 
longer  teeth  which  are  mounted  on  the  revolving  element. 
It  is  claimed  that  this  improvement  makes  it  practically 
impossible,  when  properly  installed,  for  rubbing  to  distort 
the  shaft  due  to  the  generation  of  heat  at  the  point  of 
contact. 

Causes  of  Wheel  Failures 

An  analysis  of  the  causes  of  the  serious  wheel  failures 
has  resulted  in  the  accumulation  of  sufficient  data  to  indicate 
that  the  trouble  has  been  due  in  the  past  to  a  vibration  of 
the  wheel  structure.  This  vibration,  which  has  been  de- 
scribed as  a  fluttering  of  the  web  of  the  wheels,  in  com- 
bination with  the  high  working  stresses  of  the  material, 
gives  rise  to  the  formation  of  fatigue  cracks.  These  cracks, 
which  occur  not  only  in  the  wheel  but  also  in  the  bucket, 
when  allowed  to  continue,  result  in  a  complete  rupture.  This 
action  was  accentuated  in  the  discs  where  sharp  tool  marks 
or  rough  surfaces  are  present,  or  where  holes  for  weight  or 
steam-balancing  purposes  are  drilled  in  the  wheel.  There 
is,  however,  considerable  investigation  still  necessary  in  con- 
nection with  the  subject  of  vibration  of  wheel  before  all  the 
facts  can  be  knowTi  and  a  pi*oper  design  be  forthcoming  that 


will  eliminate  danger  from  this  source  of  trouble.  The 
manufacturer  is  devoting  considerable  attention  to  this  sub- 
ject, and  it  is  believed  that  some  definite  information  will 
soon  be  available. 

No  marked  changes  have  been  introduced  during  the  past 
year  by  the  Westinghouse  Electric  and  Manufacturing  Co. 
in  the  design  of  its  single-cylinder  units  up  to  30,000-kw.. 
rating,  although  a  number  of  minor  improvements  have  been! 
made  in  the  details  of  desi:^n  and  construction,  with  a  view! 
to  increasing  the  reliability  and  efficiency  of  its  units.  To! 
meet  the  demand  for  larger  capacities  than  30,000  kw.  the] 
company  has  standardized  on  combinations  of  single-j 
cylinder  units  of  20,000  to  22,000-kw.  maximum  rating  inj 
tandem,  cross-compound  and  triple-cylinder  arrangements. 

While  the  combination  of  compound  turbo-generators] 
seems  to  be  increasing  in  favor,  and  while  test  results  indi- 
cate a  higher  thermal  efficiency  for  such  a  combination  as 
compared  with  single  units  of  the  same  aggregate  capacity, 
sufficient  data  are  not  at  hand  to  show  conclusively  whether 
the  practical  operation  of  units  bears  out  the  theoretical 
advantages  which  are  claimed. 

Starting  of  Large  Turbines 

One  of  the  most  important  considerations  in  connection 
with  the  operation  of  large  turbines  of  20,000-kw.  capacity 
and  over  is  the  necessity  for  extreme  care  in  the  starting 
and  loading  of  units,  especially  when  the  machines  have 
been  idle  fo.  a  period  long  enough  to  lower  materially  the 
temperature  at  which  the  various  parts  are  normally  oper- 
ated. With  the  introduction  of  steam  to  a  cold  unit  there 
is  at  once  set  up  a  difference  in  temperature  between  the 
various  elements,  which,  unless  a  careful  procedure  is  fol- 
lowed, may  result  in  unequal  expansions,  affecting  the 
shafts,  blading,  diaphragms,  packing  or  casing  joints.  In 
some  cases  on  record,  sudden  and  unequal  expansion  has 
caused  deformation  which  has  resulted  in  permanent  dis- 
tortions to  casings  and  bearings,  materially  affecting  the 
subsequent  operation  of  the  machine. 

A  survey  of  the  operating  methods  in  use  in  a  number  of 
companies  indicates  that  there  is  considerable  variance  in 
the  practice  which  is  followed  in  starting  large  turbines. 
The  time  required  to  heat  a  cold  unit  to  the  temperature 
where  full  load  can  be  carried  will,  naturally,  vary  with  the 
type,  size  and  class  of  turbine.  No  hard  and  fast  rule  of 
procedure  can  be  definitely  laid  doviTi,  except  that  in  all 
cases  no  large  unit  can  be  safely  loaded  which  has  not  been 
given  sufficient  time  to  allow  all  parts  of  the  unit  to  reach 
evenly  and  gradually  the  individual  normal  operating 
temperatures  coi-responding  to  load  conditions. 

Data  secured  from  operating  companies  show  that  the 
procedure  generally  followed  consists  in  establishing  a 
partial  vacuum  of  from  15  to  20  in.  prior  to  starting  the 
unit,  and  maintaining  this  during  the  period  of  warming. 

In  warming  the  turbine  and  bringing  it  to  speed,  the  first 
operation  of  introducing  steam  should  admit  a  sufficient 
volume  to  start  the  rotor  turning  immediately.  Steam 
admission  should  then  be  so  regulated  that  the  unit  will 
continue  turning  at  a  speed  not  exceeding  10  per  cent  of 
the  normal  operating  speed  until  the  warming  process  is 
completed.  Additional  steam  should  then  be  admitted 
gradually  to  the  turbine  to  bring  it  up  to  full  speed. 

While  the  time  taken  for  this  operation  varies  among 
different  operating  companies,  the  safe  minimum  time 
allowed,  based  on  best  operating  experience,  is  given  as 
twenty  minutes  for  units  of  20,000-kw.  capacity,  and  thirty 
minutes  for  units  of  30,000  kilowatts. 

In  applying  load  to  the  unit,  the  rule  observed  for  safe 
operation  by  a  number  of  operating  companies  is  to  increase 
the  load  on  the  unit  at  a  rate  not  exceeding  1,000  kw.  per 
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minute  for  units  of  the  size  mentioned.  While  there  is  con- 
siderable variation  from  the  procedure  noted,  the  reason  is 
that  in  many  cases  certain  local  requirements  or  special 
plant  conditions  govern.  It  will  be  noted,  therefore,  that 
in  following:  the  foregoing  practice,  the  minimum  time  for 
heating  and  loading  large  units  will  vary  from  forty  minutes 
for  a  20,000-kw.  turbine  to  sixty  minutes  for  a  30,000-kw. 
unit,  or  a  rate  of  two  minutes  for  each  1,000-kw.  turbine 
capacity. 

These  figures  do  not  refer  to  machines  which  have  not 
been  idle  long  enough  to  cool  off  perceptibly,  in  which  case 
shorter  length  of  time  can  be  taken,  depending  on  the 
individual  circumstance. 

Emergency  Governors 

Attention  has  recently  been  called  to  the  operation  of 
turbine  emergency  governors.  While  a  few  companies  have 
been  operating  machines  for  some  time  on  which  the 
emergency  governor,  after  operating,  became  again  oper- 
ative at  approximately  2  per  cent  above  normal  speed,  most 
of  the  turbines  now  in  service  are  equipped  with  emergency 
governors  so  designed  and  adjusted  that  it  is  necessary  to 
drop  the  machine  speed  below  normal  to  latch  the  emergency 
again  after  it  has  operated.  In  certain  cases  of  operating 
trouble  it  is  necessary  to  have  the  emergency  governor 
springs  so  adjusted  that  they  will  operate  over  the  reduced 
range  and  avoid  the  necessity  of  disconnecting  the  generator 
from  the  system  to  reduce  the  speed  of  the  unit  below 
normal. 

Personnel  of  the  Prime  Movers  Committee 

N.  A.  Carle,  Chairman,  Chief  Engineer,  Public  Service 
Electric  Co.,  Newark,  N.  J. 

H.  P.  LiVERSiDGE,  Vice  Chairman,  Assistant  Chief  Engi- 
neer, Philadelphia  Electric  Cor  Chairman,  Turbine  Com- 
mittee. 

H.  R.  Wakeman,  Vice  Chairman,  Portland  Light  and 
Power  Co.,  representing  Northwestern  Electric  Light  and 
Power  Association,  Portland,  Ore. 

R.  J.  C.  Wood,  Vice  Chairman,  Superintendent  of  Genera- 
tion, Southern  California  Edison  Co.,  Los  Angeles,  Cal. 

C.  M.  Allen,  Worcester  Polytechnic  Institute,  Worcester, 
Mass. 

John  Anderson,  Chief  Engineer,  Milwaukee  Light,  Heat 
and  Traction  Co.,  Milwaukee,  Wis. 

A.  D.  Bailey,  Assistant  Chief  Engineer,  Commonwealth 
Edison  Co.,  Chicago,  111. 

E.  J.  Billings,  Engineer,  Henry  L.  Doherty  &  Co.,  New 
York  City. 

H.  B.  Brydon,  Engineer,  H.  M.  Byllesby  Co.,  Chicago. 

F.  S.  Clark,  Engineer,  Stone  &  Webster,  Boston. 

C.  W.  De  Forest,  Manager,  Electric  Department,  Union 
Gas  and  Electric  Co.,  Cincinnati,  Ohio. 

R.  D.  De  Wolf,  Mechanical  Engineer,  Rochester  Railway 
and  Lighting  Co.,  Rochester,  N.  Y. 

R.  E.  Dillon,  Assistant  Superintendent,  Generating  De- 
partment, Edison  Electric  Illuminating  Co.,  Boston,  Mass. 

H.  F.  Eddy,  Consumers  Power  Co.,  Jackson,  Mich. 

Louis  Elliott,  Engineer,  El,ectric  Bond  and  Share  Co., 
New  York  City. 

W.  W.  Erwin,  Chief  Engineer,  New  York  Edison  Co., 
New  York  City. 

S.  B.  Flagg,  Fuel  Expert,  Electric  Bond  and  Share  Co., 
New  York  City. 

J.  M.  Graves,  Superintendent  Power  Stations,  Duquesne 
Light  Co.,  Pittsburgh,  Pa. 

C.  F.  Hirshfeld,  Research  Engineer,  Detroit  Edison  Co., 
Detroit,  Mich. 

John  Hunter,  Standard  Shipbuilding  Co.,  Shooter's 
Island,  N.  J. 

J.  P.  JOLLYMAN,  Engineer,  Electrical  Construction,  Pacific 
I      Gas  and  Electric  Co.,  San  Francisco,  Cal. 

J.  B.  Klumpp,  Inspecting  Engineer,  United  Gas  Improve- 
,     ment  Co.,  Philadelphia,  Pa. 

John  W.  Koontz,  Jr.,  Electrical  Engineer,  Great  Western 
I      Power  Co.,  San  Francisco,  Cal. 

!         A.  W.  Morgan,  Results  Engineer,  Denver  Gas  and  Elec- 
I     trie  Co.,  Denver,  Col. 


A.  A.  Potter,  Dean,  Division  of  Engineering,  Kansas 
State  Agricultural  College. 

E.  B.  Ricketts,  Assistant  to  Chief  Operating  Engineer, 
New  York  Edison  Co. 

G.  W.  Saathoff,  Electrical  Engineer,  The  Acme  Power 
Co.,  Toledo,  Ohio. 

H.  H.  SCHOOLFiELD,  Engineer,  Pacific  Power  and  Light  Co. 

E.  D.  Searing,  Portland  Railway,  Light  and  Power  Co., 
Portland,  Ore. 

S.  S.  Svenningson,  Engineer,  Shawinigan  Light  and 
Power  Co.,  Montreal,  Canada. 

E.  H.  Tenn  /,  Assistant  Chief  Engineer  of  Power  Plants, 
Union  Electric  Light  and  Power  Co.,  St.  Louis,  Mo. 

R.  L.  Thomas,  Electrical  Engineer,  Pennsylvania  Water 
and  Power  Co.,  Baltimore,  Md. 

0.  G.  Thurlow,  Chief  Engineer,  Alabama  Power  Co., 
Birmingham,  Ala. 

W.  H.  Trenner,  Chief  Engineer,  Idaho  Power  Co.,  Boise, 
Idaho. 

J.  F.  Vaughn,  Consulting  Engineer,  Boston,  Mass. 

J.  A.  Walls,  Vice  President  and  Chief  Engineer,  Penn- 
sylvania Water  and  Power  Co. 

John  Wolff,  Mechanical  Engineer,  Cleveland  Electric 
Illuminating  Co.,  Cleveland,  Ohio. 

H.  P.  Wood,  Operating  Superintendent,  Edison  Electric 
Illuminating  Co.,  Brooklyn,  N.  Y. 

Geographical  Distribution  of  Coal  and 
Power  Activities* 

It  is  one  of  the  great  problems  of  today  to  determine 

the  location  of  the  vast  sources  of  fuel  and  power  and  their 
relation  to  the  present  and  near  future  demands.  Bitu- 
m.inous  coal,  forming  as  it  does  the  major  portion  of  our  fuel 
supply  for  industrial  purposes,  is  the  only  fuel  which  will 
be  considered  in  this  discussion.  The  distribution  of  coal 
reserves  is  the  best  evidence  of  what  will  necessarily  be 
our  resource  for  extended  periods  in  the  future.  Table  I 
is  from  data  developed  by  M.  R.  Campbell,  of  the  United 
States  Geological  Survey,  and  reported  at  the  International 
Geological  Conference  In  Toronto  in  1912.  In  this  table 
the  states  have  been  divided  into  groups  and  the  probable 
reserves  and  probable  life  of  these  reserves  are  shown 
for  each  group.  It  is  interesting  to  note  the  relation  be- 
tween the  amount  of  reserve  and  probable  life  in  the  north- 
eastern fields  of  Pennsylvania  and  those  in  the  mountain 
territory  of  the  West.  Naturally,  these  figures  are  only 
approximate,  but  they  afford  a  significant  fact  in  respect 
to  the  ultimate  location  of  our  energy  reserves. 

A  study  of  data  and  charts  showing  thy  distribution  of 
water-power  resources  indicates  that  the  bulk  of  these  also 
is  to  be  found  principally  in  the  West.  It  is  not  to  be 
expected  from  the  figures,  however,  that  the  West  is  to 
dominate  industrially  in  the  imi.iediate  future,  for  a  period 
of  centuries  is  involved  here,  not  a  few  years. 

In  connection  with  the  disti'ibution  of  coal  consumption 
the  current  production  and  current  consumption  are  shown 
in  Table  II,  where  the  states  are  arranged  in  the  same 
groups  as  in  Table  I.  A  study  of  this  table  shows  that 
for  any  group  of  states  the  production  and  consui.iption 
are  of  approximately  the  same  magnitude.  In  other  words, 
the  actual  statistics  show,  what  might  be  expected,  that 
coal  is  used  as  near  the  place  of  production  as  possible. 
Another  interesting  fact  shown  by  the  table  is  that  New 
England,.  New  York,  Pennsylvania,  New  Jersey  and  the 
Noi'th  Central  states  together  consume  about  68  per  cent 
of  the  tot^l  coal  consumption  of  the  country,  which  gives 
aome  indication  of  the  enormous  concentration  of  the  de- 
mand for  fuel  in  this  comparatively  restricted  area. 

A  study  of  the  water-power  resources  and  of  the  de- 
mands for  power  brings  out  the  fact  that  the  former  are 
principally  in  the  western  part  of  the  country,  while  the 
demand  for  power,  like  that  for  fuel,  is  concentrated  very 
largely  in  the  northeastern  corner  of  the  United  States. 
A  somewhat  similar  contrast  will  be  found  if  we  compare 
the  present  current  use  of  coal  and  the  coal  reserves  as 
estimated  by  the  geologists.     In  other  words,  power  and 
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coal  are  not,  as  some  have  claimed,  supplementary  through- 
out the  country,  with  coal  available  in  the  East  and  power 
available  in  the  West.  The  facts  are  quite  to  the  contrary, 
for  the  West  includes  a  large  majority  of  the  resources 
of  both  coal  and  water  power. 

It  seems  evident,  then,  from  a  study  of  these  figures  that 
the  western  part  of  the  country  is  bound  in  the  future 
to  dominate  the  industries  of  the  country  since  only  there 
v/ill  be  found  the  fundamental  requirements  of  industry — 
an  adequate  supply  of  fuel  and  power.     As  stated  before, 

TABLE  I.  BITUMINOUS-COAL  RESERVE 

(Data  from  Marius  R.  Campbell,  U.  S.  Geological  Survey,  as  reported  to 
International  Geological  Congress,  Toronto,  1912^ 

■ — •  Reserve ■         Life  at 

Billions  Per  Cent  Present  Rate 

of  of  of  Use 

District  Tons  Total        (Centuries) 

New  England None  0  0 

New  York,  Pennsylvania,  New  Jersey.. .  102.2  5  6 

South  Atlantic 166.3  7  15 

North  Atlantic 327.1  15  20 

South  Central 196  5  9  30 

Northwestern 129.9  6  60 

Southwestern 58 . 5  3  60 

Mountain 1,178  5  52  330 

West  Coast 58  9  3  '40 

Total  or  average 2,217. 9  100       Aver.    40 

TABLE  II.     DISTRIBUTION  BY  DISTRICTS  OF  COAL 
Production  and  I'se 

(Production  based  on  U.  S.  Geological  Survey  report  Consumption  estimated 
on  assumption  (  i)  of  total  use  eiiual  to  total  production  and  (2)  of  total  use. 
including  railroads  and  bunker  fuel  in  same  proportion  as  use  for  other  purposes 
basides  railway  and  bunker.)    , 

Estimated 
Consumption 
Produced  (1918)  (On  1 9 1 7  Basis> 

Millions        Per  Cent  Millions     Per  Cent 

of  of  of  of 

District  Tons  Total  Tons  Total 

New  England 0  0.  28  9  5.0 

New    York.    Pennsylvania,    New 

Jersev 178.5  30.9  168  9  29.1 

South  Atlantic 104.7  18.0  46.4  8.0 

NorthCentral 167.3  28.9  197.9  34.2 

South  Central 57.6  10.0  37.5  65 

Northwestern 22.2  3.8  59.8  10.3 

Southwestern. 9.3  1.6  11.1  1.9 

Mountain 35.4  6.1  23.7  4.1 

West  Coast 4.1  0.7  4  9  0  9 

Total 579.1  100.0  579   1  100  0 

however,  this  is  a  situation  which  has  no  immediate  in- 
terest. If  the  figures  given  in  Table  I  are  at  all  accurate, 
the  life  of  the  Eastern  coal  field  is  from  six  to  twenty  cen- 
turies at  the  present  rate  of  production.  Even  if  this 
production  should  be  very  largely  increased,  it  is  obvious 
that  the  life  of  these  fields  would  still  be  a  matter  of 
centuries  rather  than  of  years. 


American  Institute  of  Electrical  Engineers 
Elects  Officers 

At  the  annual  business  meeting  of  the  American  Institute 
of  Electrical  Engineers,  held  in  New  York,  May  21,  the 
report  of  the  Committee  of  Tellers  on  the  election  of  officers 
for  the  administrative  year  beginning  Aug.  1  was  presented 
and  the  following  were  declared  elected:  President,  A.  W. 
Berresford,  Milwaukee;  vice-presidents,  E.  H.  Martindale, 
Cleveland,  Charles  Robbins,  Pittsburgh,  Charles  S.  Ruffner, 
New  York,  C.  E.  Magnusson,  Seattle,  C.  S.  McDowell,  U.  S. 
Navy,  and  L.  T.  Robinson,  Schenectady;  managers,  E.  B. 
Craft,  New  York,  H.  B.  Smith,  Worcester,  and  James  F. 
Lincoln,  Cleveland;  treasurer,  George  A.  Hamilton,  Eliza- 
beth, N.  J.  (re-elected). 

The  foregoing,  together  with  the  following  hold-over 
officers,  will  constitute  the  Board  of  Directors  for  the  next 
administrative  year:  Calvert  Townley,  New  York;  Com- 
fort A.  Adams,  New  York;  Walter  A.  Hall,  Atlantic,  Mass.; 
William  A.  Del  Mar,  New  York;  Wilfred  Sykes,  Pittsburgh; 
Walter  I.  Slichter,  New  York;  G.  Faccioli,  Pittsfield;  Frank 
D.  Newbury,  Pittsburgh;  L.  E.  Imlay,  Niagara  Falls;  F.  F. 
Fowie,  Chicago;  L.  F.  Morehouse,  New  York. 

T.  L.  Hutchinson  was  re-elected  secretary  of  the  institute 
for  the  coming  year. 


Carl  G.  Barth  Honored  by  the 
Taylor  Society 

Carl  G.  Barth,  pioneer  in  the  machine-building  industry, 
has  been  elected  an  honorary  member  of  the  Taylor  Society, 
the  national  organization  for  the  promotion  of  science  in 
management.  Only  two  other  men  have  been  honored  by 
the  society,  these  being  Frederick  W.  Taylor  and  Henri  Le 
Chatelier,  the  prominent  engineer  who  developed  scientific 
management  in  France. 

Mr.  Barth,  after  completing  engineering  studies  in  his 
native  land,  Norway,  came  to  this  country  in  1881  and  was 
employed  as  a  draftsman  by  William  Sellers  &  Co.  From 
1895  to  1899  he  was  engaged  in  engineering  work  in  St. 
Louis.  He  became  associated  with  Mr.  Taylor  at  Bethle- 
hem, Pa.,  with  whom  hp  worked  on  the  historic  foundations 
of  scientific  management.  Under  Mr.  Taylor's  direction  he 
conducted  experimental  work  on  metal-cutting  tools  and 
applications  of  slide  rules  in  the  plants  of  the  Link-Belt  Co. 
and  the  Tabor  Manufacturing  Co. 

Mr.  Barth's  work  on  the  fundamental  formulas  in  cutting 
metals  has  received  world-wide  recognition  as  one  of  the 
most  important  contributions  to  machine  development. 


Seven  proposals  were  received  by  Acting  Secretary 
Roosevelt  under  the  opening  of  bids  for  coal  for  the  Navy, 
on  May  18.  These  aggregate  a  total  of  319,000  tons  of 
bituminous  coal  and  3,700  tons  of  anthracite. 

The  annual  requirements  of  the  Navy  are  2,174,800  tons 
of  bituminous  coal  and  38,215  tons  of  anthracite.  At  the 
principal  point  of  delivery,  Hampton  Roads,  Va.,  there  was 
offered  185,000  tons  of  the  1,200,000  tons  called  for.  The 
prices  per  gross  ton  quoted  in  the  bids  range  from  $4.20 
to  $4,816  f.o.b.  mines.  The  base  price  at  present  being  paid 
by  the  Navy  under  commandeering  orders  for  coal  taken 
at  Hampton  Roads,  including  allowance  for  the  advance- 
ment in  wages,  is  about  $3.70  per  gross  ton. 
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Edison  Medal  Presented  to  William  LeRoy  Emmet 


AT  THE  annual  meeting 
A%  of  the  American  In- 
•^  J^  stitute  of  Electrical 
Engineers  in  the  auditorium 
of  the  Engineering  Soci- 
eties Building,  New  York, 
on  May  21,  the  annual  pres- 
entation of  the  Edison 
Medal  was  made  to  William 
LeRoy  Emmet  "For  Inven- 
tions and  Developments  of 
Electrical  Apparatus  and 
Prime  Movers." 

The  Edison  Medal  was 
founded  by  the  Edison 
Medal  Association,  com- 
posed of  associates  and 
friends  of  Thomas  A.  Edi- 
son, and  is  awarded  an- 
nually by  a  committee  con- 
sisting of  twenty  -  four 
members  of  the  American 
Institute  of  Electrical  En- 
gineers, "for  meritorious 
achievement  in  electrical 
science,  electrical  engineer- 
ing, or  the  electrical  arts." 

The  first  medal  was  pre- 
sented in  1909  and  since 
that  time  ten  medals  have 
been  awarded. 

The  ceremony  was  opened 
by   Carl    Hering,   chairman 
of  the  Edison  Medal  Com- 
mittee, who  described  the  medal  and  gave  a  brief  history 
of  its  origin. 

H.  W.  Buck,  past  president  of  the  American  Institute 
of  Electrical  Engineers,  followed  Mr.  Hering  and  related 
the  achievements  of  Mr.  Emmet.     He  said  in  part: 

It  has  been  my  privilege  for  a  great  many  years  to 
have  known  Mr.  Emmet  personally  and  later  on  in  life  to 
have  been   intimately   associated   with   him   in   his   profes- 


WILLIAM  LbROT  EMMET 


engineer  of  the  lighting  de- 
partment, and  his  real  pro- 
fessional work,  as  I  think 
we  understand  it,  began  at 
that  time. 

The  lighting  industry  was 
expanding  by  leaps  and 
bounds.  It  had  been  proved 
a  commercial  success  and 
plants  were  being  estab- 
lished all  over  the  country. 
A  great  many  great  engi- 
neering problems  were  ex- 
perienced and  all  kinds  of 
difficulties  due  to  the  rapid 
growth  and  the  newness  of 
the  art.  Mr.  Emmet  tackled 
these  problems  with  great 
vigor,  with  the  result  that 
in  the  following  year  some 
of  his  important  work  was 
carried  on. 

The  lighting  plants  at 
that  time  were  growing 
very  fast  and  had  run  into 
very  serious  difficulty,  due 
to  the  enormous  amount 
and  cost  of  the  copper  which 
was  necessary,  due  to  the 
rapidly  expanding  growth 
of  the  Edison  system.  Of 
course,  at  220  volts  you 
cannot  go  very  far  without 
an  enormous  expenditure  in 
copper.  One  solution  which 
was  being  offered  was  the 
construction  of  a  half  dozen 
different  power  stations 
around  the  city,  which  generated  direct  current  at  certain 
centers  and  to  distribute  it  for  limited  distance.  Emmet 
did  not  believe  in  this  and  took  hold  of  the  problem  and  saw 
that  the  central-station  principle  was  the  thing  to  adopt, 
and  this,  combined  with  alternating  current  underground 
cable  distribution,  with  the  establishment  of  rotary  con- 
verter substations  throughout  the  metropolitan  districts  in 
our  various  cities,  was  the  proper  thing  to  do,  and  he 
pushed  that  plan  forward  with  great  vigor  and  convinced 


H^>    tit;:  \;\;-;l|v 


sional  activities.  One  of  my  earliest  recollections  of 
Mr.  Emmet  is  as  dressed  in  the  uniform  of  an  ensign  in 
the  Navy. 

In  1892  Mr.  Emmet  was  transferred  from  the  Chicago 
office  to  the  New  York  office  of  the  Edison  General  Electric 
Company  and  started  in  there  as  engineer  of  the  Foreign 
Department.  From  that  position  he  was  transferred  to  be 


the  executives  of  many  of  the  great  lighting  systems 
throughout  the  country  that  this  was  the  way  to  meet  the 
problem,  with  the  result,  from  that  day  to  this,  that  that  has 
been  the  n.ethod  of  distributing  Edison  current  throughout 
our  cities. 

He  worked  at  this  time  on  the  problem  of  the  load  trans- 
formers, which  became   necessary  in  the  various   systems 
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devised  methods  of  ventilation  and  other  systems,  and  in- 
vented, designed  and  installed  the  first  of  our  air  blast 
transformers  which  w^ere  put  in  at  that  time,  and  vi^hich 
were  quite  radically  new.  He  also  worked  on  methods  of 
cooling  and  ventilating  both  transformers  and  generators. 

Then  a  very  serious  difficulty  was  experienced  which 
looked  as  if  it  was  going  to  block  absolutely  the  further 
development  of  electrical  distribution  of  power,  and  that 
was  the  difficulty  in  controlling  the  electric  circuits  which 
were  then  becoming  very  large,  both  in  power  and  current. 
Emmet  tackled  this  problem,  analyzed  its  difficulties  and 
started  in  an  extensive  campaign  to  solve  it. 

The  central  stations  of  the  country  were  powerless  and 
could  not  control  the  circuits,  and  the  only  means  of  doing 
this  was  to  kill  the  field  in  the  generator.  Emmet  knew 
that  was  not  the  thing  to  do  and  took  a  most  active  part 
in  the  experiments  made  that  year  and  the  year  after  at 
Brooklyn  and  Niagara  Falls,  where  almost  every  conceiv- 
able form  of  circuit-breaking  device,  representing  the  indi- 
vidual ideas  of  almost  every  man  in  the  General  Electric 
Company,  was  tested  out.  There  were  schemes  for  opening 
circuits,  understand,  under  the  action  of  compressed  air,  air 
blasts,  sprays,  and  all  sorts  of  devices,  and  in  addition  an 
ordinary  jug  of  oil,  by  which  the  contact  was  broken.  All 
of  these  devices  were  tested  out,  and  they  finally  got 
around  to  the  oil  switch,  through  which  was  short  circuited 
a  five  thousand  kilowatt  machine,  under  heavy  inductive 
load,  and  the  circuit  opened  several  times.  Nothing  hap- 
pened, and  apparently  there  was  an  open  circuit.  The  thing 
was  tested  out  three  or  four  times,  and  found  to  be  all  right, 
and  the  circuit  opened  again,  and  it  was  finally  discovered 
that  these  very  high  powered  inductive  short  circuits  were 
being  opened  under  oil,  without  the  slightest  commotion. 

In  connection  with  Mr.  Emmet's  work  in  the  turbine,  I 
think  he  was  the  first  to  point  out  to  steam  engineers  the 
tremendous  importance  of  high  vacua  in  the  operation  of 
the  turbine. 

In  1913  he  started  some  of  the  most  important  work  he 
has  ever  undertaken,  and  that  is  the  development  of  the 
mercury  turbine,  which  he  is  now  engaged  upon.  Mr.  Emmet 
realized  the  difficulty  of  getting  enormously  high  steam 
pressures  and  temperatures,  so  he  devised  an  entirely  new 
system  of  boiling  mercury,  which  gives  a  temperature  of 
approximately  700  deg.  The  mercury  vapor  at  this  tem- 
perature is  then  discharged  into  a  mercury  turbine  and  the 
condenser  of  the  mercury  turbine  is  the  steam  boiler,  so 
that  all  the  heat  from  the  condenser  of  the  mercury  turbine 
is  used  for  boiling  the  water,  which,  in  turn,  is  discharged 
into  a  steam  turbine,  which  operates  in  the  usual  way,  so 
that  with  a  certain  amount  of  heat  generated,  you  get  the 
equivalent  in  steam  operating  the  steam  turbine,  in  addi- 
tion, as  practically  free  power,  and  you  get  all  the  power 
which  the  mercury  turbine  will  generate.  The  result  is  a 
revolutionary  saving  and  economy,  in  that  you  get  thirty 
or  forty  or  even  more  per  cent  of  power  from  a  given 
amount  of  coal  consumed. 

That  experimental  work  is  now  in  progress,  and  I  under- 
stand that  the  results  will  be  very  soon  applied  commer- 
cially. If  it  is  as  successful  as  it  looks,  it  will  probably 
revolutionize  all  of  the  power  plants  in  this  country.  I 
think  we  can  all  hope  and  believe  that  these  experiments 
will  be  successful. 

In  conclusion  I  think  that  I  represent  the  sentiments  of 
all  of  the  engineering  fraternity  when  I  say  that  we  are 
very  glad  to  have  this  opportunity  to  give  this  token  to 


Mr.  Emmet  of  our  appreciation  of  his  great  work,  and  our 
appreciation  of  himself  as  an  engineer. 

President  Calvert  Townley  of  the  A.  I.  E.  E.,  following 
Mr.  Buck's  address,  made  the  presentation  of  the  medal, 
after  which  Mr.  Emmet  made  the  response.  He  said 
in  part: 

Mr.  Buck  spoke  of  something  I  did  not  want  to  talk  about, 
because  it  is  not  an  accomplished  fact — that  is,  the  mer- 
cury process.  That  is  something  I  have  done  myself,  and  in 
ovhich  I  am  vitally  interested,  and  expect  to  devote  all  the 
rest  of  my  life  to  it  if  necessary,  and  allow  nothing  to  in- 
terfere with  it,  because  I  believe  it  is  a  great  thing.  I 
will  not  attempt  to  describe  the  reasons,  but  we  have 
already  accomplished  a  lot  in  that  respect. 

Of  course,  mercury  costs  one  dollar  a  pound,  it  is  a  deadly 
poison  i^  it  gets  into  the  atmosphere,  and  a  very  large 
amount  of  it  must  be  vaporized — for  every  pound  of  steam 
imade,  something  like  8  lb.  of  mercury  is  vaporized,  but 
as  now  developed  that  vaporization  of  mercury  goes  on  in  a 
■whole  system  of  apparatus  which  is  all  one  piece,  all  welded 
from  top  to  bottom  into  a  single  piece,  practically,  except 
where  the  back  of  the  turbine  goes  through  the  shaft,  and 
it  has  been  tested  to  a  pressure  three  or  four  or  five  times 
as  great  as  that  used,  as  we  use  a  very  low  pressure,  and 
it  is  developed  in  such  a  way  that  no  possible  application 
of  heat  in  the  furnace  can  overheat  anything,  and  in  fact, 
our  experience  for  years  with  various  devices  has  shown 
that  the  essentials,  the  things  which  would  have  been 
thought  difficult  about  this  process,  are  easy,  and  are  not 
going  to  give  us  any  trouble.  We  have  had  some  trouble 
about  expansion  and  certain  strains,  etc. 

We  are  now  making  a  commercial  application  of  this 
thing  and  hope  it  may  be  brought  to  an  actual  commercial 
success  in  a  very  short  space  of  time.  It  is  a  process 
applicable  to  everything  wherever  power  is  used — locomo- 
tives could  be  run  by  that  method  with  a  fuel  consumption 
something  like  one-third  of  what  they  now  use,  and  run 
without  wasting  the  water;  it  could  be  made  to  condense  its 
own  steam  as  a  steam  automobile  does. 

My  love  has  been  for  electricity,  and  my  aims  have 
been  to  develop  the  electric  art.  I  have  a  confident  belief 
in  the  practicability  of  doing  things  by  the  electrical  art, 
and  that  is  what  I  have  been  aiming  at  in  doing  these  other 
things. 

New  Officers  N.  E.  L.  A. 

At  the  convention  of  the  National  Electric  Light  Ass^ 
elation,  at  Pasadena,  Cal.,  May  21,  the  following  were 
elected  as  officers  for  the  ensuing  year:  President,  Martin 
Insull;  vice-presidents,  M.  R.  Bump,  F.  W.  Smith,  W.  H. 
Johnson  and  Franklin  Griffith;  treasurer,  H.  C.  Abell. 


An  increase  of  approximately  20  per  cent  in  the  cost  of 
labor  and  material,  unexpected  and  unforeseeable  construc- 
tion difficulties  and  a  change  in  the  power-house  plans  are 
given  by  the  Great  Western  Power  Co.  of  California  as 
reasons  for  a  stock  issue  of  $1,500,000  asked  for  in  an 
application  filed  with  the  Railroad  Commission.  The  com- 
pany says  that  it  will  need  the  money  raised  through  the 
proposed  sale  of  its  preferred  stock  to  complete  what  is 
known  as  its  Caribou  plant. 
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George  K.  Long,  Jersey  City,  N.  J.,  presi- 
dent of  the  Joseph  Dixon  Crucible  Co.,  has 
retired  after  43  years  of  active  service. 


Personals 
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Francis  .luraschek  has  become  associated 
with  Hanff-Metzger,  Inc.,  general  advertis- 
ing agents.  New  York.  He  has  been  placed 
at  the  head  of  the  Technical  Department. 

D.  Gleisan,  manager,  Industrial  Bearings 
Division,  Hyatt  Roller  Bearing  Co.,  has 
appointed  W.  P.  Myer  to  be  directing  trans- 
mission engineer.  Mr.  Myor  will  be  respon- 
sible for  the  sale  of  Hyatt  lineshaft  roller 
bearings. 


Society  Affairs 
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The   Philadelphia   Section   of   the   A.    1.    & 

S.    E.    E.    will    hold    its    annual    outing    at 
Brown's   Mills-in-the-Pines  June    5. 

The  Association  of  Iron  and  Steel  Elec- 
trical Engineers  has  postponed  the  trip 
scheduled  for  the  inspection  of  tho  Trum- 
bull Steel  Co..  Warren,  Ohio,  on  May  22. 
until  sometime  in  June. 

The  .\merican  Society  of  Civil  Engineers. 
Philadelphia  Section,  will  meet  at  the  Uen.s- 
selaer  Polytechnic  Club  on  June  7.  The 
subject  of  the  meeting  will  be  "The  Rela- 
tion of  the  Owner,  Engineer  and  Contrac- 
tor." 

The  Association  of  Iron  and  Steel  Elec- 
trical Engineers,  Pitt.sburgh  Chapter,  will 
meet  on  June  12.  R.  H.  Keil,  power  en- 
gineer of  the  Jones  &  Laughlin  Steel  Co., 
will  nad  a  paper  on  "Current  Limit  Re- 
actance." 


The  New  Orleans  Section,  A.S.M.E.,  will 
meet  at  the  Lafayette  Theatre  on  June  4. 
\V.  M.  White,  chief  engineer,  hydraulic  de- 
partment of  the  AUis-Chalmers  Co..  will 
read  a  paper  on  "Installation  of  Large 
Turbo-Alternator  at  Niagara." 

Cleveland  Section,  A.S.M.E..  will  meet  on 
June  8.  A  number  of  local  industrial  plants 
will  be  inspected  during  the  day.  This 
will  be  followed  by  dinner  at  the  Univer- 
.'•itv  Club.  Col.  Edward  A.  Deeds,  Dayton 
Ohio,  and  Mr.  Cattell,  of  Philadelphia,  will 
be   the  speakers. 

The  Central  Geographic  Section  of  the 
Pennsylvania  Electric  Association,  State 
Branch  of  the  N.  E.  L.  A.,  will  meet  in 
the  Ponn  Harris  Hotel,  HarrisbuiK.  on 
.rune  4.  W.  J.  Klino.  of  the  American 
Heating  Co.,  North  Tonawnada,  will  de- 
liver a  paper  on  "Central  Station  Heating." 
The  rest  of  the  morning  will  be  taken  up  by 
five-minute  talks  on  subjects  of  interest 
to  the  members.  In  the  afternoon  H.  R. 
Kern,  auditor.  Philadelphia  Electric  Co 
will  deliver  an  address  on  "Accounting:  an.l 
Operating    Records." 
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COAL   PRICES 


Prices  of  steam  coals  both  anthracite  and  bitu- 
minous, f.o.b.  mines,  unless  otherwise  statetl,  are  as 
follows: 

ALANTIC  SEABOARD 

Anthracite — Coals  supplying  Now  '^'ork,  Phila- 
delphia and  Boston: 

Mine 

Pea $5.30@$5,75 

Buckwheat 3 .  40®  4.10 

UioR 2.75®  3.25 

Barley 2.25®   2.50 

Boiler 2.50 

Bituminous — Steam  sizes  supplying  Xew  ^'ork, 
Philadelphia  and  Boston: 

i-atiobe $4 .  25@$4 .  50 

Connellsville  coal 4.25®   4.50 

Cambrias  and  .'■omerscts 4 . 35®  5.15 

Clearfields 4 .  00®  4.75 

Pocahontas 6.50®   7.00 

New  River 6 .  50®  7 .  00 


BUFFALO 

Bituminous — Prices  f.o.b.  Buffalo: 

Pittsburgh  slack $6  00 

Mine-run 6  25 

Lump 6  00®   6  50 

Youghiogheny 6.75 


CLEVELAND 

Bituminous — Prices  f.o.b.  mines: 

No.  6  slack $3.  25® $4. 00 

No.  8  slack .'     4.25 

No.  8— i-in 3.50®  4.00 

No.  6  mine-run 3 .  50®   4 .  00 

No.  8  mine-run 4 .  50 

Pocahontas — Mine-run 3 .  25®  4  .  00 


ST.    LOUIS 

Anthracite — Probably  not  more  than  20  per  cent 
of  the  demand  in  this  market  can  be  supplied.  Prices 
•effective  Apr.  1  were  as  follows: 

Williamson 

and  Mt.  Olive 

Franklin  and 

Counties  Staunton         Standard 

Mine-run...  .$2. 65®2. 80  $3.00®3.50  $3.75@4.25 
Screenings...    2.50®2.65     2.50@3.00     2.75®3.50 

Lump 3.75@4.50     4.00@4.50 

Williamson-Franklin  rate  to  St.  Louis  is  $1.10; 
■Other  rates  95c. 


CHICAGO 

Bituminous — Prices  f.o.b.  mines: 
Illinois 

Southern  Illinois 

Franklin,    Saline    and  Freight  rate 

Williamson  Counties  Chicago 

Mine-Run $3.00@$3. 10  $1 .55 

Screenings 2.60®    2.75  1.55 

Central  Illinois 

Springfield  District 

Mine-Run $2 .  75®  $3 .  00  $1.32 

Screenings 2.50®  2.60  1.32 

Northern  Illinois 

Mine-Run $3.50®$3.75  $1 .24 

Screenings 3.00®  3.25  1.24 

Indiana 

Clinton  and  Linton 

Fourth  Vein 

Mine-Run $2.75@$2.90  $1.27 

Screenings 2.50®  2.65  1.27 

Knox  County  Field 

Fifth  Vein 

Mine-Run $2.75©$2.90  $1.37 

Screenings 2.50®   2.60  1.37 

Brazil  Bloke $4  75®$4.50  $1.27 


f  New  Construction 

PROPOSED    WORK 

Me.,  Fort  Kent — The  Fort  Kent  Electric 
Co.  plans  to  construct  a  33.000  volt  trans- 
mission line  to  connect  at  Van  Buron,  with 
the  M.-tine  &  New  Brunswick  Electric  Light 
&  Power  Co.,  a  distance  of  43  mil^s. 

Mass.,  ItoKtoii  —  Appleton  &  Stoarns. 
Archls.,  .03  Stale  St.,  will  soon  receive  bids 
for  the  construction  of  a  3  storv,  80  x 
300  ft.  sale.s  and  service  station  on  Common- 
wealth Ave.,  for  the  .1.  W.  I\Iafnu-e  Co.. 
745  Boylston  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  Estimated 
cost,    $400,000. 

Mass.,  Boston — The  Bd.  Educ.  City  Hall, 
will  soon  award  the  contract  for  the  con- 
struction of  a  2  story  school  addition  on 
Charter  St.  An  extension  to  the  steam 
heating  system  will  he  installed  in  same. 
Total  estimated  cost,  $350,000.  C.  H 
Walker  &  Son,   71  Kilby  St.,   Archts. 

N.  y.,  Brooklyn — The  Dept.  of  Charities, 
Municipal  Bldg.,  New  York  City,  will  soon 
award  the  contract  for  making  boiler  re- 
pairs at  the  Kings  County  Hospital.  Esti- 
mated cost„  $8,000. 

N.  Y.,  Brooklyn — W.  Small,  189  Montague 
St.,  is  having  plans  pre  )ared  for  the  con- 
sti-uction  of  a  theatre  on  Grand  Ave.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $500,000. 
Eugene  De  Rosa,  110  West  40th  St.,  New 
York  City.   Archt.   and   Engr 

N.  v.,  Buflfalo — Severn  A.  Anderson,  Erie 
Co.  Treas.,  City  and  County  Hall,  will  soon 
award  the  contract  for  the  installation  of  a 
steam  turbine  driven  35  kw.  generator  in 
the   65th   armory  here. 

N,  Y.,  Buffalo — The  Niagara  Machine  & 
Tool  Works.,  633  Northland  Ave.,  is  in  the 
market  for  one  150  kw.  synchronous  con- 
verter, or  motor  generator  set,  to  convert  3 
phase,  25  cycle,  2,000  volt  a.c.  to  230  volt 
d.c. 

N.  Y.,  Byron  —  The  Genesee  Light  & 
Power  Co.  plans  to  construct  an  electric 
light   and   power   plant   here. 

N.  Y.,  Kings  Park — The  State  Hospital 
Comn.,  Capitol,  Albany,  will  receive  bids 
until  June  2  for  the  installation  or  heiting 
and  sanitary  work,  etc.,  in  the  building 
for  acute  patients,  at  the  Kings  Park  State 
Ho.spital,  here. 

N.  Y.,  Lockport — Dumv'lle  &  Co.  are  in 
the  market  for  a  3  hp.  single  phas'.^  60 
cycle,    110   volt,   1,200   r.p.m.   motor. 

N.  Y.,  Malone  —  The  Malone  Light  & 
Power  Co.  is  in  the  market  for  a  300  kw., 
2,400  volt,  3  phase,  60  cycle  a.c.  generator, 
complete  with  exciter  unit  and  direct  con- 
nected to  a  pair  of  horizontal  water  wheels 
of  400  or  500  hp.  capacity  to  operate  under 
a  25  to  30  ft.  working  head.  S.  G.  Hunter. 
Supt. 

N.  Y.,  New  York — The  Bureau  of  Yards 
&  Docks,  Navy  Dept.,  Wash..  D.  C,  plans 
to  install  a  reciprocating  air  compr.^ssor. 
Estimated    cost,    $60,000. 

N.  Y.,  New  York — Marc  Klaw.  Com- 
mercial Trust  Co.  Bldg.,  B'way.  and  41st 
St.,  is  having  plans  prepared  for  the  con- 
struction of  a  theatre  on  45th  St.  between 
B'way.  and  8th  Ave.  A  steam  heating- 
system  will  be  installed  In  same.  Totn.l 
estimated  cost,  $300,000.  Eugene  De  Ro.sa, 
118   V/est   4th   St.,   Archt.   and   Engr. 

N.  Y.,  OssiuinK  —  Charles  F.  Rattigan, 
Supt.  of  Prisons,  Capitol.  Albany,  received 
bids  for  furni.shing  and  installing  pumping 
machinery,  etc.,  in  the  Sing  Sing  Prison, 
here,  from  F.  N.  Lewis,  Hotel  Charleton. 
Binghamton.  $8,700  ;  Suburban  Eng.  Co., 
15  West  38th  St..  New  York  City,  $8,!t76. 
Noted   May    3. 

N.  Y.,  Rochester — The  Eastm.aTi  Kodak 
Co.,  333  State  St.,  plans  to  construct  .- 
70  X  150  X  362  ft.  machine  shop,  cost. 
$280,000  and  a  98  x  98  x  146  ft.  power 
house,    cost    $200,000. 

N.  Y..  .Schenectady — The  Bd.  of  Contract 
and  Supply  will  receive  bids  until  June  9 
for  the  installation  of  plumbing,  heating 
and  electrical  work  at  the  Pleasant  Valley 
School,    Forest   Rd. 

N.  Y.,  Wellsville — George  C.  Ross,  Chn. 
of  the  Bd.  of  Water  &  Light  Comrs.,  has 
received  bids  for  extensions  to  the  electric 
light  plant,  here,  from  H.  M.  Cusning,  49 
Roanoke     Ave.,     B^ufCalo.       The     extensions 


include  the  delivery  and  installation  of  a 
turbine  gfvnerator,  condensor,  circulating 
I>umps  and  interconnected  piping,  $20,000  ; 
piping  steam  and  water,  $2,000;  changing 
from  2  phase  to  3  ph.ise,  2,300  volts,  $2,000  ; 
outside  changes,  $4,500  ;  line  extension.s 
$5,000  ;    gas    engine    repairs,    $1,500. 

N.  J.,  Butler — The  Borough  is  having 
plans  prepared  for  the  construction  of  a 
1  story,  50  x  50  ft.  municipal  lighting  plant. 
A  heating  boiler,  two  100  kw.  engines, 
auxiliary  e(|uipment,  air  compres.sor  and 
steel  tanks  will  bf  in.-^talled  in  same.  Total 
estimated  cost,  from  $50,000  to  $60,000. 
Runyon  &  Carey,  845  Broad  St.,  Newark. 
Engrs. 

N.  J.,  Hayreville — The  Borough  plans  to 
construct  a  water  sui)ply  system  which  will 
have  a  daily  capacity  of  250,000  gal.  Plans 
include  a  steel  tower  tank  to  hold  200,000 
gal.  pumping  units.  2  triple  single  acting 
pumps,  engine  house,  etc.  Waldo  S.  Coulter, 
114    Liberty    St.,    New    York    City,    Engr. 

-V.    J.,     .South     River  —  The     Bd.     of     Pub 

Wks..  received  bids  for  the  construction  of 
a  turbine  engine  plant  at  the  power  house 
here,  from  the  John  R.  Proctor  Eng.  Co.. 
74  Cortlandt  St.,  $197,368;  Equity  Eng.  Co.. 
30  Church  St.,  $211,726;  Leslie  Stevens 
Co..  120  Bwiy..  $214,900.  All  of  New  York 
City.      Noted    March    3. 

N.  .J.,  Vineland — F.  H.  Bent,  Archt.,  14  2 
West  State  St..  will  .soon  award  the  con- 
tract for  the  construction  of  a  2  story. 
50  X  75  ft.  storeroom  and  refrigerator  i)lant. 
Machinery  will  be  installed  in  same.  Total 
estimated   cost.    $30,000.      Noted   May   18. 

Pa.,  Joliiistown  —  Dennison  &  Hirons. 
Archts.  and  Engrs.,  475  5th  Ave.,  Xew 
York  City,  will  soon  award  the  contrsict 
for  the  construction  of  a  12  story,  60  x 
110  ft.  bank  and  office  building,  for  tiie 
United  States  Natl.  Bank  here.  A  steam 
heating  system  will  he  installed  in  same. 
Total   estimated    cost,    $500,000. 

Pa.,  Scranton — D.  J.  Rondy,  80  Wall  St.. 
New  York  City,  is  liaving  plans  prepared 
for  the  construction  of  a  theatre  on  Penn 
Ave.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost. 
$250,000.  Eugene  De  Rosa,  110  West  4iHh 
St,   New   York  City,    Archf.   and  Engr. 

Md.,  Landsdowne — The  Natl.  Steel  Roll- 
ing Co..  203  Keyster  Bldg.,  Baltimore,  will 
receive  bids  until  June  10  for  the  construc- 
tion of  a  1  story,  70  x  140  ft.  steel  rolling 
mill.  Electric  motors  will  be  installed  in 
same.      Total    estimated    cost,    $100,000. 

N.  C,  Yoimcsville — The  city  i>lans  to  con- 
struct an  electric  lighting  station.  Esti- 
mated   cost.    $20,000.      J.    R.    Pearce.    Mayor. 

8.  C,  l»aris  Ishtnd — The  Bureau  of  Yards 
&  Docks,  Navy  Dept..  Wash.,  D.  C,  plans 
to  improve  the  power  plant  here.  Esti- 
mated   cost,    $75,000. 

Ala.,  Florence — The  United  States  En- 
gineers Office.  ^Vash..  D.  C.  will  receiv  • 
bids  until  June  15  for  furnishing  and  de- 
livering 4  electric  generators  each  of  25.- 
000  kva.  capacity  with  5  exciters,  etc. 

La.,  Minden — The  City  Council  will  soon 
receive  bids  for  the  construction  of  a  sewer- 
age system  and  for  the  improvement  of  the 
electric  light  plant.  Total  -^otimated  ccst. 
$180,000.     J.  E.  Carroll,  Secy. 

O.,  .\kron — The  Akron  Grocery  Co.  will 
soon  award  the  contract  for  the  construc- 
tion of  a  5  story.  100  x  210  ft.  warehouse. 
.\  steam  heating  system  will  he  installed 
in  same.  Total  estimated  cost,  $250,000. 
Harpster  &   Bliss,   .A.rchts. 

O..  Cleveland — The  B^V  Educ.  plans  to 
construct  a  2  story  school  at  the  Mayfield 
Townshii).  .\  steam  heating  system  will 
be  installed  in  same.  Total  estimated  coit, 
$250,000.      S.    Minor.   Gates   Mills.   Clk. 

O.,  Cleveland — The  City  plans  'o  con.>truct 
a  1  story.  60  x  110  ft.  electric  transmitting 
station  on  West  103rd  St.  and  Wester»»  Ave. 
Estimated  cost,  $100,000.  E.  Shattuck.  Agt. 
"V.   E.   Davis,   City   Hall,   Engr. 

O.,  Cleveland — The  city  plans  to  construct 
a  1  story,  60  x  110  ft.  electric  transmitting 
station  near  Euclid  Ave.  and  East  105th  St. 
Estimated  cost.  $100,000.  E.  Shattuck.  Agt. 
W    E.    Davis,    City   Hall,    Engr. 

O.,  Cleveland  —  The  Cleveland  Graphite 
Bronze  Co.,  2906  Chester  Ave.,  is  in  the 
market  for  a  white  steamer  power  plant 
with  slide  valves  and  pump,  with  or  with- 
out  boiler.      New   or  used. 
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O.,  Cl«>%'eIaTMl — ^The  Knight-Norris  Gibbs 
Co..  1017  Euclid  Ave.,  plans  to  build  a  6 
&torv  commercial  building  on  St.  Clair  Ave. 
and  "East  2 1st  St.  A  steam  heating  system 
will  be  installed  in  same.  Total  estimated 
cost.   $350,000. 

O.,  East  Cleveland  (Cleveland  P.  O. )  — 
The  Natl.  Lamp  Co.  of  the  General  Electric 
Co.,  Nela  Park,  is  having  plans  prepared  for 
the  construction  of  a  1  story  boiler  plant. 
Boilers  will  be  installed  in  same.  Total  esti- 
mated cost.  $100,000.  G.  H.  Johnson,  Nela 
Park.  Archt.  and  Engr. 

C,  Warren — The  Trumbull  Cliffs  Furnace 
Co.,  Rockefeller  Bldg.,  Cleveland,  is  having 
plans  prepared  for  the  construction  of  a  1 
story  600-ton  capacity  blast  furnace  here. 
Estimated  cost,  $1,000,000.  Preyn  Brassert 
&  Co.,  122  South  Michigan  Ave.,  Chicago. 
Engrs. 

Ind.,  Elkhart — The  Marathon  Motors  Ex- 
port Co.  is  in  the  market  for  4  air  com- 
pressors,  comidete,    to   operate    6   drills   and 

2  air  lifts  to  have  a  capacity  of  5,000  lb. 

Ind.,  Terre  Haute  —  The  Amer.  Car  & 
Pdry.  Co.  plans  to  build  a  power  house  at 
its  plant  on  10th  and  Crawford  Sts.,  to  re- 
place the  building  recently  destroyed  by  fire. 
Estimated  cost,  $20,000. 

Mich.,  Detroit — John  H.  Kunsky,  Madi- 
son Theatre  Bldg.,  engaged  C.  H.  Crane  & 
E.  G.  Hiehler,  Archts.,  Huron  Bdg.,  to  pre- 
pare plans  for  the  construction  of  a  6  story. 
155  X  250  ft.  theatre  and  office  building  on 
Broadway  and  Madison  Aves.  Steam  heat- 
ing equipment  and  forced  ventilating  de- 
vices will  be  installed  in  same. 

Mich.,  Detroit — John  H.  Kunsky,  Madison 
Theatre  Bldg.,  is  having  plans  prepared  for 
the  construction  of  a  10  story,  100  x  155 
ft.  office  building  on  Broadway  Ave.  Steam 
heating  equipment  will  be  installed  in  same. 
C.  H.  Crane  &  E.  G.  Kiehler,  Huron  Bldg.. 
Archts. 

111.,  Chicago — C.  M.  Garland,  *lst  Natl. 
Bank  Bldg.,  is  in  the  market  for  750-1500 
kw.  mixed  pressure  turbine,  direct  con- 
nected, 3  phase,  60  cycle  2,300  volt  gen- 
erator, complete  with  switchboard,  con- 
denser and  connections,  to  operate  on  high 
pressure  s'.eam  at  150  lb.  pressure  and  low 
pressure  steam  at  3  lb.  gage.  Turbine  must 
be  capable  of  carrying  full  load  on  either 
low  or  high  pressure  steam.  One  300-400 
kw.,  2.300  volt,  3  phase,  60  cycle  gener-ator. 
direct  connected  to  high  pressure  or  turbine, 
either  condensing  or  non-condensing. 

III.,  Chicago — Sam  and  Lee  Shubert  Inc., 
225  West  4  4th  St.,  New  York  City,  plans 
to  build  2  theatres.  A  steam  heating  sys- 
tem will  lie  installed  in  same.  Total  esti- 
mated cost,  $500,000.  Herbert  J.  Krapp. 
116  East  16th  St.,  New  York  City.  Archt. 
and  Engr. 

Wis.,  Sheboygan  —  The  city  will  soon 
award  the  contract  for  the  construction  of  a 

3  story,  100  x  150  ft.  high  school  on  North 
9th  and  Jefferso'U:  Sts>  Steam  heating 
equipment  including  Kewanee  heaters  will 
be  installed  in  same.  Total  estimated  cost, 
$300,000.  Childs  &  Smith,  64  East  Van 
Buren  St.,  Chicago,  Archts.  Noted  March  16. 

la..  Fort  Madison — The  city  will  receive 
bids  until  June  9  for  the  construction  of  a 
sanitary  sewerage  system  including  2  ejector 
pumping  stations.  Total  estimated  cost, 
$400,000.  Burns  &  McDonnell,  402  Inter- 
state Bldg.,   Kansas  City,   Mo.,   Engrs. 

Minn.,  Buffalo — The  village  clerk  will  re- 
ceive bids  until  June  4  for  the  construction 
of  a  deep  well,  water  system,  and  a  14 
X  20  ft.  pump  house  including  2  pumps  and 
motors  to  have  a  250  gal.  per  min.  capacity. 
Total   Estimated   cost,    $60,000. 

Minn.,  Minneapolis  —  The  Minneapolis 
Sanatorium  Hotel  Co.,  2716  Hennepin  Ave.. 
is  having  plans  prepared  for  the  construc- 
tion of  an  8  story  sanatorium  on  Yale  PI. 
A  steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost,  $500,000.  O.  K. 
Westphal,    319   Kasota   Bldg.,   Archt. 

Minn.,  Olivia — The  Bd.  of  Educ.  received 
bids  for  the  installation  of  a  heating  and 
ventilating  system  in  the  proposed  3  story, 
63  X  150-ft.  high  school,  from  the  Amer. 
Heating  Co.,  1813  Winter  Ave.,  Superior, 
Wis.,  $22,490  ;  Beck  Eng.  &  Constr.  Co., 
1137  Plymouth  Bldg.,  Minneapolis,  $25,98-5; 
Heins    &    Byers,    $26,755.      Noted    March    9. 

Neb.,  Gorilon — J.  J.  Olsen,  City  Clk.,  will 
soon  award  the  contract  for  furnishing  labor 
and  additional  machinery  and  equipment 
for  a  waterworks  extension  including  one 
160  hp.  steam  engine,  uniflow  type;  one  80 
hp.  engine,  two  120  hp.  steam  boilers;  one 
110  ft.  steel  smokestack;  one  120  hp.  and 
one    180    hp.    true    Diesel    engines. 


Mo.,  St.  Louis — The  city  •\'oted  $68,000 
bonds  to  construct  a  morgue  on  12th  St. 
A  refrigeration  plant  will  be  installed  in 
same.      L.    R.    Bowen,    City   Hall,    Engr. 

Ark.,  Little  Bock — The  E.  L.  Bruce  Co. 
is  in  the  market  for  a  new  or  used,  25  hp., 
3   phase,    60    cycle,    440   volt   motor. 

Tex.,  Dallas — George  C.  Nimmons  &  Co., 
Archts.,  120  South  Michigan  Ave.,  will  soon 
award  the  contract  for  the  construction  of 
a  9  story,  160  x  300  ft.  general  merchandise 
building  for  the  Sears,  Roebuck  &  Co, 
Arthington  and  Homan  Aves.,  Chicago.  A 
steam  heating  system  will  be  installed  in 
same.      Total  estimated   cost,    $2.,000,000. 

Tex.,  Fort  Worth — The  Bureau  of  Yards 
&  Docks,  Navy  Dept.,  Wash..  D.  C,  received 
only  bid  for  the  installation  of  deep  well 
pumping  equipment  at  the  Helium  Produc- 
tion plant  here  from  Layne  &  Bowler,  Rand 
Bldg.,    Memphis,    Tenn.,    $23,000.    • 

Wash-,  Cedar  Falls — The  City  Council  of 
Seattle  has  passed  an  ordinance  appropriat- 
ing $495,000  to  complete  the  construction 
of  the  pipe  line  and  a  15,000  kw.  plant  here. 

W{»sh.,  Centralia — The  Kane  Pneumatic 
Shock  Absorber  Co.,  Fords  Prairie,  plans 
to  construct  a  power  plant  which  will  gen- 
erate from  750  to  1,500  kw.  A  mechanical 
stoker  system  will  be  installed  in  same. 
P.  W.  Kane.   pres. 

Wash.,  Puget  Sound  —  The  Bureau  of 
Yards  &  Docks,  Navy  Dept.,  Wash.,  D.  C, 
will  receive  bids  until  June  16  for  the  in- 
stallation of  auxiliary  equipment  and  pip- 
ing for  the  air  compressor.  Estiinaled 
cost,    $60,000.      Noted    May    10. 

Wash.,  Spokane — The  Washington  Water 
Power  Co.,  825  Trent  St.,  plans  to  build  a 
37  mi.  high  tension  power  line  from  Long 
Lake  to  Chewelah.  Estimated  cost,  $140,- 
000. 

Cal.,  Burbank — The  Burbank  Development 
Co..  206  West  San  Fernando  St..  is  having 
plans  prepared  for  the  construction  of  2 
soap  factory  buildings  on  Verdugo  Ave. 
Electric  power  and  steam  generating  plants 
will  be  installed  in  same.  Total  estimated 
cost,  $200,000.  H.  J.  Knouer,  129  Story 
Bldg.,   Los   Angeles,  Archt. 

H.  T.,  Kuahua^ — The  Bureau  of  Yards  & 
Docks,  Navy  Dept,  Wash.,  D.  C,  and  the 
Public  Works  Office,  Navy  Yard,  Mare  Is- 
land, Cal.,  will  soon  receive  bids  for  the 
furnishing  and  installation  of  high  pres- 
sure air  piping  system  at  the  Naval  Am- 
miiinitioTi  Depot,  here.  E;Stimated  cost, 
$10,000. 

Ont.,  Brampton — W.  Treadgold,  Engr., 
is  receiving  prices  on  the  supply  and  de- 
livery of  a  turbine  pump  with  electric  motor, 
etc.      Total   estimated    cost,    $35,000. 

Ont.,  Fort  WiUiam — The  Bd.  Educ.  plans 
to  build  two  2  story  schools.  A  steam 
heating  and  mechanical  ventilating  system 
will  be  installed  in  same.  Total  esti- 
mated   cost,    $290,000. 

Ont.,  Kincardine  —  The  Town  Council 
plans  to  build  a  hydro  electric  power  sta- 
tion. Estimated  cost,  $45,000.  T.  Flint, 
Eugenia  Falls,  Engr. 

Ont.,  New  Market — The  town  plans  to 
install  a  1,000  Imp.  gal.  per  min.  3  stage 
centrifugal  pump  to  have  a  100  lb.  pres- 
sure. Estimated  cost,  $7,000.  E.  James 
Co.,   36  Toronto  St.,   Toronto,   Engr. 


CONTRACTS   AWARDED 

Mass.,  Springfield  —  The  United  Electric 
Light  Co.,  73  State  St.,  has  awarded  the 
contract  for  the  contruction  of  a  3  story. 
90  X  58  ft.  sub-station  on  Carew  and  North 
Sts..  t-o  A.  E.  Stephens  Co.,  145  State  St. 
Estimated   cost,    $100,000.      Noted    March    9. 

Mass.,  Worcester  —  The  Rogers  Drop 
Forging  Co.,  Frank  St.,  has  awarded  the 
contract  for  the  construction  of  a  forge 
plant  including  a  1  story,  60  x  85  ft.  sand 
blasting  building.  46  x  50  ft.  boiler  house, 
etc..  to  the  E.  D.  Ward  Co.,  82  Foster  St. 
Total  estimated  cost,   $125,000. 

N.  Y..  Brooklyn — The  Bd.  Educ,  500  Park 
Ave.,  New  York  City,  has  awarded  the 
contract  for  the  installation  of  heating  and 
ventilating  apparatus  in  P.  S.  97  on  Stillwcll 
Ave.,  near  Ave.  S,  to  W.  J.  Olvany,  177 
Christopher  St.,   New  York  City,  at  $66,500. 

N.  Y.,  Brooklyn — The  Bd.  Educ.  500  Park 
Ave.,  New  York  City,  has  awarded  the 
contract  for  the  installation  of  heating  and 
ventilating  apparatus  in  P.  S.  100.  on  West 
1st  St.  near  Sheepshead  Bay,  to  W.  J. 
Olvany,  177  Christopher  St.,  New  York  City, 
at   $94,681. 


N.  Y.,  Brooklyn — The  Dept.  of  Charities, 
Municipal  Bldg.,  has  awarded  the  contract 
for  fuanishing  all  labor  and  material  le- 
quired  for  the  construction  of  an  addition 
to  the  refrigerator  plant  at  the  Kings 
County  Hospital,  to  P.  F.  Larkin,  429  East 
56th   St.,   New  York   City,   at    $9,467. 

N.  Y.,  New  York — The  Varick  St.  Bldg., 
Co.,  c/o  Helme  &  Corbett,  Archts.  and 
Engrs.,  has  awarded  the  contract  for  the 
construction  of  a  10  story,  65  x  175  ft.  loft 
building  on  Varick,  Grand  and  Watts  Sts., 
to  the  Turner  Constr.  Co.,  244  Madison 
Ave.  A  steam  heating  system  will  be  in- 
stalled in  same. 

N.  Y.,  AVatertown  —  The  Beebes  Island 
Power  Corp.,  has  awarded  the  contract  for 
furnishing  and  installing  hviraulic  turbine 
equipment,  in  connection  with  tl  e  proposed 
development  on  the  Black  River,  to  the 
Wellman,  Seaver  Morgan  Co.,  7000  Central 
Ave.,  S.  E.,  Cleveland,  O.,  anl  electric 
generators,  to  the  General  Electric  Co., 
River    Rd.,    Schenectady. 

Pa.,  Philadelphia  —  The  Hurley  Motor 
Co.,  Broad  and  Race  Sts.,  has  awarded  the 
contract  for  the  construction  of  a  15  storv, 
55  X  130  ft.  oflice  building,  to  William  Steel 
&  Sons  Co.,  16th  and  Arch  Sts.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimat^,d   cost,    $750,000. 

Md.,  Cumberland — The  Crystal  Laundry 
Co.,  Baltimore  St.,  has  awarded  the  con- 
tract for  the  construction  of  a  1  ana  '^ 
story,  130  x  284  ft.  laundry,  garage  and 
power  house,  to  W.  J.  Morley,  93  Bedford 
St.  Total  estimated  cost,  $200,000.  Noted 
April    27. 

Va.,  Bedford — The  city  has  awarded  the 
contract  for  the  construction  of  a  storage 
reservoir  and  probably  2  small  pumping 
units,  etc,  to  Diehl  &  Vance,  Virginia  Caro- 
lina Bldg.,   Norfolk. 

8.  C,  Greenville — The  Farmers  &  Merch- 
ants Bank  has  awarded  the  contract  for  the 
construction  of  a  16  story  bank  and  oiRc-e 
building,  to  C.  T.  Wills,  286  5th  Ave.,  New 
York  City.  A  steam  heating  system  will 
be  in.stalled  in  same.  Total  estimated  cost. 
$1,000,000.      Noted   April    6. 

O.,  Canton — Schlemmer  &  Graber,  12th 
St.,  has  awarded  the  contract  for  the  con- 
struction of  a  2  story,  60  x  153  ft.  garage, 
to  E.  J.  Landor  Co.,  Renkert  Bldg.,  at 
$101,100.  A  steam  heating  system  will 
be   installed   in   same. 

Mich.,    Muskegon    Heights    (Muskegon    P. 

O.) — The  Bd.  Educ  will  build  a  2  story, 
250  X  250  ft.  high  school.  Steam  heating 
equipment  will  be  installed  in  same.  Total 
esti.nated  cost,  $400,000.  Work  will  be 
done   by    day    labor. 

111.,  Chicago — The  L.  J.  McCormick  Corp., 
c/o  Holabird  &  Roche,  Archts.,  114  South 
Michigan  Ave.,  has  awarded  the  contiaci 
for  the  construction  of  a  1  story,  100  x 
120  fc.  theatre  on  Dearborn  and  Randolph 
Sts.,  to  the  Longacre  Constr.  &  Eng.  Co., 
127  North  Dearborn  St.  A  steam  'icaiing 
system  will  be  installed  in  same.  Total 
estimated   cost,   $1,000,000.     Noted   May    10. 

Wis.,  Menasha — The  Bd.  Educ.  has 
awarded  the  contract  for  the  construction 
of  a  2  story  high  school  addition  and  power 
plant,  to  the  C.  K.  Meyer  &  Son  Co.,  50 
State  St.,  Oshkosh.  New  boilers  and 
blower  fan  will  be  installed  in  same.  Total 
estimated  cost,   $95,000. 

la.,  Glidden — H.  W.  Porter,  Secy,  of  the 
Bd.  of  Educ,  has  awarded  the  contract  for 
the  installation  of  a  heating  and  plumbing 
system  in  the  proposed  3  story,  90  x  162 
ft.  school  building  to  C.  F.  Rock  Plumbing 
&  Heating  Co.,  St.  Joseph,  Mo.,  at  536,213. 
Noted    May    10. 

Minn.,  New  Ulm — The  city  has  awarded 
the  contract  for  the  construction  of  a  1 
story,  40  X  90  X  90  ft.  power  plant,  to 
J.  G.  Robertson,  LTniversity  Ave.,  St.  Paul, 
at  $145,399.     Noted  May  10. 

Wash.,  Tacoma — The  state  has  awarded 
the  contract  for  the  construction  of  a  power 
and  heating  plant  at  the  State  Capitol 
here,  to  Albertson.  Cornell  Brothers  and 
Simpson  at  $155,263. 

Cal.,  El  Segundo— The  General  Chemical 
Co.,  25  Broad  St.,  New  York  City,  has 
awarded  the  contract  for  the  construction 
of  a  group  of  factory  buildings  for  the 
manufacture  of  sulphuric  acid  to  the  J.  G. 
White  Eng.  Corp.,  43  East  Exch.  PI..  New 
York  City.  A  steam  heating  system  will 
be  installed  in  same.  Total  estimated  cost, 
$2,000,000. 
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Electrical  prices  on  following  page  are  prices  to  the  power  plant  by  jobbers  in  the  larger  buying  centers  east  of  the 
Mississippi.      Klsewkere  the   prices  will   be  modified  by    increased    freight    charges    and    by    local    conditions. 


POWER-PLANT  SUPPLIES 


HOSE— 

Fire  50-Ft.  Lengths 

Underwriters'  2J-in 85c.  per  ft. 

Common,  2i-in 30% 

Air 
First  Grade        Second  Grade       Third  Grade 

1-in.perft $0  60  $0.40  $0  30 

Steam — Discounts  from  List 
First  grade 20%  Second  grade 30% Third  grade 45% 

RUBBER   BELTING — The    following    discounts    from    list    apply    to    trans- 
mission rubber  and  duck  belting; 

Competition 50%  Best  grade      ...  20% 

Standard 30-10% 

LEATHER    BELTING — Presentldiscounts  from  list  in  fair  quantities  (j  doz. 
roUs) : 


Light  Grade 
30% 


Medium    Grade 
25% 


Heavy  Grade 
20% 


(  For  cut,  best  grade,  25%,  2nd  grade,  30%. 
RAWHIDE  LACING  {For  laces  in  sides,  best,  79c  per  sq.  ft.;  2nd.  75o. 
(Semi-tanned:  cut,  20%;  sides,  83c  per  sq.  ft. 

PACKING — Prices  per  pound; 

Rubber  and  duck  for  low-pressure  steam $  1 .  00 

■  ■   ■  1    70 

1.00 
1.20 
1.70 
.90 
1.50 
.50 
.70 
.50 
.30 


Asbestos  for  high-pressure  steam. 

Duck  and  rubber  for  piston  packing 

Flax,  regular 

Flax,  waterproofed 

Compressed  asbestos  sheet 

Wire  insertion  asbestos  sheet 

Rubber  sheet 

Rubber  sheet,  wire  insertion 

Rubber  sheet,  duck  insertion ' 

Rubber  sheet,  cloth  insertion ...    ._ , .    

Asbestos  macking,  twisted  or  braided  and  graphited,  for. valve  stems  and 

stuffing  Ijoxea 

Asbestos  wick,  j-  and   l-lb.  balls 


t.30 

.85 


PIPE    AND    BOILER    COVERING — Below  are   part   of   standard  lists,  with 
discounts. 

PIPE  COVERING  BLOCKS  AND  SHEETS 

Standard   List  Price 

Pipe  Size  Per  Lin^Ft.  Thickness  perSq.Ft. 


l-in. 
2-in. 
6-in. 
4-in. 
3-in. 
8-in. 
10-in. 


$0.27 
.36 
.80 
.60 
45 
.  10 
.30 


i-m. 

1  -in. 
Ij-in. 

2  -in. 
2i-in. 

3  -in. 
3^in. 


85  %  magnesia  high  pressure 

For  low-pressure  heating  and  return  lines 


4-ply. 

I  3-ply 

2-ply 


$0.27 

.30 

.45 

.60 

.75 

.90 

1.05 

List 

50%  off 

52%  off 

54%  off 


GREASES — Prices  are  as  follows  in  the  following  cities  in  cents    per    pound 
for  barrel  lots: 


Cup 

Fiber  or  sponge. 
Transmission . . . 

Axle 

Gear. 


Cin- 
cinnati 


6J 


Car  journal 1 2(gal.) 


Chicago 
6  6 
8.6 
8.1 
4.8 
6.1 
4  7 


St. 

Louis 
81 

11@14 

ll@14 
5@  5i 
6@   7 

22@24 


Bir- 
mingham 


Denver 
10.5 
13.75 
12.5 
7.0 
8.5 
9.0 


COTTON   WASTE — The   following   prices   are   in    cents   per   pound; 

.- New  York  . 

Current  One  Year  Ago     Cleveland  Chicago 

White II. 00(5)15. 50  13.00  16  00        11. OOto  14.00 

Colored  mixed ...  .      7.00@10.50     9.00'tol2.00  1200  950tol200 


WIPING  CLOTHS — Jobbers'  price  per  1 OOO  is  as  follows : 

Cleveland 

Chicago 


13ix  13i 

$55.00 

41    00 


13Jx  205 

$65.00 

43.50 


LINSEED  OIL — These  prices  are  per  gallon : 
New  York  - 


Chicago ■ 

Current  One  Current  One 

Year  Ago                                       Year  Ago 
$1.75              $1.59                          $2.05           $1.78 
1.78*              1.72                             2.30              1.98 
*To   this    oil   price  must  be  added^the  cost  of  the  cans  (returnable),  which  is 
$2.25  for  a  case  of  six.     

WHITE  AND  RED  LEAD— Base  price  per  pound: 

-Red .     . White- 


Raw  in  barrels  (5bbl.  lots) 

5-gal.  cans 


Current 


Drv  In  Oil 

100-lb.  keg 15  50  17  00 

25-and  50-lb.  kegs...    15  75  17  25 

12Hb.  keg 16  00  17.50 

l-lb.  cans 18  50  20.00 

5-lb.  cans 20  50  22  00 


I  Year  Ago         Current  1  Yr.  Ago 


Dry 
13  00 
13  25 
13   50 

15  00 

16  00 


In  Oil 
14  50 
14.75 
15.00 

16  50 

17  50 


500  lb.  lots  less  10%  discount;   2000  lb.  lots  less   10-2}%. 


Dry 

and 

In  Oil 

15   50 

15  75 

16  00 

15  00 

16  00 


Dry 
and 
In  Oil 
13  00 
13  25 
13  50 

15  00 

16  00 


RIVETS — The  fi 'lowing  quotations  are  allowed  for  fair-sized  orders  from  ware- 
house: 

New  York       Cleveland        Chicago 

Steel  A  and  smaller .        30%  40%  35-10% 

Tinned 30%  40%  35-10% 

Boiler  rivets,  },  },  I  in.  diameter  by  2  in.  to  5  in.  sell  as  follows  per  1001b.; 
New  York        $6  00     Cleveland. .  $4. 00     Chicago       $5.37     Pittsburgh. ..$4  72 

Structual  rivets,   same   sizes; 
New  York.    .    $7   10     Cleveland. .  $4.  10     Chicago       $5.47     Pittsburgh. ..$4  82 


b.    works, 
$75-80 


REFRACTORIES — Following  prices  are  f. 

Chrome  brick net  ton 

Chrome  cement      .  net  ton 

Clay  brick,  1st  quality  fireclay net  M. 

Clay  brick,  2nd  quality net  M. 

Magncsite,  dead  burned net  ton 

Magnesite  brick,  9  x  4}  x  2}  in net  ton 

Si'ica  brick net  M. 

Standard  size  fire  brick,  9  x  4}  x  2}  in 
cheaper  per  1000. 

St.  Louis— Fire  Clay,  $45((^$50. 

Birmingham — Silica,    $51    (a,    55:    fire   clay,    $45 
chrome,  $100. 

Chicago — Second  quality,  $25  per  ton. 

Denver — Silica,  $18:  fire  clay,  $12:  magnesite,  557 


45-50 
45-50 
40-45 
50-55 
85-90 
50-55 


Pittsburgh  district: 
at  Chester,  Penn. 
at  Chester,  Penn. 
at  Clearfield,  Fenn. 
at  Clearfield,  Penn. 
at  Chester,  Penn. 
at  Chester,  ^enn. 
at  Mt.  Union,  Penn. 


The  second  quality  is  $4  to  $5 


(fi     50;    magnesite,     $100; 


50. 


BABBITT  METAL — Warehouse  prices  in  cents  pe-  pound: 


■ New  York — ~   • Cleveland • 

Current  One  Current  One 

Year  .\go  \  ear  Ago 

Best  grade. ..  .    90.00  87  00  74.50  79.00 

Commercial..     50   00  42  00  21.50  18  00 


• Chicago ■ 

Current  One 

Year   .■^go 


70.00 
15  00 


75  00 
15  00 


SWEDISH    (NORWAY)    IRON— The  average  price  per  100  lb.,  in  ton  lots,  is: 

Current  One  Year  Ago 

New  York $20  00  25  50-30.00 

Cleveland ' 20  00  20.00 

Chicago 2100  16.50 

In  coils  an  advance  of  50c.  usualljj  is  charged. 

Domestic  iron  (Swedish  analysis)  is  selling  at  12c.  per  lb. 

SHEETS — Quotations  are  in  cents  per  pound  in  various  cities  from  warehouse; 
also  the  base  quotations  from  mill; 

N  e  w  Y  ork ■ — 


Blue  Annealed 


Large 
Mill  Lots 
Pittsburgh 
.55-6.00 
60-6.05 
.65-6.10 
75-6  20 


Current 

.12^8.00 

.  17®8.05 

.22@.8.  10 

.32©  8  20 


One 
Year  .Ago  Cleveland  Chicago 


70-7  50 

.80-7.60 

80-7.60 

10-7  90 


8  50(a  9  50 
8  55(i^  9  55 

8  6061  9  60 
8.70@9.70 

9  75@11  00 
9.85@11  00 
9.85(<?1I    10 

10.  10(<?11  40 
10.2;®  11  55 
10.4UC"  11.70 
10  70(0  12  00 


No.  10 3. 

No.  12 3 

No.  14 3. 

No.  16 3. 

Black 

Nos.  18  and  20 4    15-6  30 

Nos.  22  and  24 4  20-6.35 

No.  26 4  25-6.40 

No.  28  4.35-6  50 

Galvanized 

No.  10 4. 

No.  12 4. 

No.   14 4. 

Nos.  18  and  20 5. 

Nos.  22  and  24 5   25-8.02 

No.  26 5  40-8.20 

No.  28 5.70-8.50 

'''For  painted  corrugatoil  sheets  add  30c.  per  1000  lb.  for  5  to  28  gage. 
1 9  to  24  gages;  for  galvanized  corrugated  sheets  add  1 5c.,  all  gages. 

PIPE — The  following  discounts  are  for  carload  lots  f .  o.  b.  Pittsburgh;   basing 
card  of  Jan.  1 ,  1919,  for  steel  pipe  and  for  iron  pipe : 
BUTT  WELD 

Iron 
Galvanized 
24% 


5  50 
5  53 

3  50 

5  90 

6  05 
6  20 
6  50 


8.20 
8.25 
8.30 
8  40 

8  50 
8  60 
8  60 

8  90 

9  05 
9.20' 
9  50 


7.02 
7.07 
7  12 
7  22 

7  80 
7  85 

7  90 

8  00 

8  15 
8  20 

8  35 
8.65 

9  05 
9  20 
9  50 
DC.  for 


Inches 
i,  i,  and  i... 


Steel 

Black 
50^% 

54}%  40% 

57}%  44% 

2 501%  35% 

2}  to  6 531%  41% 


Inches 
to  1} 


Black 

385  % 


Galvanized 
23}% 


i  to  3. 


LAP  WELD 

2 325% 

2}  to  6 34}  % 


BUTT  WELD,  EXTRA  STRONG  PLAIN  ENDS 


i.   iand  I 481.% 

} 515% 

i  to  1} 50}% 

LAP  WELD, 

2 48% 

2}  to  4 51% 

4}  to  6 50% 


29%  J  to  1} 391% 

39% 
43% 
EXTRA   STRONG   PLAIN  ENDS 

37%  2 

49%  2i  to  4 

)9%  4}  to  6 


I8S% 
21}% 

74}% 


Stock  discounts  in  cities  named  are  as  follows : 

-New  York-       -Cleveland- 
Gal-  Gal- 
Black   vanized   Black   vanized 
i  to  3  in.  steel  butt  welded.    40%        24%       40%       31  % 
2}  to  3  in.  steel  lap  welded .  .    35%       20%       42%       27% 

Malleable  iittings.    Class  B  and  C.  from  New  York  stock  sell  at  list  +  32%. 
Cast  iron,  standard  sizes,  net 


>3}% 
5f% 
4}% 

20}% 
23}% 
22}% 

Chicago    

1».          Gal- 
Black         vanized 
54%            40}% 
50%             37}% 

906 
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BOILER  TUBES 

burgh : 

Lap  Welded  Steel 

3ito4Hn 40i 

2h  to  3}  in .    30^ 

2}  in 24 

IJ  to  2in I9i 


The  following  are  the  prices  for  carload  lot; 

Charcoal    Iron 


f.  o.  b.  Pitts- 


3Mo  4^  in 13§ 

3    to  3i  in 1 

2^  to  2 J  in +    ' 

2    to  2;  in +16 

li  to  i;  in +29 

Cold  Drawn  or  Hot  Rolled 

Per  Net  Ton 

1|in $207 

2  to  2Un '77 

2J  to  3i  in 167 

4in 187 

4|to  5  in 207 

These  prices  do  not  apply  to  special  specifications  for  locomotive  tubes  nor  to 
special  specifications  for  tubes  for  the  Navy  Department,  which  will  be  subject  to 
special  negotiations.  ^^^^^^^^^^^^^^^^^^^^ 


I  in.. 
IJin. 

II  in. 
H  in. 


Standard  Commercial  Seamless- 
Per  Net  Ton 

$327 

■■■■        267 

■';;    257 

207 


ELECTRICAL  SUPPLIES 


ARMORED  CABLE— 


B.  &  S.  Size     Two  Cond 
M  Ft. 

No.  14  solid $104.00 

No.  1 2  solid 1 35 .  00 

No.  10  solid 185.00 

No.  8  stranded..  .      285. 
No.  6  stranded..  .      400.1 


Two  Cond. 

Lead 

M  Ft. 

$164  00 


Three  Cond 
M  Ft. 
$138  00 
170  00 
235.00 
375  00 
500  00 
From  the  above  lists  discounts  are;  xt       t  • 

Less  than  coil  lots ^"^^i"'^* 

Coils  to  1,000  ft 0% 

1 ,000  ft.  and  over '5% 


225 
275 
520 
560 


Three  Cond. 

Lead 

M  Ft. 

$210  00~ 

265.00 

325.00 

500  00 


BATTERIES,  DRY— Regular  No.  6  size  red  seal,  Columbia,  or  Ever-Ready: 

Each,  Net 

Less  than  12 ^°  H 

12  to  50 1% 

50  to  1 25  (bbl.) l^ 

125  (bbl.)  or  over *^ 


CONDUITS,  ELBOWS  AND  COUPLINGS — These  prices  are  f .  o.  b.  New  York 
with  1 0-day  discount  of  5  per  cent. 


Size,  In. 


Conduit 

Black        Galvanized 
2,500  to 
5,000  Lbs. 
103    18 


2,500  to 

5,000  Lbs 

97  01 

128  48  136  82 

189  92  202   26 

256  96  273  05 

1^           3Cy   24  327   20 

2  413.36  440  24 
2\           653   57  699.60 

3  854  67  910  20 
3J        1,060  94  1,127   74 

4  1,283.15  1,362.53 
Standard  lengths  rigid,  10  ft. 

lengths  flexible,  J  to  2  in.,  50  ft. 


I 


Black 

2,500  to 

5,000  Lbs. 

24.20 

32  20 

47    14 

60  02 

80  02 

145  63 

240  00 

640  22 

1,433  83 

1,633  90 


•  Elbows 


Galvanized 

2,500  to 

5,000  Lbs. 

25   26 

33  65 

49  80 

63  26 

84   35 

154  63 

253  04 

674  78 

1,494  60 

1,722    10 


Couplings  — — 

Black       Galvanized 
2,500   to 
5,000  Lbs. 
8    10 


2,500  to 

5,000  Lbs 

2.65 

8  92 

12  73 

16   56 

22   75 

28    10 

37   35 

53   35 

80.03 

106.70 


Standard  lengths  flexible,  h  in.,  100  ft. 


7  42 

14  58 

17  50 

23  89 

29  52 

39  36 

56.23 
112,46 
140.58 
Standard 


CONDUIT  NON-METALLIC.  LOOM— 


Size  I.  D..  In. 

A 

1 

I 

I 

If 

I 
1 
li 

n 

2' 


Feet  per  Coil 

250 

250 

250 

200 

200 

150 

100 

100 
Odd  lengths 
Odd  lengths 


List,  Ft. 
$0  055 
.06 
.09 
.12 
.15 
.18 
.25 
.33 
.40 
55 


Coils 40%  off 

I,ess  coils,  25%  off 


CUT-OUTS — Following  are  net  prices  each  in  standard-package  quantities: 
CUT-OUTS,  PLUG 


S.  P.  M.  T $0.!l 

D.  P.  M.  L II 

T.  P.  M.  L 26 

D.  P.  S.  B 19 

D.  P.  D.  B 37 


T.  P.  to  D.  P.  S.  B $0.24 

T.  P.  to  D.  P.  T.  B 38 

T.  P.  S.  B 33 

T.  P.  D.  B 54 


CUT-OUTS,  N.  E.  C.  FUSE 
0-30  Amp. 

D.P.  M.L $0  33 

T.  P.  M.  L 48 

D.  P.  S.  B .42 

T.  P.  S.  B 81 

D.  P.  D.  B 78 

T.  P.  D.  B 1.35 

T.  P.  to  D.  P.  D.  B 90 


31-60  Amp. 

60-100  An  r 

$0.84 

$1.68 

1.20 

2   40 

1.05 

1.80 

2.10 

3,60 

2   52 

FLEXIBLE  CORD— Piice  per  1,000  ft.  in  coils  of  250  ft.: 

No.  18  cotton  twisted $22   CO 

No.  16  cotton  twisted. 27   CO 

No.  1 8  cotton  parallel 2650 

No.  16  cotton  parallel 34   50 

No.  18  cotton  reinforced  heavy ■ 34   CO 

No.  16  cotton  reinforced  heavy 42   CO 

No.  18  cotton  reinforced  light 3000 

No.  16  cotton  reinforced  light 36,  75 

No.   18  cotton  Caiivasite  cord .    28   50 

No.  1 6  cotton  Canvasite  cord r  32   00 

FUSES,  ENCLOSED- 

250-Volt                                               Std.  Pkg.  List 

3-amp.  to    30-amp 100  $0  25 

35-amp.  to    60-amp 100  35 

6.5-amp.  to  lOO-amp 50  .90 

110-amp.  to  200-amp 25  2.00 

225-amp.  to  400-amr) 25  3.60 

425-aaip.  to  dOO-amn 10  5.50 


600-VoIt                                               Std.  Pkg  List 

3-amp.  to     30-amp 100  $0.40 

35-amp,  to     60-amp 1 00  .60 

65-amp.  to  1 00-amp 50  1.50 

1 1 0-amp.  to  200-amp 25  2.50 

225-  amp.  to  400-amp 25  5   50 

450-amp.  to  600-amp ■ 10  8.00 

Discount:   Less  1-5th  standard  package 30% 

1-5th  to  standard  package 40% 

Standard  package 52% 

FUSE  PLUGS,  MICA  CAP— 

0-30  ampere,  standard  package $4 .  75C 

0-30  ampere,  less  than  standard  package 6.  OOC 

LAMPS — -Below  are  present  quotations  in  less  than  standard  package  quantities: 


•  Straight-Side  Bulbs 
Mazda  B- 


Watts 
10 
15 
25 
40 
50 
60 


Plain 
$0  40 
40 
.40 
.40 
.40 
.45 


Frosted 
$0.45 
.45 
.45 
,45 
.45 
50 


No.  in 
Package 
100 
100 
100 
100 
100 
100 


Pear-Shaped  Bulbs 
Mazda  C — 


Watts 
75 
100 
150 
200 
300 

500 

750 

1,000 


Clear 

$0.75 

I    10 

1    55 


Frosted 
$0  80 
25 
70 
30 
40 


No.  in 
Package 
50 
24 
24 
24 
24 
12 
12 


I 


Standard  quantities  are  sub.iect  to  discount  of  10%  from  list.     Annual  contracts 
ranging  from  $1  50  to  $300,000  net  allow  a  discount  of  1  7  to  40%  from  list. 

PLUGS,  ATTACHMENT— 

Each 

Hubbell  porcelain  No.  5406,         standard  package  250 $0.  24 

Hubbell  composition  No.  5467,    standard  package     50 .32 

Ben,iamin  swivel  No.  903,  standard  package  250 .20 

Hubbell  current  taps  No.  5638,   standard  package     50 .40 

RUBBER-COVERED  COPPER  WIRE— Per  1000  ft.  in  New  York. 


Solid 
No.  Single  Braid 

14 $12  00 

12 13   25 

10    18  30 

8 25.54 

6 

4 

2 

I 

0 

00 

000 

0000 


Solid 
Double  Braid 
$  1 6 . 00 
15  70 
21.00 
28  60 


Stranded, 

Double  Braid 

$13.90 

18  05 

23  85 

32  70 

51   40 

70  00 

101    80 

131    86 

1 60  00 

193   50 

235   20 

288.60 


Duplex 

$28.50 

30  70 

41    50 

56.77 


Prices  per  iOOO  ft.  for  Rubher-Cozered    J  ire  in  Following  Cities: 


Den\  er 


40,32 
63  84 


89,64 


6 
4 
2 

I       

0       

00       

000  .  .  .  . 

0000  .  ..  . 

Pittsburg 


Single   Double 

Braid     Braid    Duplex 

$19,50  $24.00  $39.50 

28  92     33,12     63   52 

45,  12 

69  24 

97.86 

145   20 

189  00 

251    40 

305  40 

317  40 

451    20 

23c.  base; 


• Birmingham- 
Single    Double 
Braid      Braid    Duplex 
$13   90  $20  90  $35  80 

26    10     35  50     59  40 

36  60     49  50     79  00 

60   10     67.25      

93  41      

120.40      .... 

155   23      

188,77      

229,19      

278.64      

338  41 


St.  Louis  • 

Single   Double 
Braid     Braid     Duplex 
$15  32    $36  73 


24.38 
33,49 


76,06 
108.66 
1 40  38 
169  91 
201  35 
238.89 
286  42 


55  47 


discount  50%.     St.  Louis — 30c.  base. 


SOCKETS,  BRASS  SHELL— 

. ■  J  In.  or  Pendant  Cap -^  ^- I  In.  Cap 

Key  Keyless  Pull  Key  Keyless  Pull 

Each  ■  Each  Each  Each  Each  Each 

$0.33  $0,30  $0  60  $0.39  $0,36  $0  66 

Less  l-5th  standard  package +50% 

1-5th  to  standard  package +20% 

Standard  package —  1 0% 

WIRE,  ANNUNCIATOR  AND  DAMPPROOF  OFFICE— 

No.  18  B.  &  S.  regular  spools  (approx.  8  lb.) 55c.  lb. 

No.   18  B.  &  S.  regular  1-lb.  coils 56c.  lb. 

WIRING  SUPPLIES— 

Friction  tape,  i  in.,  less  100  lb.  60c.  lb.,  100  lb.  lots 55c.  lb. 

Rubber  tape,  ]  in.,  less  100  lb.  65c.  lb.,  100  lb.  lots 60c.  lb. 

Wire  solder,  less  1  00  lb.  50c.  lb.,   1 00  lb.  lots 46c.  lb. 

Soldering  paste,  2  oz.  cans  Nokorode $1.20  doz. 


SWITCHES,  KNIFE- 


Size, 
Amp. 

30 

60 
100 
200 


TYPE  "C"  NOT  FUSIBLE 


30 

60 

100 

200 


Single  Pole, 

Double  Pole, 

Three   Pole, 

Four  Pole, 

Each 

Each 

Each 

Each 

$0  42 

$0  68 

$1.02 

$1.36 

74 

1    22 

1    84 

2.44 

1.50 

2   50 

3   76 

5  00 

2.70 

4.50 

6.76 

9  00 

TYPE  "C 

FUSIBLE,  TOP  OR  BOTTOM 

70 

1   06 

1   60 

2.17 

1    18 

1   80 

2   70 

3.60 

2   38 

3  66 

5   50 

7.30 

4   40 

6  76 

10   14 

13.50 

Discounts: 

Less  than  $10.00  list  value +25% 

$10  to  $25  list  value +10% 

$25  to  $50  list  value +5% 

$50  to  $200  list  value —10% 

$200  list  value  or  over —  1 5% 


J  'J 


n 


» 
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'\Iim  could  start   it,Dad. 

He  keep.s  tho  motors  at 
thtf    power  hou6e  5^01  n A'- 


V.    S.    'IX)KPKl)()    l;UAT   UEtiTKOYKK     ■tiil^D"   BUIJ^T   I.S    aiXTT   ELAPSED  DAYS 
FROM  LAYING   OF  KEEL  TO  LAUNCHING 

Monel-Metal  Blades  in  Destroyer  Turbines 

By  W.  P\  RICE 

.>>J^. Hetlilt'iii'iii    SliipbuildiriK    Corpor-ation.    Liniitt-d 


BEFORE  the  reduction  gear  came  into  general  use 
in  connection  with  turbine  installation,  slow-speed 
turbines  were  used,  mounted  directly  on  the  driv- 
ing or  propeller  shafts,  and  the  maximum  speed  in  these 
turbines  rarely  exceeded  600  r.p.m.,  with  a  consequent 
low  centrifugal  force.  To  resist  corrosion,  com.position 
buckets  were  used  in  their  construction,  and  this  metal 
also  proved  amply  strong  to  resist  all  strains  due  to 
centrifugal  force  to  which  the  buckets  were  subjected. 
With  the  advent  of  the  reduction  gear  the  high-speed 
turbines  superseded  the  slow-speed  turbines,  resulting 
in  a  far  more  satisfactory  and  efficient  installation 
throughout.  With  the  adoption  of  .high-speed  turbines  it 
became  necessary  to  change  the  design  of  the  machine 
radically,  particularly  the  construction  of  the  blading,  to 
withstand  the  tremendous  pull  that  was  exerted  by  the 


centrifugal  force  caused  by  the  great  increase  in  speed. 
It  was  found  that  the  composition  blades  which  had 
heretofore  been  used  had  not  the  physical  properties  to 
withstand  the  strains  to  which  they  would  be  subjected 
at  high  speeds,  although  they  were  satisfactory  to  the 
extent  of  being  non-corrosive. 

In  this  connection  it  may  be  interesting  to  note  that 
to  comprehend  the  force  to  be  reckoned  with  in  con- 
sidering the  centrifugal  force  set  up  in  these  high- 
speed turbines,  a  one-pound  weight  or  blade  weighing 
one  pound,  attached  to  the  rim  of  a  turbine  wheel,  will, 
when  running  at  a  test  speed,  exert  a  force  or  pull  of 
11,100  lb.;  this,  reduced  to  a  tensile  equivalent,  would 
be  over  20,000  lb.  per  squai-e  inch. 

It  was  necessary,  in  view  of  the  additional  strength 
of  the  metal  required  for  the  turbine  blading,  to  select 
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FIG.  i.     EACH  OF  THE  DESTHOYERS  BUILT  DLfti^a-T-HE  WAR  HAS  SIX  TURBINES— TWO  JHGH,  TWO   INTEKAIEDIATE. 
AND   TWO    LO^^'   PRESSURE— DEVELOPING    30.000    HP.    PER"  BOaT  "'    —"■■•■•'-        ------^ 
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some  metal  that  would  be  non-corrosive  and  yet  which 
would  have  the  physical  properties  of  steel.  In  addition 
to  the  two  prme  requirements — strength  and  non-cor- 
rosive qualities — the  metal  selected  must  have  ductility 
to  withstand  sudden  shock.  It  must  also  withstand  the 
erosive  effect  of  high- 
pressure  steam.  It  must 
withstand  the  effect  of 
high  temperatures  with- 
out impairing  its  strength 
and  finally,  it  should  lend 
itself  in  manufacture  to 
the  forging  process  as 
well  as  to  machining  from 
the  bar  stock.  Monel  metal 
appeared  to  fill  all  of  the 
foregoing  requirements. 
It  had  already  been  used 
to  some  extent  for  pro- 
peller blades,  valves,  valve 
seats  and  other  miscella- 
neous uses  where  strength 
and  non-corrosive  quali- 
ties were  required,  and 
had  given  satisfactory  re- 
sults. In  view  of  this  it 
was  felt  that  it  would  be 
an  excellent  material  for 
use  in  turbine  blades,  as 
the  general  characteris- 
tics of  the  metal  particu- 
larly fitted  in  with  the 
requirements.  For  the 
reader  who  is  not  ac- 
quainted with  he  charac- 
teristics of  monel  metal,  it 
might  be  well  to  state  that 
it  is  a  naturally  occurring 
alloy  containing  67  per 
cent  nickel,  28  per  cent 
copper  and  5  per  cent  of 
other  elements.  This  re- 
maining 5  per  cent  con- 
sists partly  of  iron  from 
Lhe  the  original  ore  and 
partly  of  manganese,  sili- 
con and  carbon  introduced 
in  the  process  of  refining. 
It  contains  no  zinc  or 
aluminum.  It  has  a  ten- 
sile strengtn  varying  from 
80,000  to  90,000  ib.  per  sq.- 
in.,  an  elongation  of  about 
30  per  cent  in  2  in.,  and 
an  elastic  limit  of  from 
50,000  to  60,000  lb.  It  is 
non-corrodible,  tough  and 
ductile  and  can  be  forged, 
soldered  and  welded,  has 
the  appearance  of  steel 
and  takes  and  retains  a 
nickel  polish.  It  .with- 
stands the  effects  of  high 

temperatures  without  material  impairment  of  its 
strength.  In  connection  with  this  it  has  been  found 
that  the  monel-metal  castings  at  600  deg.,  as  compared 
v/ith  the  same  material  at  70  deg.,  retain  73  per  cent 
of  their  elastic  limit  and  75  per  cent  of  their  tensile 
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strength,  while  the  rolled  monel  metal  which  is  used 
in  the  manufacture  of  turbine  blades  retains  74  per  cent 
of  its  elastic  limit  and  85  per  cent  of  its  tensile  strength. 
It  was  calculated  that  the  physical  properties  of  this 
metal  would  give  a  factor  of  safety  of  3  when  running 

on  test  at  a  considerable 
overspeed,  and  a  factor  of 
safety  of  4i  working  un- 
der normal  conditions. 
Subsequent  tests  showed 
these  calculations  to  be 
correct.  Each  of  the  de- 
stroyers built  during  the 
war  was  equipped  with  six 
marine  turbines,  two  high- 
pressure,  two  interme- 
diate-pressure and  two 
low-pressure,  varying 
from  36  in.  to  54  in.  in 
diameter,  revolving  at 
3,300  r.p.m.,  and  develop- 
ing 30,000  hp.  per  boat. 
The  normal  circumferen- 
tial bucket  speed  was  42,- 
500  ft.  per  min.,  while  the 
test  speed  amounted  to 
53,40U  ft.  per  min.  The 
turbines  for  each  des- 
troyer contained  upward 
of  10,000  blades,  of  which 
approximately  90  per  cent 
were  made  of  monel  metal. 
Over  1,235,000  lb.  of 
monel  metal  was  used  in 
the  fabrication  of  approxi- 
mately 1,500,000  turbine 
blades.  These  blades 
ranged  from  2  in.  to  9  J  in. 
in  length  and  were  1  in.  in 
width.  In  connection  with 
the  stresses  to  which  the 
turbine  blades  are  sub- 
jected under  varying 
speeds,  there  is  shown  in 
Fig.  5  a  tabulation  of 
stresses  in  pounds  per 
square  inch  which  have 
been  worked  out  for  one 
of  the  heaviest  monel- 
r^ctal  blades  used  in  the 
low-pressure  turbines  of 
J.  destroyer  installation. 
It  will  be  noted  that  the 
fastening  of  this  blade  to 
the  rotor  is  somewhat  dif- 
ferent from  the  method  in 
Fig.  8.  Fig.  5  is  the 
m.ethod  used  for  heav\' 
buckets;  the  base  of  the 
blade  straddles  the  rim  of 
the  turbine  rotor,  while  in 
Fig.  8,  which  is  used  for 
the  small  blades,  the  base 
of  the  turbine  blade  fits  in  grooves  in  the  rim  of 
the  rotor.  To  meet  the  demands  for  rapid  produc- 
tion with  a  view  to  the  delivery  of  destroyer  engines 
in  as  short  a  time  as  possible,  it  became  necessan' 
for    the    builders    to    resort    to    different    methods    of 
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FIG.  3.  BLADES  IN  VARIOUS  STAGES  OF  MANUFACTURE  FROM  THE  ROUGH  MONEL  BAR  TO  THE  FINISHED  BLADE 
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manufacture.  With  this  in  view  it  was  decided  to 
make  the  shorter  blades  from  the  bar  stock  and  the 
longer  blades  from  drop  forgings,  as  it  had  been 
determined  that  the  metal  gave  satisfactory  results 
under  the  hammer. 

It  was  found  after  considerable  experimenting  that 
monel  metal  forged  as  satisfactorily  as  steel  or  iron  if 
certain  precautionary  measures  were  taken  in  the  heat- 
ing to  insure  the  forging  being  made  at  a  temperature 
about  1,500  deg.  F.  The 
metal  forged  near  this 
temperature  gave  the  best 
results.  A  low-sulphur 
fuel  Coil  or  gas  preferred) 
was  used  for  heating  in 
combination  with  a  semi- 
muffle  furnace,  which 
proved  to  be  the  best  type 
for  this  work.  In  the  heat- 
ing it  was  found  that  great 
care  should  be  taken  to  in- 
sure of  heating  consider- 
ably beyond  the  portion  to 
be  forged  to  eliminate  any 
abrupt  lines  of  demarca- 
tion, which  would  be  in- 
jurious to  the  physical 
structure  of  the  metal. 

The  peculiar  shape  of 
the  turbine  blades  and 
the  accuracy  required  of 
these  forgings  rendered 
the  work  difficult  from 
the  forging  standpoint, 
regardless  of  the  material 
used.  All  forgings  were 
required  to  be  within  a 
minus  0.004  in.  and  plus 
0.006  in.,  and  the  allow- 
ance in  variation  in  an- 
gles was  small — only  li 
deg.  The  forgings  made 
to  these  requirements 
produced  blades  the  edges 
of  which  were  about  0.02 
in.  in  thickness,  which 
was  in  accordance  with 
the  design. 

Many  difficulties  were 
experienced  at  first  in  the 
forging  of  monel  turbine 
blades,  because  the  proc- 
ess was  undeveloped;  that 
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is,  no  definite  type  of  die  had  been  evolved  and  accepted 
as  practical  for  use  in  this  work.  The  Remington  Arms 
Co.,  the  Bethlehem  Steel  Co.,  and  the  Fore  River  plant 
of  the  Bethlehem  Shipbuilding  Corporation  finally  suc- 
ceeded in  developing  this  work. 

The  Fore  River  and  Bethlehem  plants  used  roughing 
dies  which  produced  an  oversize  forging;  this  forging 
was  then  reheated  and  brought  to  size  under  a  re-strik- 
ing die.     The  Remington  Arms  Co.,  however,  finished 

the  monel  forging  with 
one  heat,  which  precluded 
the  necessity  of  making 
both  roughing  and  finish- 
ing dies,  as  was  the  cus- 
tom at  the  Fore  River  and 
Bethlehem  plants.  On  the 
other  hand,  the  dies  used 
in  this  process  were  not  as 
durable.  Fig.  2  shows  a 
turbine  blade  forged  of 
monel  metal.  Note  that 
it  is  an  exceptionally 
clean-cut  forging.  These 
forgings  are  generally 
much  smoother  than  steel, 
being  free  from  scale. 

The  shorter  buckets,  as 
before  mentioned,  were 
machined  from  monel- 
metal  bar  stock.  The  Rem- 
ington Arms  Co.,  of 
Bridgeport,  also  under- 
took the  manufacture  of 
these  blades  by  the  ma- 
chine process  in  addition 
to  the  drop  forging  of  the 
longer  blades.  An  elabor- 
ate system  of  jigs,  fix- 
tures and  gages  were  de- 
signed for  use  in  connec- 
tion with  this  work.  Spe- 
cial attention  was  given 
to  the  design  of  all  cut- 
ting tools,  such  as  milling 
cutters,  drills,  reamers, 
etc.,  with  a  view  to  partic- 
ular •  adaptation  to  the 
cutting  of  the  metal.  It 
was  found,  however,  that 
in  most  cases  the  stand- 
ard design  of  cutting 
tools  for  ordinary  metals 
answered   every   purpose. 


NOTE 
BUCKETS  iN  EXACT 
RELATIVE  POSITION 
AS  WHEN  PUT   IN 
TURBINE 


COMPLETE  BLADING  OF  ONE  OF  THE  DESTROYER 
TURBINLJS.  ARRANGED   IN  THE   RELATIVE 
POSITIONS  OCCUPIED  IN  THE  TURBINE 
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For  many  months  the  Remington  Arms  Co.  turned  out 
machined  blades  of  the  metal  at  the  rate  of  25,000  per 
week.  All  these  blades  were  manufactured  to  snap 
gages  which  allowed  tolerances  of  only  a  plus  and  minus 
0.002  in.,  and  they  were  shipped  to  the  Fore  River  plant 


machining  process  surfaces  that  would  later  come  in 
contact  with  the  steam  were  buffed;  this  created  a  sur- 
face as  smooth  and  bright  as  pure  nickel. 

Fig.  4  shows  every  size  of  monel  blade  used  in  the 
destroyer  turbines.    As  is  noted  in  the  photograph,  the 
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FIG.  5.     TABULATION  OF  STRESSES  WORKED  OUT  FOR 
HEAVIEST    OP    MONEL   BLADES    USED   IN  LOW- 
PRESSURE  TURBINES  FOR  DESTROYERS 


of  the  Bethlehem  Shipbuilding  Corporation,  the  Union 
plant  of  the  Bethlehem  Shipbuilding  Corporation  on  the 
Pacific  Coast,  and  to  the  Government  turbine  plant  at 
Buffalo,  where  they  were  installed  in  the  turbine  rotors 
under  construction. 


FIG.  6.     NEW  MONEL  BI^\DE  AND  SAME  BLATITO  AJT.ER 

BEING  TORN  FROM  THE  ROTOR  BY  CONTACT 

WITH  A  FRACTURED   DIAPHRAGM 


In  connection  with  the  manufacture  of  turbine  blades 
from  bar  stock  attention  is  invited  to  Fig.  3,  which 
shows  the  blades  in  the  different  stages  of  manufacture 
from  the  rough  bar  to  the  completed  blade.    After  the 


FIG.  7.  MONEL  BLADING 
AFTER  TWO  TEARS' 
SERVICE.  THE  EDGES 
ARE  SHARP  AND  THE 
SURFACE  SMOOTH 


FIG.  8.  THE  BASES  OF  THE 
LARGE  BLADES,  AS  IX  FIG. 
5,  STRADDLE  THE  ROTORS, 
SMALL  BLADES  FIT  IN 
GROOVES  IN  THE  ROTOR 


blades  occupy  the  same  relative  position :  as  *  when 
installed  in  turbines. 

To  illustrate  the  toughness  of  this  material,  reference 
is  made  to  Fig.  6,  which  shows  a  new  turbine  blade,  also 
a  similar  blade  after  it  had  been  torn  from  the  rotor 
by  coming  in  contact  with  a  fractured  diaphragm.  It 
can  be  seen  that  although  the  blade  is  bent  more  than 
90  deg.  it  shows  no  fracture.  This  blade  had  been  in 
constant  use  during  the  period  of  the  war. 

The  Bethlehem  Shipbuilding  Corporation,  having  put 
into  service  during  the  last  two  years  upward  of  100 
destroyers,  all  of  which  were  fitted  with  monel  turbine 
blading,  have  had  exceptional  opportunity  to  study  this 
material  in  conjunction  with  steam  turbines.  Out  of 
thirty  turbines  opened  in  as  many  destroyers,  in  no 
case  was  the  monel  blading  found  to  be  in  bad  condition. 

Upon  inspection  it  was  found  that  the  monel  buckets 
that  had  been  in  service  for  two  years  were  in  excellent 
condition,  showing  no  effects  from  corrosion  or  from 
the  erosive  effects  of  steam.  Fig.  7  shows  monel  blad- 
ing after  two  years'  service.  The  surfaces  are  clean 
and  the  edges  are  still  sharp. 

It  is  obvious,  of  course,  that  where  turbine  blading 
retains  its  smoothness  without  corrosion,  such  turbines 
are  considerably  more  efficient  than  if  the  blades  are 
subject  to  it.  This  means  an  ultimate  saving  in  fuel 
consumption.  It  is  believed  from  the  experience  of  the 
Bethlehr^m  Shipbuilding  Corporation  that  the  continued 
efficiency  of  any  steam  turbine  can  be  maintained  only 
when  blades  are  made  of  material  that  will  insure  the 
blades  retaining  their  designed  shape  as  originally 
installed,  combined  with  the  retention  of  smooth  uncor- 
roded  surfaces.  The  turbines  in  the  destroyers  are  the 
Curtis. 

Although  the  Bethlehem  Shipbuilding  Corporation's 
chief  experience  with  the  metal  is  with  destroyer  tur- 
bines, it  is  using  it  constantly  in  turbines  for  other 
ships,  such  as  cargo  ships,  etc 


912 


POWER 


Vol.  51,  No.  23 


Protective  and  Service-Restoring  Relays 


By  victor  H.  TODD 


Relays,  both  induction  and  solenoid  types,  for 
protecting  circuits  against  undervoltage  or  over- 
voltage  are  discussed.  ReUiys  for  ringing  a  bell 
tvhen  a  circuit-breaker  opens  are  described  in 
detail,  also  a  relay  for  protection  against  reverse 
phases.  The  operation  of  a  service-restorm.g  sys- 
tem, ivhich  will  automatically  reclose  a  circuit- 
breaker  a  definite  number  of  times  after  it  has 
been  tripped  out,  is  explained. 


FREQUENTLY,  there  are  conditions  of  abnormally 
high  or  low  voltage  which  may  lead  to  disastrous 
results  if  not  promptly  detected  and  corrected. 
Considerable  damage  might  easily  be  done  by  an 
increase  in  voltage  burning  out  lamps.  This  increase 
may  be  due  to  a  number  of  causes,  such  as  the  failure 
of  a  Tirrill  regulator  on  the  generator,  or  a  short  in 
the  generator-field  resister.  On  the  other  hand,  the 
voltage  may  drop  to  a  low  value.  To  give  warning  of 
such  abnormal  conditions  or  to  actually  disconnect  a 
circuit  should  conditions  so  determine,  an  overvoltage 
or  an  undervoltage  relay  may  be  installed.  Such  a  relay 
is  shown  in  Fig.  1  and  is  the  same  in  construction  and 


FIG.   1.      OVERVOLTAGE   OR  UNDERVOLTAGE   RELAY 

principle  of  operation  as  the  induction-type  overload 
relay,  except  that  the  windings  are  wound  to  stand  the 
.impressed  voltage.  In  the  overvoltage  relays  the  con- 
tacts close  when  the  voltage  exceeds  a  certain  prede- 
termined point,  which  trips  a  brea':er,  rings  a  gong  or 
gives  other  signals  to  the  operator  that  the  voltage  is 
too  high  and  requires  attention.  By  means  of  a  little 
lever  on  the  relay  the  tripping  voltage  may  be  varied 
over  w"ide  ranges,  generally  between  75  per  cent  and 
160  per  cent  of  normal.  Therefore,  if  a  circuit  is 
normally  operating  at  110  volts,  it  becomes  possible  to 
trip  it  or  ring  a  bell  if  it  goes  to  115  or  120  volts  or 
higher.     In  the  undervoltage  relay  the  windings  are 


""arranged  so  that  the  voltage  tends  to  keep  the  contacts 
open.  Then,  should  the  voltage  drop  to  75  or  80  per  cent 
of  normal  or  for  whatever  the  relay  is  set,  there  is  no 
longer  torque  enough  to  hold  the  contacts  open,  so 
they  close  and  generally  sound  an  alarm. 

The  solenoid  principle,  as  well  as  the  induction 
principle,  may  be  used  to  indicate  the  conditions  of 
overvoltage  and  undervoltage,  but  the  adjustment  of 
the  solenoid  type  is  not  as  refined  as  that  of  the  induc- 
tion type.  In  the  solenoid  type  the  plunger  is  arranged 
to  move  upward  and  close  contacts  on  overvoltage.  For 
undervoltage  the  solenoid  normally  holds  the  plunger  up 
and  contacts  open,  but  on  a  decrease  in  voltage,  the 
plunger  drops  and  the  con- 
tacts close.  A  solenoid  re- 
lay of  the  latter  type  is 
shown  in  Fig.  2.  In  such 
circuits  as  the  constant- 
current  systems  conditions 
c.ie  such  that  an  indication 
of  low  current  is  required. 
To  provide  this,  a  regular 
induction-type  relay  is 
used,  excepting  that  the 
current  tends  to  keep  the 
contacts  open.  Then,  if  the 
current  drops  to  a  certain 
predetermined  value,  there 
will  no  longer  be  sufficient 
torque  to  hold  the  contacts 
open,  and  thus  they  close 
and  give  a  signal  or  trip  a 
breaker.  If  a  circuit- 
breaker  is  tripped  out,  and 
the  station  attendant,  in- 
stead of  being  near  at  hand 
where  he  can  see  and  reset 
it,  is  some  distance  away,  a 

bell-ringing  relay  may  be  used.  This  must  ring  the  bell 
or  alarm  until  some  notice  or  action  is  taken  if  the 
breaker  opens  due  to  the  protective  relays  tripping,  but 
it  is  not  necessary  to  ring  the  bell  if  the  breaker  has 
been  opened  intentionally.  The  relay.  Fig.  3,  with  the 
cover  removed  will  meet  the  foregoing  requirements.  A 
schematic  connection  diagram  is  given  in  Fig.  4,  and 
the  operation  is  as  follows: 

The  two  electromagnets  A  and  B  are  arranged  to 
attract  the  iron  armature  C,  pivoted  at  D,  which  closes 
contacts  E  and  F  when  attracted.  The  solenoid  A  is 
placed  in  series  with  the  trip  coil  and  relay  contacts  of 
the  breaker,  so  that  when  the  relay  closes  it  energizes 
solenoid  A.  This  attracts  armature  C  and  closes  both 
contacts  E  and  F.  Contact  E  closes  the  circuit  to  sole- 
noid B  through  a  resistance  G,  and  contact  F 
closes  the  circuit  to  a  bell  or  alarm  H.  Now, 
even  though  the  circuit  to  A  is  opened,  as  it 
would  be  if  the  breaker  opened,  solenoid  B  still  holds 
the  contacts  closed  and  the  bell  will  continue  to  ring 
until  the  switch  /  is  opened  for  an  instant,  which  allows 
the  armature  to  drop  and  the  contacts  to  open.  These 
relays  can  be  used  when  a  direct-current  circuit  is 
available  for  tripping  the  breaker.  It  will  also  be  seen 
that  should  the  breaker  be  tripped  by  hand,  the  relay 


FIG.     2.       SOLENOID-TYPE 
UNDERVOLTAGE    RELAY 
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cannot  operate,  consequently  the  bell  rings  only  on 
automatic  tripping.  If,  for  any  reason,  one  of  the  phases 
of  the  circuit  supplying  a  polyphase  motor  is  reversed, 
it  will  run  backward.  Such  a  reversal  may  occur 
when  the  motor  is  disconnected  for  repairs,  through  an 
error  in  reconnecting  leads  at  the  power  house  or  sub- 
station, or  from  a  number  of  other  causes.  In  many 
cases  the  reversal  of  rotation  of  a  motor,  aside  from 
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1 

t 

■ 

FIG.  3.     CIRCUIT-BREAKER  BELL-RINGING  RELAY 

the  inconvenience  that  it  causes,  is  not  a  serious  mat- 
ter, as  the  error  can  readily  be  corrected  at  the  motor 
terminals. 

In  other  cases,  however,  serious  consequences  may  re- 
sult. The  reversal  of  an  elevator  motor,  for  instance, 
might  result  in  wrecking  the  machinery  or  loss  of  life. 
To  protect  motors  against  phase  reversal,  the  reverse- 
phase  relay  has  been  developed,  one  type  of  which  is 
shown  in  Fig.  5.  The  parts  are  all  identical  with  the 
overload  induction-type  relay  with  the  exception  of 
windings.  The  main  coil  is  a  voltage  coil  exactly  like 
a  watt-hour  meter,  but  the  series  coil,  instead  of  being 
heavy  wire,  is  a  large  number  of  turns  of  fine  wire 
connected  in  series  with  a  reactor  which  gives  its 
current  similar  lagging  characteristics  to  the  other 
potential  coil. 

Inasmuch  as  one  coil  is  tapped  on  one  phase  and 
one  on  the  other,  they  have  the  necessary  phase  dis- 
placement to  produce  a  shifting  field,  which  reacts  on 
the  disc.  The  external  connections  are  shown  in  Fig.  6. 
Normally,  the  voltage  tends  to  rotate  the  disc  to  the 
right  and  keep  the  contacts  open,  but  should  one  phase 
be  reversed  or  fail,  or  the  voltage  drop  below  75  per 
cent  of  normal,  then  the  contacts  close  and  open  a 
breaker.  Reversal  of  a  phase  reverses  the  direction  of 
rotation,  causing  the  contacts  to  close  very  quickly. 

There  are  many  cases  in  which  it  is  only  necessary  to 
open  the  breaker  to  clear  a  short;  for  instance,  an  arc 
across  two  lines,  which  is  killed  the  instant  the  breaker 
opens.  This  permits  the  feeders  to  be  put  back  in 
service  immediately.  If  the  circuit-breaker  is  reclosed 
automatically  within  a  second  after  the  transient 
trouble  has  occurred,  the  service  will  be  restored  in 
time  to  prevent  induction  motors  from  stalling. 

The  service-restoring  relay  system  has  been  developed 
to  perform  this  operation  within  the  shortest  possible 
time  and  thus  reduce  all  disturbances  to  a  minimum, 
thereby  greatly  improving  the  service.     Should  a  per- 


manent defect  occur,  the  .system  will  allow  the  breaker 
to  remain  open  until  the  defect  is  cleared. 

A  schematic  diagram  of  a  service-restoring  relay 
system  is  shown  in  Fig.  7.  Any  type  of  overload  relay 
may  be  employed  to  trip  the  circuit-breaker  on  overload 
as  previously  described.  A  voltage  transformer  on  the 
feeder  outside  the  circuit-breaker  is  connected  so  that 
its  potential   opposes   that   of   another   voltage   trans- 


<:--'7b  Direci^Currerrf- 
Trip/n^  Clrcufi- 

FIG.  4.     SCHEMATIC  DIAGRAM  OF  CONNECTION  FOR  BELL- 
RINCING  RELAY,  FIG.   3 

former  connected  to  the  busbars.  The  restoring  relay, 
which  is  similar  to  a  magnet  switch,  is  connected  in 
series  with  these  two  voltage  transformers.  Before  a 
short-circuit  occurs,  both  voltage  transformers  are  sub- 
jected to  the  same  condition  so  that  no  current  will 
flow  through  the  restoring  relay;  but  when  a  short- 
circuit  occurs  and  the  circuit-breaker  has  been  opened 


FIG.    5.      REVERSE-PHASE   RELAY 

by  the  overload  relay,  current  will  be  supplied  by  the 
busbar  transformer  B  into  the  feeder  transformer  A 
through  the  restoring  relay.  The  restoring  relay  will 
then  close  its  contacts,  which  in  turn  will  close  the 
circuit-breaker.  The  latter,  of  course,  must  be  of  the 
electrical'y  closing  type  as  well  as  electrically  tripping. 
In  case  of  a  permanent  defect  on  the  feeder  the 
restoring  relay  would  continue  to  open  and  close  the 
circuit-breakcx*  indefinitely,  since  each  time  the  breaker 
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closed,  the  overload  relay  would  open  it.  To  prevent 
this,  a  limiting  relay,  similar  to  the  overvoltage  relay 
but  equipped  with  weaker  springs  and  heavier  damping 
magnets  so  that  its  action  is  sluggish,  is  connected  in 
such  a  manner  that  while  the  circuit-breaker  is  open  it 
is  subject  to  the  same  difference  of  potential  that  is 
operating  the  restoring  relay.  Every  time  the  circuit- 
breaker   opens,    the   limiting    relay   contacts    begin    to 


the  service  has  been  momentarily  interrupted.  For  this 
purpose  a  graphic  ammeter  is  placed  in  the  direct- 
current  control  circuit  of  the  circuit-breaker.  This  will 
indicate  whenever  the  breaker  has  been  closed  by  auto- 
matic means.  When  this  system  is  used  and  provision 
is  made  for  manually  tripping  the  breaker  by  a  control 
switch,  contacts  are  arranged  on  the  control  switch 
which  automatically  open  the  circuit  between  the  two 


CircuH- Breaker 


FIG.    6.      SCHEMATIC    DIAGRAM    OF   CONNECTION   FOR 
REVERSE-PHASE   RELAY 


FIG.    7.      CONNECTIONS    OF    AUTOMATIC    SERVICE- 
RESTORING  SYSTEM 


close,  and  owing  to  its  heavy  damping,  they  do  not 
return  to  the  starting  point  immediately  after  the 
circuit-breaker  is  closed.  After  the  circuit-breaker  has 
opened  and  closed  a  predetermined  number  of  times, 
this  relay  closes  its  contacts,  thus  short-circuiting  the 
restoring  relay  and  preventing  further  operation. 

This  system  is  often  installed  at  substations  having 
no  attendant.  In  that  case  it  is  frequently  found  advis- 
able to  have  an  indicating  device  that  will  show  when 


voltage  transformers,  which  prevents  the  breaker  from 
resetting  immediately  after  it  is  tripped. 

With  this  device  only  0.7  of  a  second  is  required  from 
the  first  instant  of  overload  to  the  instant  of  resumed 
service.  If,  however,  the  short-circuit  is  not  removed 
upon  the  opening  of  the  breaker,  then  when  the  breaker 
recloses,  the  short-circuit  current  immediately  operates 
the  overhead  relay  and  again  trips  the  breaker  until  the 
limiting  relay  prevents  further  action. 


Refrigeration  Study  Course  —  XI.     Refrigerants 


By  H.  J.  MACINTIRE 


IT  IS  quite  possible  that  there  has  been  some  con- 
cern on  the  part  of  engineers  as  to  why  ammonia 
machines  are  used  for  refrigeration  in  the  United 
States  to  the  extent  of  more  than  95  per  cent  of  all 
such  work,  whereas  in  Great  Britain  and  France  other 
cooling  vapors  a»-e  used  to  a  much  greater  extent.  There 
must  be  some  reason  for  this  preference — some  good  and 
sufficient  points  of  excellence — for  refrigerating  engi- 
neers are  in  business  to  make  money  and  are  not  con- 
ducting a  health  crusade.  What  are  these  reasons,  and 
why  do  not  sulphur  dioxide,  carbon  dioxide,  ethyl  chlor- 
ide and  other  vapors  gain  in  popularity? 

All  engineering  questions  have  two  sides,  and  few 
if  any  live  matters  can  be  answered  definitely  and 
decidedly  one  way  or  the  other.  As  an  example,  there 
is  the  question  of  the  use  of  the  jet  or  the  surface 
condenser  for  stationary  plants  (there  is  no  question 
as  regards  surface  condensers  in  marine  work).  There 
is  the  question  of  star  or  delta  windings  in  electric 
machinery  or  of  two-phase  or  three-phase  transmission, 
and  the  question  of  steam  engine  or  turbine  as  com- 
pared with  the  Diesel  oil  engine,  and  both  of  these  as 


compared  with  the  development  of  water  power.  The 
questions  of  load  factor,  cost  of  fuel,  cost  of  money  (if 
borrowed),  kind  and  quantity  of  water,  proximity  and 
quality  of  feul  to  be  used,  etc.,  are  factors  that  must 
be  weighed  in  the  balance  or  balance  sheet.  No  cut  and 
dried  answer  will  avail  for  all  cases,  but  each  individual 
case  must  be  decided  for  itself. 

Possible  Refrigerants 

The  refrigerating  engineer  understands  that  our  ob- 
ject with  the  use  of  the  compressor  and  the  high  pres- 
sure side  is  to  be  able  to  use  the  same  refrigerant  con- 
tinuously. We  compress  the  gas  boiling  off  from  the 
refrigerating  coils  in  order  that  condensation  of  the  gas 
may  be  possible  at  temperatures  of  60,  70  or  80  degrees 
or  even  higher,  depending  on  what  temperature  of 
cooling  or  condenser  water  may  be  obtained.  The  gas 
compressed  passes  through  the  compressor,  and  the 
amount  of  gas  so  compressed  per  interval  of  time 
depends  on  the  piston  displacement  of  the  compressor. 
Naturally,  we  are  interested  not  only  in  the  pressure 
range  of  the  compressor    (the  suction  and  discharge 
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pressures  required  by  the  refrigerant  used),  but  also 
in  the  cooling  effect  obtainable  by  one  cubic  foot  of 
compressor  displacement. 

There  are  in  addition  the  factors  of  the  cost  of  the 
substance  used,  the  pathological  effect  should  the  stuff 
escape  from  the  compressor  or  cold-storage  piping  and 
the  chemical  effect  on  iron,  steel  and  brass.  Of  these 
the  first  item,  the  cost  of  the  refrigerant,  is  too  great  in 
every  case  to  allow  the  substance  to  be  thrown  away. 
If  air  were  used,  it  might  be  possible  to  exhaust  it 
into  the  atmosphere  after  using,  but  air  is  no  longer 
employed.  The  effect  on  human  life  of  the  gas  used  is 
different  with*eaeh  substance.  Carbon  dioxide  is  harm- 
less in  small  quantities  and  is  odorless  when  pure.  In 
large  quantities  its  effect  on  one  is  practically  the  same 
as  being  submerged  in  water.  Sulphur  dioxide  and 
ammonia  are  deadly  in  small  quantities  if  relief  is  not 
immediately  obtained.  Ethyl  chloride  in  small  quantities 
seems  to  be  the  least  harmful  of  all  present  refrigerants, 
and  for  that  reason  it  is  used  to  a  large  extent  on  naval 
vessels.  The  result  in  all  cases  is  that  careful  provision 
has  to  be  made  for  preventing  leaks  or  breaks  in  the 
pipes  or  headers.  Also,  it  is  necessary  to  provide  for 
withdrawing  the  charge  into  drums  or  for  storage  in 
another  part  of  the  system  when  repairs  or  cleaning  of 
any  portion  of  the  plant  has  to  be  performed. 

The  main  difference  in  refrigerants,  and  (with  the 
exception  of'  ethyl  chloride  for  use  on  shipboard)  the 
deciding  factor  in  its  choice,  lies  in  the  physical  proper- 
ties as  regards  the  pressures  usually  obtained  during 
operation,  the  refrigerating  effect  of  one  pound  of  the 
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FIG.  1.   CURVES  SHOWING  PRESSURES  OF  COMMON 
REFRIGERANTS  AT  COMMON  TEMPERATURES 


substance,  and  finally  the  volume  of  one  pound  of  the 
refrigerant  at  the  pressure  of  boiling  in  the  expansion 
coils. 

Referring  to  Fig.  1,  it  will  be  seen  that  ethyl  chloride 
has  the  least  and  sulphur  dioxide  very  moderate  pres- 
sures corresponding  to  the  temperatures  of  the  cooling 
coils  or  the  condenser,  but  carbon  dioxide  has  extremely 
heavy  pressures — some  200  to  300  lb.  for  suction  and 
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800  to  1,000  lb.  per  sq.  in.  for  the  condenser  pressure. 
These  latter  pre.ssures  are  so  great  as  to  require 
special  materials  both  for  the  compression  and  piping, 
and  this  factor  is  one  that  has  been  a  deciding  point 
in  all  save  a  few  particular  cases  in  the  United  States. 
As  will  be  seen,  the  size  of  compressor  using  carbon 
dioxide  and  the  fact  that  the  gas  is  not  necessarily 
dangerous  imme- 
diately has  caused 
it  to  be  used  in 
many  places  where 
space  is  valuable 
and  where  conges- 
tion makes  it  doubly 
dangerous  to  use 
ammonia.  Fig.  1 
also  shows  that 
ammonia  has  mod- 
erate  pressures, 
both  at  zero  de- 
crees F.  (for  the 
cooling  coils)  and 
at  70  to  80  deg.  F. 
(for  the  condens- 
ing piping) .  The 
pressures  encoun- 
tered are  nominal 
and  are  those  which 
steam  engineers  are 
used  to.  The  sub- 
stance, however, 
has  greater  ability 
for  escaping  out  of 
confinement  than 
has  steam  or  air, 
and  also  it  has  a 
corroding  action  on 
copper  and  brass, 
and  therefore  the 
materials  used  are 
special   air-furnace 

cast  iron  of  extra  thickness,  steel  forged  fittings  or  high- 
grade  semi-steel  castings,  and  either  extra-heavy  steel 
or  wrought-iron  pipe.  The  joints  have  to  be  special, 
either  screwed  fittings  using  litharge  and  glycerin  or 
solder  joints  or  flanged  join^^s  using  tongue  and  groove 
with  lead  or  rubber  gaskets. 

However,  in  the  final  analysis  the  real  points  to  be 
considered  are  the  horsepower  input  per  ton  of  refrig- 
eration and  the  cubic  feet  of  piston  displacement  of 
the  compressor  per  ton.  All  other  factors  fade  in  com- 
parison  unless  the  conditions  are  ultra-extreme.  Of 
course  we  desire  to  produce  refrigeration  at  as  small 
cost  of  power  as  we  can,  and  this  cost  of  power  is 
mostly  in  the  demands  of  the  compressor.  The  com- 
pressor pumps  the  gas  from  the  refrigerating  coils  to 
the  condenser,  and  the  condenser  pressure  is  determined 
by  the  temperature  and  the  amount  of  cooling  water 
used.  Again,  as  a  rule,  the  volume  of  gas  handled 
affects  not  only  the  size  and  cost  of  the  compressor,  but 
of  the  high-  and  low-pressure  sides  as  well. 

Volume  Displ.\ced  by  Compressor 

Referring  to  the  table,  it  will  be  seen  that  the  volume 
displaced  by  the  compressor  is  less  for  CO,  (carbon 
dioxide)  than  for  any  other  of  the  refrigerants.  In 
fact,  ammonia  is  4.6,  sulphur  dioxide   12.4  and  ethyl 


FIG.    2.      SECTION     OF     A      TYPICAL 
CARBON-DIOXIDE         COM- 
PRESSOR CYLINT^ER 


916 


POWER 


Vol.  51,  No.  23 


chloride  is  39.3  times  as  great  as  carbon  dioxide  for 
similar  conditions.  For  the  same  piston  speed  the  areas 
of  the  respective  cylinders  would  have  to  have  these 
same  values,  and  the  diameters  vi^ould  have  to  be  2.15, 
3.5  and  6.27  times  as  great  as  for  carbon  dioxide.  Ethyl 
chloride  is  fortunate  on  account  of  the  small  number 
of  operating  troubles.  The  lovi^  side,  being  subject  only 
to  an  inward  pressure,  will  leak  air  into  the  system  if 
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leaks  should  occur,  but  leaks  are  readily  prevented  with 
proper  designs  and  careful  operation.  When  air  does 
accumulate,  it  collects  in  the  condenser,  from  which  it 
can  be  purged  in  the  usual  manner.  The  gas,  however, 
is  not  entirely  harmless  and,  if  taken  in  large  enough 
quantities,  will  put  one  to  sleep  like  any  anesthesia, 
and  with  about  twice  its  volume  of  air  forms  an  explo- 
sive mixture.  The  vapor  burns  readily  with  a  greenish- 
edged  flame.  On  account  of  its  extremely  great  volume 
at  usual  refrigerating  temperatures,  its  applications 
have  been  limited  to  special  cases  and  at  present  to 
rather  small  machines.  Being  of  very  low  condenser 
pressures,  it  lends  itself  to  the  use  of  the  blower,  or 
centrifugal  compressor,  to  great  advanta^-e.  The  centrif- 
ugal compressor  (for  ethyl  chloride  or  other  refriger- 
ants) certainly  is  going  to  be  used  to  a  greater  extent 
in  the  future,  especially  as  direct  connection  to  steam 
turbines  and  the  cheaper  (higher  speeds)  electric 
motors  are  possible  with  reduced  losses. 

Sulphur  dioxide  has  nominal  pressures  and,  like  car- 
bon dioxide,  does  not  have  a  bad  effect  on  copper  or 
brass.  Sulphur  dioxide  is  self-lubricating,  whereas 
ethyl  chloride  and  carbon  dioxide  require  glycerin  for 
that  purpose.  The  great  objection  to  sulphur  dioxide 
is  the  corroding  action  on  iron  and  steel  wherever  mois- 
ture gets  into  the  system.  The  combination  of  water 
and  sulphur  dioxide  forms  sulphurous  acid.  The  result 
is  that  the  sulphur-dioxide  machine  has  to  be  very  self- 
contained  and  sealed  against  air  leakage.  In  this 
country  these  machines  are  used  only  in  the  smaller 
sizes  and  are  seldom.,  if  ever,  used  where  direct  expan- 
sion is  employed  in  the  sense  that  is  usually  under- 
stood. To  do  so  not  only  would  require  large  return 
mains,  but  would  greatly  increase  the  possibilities  of 
corrosion. 

Carbon  dioxide  has  its  particular  field  in  congested 
localities,  such  as  office  buildings,  hotels  and  marine 
installations.  An  escape  into  the  air  of  a  charge  of 
carbon  dioxide  is  not  so  disagreeable  and  subject  to 


unfavorable  notice  as  is  ammonia.  Being  much  heavier 
than  air,  it  will  not  rise  except  by  diffusion,  and  guests 
or  tenants  are  not  driven  out  of  their  rooms.  Also, 
unlike  ammonia  and  ethyl  chloride,  it  is  not  a  combus- 
tible nor  will  it  form  explosive  mixtures  with  air  as 
the  other  two  will.  But,  on  the  other  hand,  it  is 
preferably  a  cold  cooling-water  refrigerant.  Its  criti- 
cal temperature  is  88.4  deg.  F.,  which  means  that  in 
extreme  cases  in  the  tropics  or  for  machine  work  in 
certain  locations,  it  is  possible  that  the  discharge  gas 
passing  into  the  condenser  will  not  be  condensed,  but 
will  act  somewhat  like  the  "dense-air"  refrigerating 
machine.  Under  such  conditions  its  efficiency  is  badly 
reduced,  and  much  better  results  could  have  been 
obtained  by  the  use  of  some  other  refrigerant. 

Power  Used  Per  Ton  of  Refrigeration 

It  so  happens  that,  contrary  to  the  expectation  of 
most  engineers,  the  power  required  by  the  different 
refrigerating  machines  per  unit  of  refrigeration  is 
about  equal.  One  could  expect  that  carbon  dioxide, 
working  as  it  does  with  a  pressure  range  of  about  550 

table  I.  SOME  PROPERTIES  OF  REFRIGERANTS 
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fa 

Sulphur  dioxide 171.8 

Ammonia 572 .  2 

Carbon  dioxide 117.0 

Ethyl  chloride 149  4 

All  pressures  are  gage. 
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lb.,  would  require  more  power  input  than  would,  say, 
sulphur  dioxide,  which  works  between  the  limits  of 
minus  5  lb.  and  35  lb.  or  only  40  lb.  total  pressure. 
However,  the  volumes  to  be  pumped  are  to  be  considered, 
and  there  are  12.4  times  as  much  sulphur  dioxide  as 
carbon  dioxide  to  be  pumped  for  equal  refrigerating 
effect.  The  net  result  is  that  carbon  dioxide  requires 
a  little  more  power  than  does  ammonia  or  sulphur 
dioxide.  In  fact,  ammonia  leads  slightly  in  this  respect, 
but  the  net  result  is  so  close  that  the  matter  of  the 
horsepower  per  ton  of  refrigeration  for  usual  (stand- 
ard) operating  conditions  need  not  be  considered  when 
deciding  on  one  or  the  other  refrigerant. 

Finally,  it  may  be  said  that  ammonia  is  preferred  in 
this  country  because  of  its  nominal  pressures  for  a 
large  range  of  work  using  condensing  water  varying 
from  50  to  80  or  even  90  deg.  F.  and  suction  pressures 
from  minus  5  lb.  to  20  or  30  lb.  gage.  Its  specific 
volumes  are  also  nominal,  thereby  allowing  moderate- 
sized  suction  return  lines  and  headers.  The  piston 
displacement  required  is  convenient,  and  so  the  cost 
of  the  compressor  and  the  space  occupied  are  small. 
The  American  engineer  feels  more  at  home  with  such 
conditions,  and  so  amomnia  holds  its  popularity. 


The  peat  bogs  of  Manitoba,  Ontario,  Quebec,  and 
New  Brunswick  cover  an  area  of  12,000  square  miles, 
with  an  average  depth  of  6  ft.,  and  are  estimated  by 
the  Commission  of  Conservation  to  contain  some 
9,300,000,000  tons  of  peat.  Seven  bogs  within  conve- 
nient delivery  of  Toronto  are  estimated  to  be  capable  of 
producing  26,500,000  tons  of  fuel,  and  seven  bogs  in  the 
vicinity  of  Montreal  could  supply  that  city  with 
23,500,000  tons. 
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High  Wages  Influence  Power-Plant  Design 

Complications  in  Conversion  of  Three  Thousand-Kilowatt  Station  Into 
One  of  Eight  Thousand-Kilowatt  Capacity 


THE  important  influence  of  the  rate  of  wages 
upon  boiler-plant  design  is  strikingly  shown 
in  connection  with  the  enlargement  of  the  Char- 
lotte Street  power  plant  of  the  Charleston  (S.  C.) 
Consolidated  Railway  and  Lighting  Co.,  recently  com- 
pleted. When  this  station  was  originally  built  in  1912, 
colored  firemen  could  be  hired  a-plenty  for  a  dollar 
a  day,  and  therefore  the  need  for  labor-saving  stokers 
was  not  felt  to  anything  like  the  degree  that  it  is 
today.  Nor  was  the  better  efficiency  of  stokers  so 
potent  a  factor,  for  the  price  of  coal  was  also  low. 
Consequently,  the  boiler  plant  for  the  original  station 
was  laid  out  for  hand  firing. 

But  when  the  war  brought  on  the  necessity  for  a 
large  expansion  of  the  power-plant  capacity,  colored 
firemen  could  be  secured  only  with  difficulty  at  $4.50 
a  day.  In  the  face  of  this  there  could  be  no  argu- 
ment as  to  whether  stokers  should  be  employed  with 
the  new  boilers  needed  to  increase  the  station  capacity 
from  3,000  to  8,000  kw.,  and  this  was  easily  justifiable 
even  though  it  involved  many  complications  in  work- 
ing a  modern  stoker-fired  battery  into  the  old  layout, 
the  plan  of  enlargement  being  to  retain  the  hand-fired 
boilers  until  a  later  date.  How  some  of  these  diffi- 
culties of  design  were  worked  out  is  brought  out  in 
what  follows. 

Prior  to  reconstruction  the  Charlotte  Street  Station 
was  laid  out  with  a  long  boiler  room  parallel  to  the 
turbine  room,  the  boilers  being  set  in  a  single  row  and 
backed    up    against   the   turbine-room   wall,    with   the 


the  turbine  room  and  supplied  steam  at  160  lb.  pressure 
to  two  2,000-kw.  and  one  1,000-kw.  2,300-volt  three- 
phase  turbo  generator  sets  equipped  with  jet  conden- 
sers.    The  turbine  room  was  originally  designed  for  an 
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HAND-FIRED  BOILERS  AND  TEMPORARY 
COAL.  BUNKERS 
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Fia  1.    FIRING  AISLE  IN  THE  NEW  ADDITION  AND  COAL 
FOR  THE  HAND-FIRED  BOILERS 

firing  aisle  along  the  outside  building  wall.  The  equip- 
ment of  the  boiler  room  comprised  one  518-hp.  and  five 
528-hp.  water-tube  boilers,  all  hand-fired.  They  were 
installed   on   a  floor  level   several  feet  below  that   of 


ultimate  installation  of  four  2,000-kw. 
units,  so  that  there  was  ample  space  in 
which  to  place  additional  machines  at 
the  time  enlargement  became  necessary 
in  1918.  The  pressing  demand  for  a 
large  increase  in  output,  due  to  Govern- 
ment operations  and  to  an  unprecedented 
growth  of  the  city,  however,  made  it 
advisable  to  install  a  5,000-kw.  unit 
instead  of  an  additional  2,000-kw.  ma- 
chine as  originally  planned.  The  re- 
sulting installation  of  a  5,000-kw.  13,200- 
volt  three-phase  unit,  operating  at  200- 
Ib.  steam  pressure  and  equipped  with  a 
surface  condenser,  did  not  involve  any 
particular  difficulties  so  lar  as  the  tur- 
bine-room construction  was  concerned. 
The  real  problem  lay  in  the  boiler  plant. 
In  the  boiler  room  it  was  necessary 
t'.  install  three  new  509-hp.  boilers 
equipped  with  underfeed  stokers,  gener- 
ating steam  at  220  lb.  pressure  and  125 
deg.  superheat  to  serve  the  new  turbine. 
This  necessitated  a  considerable  enlarge- 
ment and  rearrangement  of  the  boiler 
house. 
The  side  and  part  of  the  end  wall  of  the  boiler  room 
were  knocked  out  and  the  building  extended  sufficiently 
to  provide  space  for  the  new  boilers  on  the  opposite 
side  of  the  old  firing  aisle.  #  Taking  out  the  old  wall 


BUNKERS 


918 


POWER 


Vol.  51,  No.  23 


necessitated  some  special  construction  in  order  to  sup- 
port the  old  roof  trusses,  which  were  cut  off  to  make 
way  for  the  new  skylight  and  roof  construction.  This 
was  done  by  supporting  these  shortened  existing  trusses 
by  a  cantilever  construction  from  the  roof  trusses  of 
the  new  extension,  which  were  at  a  considerably  higher 
elevation.  The  arrangement  may  be  seen  in  the  ac- 
companying cross-sectional  drawing  of  the  boiler-  room 
addition. 

The  present  boiler-room  extension  was  made  large 
enough  for  the  three  new  boilers  and  one  more.  Later, 
by  removing  a  temporary  wall  and  extending  the  build- 
ing longitudinally,  two  more  boilers  of  the  same  size 
can  be  installed.  When  the  capacity  of  this  battery 
of  six  is  exceeded,  the  hand-fired  boilers  on  the  op- 
posite side  of  the  aisle  will  be  replaced  with  six  of 
the  stoker-fired  type,  giving  an  ultimate  total  capacity 
in  twelve  boilers  of 
6,108  horse  power. 
Using  underfeed  stok- 
ers made  it  necessary  to 
raise  the  operating  floor 
for  the  new  boilers  to  a 
height  18  ft.  above  the 
old  boiler-room  floor. 
This  meant  that  in  com- 
bining the  old  and  new 
boiler  equipment  into  a 
single  plant,  there  must 
be  two  operating  floor 
levels.  However,  the 
new  boilers  and  equip- 
ment for  them  were  so 
installed  as  to  be  in 
proper  location  for  the 
ultimate  arrangement  of 
stoker-fired  b  o  i  1  e  r  s  on 
both  sides  of  the  firing 
aisle,  doing  away  with 
the  lower  operating  floor. 
For  the  new  boilers  it 
was  necessary  to  build  a 
new  brick  stack  and  to 
install  a  new  coal-  and 
a  s  h-h  a  n  dling  system. 
The  steel  smoke  flue  con- 
necting the  uptakes  from 
the  three  new  boilers 
was  mounted  on  top  of 
the  boiler  house  and  con- 
nected to  the  chimney  at 
a  point  some  sixty  feet 
above  the  ground,  as 
seen  in  an  accompanying 
picture.  The  uptakes 
were  carried  up  nearly 
vertically  within  the 
building  to  connect  to 
this  overhead  flue.  This 
arrangement  gives  ample 
space  for  the  future  in- 
stallation of  economizers 
if  they  are  desired.  On 
the  same  consideration 
that  determined  the  use 
of  hand-fired  boilers  in 
the  original  plant,  coal 
was    handled    into    the 


I'lG.  3.    VIEW  OF  STATION  FROM  THE  BOILER-ROOM  SIDE 


firing  aisle,  and  ashes  out,  by  wheelbarrow.  Likewise, 
the  same  consideration  that  determined  the  installation 
of  stokers  in  the  new  boiler  plant  dictated  the  installa- 
tion of  a  modern  labor  saving  coal-handling  plant. 

Coal  delivered  in  side-  or  bottom-dump  cars  is  un- 
loaded into  a  pit  beside  the  boiler  house.  From  here 
it  passes  through  a  crusher  installed  underneath  the 
pit,  discharging  into  a  bucket  conveyor.  This,  in  turn, 
elevates  the  coal  up  to  the  top  of  the  building  and 
across  over  the  roof,  discharging  into  an  overhead 
concrete  bunker  of  350-ton  capacity.  The  size  of  this 
overhead  bunker  was  made  large  enough  to  meet 
the  requirements  of  the  ultimate  boiler  plant  for  three 
days'  supply.  The  continuous  bucket  conveyor  may 
be  seen  in  Fig.  3,  the  accompanying  exterior  view  of 
the  station,  located  between  the  stack  and  the  building. 
From    the    overhead    bunker    coal    is    discharged    by 

gravity  into  a  weighing 
lorry,  mounted  on  a  run- 
way over  the  center  of 
the  firing  aisle.  Then  a 
spout  from  the  lorry  dis- 
charges the  coal  into  the 
stokers  of  the  new  boil- 
ers. An  ingenious 
scheme  was  worked  out, 
with  the  installation  of 
the  coal-handling  equip- 
ment, to  make  it  serve 
the  hand-fired  boilers 
also  and  thereby  do 
away  entirely  with  the 
wheelbarrow  method  of 
bringing  coal  into  the 
plant.  In  addition  to 
serving  the  stokers  the 
lorry  spout  also  dis- 
charges coal  into  three 
vertical  cylindrical  steel 
bunkers,  each  serving 
two  of  the  hand-fired 
boilers.  These  bunkers 
w'ere  suspended  from 
above  on  one  side,  sup- 
ported by  steel  bracing 
from  the  lower  operating 
floor  on  the  opposite  side 
and  braced  laterally  by 
angle  irons  bolted  to  the 
upper  concrete  floor. 
From  the  bottom  of  each 
of  these  bunkers  a  ver- 
tical spout  extends  down- 
ward to  the  lower 
operating  floor,  and 
through  a  gate  at  the 
end  of  the  spout  the  coal 
is  discharged  in  front 
of  the  boilers.  From 
here  it  is  shoveled  into 
the  boilers  by  hand  in 
the  usual  manner. 

For  reserve  coal  sup- 
ply an  area  adjacent  to 
the  track  pit  provides  a 
storage  capacity  s  u  ffi  - 
cient  to  operate  the 
plant     for     seventy     to 


June  8,  1920 


POWER 


919 


eighty  days.    The  coal  is  unloaded  from  cars  and  deliv 
ered  to  the  storage  pile  by  means  of  a  locomotive  crane 
equipped  with  a  one-ton  bucket.     This  crane  is  used 


FIG.  4.     CROSS-SECTION  THROTTGH  BOILER-HOUSB 

EXTENSION 

also  to  shift  cars.  When  operating  normally,  all  the 
storage  coal  needed  is  within  reach  of  this  crane,  so 
that  it  may  be  picked  up  from  storage  and  dumped 
directly  into  the  track  pit  whicji  supplies  the  crusher. 


the  hand-fired  boilers  are  raked  into  the  firing  aisle 
and  taken  out  in  wheelbarrows  as  was  done  in  the 
original   plant. 

In  connection  with  the  supply  of  circulating  water 
for  the  condensers,  two  new  turbine-driven  pumps  were 
installed,  each  having  a  capacity  of  500  gal.  per  min. 
and  large  enough  to  handle  the  supply  for  the  entire 
station.  Water  is  taken  from  the  Cooper  River,  on 
which  the  station  is  located,  by  means  of  a  long  siphon 
which  dips  down  into  a  concrete  pit  at  the  river  end 
and  discharges  into  a  tunnel  under  the  power  house. 
The  condenser  circulating  pumps  for  the  older  units 
draw  water  from  this  tunnel,  a  36-in.  pipe  being  used 
for  the  siphon  lead  into  the  tunnel.  With  the  installa- 
tion of  the  new  5,000-kw.  unit,  a  new  48-in.  pipe  was 
used  to  siphon  the  water  to  a  separate  tunnel.  While 
this  pipe  is  large  enough  to  take  care  of  the  total 
requirements  of  the  plant,  the  connections  of  the  three 
jet  condensers  on  the  smaller  turbines  to  the  older 
tunnel  were  continued  and  no  connection  made  with 
tne  larger  supply  in  order  to  keep  down  the  present 
cost  of  the  installation.  The  condenser  water  supply 
as  well  as  the  steam  supply  for  the  new  unit  is  there- 
fore entirely  separate  from  that  for  the  older  machines 
in  the  plant. 

An  interesting  scheme  was  worked  out  in  connection 
with  the  old  siphon  pipe  in  order  to  increase  the  capac- 
ity. When  all  three  of  the  older  units  were  running,  the 
siphon  would  not  deliver  water  fast  enough  to  meet  the 
requirements,  the  tunnel  from  which  the  condensers 
draw  being  open  to  the  atmosphere  at  the  time  this 
scheme  was  adopted.  To  increase  the  capacity,  the 
tunnel  was  sealed  off  and  a  steam  exhauster  put  on 
it  to  create  a  vacuum  of  about  5  in.  This  increased 
the  flow  of  water  to  such  an  extent  that  the  supply 
was  ample  for  the  full  requirements  of  the  three  units 
which  it  served. 

The  complete  inlependence  of  the  old  and  new  portions 
of  the  plant  was  maintained,  so  that  the  future  sub- 
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PLAN   OF   BOILER-HOUSE   EXTENSION    SHOWING  STACK  LOCATION.   BOILER  FOUNDATION  AND  MANNER 

OF  JOINING  EXTENSION  TO   OLD   BUILDING 


From  the  stokers  the  ashes  are  dumped  into  quench- 
ing hoppers  and  discharged  into  small  cars  underneath, 
running  on  a  track  at  the  ground  level.     Ashes  from 


stitution  of  mechanically  operated  boilers  for  the  present 
hand-fired  ones  would  interfere  as  little  as  possible  with 
the  operation  of  the  station. 
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Electric  Elevator  Machinery — Motor  Operation 

By  M.  a.  MYERS 

Electrical  Engineer,  The  Maintenance    Company,  New  York  City 


ELECTRIC  elevators  may  be  of  the  drum  type,  with 
cables  winding  and  unwinding  on  a  spirally  scored 
drum,  Fig.  1,  or  of  the  traction  type,  with  con- 
tinuous cables  between  car  and  counterweights,  and 
depending  upon  the  fric- 
tional  grip  between  ca- 
bles and  suitably  groov- 
ed sheaves  for  traction, 
Fig.  2.  They  may  be 
full  magnetically  con- 
trolled with  a  car  switch, 
magnetically  operated 
reversing  switches,  brake 
and  accessories;  or  they 
may  be  mechanically 
operated  with  a  hand 
rope,  mechanically  oper- 
ated reversing  switch 
and  brake;  or  any  com- 
bination of  the  two 
methods  may  be  used, 
such  as  hand  rope  and 
mechanically       operated 

reversing  switch,  electric  main  switch,  and  electric 
brake.  In  Fig.  3  is  shown  a  Wheeler-McDowell  Elevator 
Co.'s  drum-type  elevator  machine  arranged  for  mechani- 
cal control  and  electrically  operated  brake. 

By  considering  an  ordinary  full  magnetic  car-switch, 
drum-type  elevator,  a  comprehensive  idea  of  electric 
elevators  in  general  may  be  obtained,  after  which  other 
types,  all  of  which  have  similar  operating  character- 
istics, may  be  discussed  and 
easily  understood.  Starting 
with  the  machinery  on  the 
bedplate,  which  may  be  as- 
sumed to  be  located  in  the 
basement,  the  essential  parts 
are :  Motor,  controller,  coup- 
ling, brake,  worm  reduction 
gear,  thrust  bearings,  wind- 
ing drum,  automatic  ma- 
chine limits  (stops),  slack- 
cable  device,  car-  and  drum- 
counterweight  cables,  vibrat- 
ing sheave  for  counterweight 
cables,  overhead  sheaves,  car 
and  counterweight  guide 
rails,  car  guide  shoes,  car 
safety  plank  and  accessories, 
car  counterweight  cables, 
drum  and  car  counterweights 
and  safety  overspeed  gover- 
nor. The  motor  must  be  ca- 
pable of  starting  in  either 
direction  without  sparking 
under  heavy  loads.  Modern 
practice  to  a  large  degree  is 
employing  the  commutating- 
pole  type  of  direct-current 
motor,  on  account  of  its  fixed 
neutral  point  and  sparkless 
commutation      under     wide 


variations  of  load.  The  commutating-pole  motor  is 
admirably  adapted  for  the  two-speed  elevator,  since  a 
wide  range  of  speed  can  be  obtained  by  means  of  shunt- 
field  regulation.     In  actual  practice  this  range  is  from 

about  400  to  500  r.p.m. 
for  the  slow  speed  to 
about  800  r.p.m.  for  the 


This  article  is  the  first  of  a  series  on  electric 
elevator  machinery  and  briefly  outlines  the 
essential  parts  of  a  modern  elevator  machine  and 
their  functions,  after  which  the  types  of  motors 
used  on  elevator  machines  are  discussed.  The 
next  article  to  follow  will  treat  of  the  care,  main- 
tenance and  adjustment  of  elevator  brakes.  There 
is  no  more  important  part  of  the  elevator  ma- 
chine than  the  brake,  yet  very  little  has  been 
written  about  it  up  to  this  time.  Power  is,  there- 
fore, very  fortunate  to  be  able  to  present  Mr. 
Myers'  admirable  treatise  on  the  subject  of  ele- 
vator brakes  to  its  readers. — Editor. 
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FIG.        1.  l^VYOUT       OF 

DRUM-TYPE  ELEVATOR 


high.  A  compound  wind- 
ing on  the  motor  is  also 
desirable  in  order  that 
the  inrush  at  starting, 
which  is  usually  50  per 
cent  greater  than  the 
full-load  current,  may  be 
utilized  to  build  up  the 
field  strength  rapidly. 
This  aids  in  giving  the 
motor  a  high  starting 
torque  and  a  smooth 
start,  at  the  same  time 
reacting  to  hold  the 
starting  current  to  a 
minimum  value.  Plain 
shunt  motors  in  elevator  service  have  been  known  to 
"overshoot"  their  normal  speed,  by  reason  of  the  com- 
parative slowness  with  which  their  field  strength  built 
up  from  shunt  excitation  only  and  also  because  of  the 
effects  of  armature  reaction. 

Provisions  must  be  made  in  the  control  to  short-circuit 
the  series  winding  in  the  motor  after  acceleration  is 
completed.     With  the  car  loaded  on  the  down  motion 

above  a  certain  value,  the 
motor  is  converted  into  a 
generator;  under  this  con- 
dition current  flows  through 
the  series  coils  in  opposition 
to  that  in  the  shunt  coils, 
weakening  the  field  strength 
sufficiently  to  overspeed  the 
motor.  This  overspeeding 
may  be  enough  to  set  the 
car  safety.  However,  there 
are  cases  known  where  the 
car,  being  too  near  the  bot- 
tom landing  for  the  safety 
shoes  to  properly  take  hold 
and  the  speed  being  too 
great  for  the  brakes  to 
stop  the  downward  motion, 
crashed  into  the  pit,  causing 
considerable  damage.  Sim- 
ilar accidents  have  occurred 
on  the  up  motion  of  heavily 
over-counterweighted  empty 
cars.  Unless  the  shunt 
winding  is  of  sufllcient 
strength  to  excite  the  fields 
to  a  point  near  saturation, 
considerable  variation  of  car 
speeds  may  result  under  dif- 
ferent loads  with  the  series 
windings  left  active.     Con- 
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FIG.  2.    LAYOUT  OF  TRAC- 
TION-TYPE  ELEVATOR 
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sequently  the  motor  used  for  elevator  service  is  an 
intermittent  duty  machine,  with  the  series  fields  wound 
for  starting  duty  only,  in  which  case  burnouts  may  re- 
sult from  neglect  to  cut  the  compound  winding  out 
after  starting. 

Reversing  the  direction  of  the  motor  rotation  is 
accomplished  by  changing  the  direction  of  the  current 
through  the  armature,  leaving  the  fields  to  build  up 
always  in  the  same  direction.  Where  commutating-pole 
motors  are  used,  the  commutating-pole  winding  must, 
of  course,  be  reversed  with  the  armature. 

The  size  of  the  motor  required  for  a  certain  lift  at 
a  given  speed  may  be  easily  figured  as  follows: 


Hp  = 


W^XSX2 
33,000 


where  W  is  the  load  to  be  lifted  and  S  the  car  speed 
in  feet  per  minute.  The  multiplier  2  is  used  because 
the  net  horsepower  figured  must  be  doubled  to  take  care 


FIG.  3.     DRUM-TYPE  ELEVATOR  MACHINE 

of  the  frictional  losses.  This  high  factor  is  largely 
accounted  for  in  the  worm-gear  reduction  which,  owing 
to  the  heavy  thrusts,  etc.,  is  not  very  efficient. 

Suppose  a  capacity  of  1,500  lb.  at  150  ft.  per  min. 
is  desired.  Assuming  the  counterweights  will  be  pro- 
portioned in  the  customary  manner  to  balance  the  car 
weight,  plus  33  per  cent  of  the  maximum  load  to  be 
carried,  in  this  case  an  overbalance  of  500  lb.,  the  actual 
weight  to  be  lifted  by  the  motor  will  be  1,500  — 
500  =  1,000  lb.    Then, 


Hp 


1,000  X  150X2 
33,000 


9.1 


hence  a  10-hp.  elevator  motor  will  be  selected. 

For  elevators  driven  by  alternating-current  motors, 
the  plain  squirrel-cage  type  of  induction  motor,  owing 
to  its  inherent  simplicity  and  safety  of  operation,  is  to 
be  preferred,  where  objections  of  the  power  companies 
do  not  preclude  its  use.  The  modern  squirrel-cage  motor, 
having  a  large  "slip,"  and  consequently  high  torque  and 
rapid  acceleration,  designed  especially  for  elevato"  and 
hoist  duty,  should,  in  the  writer's  opinion,  overcome 
many  of  the  power  companies'  objections,  at  least  up 
to  the  15-hp.  sizes.  This  elevator  motor  on  60-cycle 
circuits  has  a  no-load  speed  of  900  r.p.m.  and  a  full- 
load  speed  of  about  750  r.p.m.  instead  of  the  850  to 
865  r.p.m.  of  the  industrial  squirrel-cage  motor.  Where 
objections  are  raised,  and  for  the  larger-sized  equip- 


ments, recourse  is  had  to  the  slip-ring  type  of  motor 
with  automatic  means  of  short-circuiting  the  rotor 
resistance  as  the  motor  accelerates.  For  two-speed 
operation,  increasing  use  is  being  made  of  the  induction 
motor,  with  a  double-stator  winding  wound  for  two 
different  numbers  of  poles. 

Turbine-Gear  Transmission 

What  is  termed  the  A  Turbo  Transmission,  designed 
for  shaft  and  pump  drive,  is  shown  by  the  accompany- 
ing illustrations.    It  is  manufactured  by  the  B.  F.  Stur- 


FIG.   1.     DETAILS  OF  THE  GEAR  TRANSMISSION 

tevant  Co.,  Boston,  Mass.  This  self-contained  unit  is 
compact  and  does  away  with  turbine  bearings  and  one 
turbine  packing.  The  turbine  and  pinion  shaft  is  sup- 
ported by  two  bearings  in  the  gear  casing,  but  the  tur- 
bine proper  overhangs  the  gear  casing  at  one  end  (see 
Fig.  1.)  Two  pinions  are  carried  on  the  turbine  shaft, 
and  these  mesh  with  two  large  gears  carried  on  the  gear 


FIG.  2.     TURBINE  AND  GEAR  TRANSMISSION 

shaft,  which  is  cojpled  to  the  shaft  or  pump  that  is  to 
be  driven.  Lubrication  is  confined  to  the  transmission 
casing,  the  large  gears  dipping  slightly  into  the  oil.  The 
machine  is  oiltight  and  dustproof  and  can  be  operated 
•  in  places  where  it  would  be  impracticable  to  run  a 
motor. 

This  x-ansmission  is  built  in  two  sizes,  25  and  50  hp. 
It  can  be  built  in  larger  sizes,  however.  As  shown  in 
Fig.  2,  the  soeed  of  the  turbine  is  governed  by  a 
throttling  governor  that  is  driven  from  the  gear  shaft. 
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MODERN  industrial  civilization  depends  on  four 
agencies:  The  transportation  system,  the  fac- 
tory system,  the  communication  system,  and 
the  power  system.  Its  present  status  is  largely  due 
to  the  development  of  the  factory  system  brought 
about  by  the  introduction  of  the  transportation  and 
communication  systems,  all  of  them  depending  on  the 
power  system. 

The  existing  communication  system  is  more  ade- 
quate than  the  other  systems  as  regards  its  ability  to 
expand,  and  yet  the  wonderful  advances  in  communi- 
cation methods  in  the  last  few  years  seem  to  indicate 
that  it  is  still  in  an  embryonic  stage  of  development. 

The  factory  system  has  reached  an  advanced  stage 
of  development  as  regards  production  methods,  and 
further  progress  can  be  made  only  through  changes 
in  other  industrial  conditions.  Production  depends  on 
labor,  transportation  and  power  as  regards  factory 
location,  and  the  last  two  elements  are  primary.  This 
has  resulted  in  the  congested  industrial  districts. 

The  war  proved  the  inadequacy  of  the  transporta- 
tion system  to  care  for  abnormal  industrial  expansion, 
not  only  because  of  missing  mileage  and  rolling  stock, 
but  also  because  of  inadequate  methods  and  the  coin- 
cidence of  a  transportation  peak  with  an  industrial 
peak.  The  transportation  of  fuel  for  power  purposes 
necessitates  the  movement  of  more  than  300,000  tons 
of  coal  daily.  This,  together  with  the  fuel  transportation 
for  railroad  locomotives,  uses  a  large  percentage  of  roll- 
ing stock  for  fuel  for  localized  power  production. 

The  industrial  power  system  has  had  a  haphazard 
and  wasteful  growth.  It  v/as  incidental  to  production 
and  transportation  in  that  it,  except  in  the  central 
station,  afforded  no  direct  monetary  return. 

The  power  system  has  recently  been  brought  before 
the  country  because  of  three  things:  (1)  A  knowledge 
that  the  fuel  supply  must  be  conserved;  (2)  a  knowl- 
edge of  the  inadequacy  of  the  transportation  system  to 
meet  an  industrial  peak  load;  (3)  a  realization  that 
the  solution  of  both  the  workingman's  and  the  capital- 
ist's problem  can  be  gained  most  readily  by  securing 
more  output  per  worker ;  that  is,  greater  use  of  power. 

More  power  can  best  be  obtained  by  the  establish- 
ment of  a  comprehensive  power  system  with  unified 
nation-wide  control  for  supplying  power  at  low  cost 
for  all  national  purposes.  This  does  not  mean  the 
scrapping  of  existing  power-producing  agencies,  but 
it  means  the  engineering  grouping  and  expansion  of 
such  power  sources  as  are  existing,  the  addition  of 
new  power  sources  in  proper  locations  for  intercon- 
nected power  production  and  the  scrapping  of  small, 
inefficient  plants  not  essential  or  economical  for  con- 
nection to  the  comprehensive  system.  Such  an  idea  is 
being  accomplished  very  rapidly  at  the  present  time 
simply  through  economic  competitive  conditions. 

Adequate  and  cheap  power  on  a  comprehensive 
scale  would  mean:  Better  living  conditions,  as  indus- 
tries could  be  located  in  nonurban  territory  and  the 
present   tenement   districts    would    be    eliminated    and 


the  homes  of  the  people  would  be  made  more  comfor- 
table through  the  use  of  power  appliances  in  the  home, 
whether  city  or  country;  better  social  and  financial 
conditions,  since  the  output  per  worker  would  be  in- 
creased with  a  consequent  wage  increase.  At  the  same 
time  the  price  to  consumers  would  decrease,  as  the 
cost  of  power  is  very  small  as  compared  to  the  cost 
of  labor  in  manufacturing  plants.  Fuel  would  be  con- 
served, because  large  power  stations  use  fuel  more 
efficiently  than  small  ones.  Also  the  fuel  used  for 
transporting  a  great  part  of  the  coal  supply  of  the 
country  would  be   saved,   and   undeveloped   large   and 
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NET  TONS  -710000000 

TONS  PER  CAPITA  -  6.85 

NET  TONS  -  585000  000                               | 

TONS  PER  CAPITA  -  6.15                                        | 

NET  TONS  -■4-90  000  000                     | 

TONS  PER  CAPITA  ~5.55 
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FIG.   1.      GROWTH  IN  ANNUAL  COAL  CONSUMPTION  IN 
THE  UNITED  STATES 


small  water  powers  could  be  utilized  by  such  a  network 
power  supply. 

Transportation  congestion  would  be  relieved  through 
the  expansion  and  relocation  of  congested  industrial  dis- 
tricts, through  location  of  industries  at  raw  material 
sources  and  by  the  diminished  haulage  of  fuel.  The 
factory  system  would  be  improved  and  developed.  Cheap 
and  reliable  power  would  mean  less  cost  per  unit  of 
output  and  more  wages  for  the  employee,  less  cost  to 
the  consumer  and  more  return  to  the  capitalist,  thus 
increasing  the  inducement  for  industrial  development. 

The  accompanying  curves  have  been  prepared  to 
show  present  tendencies  in  power  production  and  fuel 
consumption.  Fig.  1  shows  the  net  tons  of  coal  used 
and  the  tons  per  capita.     The  ratio  of  the  tons  per 
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capita  to  the  net  tons  is  decreasing,  owing  to  more 
efficient  fuel  utilization.  In  1870,  per  capita,  there 
was  1  ton  of  coal  used;  presumably,  this  represented 
the  amount  needed  for  heating  purposes.  In  1919,  per 
capita,  there  was  about  6.5  tons  of  coal  used.  The  ex- 
cess over  the  1  ton  needed  for  home  comfort  repre- 
sents the  change  in  conditions  brought  about  by  modem 
use  of  power  in  industrial  work.  The  United  States 
Geological  Survey  states  that  if  the  fuel  consumption 
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increases  7  per  cent  yearly,  the  life  of  the  coal  supply 
of  the  United  States  will  be  less  than  one  hundred 
years.  The  effect  of  such  an  exhaustion  on  our  indus- 
trial existence  can  be  contemplated  only  with  anxiety, 
particularly  when  it  is  understood  that  the  United 
States  has  half  the  world's  coal  supply.  Every  effort, 
therefore,  from  a  conservation  of  fuel  standpoint  must 
be  made  to  obtain  more  power  per  unit  of  fuel. 

Fig.  2  shows  the  growth  of  installed  horsepower  in 
the  United  States  as  obtaiaied  from  the  Census  and 
current  technical  journals.  Curve  1  shows  the  horse- 
power installed  for  railway  and  electrified  trunk-line 
purposes.  The  increase  during  the  last  three  or  four 
years  is  due  to  the  great  increase  in  the  electrified 
trunk-line  mileage.  Curve  2  shows  the  increase  in  the 
horsepower  installed  in  central  stations;  it  is  grow- 
ing at  the  rate  of  1,200,000  hp.  yearly,  while  the  total 
horsepower  installed  in  manufacturing  plants,  central 
stations  and  railway  plants  (curve  4)  shows  an  in- 
crease of  only  1,300,000  hp.  yearly,  thus  indicating  the 
trend  of  power  development  toward  central  stations. 
Curve  3  shows  the  installed  horsepower  in  manufactur- 
ing plants  aside  from  rented  power  from  central  sta- 
tions. Until  1910  factories  put  in  their  own  power 
plants,  but  since  that  time  the  greater  number  pur- 
chase their  power  from  central  stations,  as  indicated  by 
the  curves. 


Fig.  3  shows  the  history  of  the  installed  horsepower 
used  for  manufacture  in  the  United  States.  Curve  1 
shows  the  remarkable  growth  in  the  use  of  internal- 
combustion  engines  as  sources  of  power  for  manu- 
facturing purposes.  Curve  2  shows  that  the  direct 
use  of  hydraulic  power  in  manufacturing  is  practically 
constant.  In  New  England  there  has  been  a  decrease  in 
the  use  of  water  power  in  factories,  due  chiefly  to  the 
small  capacity  of  the  older  developments  and  their 
inability  to  meet  the  demands  of  factory  expansion. 

Curve  3  shows  the  total  electric  horsepower  used 
in  manufacture  and  is  the  sum  of  the  dotted  curves 
labeled  "Generated  Electric"  and  "Central-Station 
Electric"  respectively.  The  total  electric  power  is 
increasing  at  the  rate  of  1,200,000  hp.  yearly  as  com- 
pared to  a  rate  of  only  600,000  hp.  yearly  for  all 
horsepower  used  in  manufacture.  Of  this  total  elec- 
tric power  the  increase  of  purchased  power  is  indi- 
cated by  the  dotted  curve  labeled  "Central-Station 
Electric."      The    curve    labeled    "Generated    Electric" 
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represents  the  electric  power  produced  in  tLe  manu- 
facturing plants.  Curve  4  represents  the  horsepower 
installed  in  manufacturing  plants  other  than  the  hydrau- 
lic, internal-combustion  engine  or  the  generated  electric. 
This  curve  plainly  indicates  the  decrease  in  the  use  of 
steam-engine  drive  for  manufacturing  plants.  The 
figure  shows  clearly  the  tendency  toward  electric 
power  in  manufacturing,  brought  about  solely  by  com- 
petitive and  production  conditions.  Electricity,  as  such, 
is  getting  to  be  an  important  element  in  many  manu- 
facturing processes,  and  this  fact  aids  the  movement 
toward  an  electrified  industry. 
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The  figure  shows  that  central-station  electric  power 
in  manufacture  is  rapidly  replacing  all  other  types 
and  that  the  economic  solution  of  the  power  supply  for 
manufacture  is  obtained  by  using  such  power. 

Fig.  4  shows  the  trend  of  central-station  develop- 
ment. A  comparison  of  installed  horsepower  curves 
on  Figs.  3  and  4  shows  that  where  the  total  power  in- 
stalled in  manufacturing  plants  is   increasing  at  the 
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rate  of  600,000  hp.  yearly,  the  power  installed  in  cen- 
tral stations  is  increasing  at  the  rate  of  1,400,000  hp. 
yearly.  The  increase  in  the  central-station  power  can 
be  largely  accounted  for  in  the  increased  amount  used 
in  manufacture  and  in  transportation. 

The  number  of  central  stations  is  increasing  slowly 
as  is  the  investment,  showing  -the  tendency  toward 
concentration  now  occurring  in  central-station  develop- 
ment. The  most  remarkable  curve  on  Figure  4  is  that 
showing  the  kilowatt-hour  output.  The  remarkable 
yearly  increase  shown  by  this  curve  as  compared  to  the 
increase  shown  by  the  installed  horsepower  curve 
shows  vividly  the  efl:ect  of  wartime  economy  in  opera- 
tion as  well  as  the  effect  of  increased  industrial  load  on 
the  load  factor  of  central  stations.  A  compari- 
son of  the  kilowatt-hour  curve  with  the  income  curve 
shows  that  more  power  means  cheaper  power.  Income 
increases  twice  in  about  6.5  years,  while  the  kilowatt- 
hour  output  increases  26  times  in  the  same  period. 
The  kilowatt-hour  output  is  increasing  at  the  rate  of 
six  billions  per  year  as  compared  to  the  1,400,000  in- 
stalled horsepower  increase  yearly. 

If  this  six  billion  kilowatt-hour  yearly  increase  is 
to  be  cared  for  by  small  central  stations  operating  on 
a  basis  of  6  lb.  of  coal  per  kilowatt-hour,  it  would  require 
an  increased  yearly  coal  demand  of  eighteen  million 
tons.  If  the  same  demand  is  met  by  a  large  central 
station  installation  the  yearly  coal  increase  on  a  two- 
pound  basis  would  be  only  six  million  tons.  Thus  a 
considerable  saving  in  fuel  is  possible  by  utilizing  large 
and  modern  stations  as  compared  to  small,  inefficient 
stations. 


The  figures  show  clearly  the  trend  in  power  develop- 
ment toward  a  national  and  comprehensive  power  sup- 
ply. This  trend  is  also  evidenced  by  statistics  of 
developments  in  widely  separated  parts  of  the  country. 

In  New  England  during  the  last  three  years  one 
company  has  discontijiued  121  small  and  inefficient 
steam  stations  by  interconnection  and  regrouping  of 
existing  power  sources  in  their  territory.  Nearly 
every  New  England  State  now  has  its  power  sys- 
tems interconnected,  and  there  is  a  general  tendency 
toward  still  further  consolidation.  In  Alabama  a  net- 
work power  system  with  more  than  1,000  miles  of 
power  lines  and  150,000  kva.  capacity  is  in  successful 
operation.  At  Niagara  Falls  over  500,000  kva.  is  con- 
nected and  used  for  power  purposes  in  a  large  terri- 
tory. In  the  Northern  Illinois  district  more  than 
500,000  kva.  is  in  one  system.  On  the  Pacific  slope 
immense  power  systems  are  connected  together  to  form 
a  network  from  Oregon  to  southern  California, 

The  technical  problems  associated  with  a  compre- 
hensive national  power  system  are  largely  solved  as 
regards  apparatus.  The  unsolved  problems  lie  in  the 
direction  of  control  and.  protection  to  secure  reliable 
service  under  all  conditions  and  do  not  give  evidence 
of  great  magnitude.  Social  and  political  conditions  are 
the  greatest  handicaps,  and  the  utility  managers  will 
be  called  upon  for  closer  co-operation  in  such  a  scheme 
than  has  been  obtained  in  the  past.  Government  regu- 
lation of  public  utilities  will  have  to  change  its  char- 
acter before  any  such  project  can  be  financed.  Regu- 
lation is  necessary,  but  it  should  stimulate,  not  retard, 
development. 

The  country  must  be  awakened  to  the  resulting  bene- 
fits of  an  adequate  power  supply.  The  present  an- 
tagonism of  the  people  toward  all  public  utilities  must 
be  removed  through  unfailing  efforts  and  a  truthful 
educational  campaign.  Such  a  scheme  is  everyone's 
business  yet  no  one's  business,  as  it  is  on  too  large  a 
scale  for  individual  enterprise.  Despite  this  fact  the 
figures  presented  show  clearly  the  tendency  in  the 
proper  direction,  and  every  endeavor  should  be  made 
to  expedite  the  change  simply  from  a  social  and  con- 
servation standpoint. 

Cooling  Coils  for  Water-Cooled 
Transformers 

The  Electrical- Apparatus  Committee  of  the  National 
Electric  Light  Association  enumerates  the  advantages 
and  disadvantages  of  copper  and  iron  cooling  coils  for 
transformers  as  follows: 

Copper  cooling  coils  have  the  advantage  of  non-cor- 
rosibility,  the  disadvantage  of  high  first  cost  and  are 
limited  to  a  pressure  of  about  250  lb.  per  sq.in.  maxi- 
mum. In  the  iron  cooling  coils  corrosion  will  take  place 
where  the  water  is  unsuitable,  principally  due  to  excess 
air  in  the  water,  unless  precautions  are  taken,  and  these 
may  not  always  be  successful  in  eliminating  the  trouble. 
The  advantage  in  the  use  of  the  iron  coils  lies  in  lower 
first  cost  and  the  ability  to  stand  a  maximum  pressure 
of  approximately  1,000  lb.  per  square  inch. 

The  subcommittee  recommends  the  use  of  copper  cool- 
ing coils  wherever  the  water  conditions  are  unknown, 
always  bearing  in  mind  the  limits  of  the  copper  coils 
where  high  heads  of  water  have  to  be  considered.  Iron 
coils  of  less  than  one  inch  internal  diameter  should  not 
be  employed. 
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Twelve-Inch  High  Pressure  Underground 

Steam  Main 


IN  1917,  Day  &  Zimmerman,  engineers,  put  in  opera- 
tion the  new  Front  Street  Station  of  the  Erie  Light- 
ing Co.,  in  which  is  installed  20,000  kw.  in  turbines. 
It  soon  became  apparent  that  much  greater  economy  could 
be  effected  by  combining  this  new  station  with  the  com- 
pany's older  Peach  Street  Station  on  account  of  the 
higher  efficiency  of  the  new  plant.  Several  plans  for 
accomplishing  this  were  considered,  and  it  was  finally 


FIG.    1.      SIDES   OF   MULTI- 
CELL  CONDUIT 


FIG.    2.      TWO    LATER.S    OF 


COVtEX^ING 


.decided  to  connect  the  8,500-kw.  turbines  in  the  old  plant 
•  with  the  new  boiler  plant  of  5,076  hp.,  normally  oper- 
ated at  300  per  cent  rating,  by  what  is  virtually  an 
underground  steam  header.  The  installation  of  this 
high-pressure  underground  main  has  recently  been  com- 
pleted.by  the  American  Distinct  Steam  Co. 

Ground  was  broken  in  October,  1919,  and  .construction 
bsgan  on  the  specifications  for  a  12-in.  line,  1,600  ft. 
long,  to  carry  a  maximum  operating  pressure  of  250 
lb.  225  deg.  superheat,  and  to  deliver  250,000  lb.  of 
steam  per  hour. 

.The  main  is  installed  along  the  lake  front,  part  of  it 
^i^ing  below  the  lake  level.    A  -large  amount  of  mud  and 
water  was  encountered  during'  excavation,  making  tight 
^^heathing    necessary.      To    relieve   the   watei^   pressure 
from  the  exterior  of  the  completed  conduit,  a  subsoil 
'  of  coarse  stone  and  gravel,  18  in.  in  depth,  ^drained  by 
i^'tile,and  sewer  lines  to  a  sump,  was  placed  in  the  bottom 
r?,!ofr.th€  trench,  and  upon  this  foundation  the  concrete 
base  of  the  multicell  conduit.  Fig.  1,  was  constructed. 
The  sump  is  automatically  pumped  out  as  water  accumu- 
lates. 

The  conduit  is  constructed  of  a  hard-burned  hollow 
tile  resting  on  a  concrete  base.  The  tile  were  specially 
manufactured  for  this  purpose  and  are  laid  in  cement 
mortar.  To  prevent  water  from  entering  the  conduit 
a  membranous  waterproofing  is  used,  so  applied  that 
the  conduit  is  thoroughly  sealed  by  two  layers  of  water- 
proofing felt  and  one  layer  of  burlap jJiot-mopped  into 
place  with  pitch.  To  prevent  the  weight  of  the  conduit 
from  puncturing  the  membrane  the  concrete  base  is 
made  in  two  sections,  an  upper  and  a  lower,  and  the 


membrane  passed  between  the  two.  The  portion  of  the 
concrete  below  the  lake  level  is  surrounded  by  a  con- 
crete envelope  five  inches  thick,  the  primary  purpose  of 
which  is  to  protect  the  waterproofing  membrane. 

Nonpareil  covering  is  used.  This  is  applied  in  blocks, 
two  layers  thick,  held  in  place  with  wire,  all  crevices 
being  filled  vdth  cement,  Fig.  2.  Waterproofing  of  the 
covering  is  accomplished  by  applying  two  layers  of  high- 
grade  roofing,  each  layer  mopped  in  place  with  high- 
temperature  asphalt  varnish,  all  joints  being  broken. 
As  an  additional  insulation  the  rnterior  of  the  conduit 
above  the  center  line  of  the  steam  main,  also  the  voids 
in  the  multicell  tile,  are  packed  with  dry  "nonpareil." 

The  steam  pipe  is  extra-heavy,  strictly  wrought-iron 
line  pipe,  and  the  joints  are  made  by  electric-arc  weld- 
ing, P'ig,  3.  There  are  no  thread  connections  in  the 
main,  and  the  number  of  flanged  joints  is  reduced  to  a 
minimum,  such  joints  being  necessary  only  at  the  ex- 
pansion joints  and  elbows.  All  flanges  are  extra-heavy 
cast  steel. 

Expansion  of  the  main  pipe  line  's  taken  care  of  by 
the  use  of  thirteen  extra-heavy  cast-steel  duplex-sleeve 
expansion  joints,  Fig.  4,  and  built  to  take  care  of  a 
maximum  of  eight  inches  of  traverse.  The  expansion 
joints  are  anchored  to  the  concrete  side  walls  of  th« 
manholes  by  specially  designed  steel  anchor  wi»gs.  Tlie 
feature  of  these  patented  joints  is  that  the  slip,  or 
moving  element,  consists  of  an  inner  and  an  outer 
sleeve  of  forged  steel  treated  with  a  rustproof  process 
and  highly  polished,  with  ^  in.  air  space  between  the 
two  sleeves.    The  object  of  this  construction  ot  thvsiip 


i.'UG.   3.     ELECTRIC-ARC  WELDED  JOINTS 

is  to  prevent  the  packing  coming  in  contact  with  the 
high  temperature  (approximately  700  deg.  F.)  to  which 
the  inner  sleeve  is  subjected.  With  a  temperature  re- 
duction of  approximately  40  per  cent  on  the  outer  side 
of  the  outer  slip,  the  life  of  the  packing  is  indefinitely 
increased.  Flanges  are  eliminated  from  the  mo\'able 
end  of  the  expansion  joint,  the  inner  sleeve  being  welded 
directly  to  the  pipe  line. 
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All  fittings  and  expansion  joints  are  installed  in  large 
concrete  manholes  with  reinforced-concrete  tops,  water- 
proofed to  the  surface  in  the  same  manner  as  the  con- 
duit. Special  watertight  manhole  curbs  are  used,  hav- 
ing inner  and  outer  covers,  the  inner  covers  being  thor- 
oughly packed,  thus  preventing  surface  water  from 
entering  the  manholes. 

It  has  been  the  experience  of  the  engineers  that  long 
runs  of  pipe  under  the  expansion  variations   of  high 


FIG.    4.      DUPLEX-SLEEVE    EXPANSION   JOINT 

temperatures  "weave"  in  travel,  thus  distorting  align- 
ment and  creating  packing  and  gasket  troubles.  To 
eliminate  this  condition,  there  are  placed  at  intervals 
averaging  30  ft.  alignment  guides.  Fig.  5.  These  guides 
consist  of  semi-steel  shells  bolted  to  the  concrete  base 
by-  means  of  anchor  bolts.  Attached  to  the  pipe  and 
moving  freely  through  the  shell  of  the  guide,  with 
proper  clearance,  are  semi-steel  clamps  supporting  the 
pipe  concentrically  in  the  guide  by  means  of  four  points 
or  lugs. 

At  ten-foot  intervals  saddle  plates,  rollers  and  chairs 
are  placed  beneath  the  main  as  additional  support  and 
assistance  in  the  free  movement  of  the  pipe,  due  to  ex- 
pansion and  contraction.  Nine  angles  are  in  the  line 
made  by  the  use  of  bent  pipe  and  extra-heavy  cast-steel 


sweep  elbows,  with  large  anchor  bases  especially  de- 
signed for  the  work.  Fig,  6.  These  bases  are  anchored 
in  concrete  foundations,  and  all  anchors  are  thoroughly 
backed  up  by  large  concrete  abutments. 

The  company  has  had  this  underground  steam  line 
in  operation  for  eight  or  ten  weeks,  and  has  closed  down 
the  boiler  plant  at  the  old  station  and  done  away  with 
the  services  of  twenty-two  men.  Inasmuch  as  the  new 
boiler  plant  is  more  efficient  than  the  old  one,  the  saving 
due:  to  the  operation  of  this  underground  line  will 
amount  to  several  thousand  dollars  per  month. 


New  York  Lighting  Companies  Use 
3,453,408  Tons  of  Coal  in  a  Year 

More  than  thriee  million  tons  of  coal  and  coke  was 
used  in  the  manufacture  of  gas  and  electricity  by  the 
,s  various  gas  and  electric  lighting  companies  in  New  York 
City  in  1919,  according  to  reports  filed  with  the  Public 
Service  Commission.  Of  this  tonnage  the  gas  companies 
used  1,645,619  short  tons  of  coal  and  coke,  and  the  elec- 
tric lighting  companies  used  1,806,789  short  tons  of 
anthracite  and  bituminous,  a  total  of  3,453,408  tons. 

In  addition  to  the  consumption  of  coal  and  coke  the 
gas  companies  in  Manhattan  and  The  Bronx  used 
14,254,558  gal.  of  water-gas  tar  and  129,233,034  gal. 
of  gas  oil  in  the  making  of  gas,  while  the  companies  in 
the  other  boroughs  of  the  city  used  12,305,157  gal.  of 
water-gas  tar  and  88,785,797  gal.  of  gas  oil,  a  total  of 
26,559,715  gal.  of  water-gas  tar  and  218,018,831  gal.  of 
gas  oil. 

Three  of  the  gas  companies  made  378,438  tons  of 
coke  during  the  year,  of  which  they  sold  119,479  tons 
for  $669,660.03,  an  average  of  $5.59  per  ton. 

The  reports  show  that  the  various  electric  lighting 
companies  consumed  the  following  tonnages: 

Anthrafite 
New    York    &    Queens    Electric    Ijight    & 

Power  Co 6,441 

New  York  Edison  Co 

United  P^lectric  Light  &  Power  Co 

Flatbush  Gas  Co 21,242 

Brooklyn  Edison  Co 1 6,428 

Queens  Borough  (ias  &  Electric  Co 

Richmond  Light  &  Railroad  Co 33.275 

Totals 77,386  1,283,204  446,199 


Coal 

Bi+uminous 
1,770 

948,651 
334,553 

H 

1,657 

427,618 

15,154 

FIG.    5.      ALIGNMENT    CJUIDE    IN    I^OSITION 


FIG.  6.     EXPANSION  JOINT  AND  PIPE  BEND 
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A  Real  Steam  Man — Edward  F,  Miller 

A  Teacher  of  Heat  Engineering  Who  Has  Never  Lost  Close  Personal 

Touch  with  the  Industries 


WHEN  the  United  .States  actively  entered  Vhe 
war  with  Germany,  thousands  of  men,  big  and 
little,  left  their  jobs  and  entered  the  service 
of  the  Government,  both  in  civilian  and  in  military 
lines.  Others  carried  on  their  regular  work  and 
shouldered  heavy  extra  burdens  in  the  service  of  the 
country.  The  Government  needed  the  former  class  of 
men,  but  it  also  needed  badly  the  latter  class — men 
who  could  do  their  share  toward  keeping  the  industries 
and  business  of  the  country  running  and  who  were  big 
enough  to  give,  in  addition,  helpful  service  toward 
winning  the  war.  Among  this  latter  class  is  Edward 
F.  Miller,  Professor  of  Steam  Engineering  and  Head 
of  the  Department  of  Mechanical  Engineering  at  the 
Massachusets  Institute  of  Technology. 

Ever  since  his  graduation  from  the  Institute  in 
1886,  Professor  Miller  has  been  connected  with  its 
teaching  staff,  where,  after  serving  as  Instructor,  he 
was  given  the  title  of  Assistant  Professor  of  Steam 
Engineering  at  the  age  of  26.  In  1911  he  was  put  in 
charge  of  the  Department  of  Mechanical  Engineering, 
under  which  is  included  all  instruction  in  mechanical 
engineering,  applied  mechanics  and  mechanic  arts,  or 
as  the  graduates  of  fifteen  years  or  more  ago  remem- 
ber it,  "shop-work." 

One  of  his  characteristics  has  always  been  the  ability 
to  do  a  little  more  work.  In  addition  to  his  duties 
as  a  teachei",  Professor  Miller  has  found  time  to  do 
a  great  deal  of  extra  work  in  consulting  engineering.  He 
has  conducted  a  large  number  of  boiler  and  plant  tests, 
both  for  research  purposes  and  as  acceptance  tests. 
He  has  served  as  expert  in  many  accident  cases,  espe- 
cially in  connection  with  boiler  explosions.  He  has 
been  called  as  an  expert  witness  in  numerous  law- 
suits involving  engineering  questions.  It  has  been 
said  that  no  cross-examining  lawyer  ever  succeeded 
in  mixing  up  his  testimony  on  the  witness  stand.  He 
has  also  done  a  large  amount  of  research  work  in 
the  engineering  laboratories  at  the   Institute,  having 


made  a  number  of  investigations  on  the  capacity  and 
action  of  safety  valves,  involving  the  handling  of  steam, 
air  and  ammonia.  He  has  made  exhaustive  experi- 
ments on  the  flow  of  ammonia  in  pipes.  In  short, 
his  activities  have  covered  every  part  of  the  broad 
field  usually  included  under  the  term  heat  engineering, 
and  his  experience  has  been  such  as  to  rank  him  as 
an  expert  in  any  part  of  that  field. 

A  great  many  people  think  of  a  college  professor,  even 
an  engineering  professor,  as  an  impractical  theorist  who 
lives  in  the  clouds.  Professor  Miller's  long  experience 
with  the  practical  problems  of  engineering,  not  only 
in  the  laboratory  but  actually  in  the  industries,  has 
removed  all  traces  of  the  impractical  dreamer,  if  ever 
there  were  such  traces  in  his  make-up.  He  meets  his 
students  as  a  very  human  man,  not  as  a  theorist  from 
another  world.  When  he  is  explaining  a  point  of 
theory  from  the  lecture  platform,  his  own  experience 
can  always  furnish  one  or  more  actual  examples  to 
illustrate  it. 

Probably  the  biggest  physical  monument  to  Professor 
Miller's  work  is  the  group  of  engineering  laboratories 
in  the  new  "Technology"  buildings  in  Cambriige.  As 
far  back  as  1912  drawings  and  studies  of  the  "New 
Technology"  began  to  be  made.  From  then  on  much 
of  his  time  was  devoted  to  the  laboratories,  and  after 
the  actual  construction  of  the  new  buildings  began 
he  alm.ost  "lived  on  the  job."  The  largest  of  these 
laboratories  is  that  devoted  to  steam,  air  and  hy- 
draulics. In  addition  are  the  laboratories  for  gas  en- 
gines, for  testing  materials,  for  mechanic  ^rts,  for 
textile  machinery  and  for  power-transmission  ma- 
chinery. The  present  success  of  these  laboratories  and 
any  success  they  may  have  in  the  future  must  be 
credited  very  largely  to  Professor  Miller's  personal 
efforts. 

"Technology"  occupied  its  new  buildings  in  the  fall 
of  191G,  and  the  school  year  of  1916-17  was  full  of 
the   problems   of   readjustment   and   the  completion   of 
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unfinished  details  of  construction  and  installation.  In 
the  spring  of  1917  came  the  entrance  of  the  United 
States  into  the  war.  The  Institute  authorities  at  once 
placed  their  entire  resources  of  equipment  and  per- 
sonnel at  the  service  of  the  Government.  Various 
schools  were  established,  some  completely  under  Army 
or  Navy  control  and  some  handled  partly  by  the  regular 
staff.  Some  of  the  drawing  rooms  and  class  rooms 
were  used  as  dormitories  for  uniformed  details  re- 
ceiving special  training.  Parts  of  the  laboratories  were 
partitioned  off  and  devoted  to  secret  research  and 
instruction  work.  The  regular  schedule  of  work  was 
completely  rearranged  on  an  intensive  basis  to  hasten 
the  graduation  of  engineering  students,  that  they  might 
be  available  for  needed  work  at  the  earliest  possible 
moment. 

As  the  head  of  the  Department  of  Mechanical 
Engineering  a  large  proportion  of  this  work  fell  on 
Professor  Miller's  shoulders,  but  the  demands  on  him 
did  not  end  there.  He  was  continually  called  on  for 
advice  and  help  by  the  War  and  Navy  Departments. 
He  spent  a  great  deal  of  time  in  the  design  of  ex- 
perimental fighting  machinery  for  the  Ordnance  De- 
partment. Much  of  this  work  was  done  in  secret,  and 
most  of  it  will  probably  never  be  known  beyond  a 
small  circle  of  army  offi«;ers,  so  that  the  full  value  of 
his  service  cannot  be  appreciated  by  the  public  in 
general. 

When  every  effort  was  being  made  to  build  a  "bridge 
of  boats  to  Pershing,"  it  was  realized  that  boats 
without  men  to  run  them  would  be  helpless.  It  was 
imiportant  that  these  men,  and  especially  those  in 
authority,  should  be  loyal  Americans,  and  the  num- 
ber of  skilled  marine  engineers  and  navigators  was 
woefully  small.  The  United  States  Shipping  Board 
therefore  established  schools  for  the  intensive  training 
of  men  for  these  positions.  Again  Professor  Miller 
was  called  on,  and  he  was  made  Chief  Instructor  of 
all  the  Shipping  Board  Schools  for  the  training  of 
engineering  officers.  This  meant  responsibility  for  the 
organization  of  all  of  these  schools  throughout  the 
country,  immediate  responsibility  for  the  local  one  at 
"Technology"  and  even  personally  giving  a  number  of 
the  lectures.  So  successful  were  these  schools  under 
his  leadership  that,  although  the  emergency  has  passed, 
the  school  at  Boston  is  still  maintained  to  help  in 
furnishing  engineers  for  the  growing  American  Mer- 
chant  Marine. 

The  war  over,  he  settled  down  to  the  problems  of 
reorganizing  his  department  at  "Technology"  to  meet 
the  unprecedented  rush  of  students  to  the  engineer- 
ing schools.  This  was  complicated  by  the  tangle  left 
from  the  numberless  makeshifts  necessary  for  the  war- 
time emergencies.  This  work  was  still  under  way  when 
the  sudden  death  of  Dr.  Maclauren,  President  of  the 
Institute,  brought  new  responsibiUties.  The  corpora- 
tion entrusted  the  administrative  powers  of  the  presi- 
dent's office  to  a  committee  of  three  members  of  the 
faculty,  and  Professor  Miller  was  made  a  member  of 
this  committee. 

At  the  time  of  his  death  Dr.  Maclauren  was  just 
about  to  undertake  the  reorganization  of  all  the  In- 
stitute's work,  which  was  made  necessary  by  the  in- 
crease in  the  number  of  students  and  the  economic 
conditions  that  have  faced  all  the  colleges.  This  stu- 
pendous task  fell  on  the  shoulders  of  the  administra- 
tive committee  in  addition  to  the  departmental  work 
of   each   of   its    members.      This    work    is    still   going 


on  as  this  is  written,  but  the  number  of  expressions 
of  approval  heard  by  the  writer  from  people  con- 
nected with  the  Institute  indicates  that  the  committee 
is  fully  capable  of  carrying  out  this  important  task 
as  well  as  the  others  entrusted  to  it. 

With  Prof.  C.  H.  Peabody  he  is  co-author  of  the 
first  edition  of  a  textbook  on  Steam  Boilers,  succeeding 
editions  being  his  own  work.  He  has  also  written 
numerous  sets  of  notes  on  various  subjects  for  the 
use  of  his  students.  These  notes,  while  not  formally 
published  as  books,  form  a  valuable  collection  of 
engineering  literature  and  are  to  be  found  in  the  li- 
braries of  many  "Technology"  graduates  of  recent 
years,  as  well  as  in  the  collections  of  many  of  the 
older  men  who  have  been  so  fortunate  as  to  be  able 
to  obtain  them. 

Professor  Miller  was  born  in  Somerville,  Mass.,  in 
1866  and  has  always  lived  near  Boston.  He  is  a 
member  of  the  Engineers'  Club  and  of  the  University 
Club  of  Boston,  of  the  American  Society  of  Mechanical 
Engineers,  the  American  Society  of  Civil  Engineers 
and  the  American  Society  of  Refrigerating  Engineers. 
In  connection  with  the  American  Society  of  Mechanical 
Engineers  he  has  done  considerable  committee  work, 
especially  on  the  Boiler  Code  Committee  and  the  Power 
Test  Code  Committee,  being  a  member  of  the  subcom- 
mittee of  the  latter  on  Refrigerating  Machinery  and 
Apparatus,  as  well  as  of  the  main  committee.  He  is 
also  a  life  member  of  the  Massachusetts  Charitable 
Mechanics  Association  and  has  been  elected  an  honorary 
member  of  the  National  Association  of  Stationary  En- 
gineers. 

Dead-Ending  Conductors  to 
Floor  Timbers 

By  Roy  J.  Turner 

A  convenient  and  economical  method  of  dead-ending 
large  slow-burning  insulation  conductors  on  the  floor 
timbers  of  a  wood-frame  building  over  the  switchboard 


METHOD  OF  TERMINATING  MOTOR  CONDUCTOR 

for  a  motor  is  indicated  in  the  illustration.  The  cable 
clamps  in  combination  with  an  I-bolt  provide  a  means 
whereby  the  conductors  can  be  drawn  taut,  and  their 
application  renders  unnecessary  any  "making  up"  of  the 
heavy  conductors.  Note  that  no  copper  is  wasted  in 
making  such  a  termination. 
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Super-Power  Project 
One  of  Many  Angles 

WHEN  electrical  power  is  to  be  generated  from  fuel 
the  most  economical  method  involves  many  con- 
siderations. If  it  is  only  a  question  of  producing  large 
quantities  of  power  for  industrial  and  domestic  pur- 
poses, there  is  no  other  way  in  which  it  can  be  done  so 
economically  as  in  large  stations  centrally  located  with 
reference  to  the  load  and  coal  and  water  supply.  In 
such  plants  the  greatest  advantage  can  be  taken  of  the 
high  efficiency  of  large  turbo-units  operated  condensing 
in  a  high  vacuum.  Where  large  volumes  of  steam  are 
required  for  heating  and  manufacturing  processes,  the 
most  economical  operation  is  obtained  in  plants  from 
which  both  power  and  heat  are  supplied.  Under  the 
latter  conditions  power  may  be  considered  a  byproduct. 
With  steam  turbines  operating  condensing  about  the 
best  over-all  thermal  efficiency  so  far  attained  is  twenty 
per  cent.  In  the  plant  where  the  engines  act  as  reducing 
valves  for  the  heating  system,  an  over-all  thermal 
efficiency  of  sixty  to  seventy  per  cent  is  possible.  How- 
ever, where  the  exhaust  steam  is  used  for  heating  only, 
unless  conditions  are  favorable  to  operate  the  plant 
condensing,  during  the  summer  months  the  thermal 
efficiency  is  so  low  that  the  gain  during  the  winter 
months  is  lost.  Therefore,  if  it  could  be  successfully 
worked  out,  the  most  economical  plan  would  be  for  the 
industries  to  buy  their  power  from  the  central  station 
during  the  summer  months  and  generate  their  own 
during  the  season  when  heat  is  required. 

In  a  comprehensive  project  in  which  all  the  power 
requirements  for  a  given  district  are  to  be  supplied 
from  a  super-power  system  such  as  proposed  by  W.  S. 
Murray  for  the  industrial  district  extending  from  north 
of  Boston  to  Washington,  D.  C,  where  advantage  can 
be  taken  of  all  the  loads  in  this  region  it  should  be 
possible  to  develop  a  system  that  would  enjoy  the  bene- 
fits of  the  high  efficiency  of  a  combined  heating  and 
power  load.  Such  a  project  as  the  proposed  super- 
power system  will  supply  power  not  only  for  industrial 
needs,  but  also  for  the  yarious  transportation  lines. 
During  the  winter  months  when  heat  is  required, 
approximately  thirty-three  per  cent  more  power  will 
be  needed  than  in  the  summer  months.  This  railroad 
heating  demand  comes  at  the  same  time  as  the  heating 
load  of  the  industries.  Consequently,  if  the  local  indus- 
tries could  be  supplied  with  heat  and  power  from  the 
same  plant  during  the  winter  months,  either  from  an 
isolated  plant  in  one  industry  or  from  a  centrally 
located  plant  serving  a  number  of  industries,  a  large 
amount  of  the  central-station  capacity  could  be  released 
to  supply  the  railway  heating  load.  Practically  the  only 
additional  cost  for  equipment  in  the  heating  plant  would 
be  that  for  the  engine  and  generator,  which  need  be  only 
of  sufficient  size  to  supply  the  required  amount  of 
exhaust  steam  for  heating,  and  can  be  installed  and 
operated  at  minimum  cost.  Since  this  plant  will  be 
tied  into  the  central  system,  no  emergency  capacity  need 
be  provided.    These  heating  power  plants  could  no  doubt, 


be  installed  for  practically  the  same  cost  as  additional 
capacity  in  the  central  stations,  or  even  less.  In  the 
heating  plant  the  addition  of  the  power-generating 
equipment  is  all  that  will  be  required,  where  in  a  central 
station  complete  boiler  and  generating  equipment  will 
have  to  be  installed. 

In  this  super-power  system  all  available  water  power 
must  be  developed  for  the  maximum  number  of  kilo- 
watt-hours economically  possible.  The  low-water 
periods  of  our  rivers  in  the  Northeastern  state.« 
generally  occur  during  the  winter  months.  Consequently, 
(.  onsiderable  reserve  steam  power-plant  capacity  will  be 
necessary  to  take  care  of  the  load  during  this  period, 
which  also  coincides  with  the  industrial  heating  load. 
This  reserve  steam-station  capacity  can  be  obtained  by 
transferring  part  of  the  central-station  load  to  the 
heating  power  plants  in  the  winter  months,  thereby 
reducing  the  amount  of  reserve  central-station  capacity. 

Whether  the  large  central  stations  are  installed  at 
the  mines  or  in  the  large  industrial  centers,  or  whether 
all  the  power  for  domestic  and  industrial  purposes  is 
supplied  from  these  stations,  coal  for  heating  must  be 
hauled  by  the  railroads  for  domestic  and  industrial 
heating.  Since  the  purpose  of  this  proposed  super- 
power zone  is  to  conserve  coal  and  relieve  railroad  con- 
gestion, both  of  which  are  of  paramount  economic 
importance  to  this  country  at  the  present  time  and  will 
be  increasingly  so  in  the  future,  every  factor  that  is 
conducive  to  this  end  should  be  carefully  considered, 
irrespective  of  private  interest  or  personal  prejudice. 
Although  it  is  realized  that  one  hundred  per  cent  effi- 
ciency cannot  be  obtained  for  every  element  entering 
into  the  problem,  the  equation  that  will  offer  the  best 
solution  must  give  the  correctly  weighted  value  to  each 
component. 

Corrosion  Research 

WHAT  disease  and  decay  are  to  the  human  body, 
corrosion  is  to  the  mechanical  structure.  A  scien- 
tific, systematic  investigation  of  the  causes,  manner  and 
prevention  of  corrosion  is  of  no  less  moment  to  the  engi- 
neer and  those  who  use  products  of  his  skill  than  are 
the  investigations  of  which  it  is  sought  to  reduce  the 
number  and  virulence  of  the  ills  that  nesh  is  heir  to, 
and  to  promote  health  and  longevity. 

The  Corrosion  Committee  of  the  Institute  of  Metals, 
of  Great  Britain,  has  been  at  work  for  ten  years  with 
promising  prospects  of  attaining  results  that  will  be  of 
wide  and  beneficent  importance.  Its  activities  have 
been  financed  first  by  the  Institute  of  Metals,  then  by 
the  Institute  in  conjunction  with  the  makers  of  con- 
densers and  condenser  tubes,  to  the  corrosion  of  which 
much  of  its  attention  has  been  directed,  and  the  govern- 
ment department  of  Scientific  and  Industrial  Research. 
An  appeal  is  now  made  to  the  users  of  condensers  as 
well,  and  the  government  agrees  to  contribute  a  like 
amount  for  every  pound  contributed  by  the  users. 

Surely,  the  prevention  or  retardation  of  the  corrosion 
of  condenser  tubes  is  of  as  much  importance  to  the 
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user  of  condensers  as  to  any  other  class.  By  far  and 
large  it  is  of  general  effect,  for  it  is  an  element  of  cost 
in  marine  transportation,  in  the  production  of  elec- 
tricity, and  of  many  articles  in  the  manufacture  and 
distribution  of  which  condensers  are  directly  or  in- 
directly used.  Furthermore,  such  an  investigation  by 
specialists  daily  growing  wiser  and  more  expert  in  the 
subject  offers  the  best  mode  of  attack  upon  corrosion  in 
general,  the  conquering  of  which  would  be  of  such  vast 
importance  to  engineering  and  everything  dependent 
upon  it. 

We  hope  that  the  appeal  of  the  committee  will  find 
a  generous  response  and  that  its  work  will  be  carried 
to  a  positive  and  effective  conclusion. 

Co-operation  Among 
Engineering  Societies 

ONE  of  the  features  of  the  recent  spring  meeting  of 
the  American  Society  of  Mechanical  Engineers  in 
St.  Louis  was  the  joint  session  with  the  American  So- 
ciety of  Refrigerating  Engineers  and  the  American 
Society  of  Heating  and  Ventilating  Engineers.  This 
was  not  the  first  occasion  on  which  such  joint  meetings 
of  two  or  miore  national  engineering  societies  have  been 
held,  but  it  is  worthy  of  notice  as  one  of  the  evidences 
of  the  growing  spirit  of  co-operation  among  such  na- 
tional societies. 

Students  of  history  remind  us  that  the  original  engi- 
neer was  a  civil  engineer  and  that  his  interest  was 
principally  confined  to  hydraulics.  As  mankind  prog- 
ressed, the  field  for  the  engineer  broadened  and  gradu- 
ally different  men  devoted  their  attention  to  different 
features  of  the  work.  This  resulted  in  the  formation 
of  groups  whose  members  were  interested  in  the  same 
problems.  These  groups  grew  and  in  turn  divided  into 
smaller  groups,  each  claiming  a  distinctive  name  and 
gradually  forming  societies  and  associations  among 
themselves.  As  a  result  we  have  national  societies  of 
civil,  mechanical,  electrical,  mining,  heating  and  ven- 
tilating, and  refrigeration  engineers.  The  list  might 
be  extended  almost  indefinitely. 

Each  of  these  societies  tries  to  cover  only  its  own 
subject  because  no  man  can  hope  to  comprehend  the 
whole  field  of  modern  engineering.  The  trouble  comes, 
however,  when  we  attempt  to  fix  the  limits  of  any  one 
branch.  As  an  example,  take  the  mechanical  engineer 
who  specializes  on  steam  power  plant  work.  He  must. 
of  course,  understand  boilers,  engines,  etc.  If  his  plant 
be  run  condensing,  however,  he  must  arrange  for  hand- 
ling large  quantities  of  cooling  water,  which  involves 
hydraulics,  a  civil  engineering  subject.  If  he  installs 
generators,  he  invades  the  electrical  engineer's  province. 
The  treatment  of  feed  water  to  avoid  scale  and  corrosion 
and  the  combustion  of  fuel  are  chemical  problems.  Try 
as  he  may  to  be  a  specialist,  the  engineer  must  keep  in 
touch  with  the  other  branches  of  engineering  if  he  is 
to  solve  his  own  problems. 

The  object  of  each  of  the  great  engineering  societies 
is  the  helpful  interchange  of  ideas  and  experience  so 
that  each  individual  m.ay  have  the  benefit  of  the  knowl- 
edge of  the  other  members.  In  the  same  way  each 
engineering  society  can  benefit  by  the  interchange  of 
ideas  with  the  other  societies.  Modern  civilization  is 
built  on  co-operation.  In  addition  most  of  its  vital  prob- 
lems are  engineering  problems.  Therefore  CD-operation 
among  engineers  would  seem  to  be  one  of  the  essentials 


for  the  progress  of  our  civilization.  Evidences  of  such 
co-operation  as  the  meeting  referred  to,  as  well  as  the 
other  co-operative  activities  of  the  various  societies, 
show  that  engineers  realize  their  responsibilities  and 
are  trying  to  live  up  to  them. 

Be  Careful 

THE  faster  you  go  the  greater  the  risk.  Ordinarily, 
it  is  safer  to  walk  than  run,  safer  to  run  than 
ride  a  horse,  safer  to  ride  a  horse  than  an  automobile 
or  railwpy  car,  safer  these  than  the  airplane.  To 
play  safe,  greater  care  must  be  exercised  the  faster 
you  go.  This  is  true  of  traveling  and  of  industrial 
operations. 

We  might  relax  vigilance  if  the  world  would  slow- 
down a  bit,  but  as  civilization  has  attained  a  goodly 
speed  and  accelerates  as  time  goes  on,  the  individual 
cannot  slow  down  just  so  he  may  be  less  careful. 

You  cannot  safely  sit  in  the  middle  of  Fifth  Avenue — 
unless  you  are  going  with  the  current. 

The  public  utilities  of  New  York  and  Pennsylvania 
have  set  aside  this  week  as  "No  Accident  Week."  Their 
employees  and  the  public  are  appealed  to  to  be  careful, 
to  avoid  heedlessness  and  negligence,  which  not  only 
endangers  the  safety  of  the  person  guilty,  but  which 
menaces  the  safety  of  others  and  jeopardizes  property 

The  appeal  to  guard  life  or  health  or  personal  safety 
gets  an  immediate  response.  The  appeal  to  safeguard 
property  against  preventable  damage  or  ruin  needs  par- 
ticular emphasis,  especially  at  this  time.  There  are 
many  factor?  that  contribute  to  a  serious  situation 
arising  in  such  cases.  The  freight  tie-up,  the  shortage 
of  labor,  the  unavailability  of  materials,  the  high  cost 
of  parts  or  whole  machines — all  these  mean  that  quick 
replacement  is  practically  impossible,  service  may  be 
down  and  many  hands  made  idle. 

Power-plant  employees  as  a  class  certainly  deserve 
praise  for  the  excellence  of  their  training  and  the 
observance  of  caution.  Few  other  branches  of  human 
activity  have  a  higher  percentage  of  careful,  long- 
headed,  common-sense  men. 

Every  week  is  no  accident  week  in  the  power  plant. 


An  analysis  of  sixty  of  the  large  electrical  power 
systems  in  the  United  States  shows  that  forty-nine  gen- 
erate sixty  cycle,  six  generate  twenty-five  cycle,  four 
generate  sixty  and  twenty-five  cycle  and  one  generates 
fifty  cycle  alternating  current.  There  are  approximately 
four  and  three-quarter  million  kilovolt-amperes  of 
sixty-cycle,  one  and  one  quarter  million  kilovolt-amperes 
of  twenty-five  cycle,  and  one  hundred  and  sixty  thou- 
sand kilovolt-amperes  of  fifty-cycle  generating  capacity 
installed  on  these  systems.  If  we  are  going  to  stand- 
ardize on  a  frequency,  why  not  sixty  cycles  especially, 
since  this  system  predominates  to  such  a  large  degree, 
and  is  as  well,  if  not  better  suited  to  general  power 
requirements  than  any  other? 


Figures  based  on  reports  obtained  from  over  three 
thousand  central  stations  give  an  average  of  three 
pounds  of  coal  per  kilowatt-hour.  The  most  economi- 
cal plants  are  operating  on  about  one  and  one-half 
pounds.  There  is  evidently  an  opportunity  for  im- 
provement in  the  operation  of  the  average  central  sta- 
tion as  well  as  the  isolated  plant. 
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Distance  of  Boiler  from  Grates  and 
Bridge- Wall  Height 

The  letters  regarding  the  distance  of  a  boiler  from 
the  grates,  also  the  height  of  the  bridge  wall,  are  of 
particular  interest  to  me,  but  I  do  not  think  that  we 
can  come  to  any  definite  conclusion  regarding  the  mat- 
ter that  will  be  correct  in  all  cases,  as  it  is  possible  to 
find  some  old  boilers  in  operation  that  are  set  low,  and 
with  a  bridge  wall  almost  touching  the  shell,  and  that 
show  very  good  efficiency.  Others  are  not  giving  even 
fair  results,  which  would  tend  to  indicate  that  there 
are  things  about  a  boiler  other  than  the  combustion 
chamber,  that  affect  fuel  economy.  I  have  proved,  at 
least  to  my  own  satisfaction,  that  other  conditions  have 
to  do  with  the  best  height  of  bridge  wall  and  boiler 
setting. 

A  number  of  years  ago  I  had  charge  of  a  plant  con- 
sisting of  six  old  return-tubular  boilers.  These  were 
set  low  over  the  fire,  and  the  bridge  wall  was  so  close 
to  the  boiler  (about  four  inches)  that  the  fireman,  when 
cleaning,  could  not  push  a  hoe  between  it  and  the  boiler 
at  the  center.  We  had  an  old  Corliss  engine  and  burned 
something  less  than  2  lb.  of  coal  per  indicated  horse- 
power per  hour  with  only  80  lb.  gage  pressure  at  the 
throttle. 

Finally,  we  thought  it  advisable  to  renew  our  boiler 
plant,  and  the  manager  of  the  works  employed  some 
very  technical  engineers,  who  came  and  looked  us  over 
and  laughed  at  our  poor  old  boilers  and  their  settings. 
As  a  result  of  much  talk,  many  pictures  and  blueprints 
— and  I  would  not  leave  out  the  wise  expressions — we 
installed  four  84-in.  boilers,  set  3^  ft.  above  the  grate, 
and  with  the  bridge  wall  20  in.  below  the  boiler.  With 
100  lb.  pressure  the  best  we  could  do  was  2i  lb.  of  coal 
per  indicated  horsepower  per  hour. 

One  of  the  technical  fellows  put  up  the  same  argu- 
ment that  was  advanced  by  one  of  the  writers  in  the 
April  18  issue  of  Power;  that  is,  that  the  reason  we 
burned  more  coal  was  that  the  bridge  wall  no  longer 
acted  as  a  damper.  Poor  comfort,  but  the  fact  re- 
mained that  we  did  burn  more  coal,  and  the  theory  as 
to  why  was  of  considerably  less  interest  when  it  came 
to  paying  the  coal  bill. 

Now,  I  am  not  taking  the  stand  that  low  boiler  set- 
tings are  the  best,  as  I  have  had  experience  that  would 
seem  to  prove  the  opposite,  but  I  think  the  draft,  the 
amount  the  fires  must  be  forced  and  the  quality  of  coal 
used,  as  well  as  other  conditions,  have  much  to  do  with 
the  most  efficient  height  for  bridge  walls  and  boiler 
settings.  Leighton  Johnson. 

Exeter,  N.  H. 


United  States  Geological  Survey 
Power  Statistics 

In  writing  regarding  the  power  data  of  the  United 
States  Geological  Survey,  page  735  of  the  May  4  issue 
of  Power,  Mr.  Misostow  evidently  was  under  a  misap- 
prehension as  to  certain  facts  with  reference  to  these 
figures.  He  apparently  believes  that  a  considerable 
amount  of  fuel  reported  in  these  figures  is  used  for 
purposes  other  than  power  production  and  undertakes 
to  explain  the  large  difference  in  efficiency  between  cer- 
tain states  and  the  less  populous  states,  such  as  North 
Dakota  and  Montana,  on  the  ground  that  much  of  the 
fuel  is  used  for  central  heating  plants  or  ice  manufac- 
turing. 

In  asking  for  reports  from  the  public  utility  com- 
panies, the  Geological  Survey  specifically  requests  as 
follows:  "When  fuel  is  used,  report  only  the  fuel  used 
for  generating  electricity  for  public-utility  purposes." 
From  this  it  is  evident  that  the  Geological  Survey  recog- 
nizes the  possibilities  of  other  uses  of  power  by  the 
companies  reporting  and  has  taken  precautions  to  elimi- 
nate this  as  fully  as  possible.  As  a  matter  of  fact,  it 
is  doubtful  whether  more  than  10  per  cent  of  the  fuel 
used  in  any  state  by  these  companies  reporting  is  con- 
sumed for  such  auxiliary  uses  as  are  mentioned  in  Mr. 
Misostow's  comment.  It  seems  very  unlikely,  there- 
fore, that  anything  more  than  a  negligible  percentage  of 
error  could  be  introduced  from  this  cause,  even  if  all 
the  companies  reporting  made  the  mistake  of  including 
in  their  reports  all  fuel  instead  of  only  that  fuel  used 
for  generating  current.  There  is  no  doubt  that  some 
of  the  exhaust  steam  is  used  for  auxiliary  purposes, 
but  under  the  'circumstances  no  large  differences  are 
probably  caused  by  this  fact. 

The  only  measure  of  electric  power-plant  efficiency 
which  is  commonly  significant  is  the  k'lowatts  gener- 
ated per  ton  of  coal  used,  or  the  equivalent  reciprocal, 
pounds  of  coal  used  per  kilowatt-hour  generated.  If 
one  wishes  to  express  the  efficiency  in  percentage,  he 
might,  of  course,  convert  the  kilowatt-hours  into  the 
equivalent  B.t.u.  and  also  figure  the  B.t.u.  in  the  coal 
used  and  thus  get  a  measure  of  the  percentage  of  the 
original  heat  found  in  the  energy  sent  out.  This  would 
be  a  significant  figure,  but  rather  an  unusual  form 
of  expression  of  power-plant  efficiency.  To  add  to  any 
such  percentage  efficiency  any  additional  thermal  re- 
covery in  the  form  of  exhaust-steam  heating  or  other 
auxiliary  service  rendered  is,  of  course,  entirely  proper. 
Indeed  it  is  desirable  in  the  analysis  of  a  single  plant 
in  contrast  with  others,  but  under  the  conditions  of 
work  done  by  the  Geological  Survey  it  is  impracticable 
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to  take  account  of  this  supplementary  activity,  which 
is  probably  a  small  percentage  in  any  event. 

The  fact  which  has  been  brought  out  by  Mr.  Misos- 
tow  that  the  larger  plants  undoubtedly  operate  with 
higher  efficiency,  is  of  course  correct.  This  probably 
accounts  for  practically  all  the  difference  between  the 
conditions  in  the  different  states.  However,  it  does 
seem  worth  while  to  consider  if  it  is  not  possible  to 
bring  up  the  average  result  in  some  of  the  smaller 
states,  where  the  load  factor  of  central  stations  is  low, 
to  a  somewhat  higher  basis  of  efficiency  than  now  pre- 
vails. 

The  advantage  of  central  stations  of  large  size  is,  of 
course,  well  recognized;  in  fact,  this  greater  efficiency 
of  large  stations  is  the  main  advantage  that  will  prob- 
ably follow  from  any  co-ordination  in  super-power  sta- 
tions that  may  be  achieved  from  the  various  projects 
now  under  consideration  in  various  parts  of  the  country. 

Washington,  D.  C.  R.  S.  McBride. 

Stokers  and  Fuel  Oil 

I  am  inclined  to  disagree  with  Mr.  Daniels'  views  as 
expressed  on  page  684  of  the  April  27  issue  of  Power, 
and  although  I  am  neither  an  oil  nor  a  stoker  enthusiast, 
I  can  see  where,  in  certain  localities  and  with  some 
classes  of  work,  an  oil-fired  boiler  is  more  desirable  and 
efficient  than  a  stoker-fired  boiler. 

In  the  first  place  his  chart  comparing  the  prices  of 
coal  and  oil  to  give  the  same  evaporation  per  dollar  does 
not  represent  the  true  situation.  Something  else  is 
n^ccessary  to  be  considered,  such  as  capital,  labor  and 
fixed  charges,  not  to  mention  several  other  items  of 
minor  importance.  Ignore  capital  and  fixed  charges,  if 
you  wish,  and  labor  becomes  a  deciding  factor.  Figures 
and  facts  from  stations  operating  with  fuel  oil  show 
that  if  the  labor  charges  in  an  oil-fired  plant  were  as 
high  as  in  a  stokered  station,  fuel  oil  would  be  used  only 
where  coal  is  a  luxury. 

A  30-day  test  on  the  west  coast  shows  a  combined 
efficiency  of  76  per  cent  or  better  with  oil-fired  boilers. 
I  have  not  found  such  efficiency  in  any  coal  station  up 
to  the  present.  Why?  In  any  equation  the  result 
is  a  function  of  the  variables  entering  into  it.  With 
a  seven-retort  underfeed  stoker  there  are  at  least 
seventeen  variables:  Seven  upper  and  seven  lower 
rams  and  coal,  ash  and  air.  The  problem  of  the  stoker 
operator  is  to  change  these  variables  to  constants.  This 
is  nearly  impossible  as  every  operating  man  knows. 

In  an  oil-fired  installation,  several  variables  are 
encountered:  Temperature,  moisture  content,  mechan- 
ical condition  of  the  burner  and  air  control.  Tempera- 
ture at  which  an  oil  atomizes  best  can  be  determined 
and  remains  fixed  within  a  narrow  range.  Moisture  is 
a  factor  of  the  condition  as  received  and  handled  on  its 
way  to  the  burner,  and  can  be  controlled.  The  condi- 
tion of  the  burner  in  operation  is  a  matter  of  observa- 
tion and  can  be  detected  very  quickly.  Air  control  is 
simply  a  question  of  using  gas-analysis  instruments. 
All  these  except  one,  moisture  content,  become  constants 
at  the  hands  of  an  experienced  operator.  Therefore, 
when  the  variables  in  stoker  firing  can  be  made  con- 
stants, then  and  not  until  then  can  an  equal  efficiency 
be  expected  from  a  stoker-fired  boiler  as  is  being 
obtained  in  oil-fired  plants  today. 

How  many  stoker  boiler  plants  operate  with  one  fire- 
man and  one  watertender  per  5,000  boiler  horsepower? 
Under  ideal  conditions  this  might  be  possible,  but  not 


very  probable.  Many  central  stations  are  the  result  of 
several  expansions  from  smaller  stations.  We  must  take 
conditions  as  we  find  them,  not  as  they  might  be,  and 
a  labor  analysis  will  show  that  most  stations  have  four 
or  five  men  per  5,000  boiler  horsepower  and  could  not 
operate  economically  with  less. 

Coal  can  be  stored  in  a  continuous  pile,  it  is  true,  but 
even  with  the  best  of  care  spontaneous  combustion  and 
deterioration  frequently  take  place,  making  it  an  ex- 
pensive procedure  and  a  constant  source  of  loss.  Fuel 
oil,  on  the  other  hand,  does  not  deteriorate,  and  can  be 
stored  in  tanks  beneath  the  ground  surface,  requiring 
no  expensive  machinery  in  handling,  with  a  capital 
outlay  very  little  greater  than  that  needed  for  coal 
storage  of  equal  capacity.  H.  A.  Fox. 

Brooklyn,  N.  Y. 

Lubricating  Devices  Neglected 

While  visiting  a  large  number  of  power  plants,  I  have 
been  impressed  with  the  lack  of  attention  given  to  lubri- 
cating devices,  particularly  those  on  machinery  outside 
the  engine  room.  Usually,  the  sight-feed  lubricator  or 
oil  pump  on  the  main  engine  will  be.  in  good  condition, 
"vith  a  clean  sight-feed  glass,  tight  packing,  etc. ;  and  the 
same  applies,  in  general,  to  the  oil  cups  or  other  means 
used  for  lubricating  the  bearings  of  the  larger  units  in 
the  plant.  The  reverse,  however,  is  generally  true  of 
these  devices  when  placed  on  pumps  and  other  aux- 
iliaries. 

Of  all  the  boiler-feed  pumps  I  have  ever  examined,  I 
do  not  believe  one-third  of  them  were  equipped  with 
lubricators  that  were  in  proper  working  order.  The 
sight  feed  and  gage  glasses  have  almost  always  been 
filled  with  an  oily  residue  resembling  tar,  and  in  many 
cases  the  wooden  handles  of  the  regulating  valves  have 
been  broken  or  missing.  If  such  a  lubricator  feeds  any 
oil  at  all  to  the  machine  to  which  it  is  attached,  it  is 
only  a  matter  of  luck.  There  is  no  possible  way  of  de- 
termining the  quantity  with  any  approach  to  accuracy, 
and  scored  cylinders,  rods  and  packing  are  certain  to 
result.  Force-feed  oilers  on  pumps  are  perhaps  more 
often  in  working  order,  but  even  so,  an  obstructed  sight 
glass  frequently  makes  it  impossible  to  tell  the  rate  of 
feed. 

Many  makers  place  small  glass  oilers  on  the  rocker 
bearings  of  large  steam  pumps,  such  as  those  used  in 
elevator  and  fire  service.  In  most  cases  that  have  come 
under  my  observation  these  oilers  are  allowed  to  become 
clogged  with  grease  and  dirt  till  they  are  useless.  There 
is  something  particularly  trying  to  see  a  large  duplex 
pump  pounding  away  with  a  full  set  of  oil  pumps  and 
a  lubricator,  all  with  wide  open  feeds  and  yet  not  feed- 
ing one  drop  of  oil  to  the  protesting  bearings.  To  my 
way  of  thinking  it  is  often  better  to  remove  the  oil  cups, 
clean  out  the  oil  holes  and  lubricate  at  regular  intervals 
by  means  of  the  good  old  squirt  can. 

Many  apparently  well-informed  engineers  seem  to  con- 
sider that  rocker  bearings,  as  opposed  to  revolving  bear- 
ings, need  but  little  lubrication.    It  is  true  that  they  do 
not  need  a  great  deal  of  oil,  but  they  do  need  some,  and 
they  need  it  at  regular  intervals.     I  think  it  is  nearly 
always  safe  to  assume  that  the  maker  of  a  piece  of  M 
machinery,  whether  it  be  a  2,000-hp.  engine  or  a  small  " 
steam  pump,  knows  what  parts  need  occasional  oiling, 
and  when  he  installs  an  oil  cup  or  lubricator  on  the  out- 
fit it  is  the  best  plan  to  use  it.  Hugh  G.  Boutell 
Washington,  D.  C. 
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Operating  Diesel  Engines 

In  the  operation  of  Diesel  engines  I  advise  against 
overload  as  I  find  90  per  cent  of  the  rated  capacity  of 
the  general  ru-n  of  engines  to  be  the  maximum  load  that 
should  be  carried,  even  for  a  short  period,  and  with 
some  engines  less  than  that.  Most  machines  will  do  a 
little  more  than  they  are  designed  to  do  without  injury, 
but  there  are  exceptions  to  all  rules  and  the  internal- 
combustion  engine  is  the  exception. 

Never  let  the  cooling  water  leaving  the  engine  get 
above  160  deg.  F.  I  prefer  to  use  a  large  amount  of 
water  and  let  it  enter  the  engine  at  about  110  deg.  F. 
and  leave  at  about  140  deg.,  rather  than  to  use  a 
smaller  amount  of  water  at  70  deg.  entering  and  160 
deg.  leaving. 

The  cooler  an  engine  is  run  the  more  fuel  it  uses  per 
horsepower,  but  it  amounts  to  very  little.  Running  hot, 
with  the  water  leaving  at  200  deg.  and  above,  will  soon 
ruin  the  engine  or  seriously  damage  it.  It  is  far  better 
to  spend  a  few  cents  more  each  day  for  fuel  than  to 
spend  hundreds  of  dollars  yearly  for  repairs. 


A-f- 


CYLINDER-COOLING   WATER    SUPPLY    SYSTEM 

Attention  should  be  given  to  the  kind  of  cooling 
water  used.  Most  domestic  water  contains  too  much 
scale-forming  matter  to  be  used  for  cooling  Diesels.  A 
T^  in.  thickness  of  scale  has  cracked  many  a  cylinder 
head.  I  believe  scale  causes  more  damage  to  the  oil 
engine  than  anything  else. 

I  have  found  only  one  successful  method  of  dealing 
with  scale,  which  automatically  allows  the  engine  to 
cool  off  slowly  and  there  is  no  danger  of  starting  up, 
forgetting  to  turn  on  the  cooling  water,  as  has  often 
been  done,  with  serious  results. 

Referring  to  the  illustration,  A  represents  a  single- 
cylinder  engine;  5  is  a  cooling  water  line  from  the 
cylinder  jacket  and  head;  C  is  a  thermostat  that  regu- 
lates the  temperature  of  the  water  leaving  the  jacket  by 
regulating  the  amount  of  cooling  water  going  to  the 
cooling  coil  F ;  it  is  also  arranged  to  ring  an  electric 
bell  in  case  this  water  should  reach  an  unsafely  high 
temperature.  The  recording  thermometer  D  is  to  keep 
check  on  the  cooling-water  temperature. 

The  pure-water  storage  tank  E  contains  enough 
cooling  coils  to  keep  the  pure  water  at  the  required 
temperature;  F  is  a  cooling  coil  within  the  storage 
tank  through  which  the  cooling  water  passes,  and  G  is 
the  cooling-water  supply  line  which  is  controlled  by  the 
thermostat  C.  H  is  a  cooling-water  line  to  the  sewer  or 
elsewhere,  if  so  desired.    /  is  a  spout  leading  from  the 


building  roof  drain  and  is  to  keep  the  storage  tank  E 
supplied  with  rainwater,  and  J  is  a  suction  line  from 
the  storage  tank  to  the  cooling-water  circulating  pump 
K,  which  should  be  of  the  double-gear  rotary  type, 
because  it  is  simple  and  dependable.  Ihis  pump  should 
be  extra  large  so  as  to  run  at  a  slow  speed.  L  is  a 
discharge  line  from  the  pump  to  the  water  jacket. 

It  can  be  seen  that  no  scale  trouble  and  cracked  heads 
can  result  when  using  this  system,  if  the  tank  E  is  kept 
supplied  with  rain  or  distilled  water  or  any  water  that 
is  free  from  scale-forming  matter. 

The  cooling  water  necessary  for  the  coils  F  will  be  a 
little  more  than  if  it  was  used  directly  on  the  engine 
jackets,  but  the  differences  in  the  cost  is  a  slight  matter 
compared  with  the  trouble  from  scale  that  ordinary 
water  would  deposit  in  the  cooling  jackets  and  cylinder 
heads.  The  tank  E  should  be  closed  to  keep  out  dirt 
and  to  prevent  the  water  from  absorbing  gases  of  the 
air,  as  well  as  to  prevent  the  evaporation  of  the  pure 
water.  The  line  /  should  have  a  gooseneck  water  trap 
to  prevent  evaporation.  The  tank  E  should  be  extra 
large  and  should  contain  sufficient  coils  to  cool  the  pure 
water  to  the  required  temperature.  The  rotary  pump  is 
driven  by  a  silent  chain  from  the  engine  camshaft. 

This  svstem,  which  is  patented,  works  equally  well 
on  any  type  of  engine,  but  it  is  preferable  to  have 
the  circulating  pump  driven  from  the  engine  in  some 
dependable  manner,  so  that  there  will  be  no  forgetting 
to  turn  on  the  cooling  water.  No  valves  should  be  put 
in  any  of  the  cooling-water  lines  to  or  from  the  engine; 
then  there  are  no  valves  to  forget.  This  system  will  do 
away  with  all  scale  troubles  and  allow  the  engine  to 
automatically  cool  down  gradually,  as  even  after  the 
pump  stops  some  water  will  continue  to  circulate,  owing 
to  slipping  of  the  pump  and  to  the  heating  of  the  water 
in  the  jackets,  which  causes  it  to  become  lighter  than 
the  water  in  the  tank.  As  the  line  from  the  jackets  to 
the  tank  enters  near  the  bottom  of  the  tank,  the  water 
level  should  always  be  above  this  line. 

If  the  coils  F  should  scale  up  inside  rapidly,  a  cooler 
of  the  atmospheric  pipe  type  should  be  used  instead  of 
the  coils  in  the  tank.  This  cooler  should  be  placed  in 
the  line  B  and  the  raw  cooling  water  run  over  the 
piping,  thus  having  the  scale  on  the  outside  of  the  pipe. 

The  initial  charge  of  water  for  the  storage  tank 
should  be  rain  or  distilled  water,  but  if  neither  of 
these  is  convenient,  the  charge  can  be  of  raw  water  if 
such  raw  water  contains  less  than  four  grains  salt  per 
gallon,  because  the  little  solid  matter  contained  in  one 
charge  of  raw  water  will  make  very  little  scale. 
Distilled  water  or  raw  water  with  less  than  four  grains 
of  salt  can  be  obtained  from  most  any  ice  plant,  and 
after  the  first  charge  and  if  care  is  taken,  the  rains,  as 
a  rule,  will  keep  the  tank  at  all  times  supplied  with 
fresh  pure  water. 

I  advise  the  use  of  plenty  of  lubricating  oil  in  the 
cylinder  and  also  the  use  of  the  same  kind  of  oil  on  the 
bearingc,  unless  the  latter  are  self-oiled.  The  bearing 
oil  can  be  filtered  p.nd  used  over  and  over  again. 

Never  run  an  engine  overspeed  in  order  to  develop 
more  power,  because  it  is  the  same  as  overload,  as  the 
more  power  developed  in  a  cylinder  the  more  fuel  is 
burned,  and  the  more  oil  burned  the  hotter  the  cylinders 
get.    Don't  get  them  hot ! 

To  sum  it  all  up,  don't  overload,  don't  overspeed,  and 
keep  the  engine  cool  and  well  oiled. 

Winkelman,  Ore.  George  J.  Trosper. 
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Electric-Arc  Versus  Gas  Welds 

Mr.  Perry's  article,  page  604  of  the  April  13  issue  of 
Power,  would  seem  to  the  casual  reader  to  force  the  con- 
elusion  that  electric  arc  welding  is  per  se  better  than 
oxyacetylene,  and  that  oxyacetylene  welds  are  in  fact 
dangerous.  I  cannot  too  strongly  oppose  such  a  con- 
clusion, because  it  is  not  in  accord  with  the  facts. 

Mr.  Perry,  like  many  others,  has  had  unpleasant  ex- 
periences with  oxyacetylene  welding;  others  than  Mr. 
Perry  have  had  equally  unpleasant  experiences  with  arc 
welding.  The  fact  is  that  in  no  case  will  satisfactory 
results  be  had  unless  the  metal  is  thoroughly  fused,  and 
lack  of  fusion  is  just  as  liable  to  occur  in  one  process  as 
in  the  other,  unless  the  operator  is  competent  and  care- 
ful. I  have  critically  examined  hundreds  of  welds  made 
by  many  welders,  and  the  foregoing  statement  is  made 
as  the  result  of  these  examinations. 

In  one  series  of  tests  of  arc  welds  the  tensile 
strengths  ran  from  18,000  to  65,000  lb.  per  sq.in.  The 
tests  were  made  by  unbiased  authorities,  and  an  exam- 
ination of  the  fractures  showed  wide  variations  in  the 
qualities  of  the  welds,  which  accounted  largely  for  the 
great  differences  in  the  test  results.  I  have  seen  and 
have  carefully  examined  welds  made  by  all  the  manu- 
facturers of  arc-welding  apparatus.  I  have  seen  many 
operators  do  their  work  and  have  found  from  the  same 
apparatus,  good  and  bad  results.  This  is  true  of  the 
machine  to  which  Mr.  Perry  refers  as  well  as  the  others. 
But  this  should  not  prejudice  anyone  against  any  mach- 
ine, because  it  is  well  known  that  good  work  is  done 
with  all  machines.  I  have  also  seen  many  incompetent 
oxyacetylene  operators  and  know  that  plenty  of  bad 
oxyacetylene  welding  is  done.  But  these  facts  can- 
not be  fairly  used  as  an  indictment  of  the  process. 
Really  there  are  some  things  that  can  be  better  welded 
by  one  process  than  by  the  other;  and  I  use  both  pro- 
cesses in  my  shop,  and  could  not  well  afford  to  be 
without  either;  so  I  feel  that  I  cannot  be  accused  of 
being  prejudiced. 

Further,  I  will  guarantee  to  do  either  of  the  jobs 
mentioned  by  Mr.  Perry  with  entirely  satisfactory  re- 
sults by  the  oxyacetylene  process,  though  it  is  entirely 
possible  that  for  various  reasons  he  would  choose  arc 
welding  if  the  work  were  done  in  his  shop. 

Mr.  Perry  makes  the  sweeping  statement  in  the 
latter  part  of  his  article  that  arc  welding  is  superior 
in  the  case  of  a  number  of  metals,  among  which  are 
cast  iron,  bronze  and  monel  metal.  I  would  be  glad  to 
get  samples  of  these  welds  for  examination,  because  I 
have  been  told  by  many  who  are  competent  to  judge, 
that  arc  welding  of  metals  referred  to  is  not  satisfactory. 
I  know  of  no  job  shop,  and  job  shops  have  to  guar- 
antee their  work,  that  would  take  a  chance  on  electric 
arc  welding  a  press  frame  or  any  other  piece  in  which 
the  full  strength  of  the  section  has  to  be  developed, 
though  such  pieces  are  welded  by  the  oxyacetylene  pro- 
cess in  many  shops  with  entire  satisfaction.  It  is 
necessary,  in  such  a  discussion  as  this,  to  be  sure  that 
the  bases  of  argument  are  thoroughly  understood. 

In  welding  copper  alloys,  such  as  brass  and  bronze, 
much  depends  on  their  composition,  and  much  on  the 
physical  structure  where  the  composition  is  the  same. 
For  example,  60-40  brass  is  r.xuch  easier  to  weld  and 
gives  better  results  than  70-30;  and  gun  metal,  90 
parts  copper  and  10  parts  tin,  welds  much  more  satis- 
factorily when  the  delta  constituent  is  absent,  as  it  is 


in  rather  large  or  rather  slowly  cooled  castings.  It  is 
also  a  fact  that  many  brasses  and  bronzes  are  unweld- 
able  if  anything  approaching  the  original  structure 
and  composition  is  desired.  I  have  had  many  problems 
of  this  kind  to  solve  and  in  most  cases  have  been  un- 
able to  meet  the  requirements.  For  example,  repair- 
ing gun-metal  castings  is  impossible,  if  soundness, 
color  and  full  strength  are  essential,  though  many  such 
castings  have  been  welded  in  my  shop,  with  acceptable 
results;  the  color  of  the  welds  was  different,  and  the 
strength  of  the  joint  was  less  than  that  of  the  original 
material. 

I  recall  two  large  gun-metal  castings,  weighing  over 
three  thousand  pounds,  and  of  very  complicated  design, 
which  were  successfully  welded  as  proved  by  satisfac- 
tory results  in  service.  But  chemical  analyses  and 
microscopic  examinations  were  made  before  the  work 
was  started,  the  welding  material  was  specially  made 
for  the  purpose,  and  the  preheating  was  regulated 
with  a  pyrometer. 

This  subject  might  be  much  enlarged  on,  but  I  feel 
that  I  have  said  enough  to  cause  the  casual  reader  to  be 
chary  about  accepting  any  general  statement  as  to  the 
superiority  of  one  welding  process  over  another. 

S.  W.  Miller, 

Rochester,  N.  Y,  Rochester  Welding  Works. 

Keeping  Out  of  the  Rut 

In  an  experience  of  several  years  in  plants  ranging 
from  a  few  hundred  to  over  twenty  thousand  horse- 
power, as  assistant  and  chief,  I  have  found  conditions 
as  Mr.  Duffy  enumerates  them  in  his  communication, 
"Keeping  Out  of  the  Rut,"  page  602,  April  13  issue. 

This  game  of  being  "Chief,"  whether  in  name  or  in 
fact,  is  not  always  the  "feet  on  the  desk"  job  that  a 
casual  observer  might  remark,  and  a  man  in  the  business 
should  thoroughly  appreciate  this  fact.  It  is  an  easy 
and  not  uncommon  thing  to  criticize  the  man  higher  up, 
and  it  may  look  to  the  assistant  who  works  eight  hours 
and  then  forgets  the  plant  for  the  next  sixteen,  as 
though  his  chief  were  in  a  rut,  when  as  a  matter  of 
fact  the  chief  may  be  entirely  out  of  it  and  hitting  it 
up  on  high. 

A  little  example  of  this  "in  the  rut"  dope  came  to  light 
in  a  plant  with  which  I  am  somewhat  conversant.  The 
watch  engineers  used  to  get  together  while  changing 
shifts  and  talk  over  "the  chief."  They  thought  he 
was  "in  a  rut"  because  he  insisted  on  the  regular  routine 
of  work  being  carried  out  to  the  letter.  He  had  true 
and  tried  ways  of  doing  things,  and  the  wheels  never 
had  failed  to  turn  on  schedule. 

A  new  addition  was  contemplated  and  modern  machin- 
ery was  to  be  installed,  and  the  watch  engineers  decided 
that  they  must  tell  the  chief  (who  was  a  bit  old- 
fashioned)  that  the  new  feed  pumps  should  not  be  the 
old  plunger  type,  but  of  the  more  modern  centrifugal 
type.  So  they,  waited  on  him  and  presented  their  ideas. 
He  took  out  an  order  book  and  showed  them  an  order  for 
the  same  design  of  pump  they  had  suggested. 

My  advice  would  be  to  the  assistant  who  thinks  the 
"chief"  is  in  the  rut,  to  keep  out  of  the  rut  himself 
and  run  by  if  possible,  but  to  be  very  sure  that  the  chief 
is  in  the  rut  before  trying  a  marathon.  I  have  always 
had  an  antipathy  to  criticizing  the  man  higher  up, 
and  if  he  was  "in  the  rut"  I  was  generally  far  enough 
behind  so  that  his  position  did  not  retard  me. 

New  York  City.  C.  W.  Peters. 
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Steam  Laps  of  D  Slide  Valve — If  the  length  of  a  D  slide 
valve  is  25 S  in.  and  the  distance  betvi^een  the  outside  edges 
of  the  steam  ports  is  24  in.,  how  much  is  the  steam  lap  of 
the  valve?  P.  S.  L. 

The  sum  of  the  steam  laps  of  each  end  of  the  valve 
would  be  25i  —  24  =  11  in.,  and  when  the  laps  are  equal, 
each  lap  would  be  half  of  11,  or  ii  in. 


Advantage  of  Inclining  Hand-Fired  Grate — For  a  hand- 
fired  boiler,  what  is  the  advantage  of  having  the  rear  end  of 
the  grate  lower  than  the  front  end  ?  J.  A.  A. 

The  draft  is  stronger  in  the  rear  end  of  the  ashpit,  and 
with  even  firing  a  thicker  fire  becomes  built  up  at  the  rear 
end  of  the  grate;  and  having  the  grate  pitched  toward  the 
rear  end  makes  slicing  and  firing  easier. 


Cause  of  Pump  Becoming  Airbound — What  causes  a  pump 
to  become  airbound,  and  how  can  the  trouble  be  remedied? 

S.  P. 

Under  atmospheric  conditions  water  contains  about  2 
per  cent  air  in  solution.  When  subjected  to  less  pressure 
the  air  expands,  and  when  given  sufficient  time,  as  while 
the  water  is  flowing  through  a  long  suction  pipe,  the  air 
becomes  liberated  from  the  water,  usually  in  the  form  of 
collections  of  small  bubbles  that  adhere  to  the  pipe  or 
pump  surfaces,  or  the  air  gathers  in  pockets  of  the  pump 
spaces.  The  trouble  can  be  prevented  bj?^  increasing  the 
head  of  the  suction  supply  and  by  running  the  pump  slower, 
so  the  pump  cylinder  will  be  filled  with  less  reduction  of 
pressure  of  the  suction  water. 


Pressure  Values  Given  in  Steam  Tables — ^Why  are  not 
steam  tables  arranged  to  show  temperatures  and  total  heat 
of  steam  for  each  pound  of  gage  pressure  instead  of  abso- 
lute pressures?  W.  D.  P. 

The  temperature  and  heat  per  pound  (weight)  of  dry 
saturated  steam  depends  on  the  absolute  pressure,  while 
gage  pressure  is  the  pressure  above  atmospheric  pressure, 
which  is  variable  with  the  elevation  of  the  place  and  also 
varies  with  changes  of  atmospheric  conditions.  Therefore 
steam  tables  based  on  gage  pressure  would  need  to  be 
adapted  to  a  particular  pressure  of  the  atmosphere,  and 
greater  convenience  in  their  use  would  be  confined  to  cases 
where  the  atmospheric  pressure  was  the  same  ?s  that 
for  which  the  tables  were  particularly  constructed. 


Pressure  at  Discharge  Coupling  of  Sinking  Pump — What 
is  the  pressure  on  the  pump  couplings  of  a  3-in.  rubber- 
lined  hose,  delivering  100  gal.  of  water  per  minute  from 
a  mine  sinking  pump  against  a  head  of  275  ft  ?      S.  A.  M. 

Water  pressure  due  to  a  head  of  275  ft.  would  be  equiva- 
lent to  275  X  0.433  =  119  lb.  per  sq.in.,  and  for  raising 
the  water  the  pressure  discharged  into  the  lower  end  of 
the  discharge  line  will  be  that  pressure  plus  the  pressure 
required  for  overcoming  friction  plus  an  excess  pressure 
due  to  pulsation  of  the  pump.  The  pressure  required  for 
overcoming  friction  to  discharge  through  hose  depends  or. 
the  kind  and  roughness  of  the  lining,  freedom  from  kinks 
or  short  bends,  the  length  of  the  hose  and  .iC  rate  of  dis- 
charge. For  smoothest  surface  of  rubber  lining  and  straight 
hose,  discharging  at  the  rate  of  100  gal.  per  min.,  the  fric- 
tional  resistance  will  amount  to  only  about  one  pound  per 


sq.in.  per  100-ft.  length  of  hose.  The  prersure  due  to  pump 
pulsations  depends  on  the  number  of  piston  reversals  per 
minute  and  the  smoothness  of  operation  of  the  pump.  The 
pressure  effect  of  such  impacts  cannot  be  computed,  but 
under  ordinary  conditions  would  not  exceed  20  lb.  per  sq.in. 
With  delivery  at  the  rate  of  100  gal.  per  min.  through  300 
ft.  of  straight  3-in.  smooth-lined  rubber  discharge  hose, 
the  maximum  pressure  at  the  pump  coupling  would  be  about 
l42  lb.  per  sq.in.,  but  with  a  kinked  or  rough-lined  hose 
there  would  be  a  rapid  increase  of  frictional  resistance  and 
of  total  pressure  required  to  effect  a  stated  rate  of 
discharge.  

Revolutions  of  Pump — What  is  meant  by  the  number  of 
revolutions  per  minute  of  a  direct  steam  pump  ?         W.  R. 

A  revolution  signifies  a  complete  cycle  of  the  recipro- 
cating parts,  and  the  number  of  revolutions  per  minute 
would  be  the  number  of  repetitions  of  movement  of  any 
moving  part,  as  one  of  the  crossheads  of  a  duplex  pump. 
The  term  is  more  specific  for  designating  the  number  of  pis- 
ton reversals  than  "strokes,"  for  in  a  single  pump  the  term 
stroke  is  sometimes  confused  with  double  stroke,  and  in  a 
duplex  pump  it  is  frequently  doubtful  as  to  what  is  meant 
by  the  number  of  strokes  per  minute.  With  the  type  of 
pump  and  number  of  revolutions  given  there  is  no  ambiguity 
as  to  the  number  of  single  strokes. 


Size  of  Synchronous  Motor — In  our  plant  the  present 
maximum  load  amounts  to  about  325  kw.  At  this  load 
the  power  factor  is  around  0.72.  We  are  putting  in  some 
additional  equipment  to  be  driven  from  a  lineshaft,  and 
from  what  can  be  determined  from  some  of  our  other 
drives,  78  hp.  will  be  required  to  drive  the  new  installa- 
tions. I  would  like  to  know  the  size  of  synchronous  motor 
to  install  to  drive  the  load  and  also  raise  the  power  factor 
to  0.90.  M.A.B. 

Synchronous  motors  usually  are  rated  in  kilovolt- 
amperes,  therefore  in  this  problem  the  motor  will  be  rated 
in  kva.  The  mechanical  load  on  the  motor  will  be  78  hp. 
or  (78  X  746)  ^  1,000  =  58  kilowatts.  This  makes  the 
total  kilowatt  load  equal  to  325  -|-  58  =  383.  The  kilo- 
volt-ampere  load  equals  kilowatts  divided  by  power  factor; 
therefore,  in  the  first  case  kva.  =  325  -;-  0.72  =  452,  and 
in  the  second,  kva.  =  383  -^  0.90  =  426.  Wattless  com- 
ponent, WC  =  V  kva.'  —  kw.';  then,  with  the  present  load 
WC  =  V  452'  — 325'  =  314,  and  with  the  synchronous  motor 
added  WC  =  V  426'  —  383'  =  186  kva.  The  difference 
between  WC  and  WC,  or  314  —  186  =  128  kva.,  rep- 
resents the  leading  wattless  component  that  must  be  sup- 
plied by  the  synchronous  motor,  in  addition  to  doing  58 
kw.  of  mechaniccl  work.  Then  the  total  motor  capacity  re- 
quired is  equal  to  the  square  root  of  the  sum  of  the  squares 
of  the  two  loads,  or  V  128'  +  58'  =  140  kva.,  and  the 
power  factor  of  the  motor  equals  kilowatts  divided  by  kilo- 
volt-amperes  =  58  -;-  140  =  0.41.  It  will  be  seen  from 
the  foregoing  that  by  installing  a  140-kva.  synchronous 
motor  and  operating  it  at  0.41  power  factor  leading,  it  will 
do  78  hp.  of  mechanical  work  and  raise  the  power  factor 
of  the  total  load  to  0.90,  and  the  kilovolt-ampere  load  on 
the  generators  will  be  reduced  from  452  to  426  kilovolt- 
amperes;  besides,  under  the  new  condition  the  voltage  reg- 
ulation will  be  improved. 


936 


POWER 


Vol.  51,  No.  23 


Utility  Men  Discuss  Pressing  Problems  at 
N.E.L.A.  Pasadena  Convention 


A  POWER  demand  far  exceeding  the  available  supply; 
how  to  meet  this  demand  under  existing  conditions 
of  the  money  market;  shortage  of  materials,  fuel  and 
labor;  ability  to  maintain  service  with  greatly  overtaxed 
equipment;  and  the  necessity  for  flexible  utility  regulation 
to  compensate  for  such  conditions,  were  the  main  sub- 
jects discussed  by  the  twenty-two  hundred  delegates  to  the 
forty-third  convention  of  the  National  Electric  Light  As- 
sociation at  Pasadena,  Cal.  The  power  shortage  is  not 
local  to  any  section,  but  is  nation  wide,  although  the  con- 
dition has  been  rendered  more  acute  in  California  by  an  un- 
usually dry  season  and  a  gradual  depletion  of  the  oil  fields, 
resulting  in  soaring  prices  for  fuel  oil,  with  a  consequent 
turning  to  hydro-electric  power. 

President  Ballard  Opens  the  Convention 

In  opening  the  convention,  President  R.  H.  Ballard  esti- 
mated that  there  is  needed  $750,000,000  of  new  capital  to 
take  care  of  the  expanded  requirements  of  the  country; 
and  the  ability  to  raise  this  sum  depends  on  the  earning 
power  of  the  investment,  favorable  opinion  of  the  public 
at  large,  and  the  extent  to  which  the  utilities  are  forced 
to  compete  in  the  money  market.  As  a  substantial  aid  to 
financing  new  developments,  he  believed  that  the  public 
should  be  fairly  and  fully  informed  as  to  the  status  of  the 
industry  and  its  possibilities  for  general  public  service. 
Moreover,  the  kind  of  public  ownership  that  brings  results 
is  ownership  by  the  public  at  large  in  the  stocks  and  bonds 
of  their  local  regulated  utility  companies. 

Governor  Stevens  Welcomes  the  Delegates 

Governor  W.  D.  Stevens,  in  welcoming  the  delegates,  re- 
ferred to  the  fact  that  California,  although  richly  endowed 
with  water  power,  has  been  denied  coal  fields,  and  its  once 
vast  oil  resources  are  now  being  drawn  upon  to  the  extent 
that  they  are  rapidly  approaching  depletion;  therefore  the 
future  must  look  to  further  water-power  development  to 
meet  the  growing  needs  of  agriculture,  transportation  and, 
eventually,  he  hoped,  manufacturing.  There  has  already 
been  developed  in  the  state  over  900,000  hp.,  and  an  addi- 
tional 180,000  hp.  is  now  under  construction;  but  it  would 
be  possible  to  develop  five  times  this  amount.  With  per- 
haps one  exception,  California  has  the  largest  per  capita 
use  of  electricity  of  any  state  in  the  Union,  and  the  pres- 
ent problem  is  not  one  of  demand  but  of  supply. 

Mr.  Edgerton's  Address 

The  most  constructive  address  of  the  convention  was  de- 
livered by  E.  O.  Edgerton,  president  of  the  California  Rail- 
road Commission.  "The  interest  of  the  public  is  para- 
mount," he  said,  "but  what"  is  good  for  the  public  is  also 
good  for  the  utility,  and  it  is  to  the  interest  of  the  public 
that  these  utilities  be  kept  sound."  He  depreciated  state- 
ments that  public-utility  securities  are  in  general  unsound, 
and  believed  that  investment  can  be  attracted  where  there 
is  proper  regulation.  The  asset  of  a  utility  is  essential 
service,  and  the  regulating  commission  holds  that  asset  in 
trust.  He  believed  that  too  much  time  is  ordinarily  wasted 
on  methods  of  valuation;  they  get  nowhere  and  oefog  the 
issue.  Instead  the  situation  should  be  faced  squarely,  start- 
ing first  with  sound  capitalization,  then  fixing  rates  neces- 
sary to  induce  and  support  that  capitalization,  plus  neces- 
sary reserve.  Having  thus  taken  care  of  the  investor,  the 
next  and  very  important  duty  is  to  reward  efficiency  within 
the  organization  from  the  president  down  to  the  office  boy, 
by  both  remuneration  and  advancement  wherever  possible. 
The  regulating  body  should  see  to  this,  for  it  is  the  great- 
est factor  in  securing  service.  Too  often,  in  the  opinion 
of  the  speaker,  increased  wages  had  been  given  only  to 
the  organized  because  of  threats  and  the  unorganized  were 
overlooked.  "There  is  no  better  way,"  he  said,  "to  take 
men  out  of  the  control  of  demagogue  leaders  than  to  in- 
sure a  reward  for  efficiency." 


M.  S.  Sloan,  president  of  the  Brooklyn  Edison  Co.,  in  re- 
porting on  "The  Electrical  Resources  of  the  Nation,"  called 
attention  to  the  fact  that  the  Government,  although 
periodically  making  a  rather  incomplete  survey  of  central- 
station  and  railway  power,  had  neglected  to  make  a  study 
of  isolated  plants  and  in  no  case  had  gone  into  the  subject 
of  transmission  capacity,  diversity  factor,  etc.,  all  of  which 
is  essential  to  a  thorough  study  of  the  question.  This  mat- 
ter had  been  taken  up  with  the  Council  of  National  De- 
fense, and  it  is  possible  that  something  may  be  done. 

The  Committee  on  Water-Power  Development,  of  which 
Franklin  T.  Griffith  is  chairman,  presented  an  exhaustive 
report  which  reviewed  the  existing  Federal  and  state  laws 
as  applying  to  the  use  of  water  power  on  public  lands  and 
navigable  streams,  and  expressed  the  opinion  that  the 
water-power  bill  now  pending  in  Congress,  would,  if  passed, 
do  much  to  promote  early  development. 

Over  68  per  cent  of  the  potential  maximum  horsepower 
of  the  United  States  lies  in  the  Western  States  and  nearly 
75  per  cent  of  the  total  comes  under  Federal  jurisdiction. 
In  the  New  England  states  77  per  cent  of  the  potential 
water  power  has  been  developed  and  little  additional  de- 
velopment may  be  expected  in  this  section.  Future  develop- 
ment will  consist  in  the  more  efficient  utilization  of  that 
already  developed. 

Water  power  in  the  West,  in  the  main,  has  not  followed 
the  popular  conception  of  such  enterprises,  the  typical 
Western  development  uses  no  waterfall  of  any  volume; 
instead,  the  project  is  usually  located  in  a  mountain  canyon 
where  either  a  reliable  minimum  flow  of  the  stream  may 
be  found  the  year  round  or  else  storage  is  developed  above 
the  point  of  diversion. 

Among  the  records  which  typify  the  magnitude  of  west- 
ern development  may  be  mentioned  the  following: 

Hydro-Electric  Generation  Projects 

The  largest  single  discharge  turbine  in  the  world:  20,- 
000-hp. — Wise  Power  Plant,  near  Auburn,  Cal.;  Pacific  Gas 
&  Electric  Co.  The  most  powerful  high-head  turbine  in  the 
world:  23,800-hp.— White-River  Plant,  near  Seattle,  Wash.; 
Puget  Sound  Power  &  Light  Co.  A  unit  of  practically  simi- 
lar size  is  installed  in  the  Long-Lake  Plant,  near  Spokane, 
Wash.;  Washington  Water  Power  Co.  Other  large  units: 
Southern  California  Edison  Co.  is  installing  two  22,500-hp., 
800-ft.  head  Francis  reaction-type  turbines  in  its  Kern 
River  No.  3,  while  the  Great  Western  Power  Co.  will  in- 
stall impulse  wheels  under  1,008-ft.  head  at  its  Caribou 
plant  on  the  Feather  River  with  capacity  of  30,000  horse- 
power. 

The  highest  head  plant  in  America:  The  San  Joaquin 
Light  and  Power  Corporation  plans  two  units  under  2,500- 
ft.  heads  in  connection  with  its  King-River  project,  already 
begun,  and  a  similar  head  is  contemplated  by  the  Southern 
California  Edison  Co.  in  the  Big-Creek  development.  Typi- 
cal also  of  western  construction  is  the  17-ft.  section  tun- 
nel being  driven  by  the  San  Joaquin  Light  and  Power  Corp. 
to  serve  its  Kerckhoff  plant,  a  world's  record  in  dimensions 
for  hyJro-electric  tunnels,  a  steam  shovel  being  used  in 
mucking  inside  the  tunnel. 

High-Voltage  Transmission  Lines 

First  long-distance  transmission:  20  miles  at  10,000  volts 
froni  San  Antonio  to  San  Bernardino,  Cal.  Longest  high- 
voltage  transmission:  87,000  volts  and  55,000  volts,  539 
miles,  from  Mono  County,  Cal.,  to  Yuma,  Arizona;  South- 
ern Sierras  Power  Company. 

Highest  voltage  transmission:  Present  record,  150,000 
volts,  240  miles.  Big  Creek  to  Los  Angeles;  Southern  Cali- 
fornia Edison  Co.  The  Great  Western  Power  Co.  is  now 
installing  a  165,000-volt  line  from  its  Caribou  plant  to  San 
Francisco.  The  Pacific  Gas  &  Electric  Co.  has  in  con- 
templation the  building  of  a  220,000-volt  line  from  its 
Pit  River  plant  into   San  Francisco,  whiie   other  western 
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companies    are    planning:    220,000-volt    lines    for    th-e    near 
future. 

The  power  consumed  in  the  various  sections  of  the  coun- 
try is  given  in  the  following  tabulation: 

Million  Kw.  hr.  Cost  Revenue 

Millions  dollars  per  per  per 

District  Population       kw.-lir.  gross  rev.  capita  kw.-hr.  capita 

New  England  .     9,448,000        2,398  6  64.47  254  $0  0293  $6  82 

Atlantic 36,798,000      13,340  5  304  71  363  0  0228  8  24 

Central 54,222,000      14.688   I  299  02  271  0  0204  5  52 

Western 9,375,000        6,307.5  104.80  673  0.0166  11.17 

Total 109,843,000     36,734.7     773.00  334         0  01212         7.05 

From  this  it  will  be  seen  that  the  per  capita  use  of  elec- 
tricity in  the  Far  Western  States  is  2.21  times  that  of  the 
remainder  of  the  nation.  On  the  other  hand,  the  average 
rates  for  electricity  in  this  section  are  low — 1.66c.  per 
kw.-hr.   compared  with   2.19c.  obtaining  elsewhere. 

Prime  Movers  Discussed 

Of  particular  interest  to  the  operating  men  was  the  re- 
port of  the  Prime-Movers  Committee*  a  brief  resume  of 
which  is  here  given. 

Improvement  in  Turbine  Design 

A  record  of  the  units  that  have  been  installed  during  the 
past  year  indicates  that  30,000  kw.  1,800  r.p.m.  60  cycle,  and 
35,000  kw.  1,500  r.p.m.  25  cycle  can  be  considered  for  the 
present  as  the  maximum  standard  size  of  single-shaft 
single-barrel  units. 

*An  abstract  from  the  part  of  this  report  pertaining  to  steam 
turbines  was  published  in  June  1  issue  ;  other  parts  pertinent  to 
the  power  field  will  be  abstracted  and  published  in  another  issue. 

The  present  is  a  period  of  adjustment  and  improvement, 
and  manufacturers  are  devoting  their  attention  to  modifica- 
tion of  design  features  with  a  view  to  securing  a  requisite 
degree  of  reliability  and  operating  efficiency. 

The  increase  in  both  the  diameter  and  speed  of  rotating 
elements  makes  the  subject  of  turbine  balancing  one  of 
particular  interest  at  present.  Dynamic-balancing  ma- 
chines which  determine  with  extreme  accuracy  the  amount 
of  unbalance  in  a  turbine  rotor  or  other  apparatus  are  now 
in  general  use. 

The  alternate  stressing  to  which  turbine  wheels  and 
blading  are  subjected  brings  up  the  question  of  fatigue  of 
metals,  a  subject  which  is  being  thoroughly  investigated  by 
the  Engineering  Division  of  the  National-Research  Council. 
The  results  of  these  tests  are  expected  to  be  extremely 
valuable  to  both  turbine  designers  and  operators. 

Investigations  made  by  shipbuilding  companies  into  the 
causes  of  pitting  and  erosion  of  gears,  have  disclosed  facts 
which  may  explain  some  of  the  gear  troubles  experienced 
by  operators  of  stationary  plants. 

Structure  of  Condenser  Tubes 

The  examination  of  the  structure  of  condenser  tubes  by 
microphotography  is  important,  in  that  it  gives  data  on  the 
relation  between  the  microstructure  and  the  life  of  con- 
denser tubes. 

The  maintenance  of  high  vacuum  and  the  possibilities 
of  condensing  equipment  in  relation  to  possible  theoretical 
vacuums  are  still  receiving  close  attention  by  plant 
operators. 

Boilers  and  Superheaters 

The  tendency  toward  large-sized  units  has  continued 
during  the  past  year.  Units  of  1,000  to  1,500  hp.  and  over 
are  quite  common  in  central-station  practice. 

On  boilers  made  under  war  and  post-war  conditions 
troubles  have  developed  due  to  faulty  shop  work,  and  it  is 
the  desire  of  the  committee  to  sound  a  note  of  warning  in 
this  respect. 

The  tJniform  Boiler-Law  Society  reports  that  nineteen 
states  and  a  large  number  of  county  and  municipal  bodies 
have  adopted  the  code  to  date. 

Manufacturers  report  no  radical  changes  in  design  fea- 
tures but  their  statements  do  indicate  a  general  tendency 
to  turn  out  boilers  of  higher-rated  capacity,  without  in- 
creasing materially  the  maximum  pressures  now  in  gen- 
eral use. 

Trend  Toward  Steel-Tube  Economizers 

The  trend,  as  indicated  by  recent  installations,  appears 
to  be  toward  the  steel-tube  economizer,  showing  confidence 
on  the  part  of  engineers  that  corrosion  troubles  can  be 
eliminated  by  the  exercise  of  reasonable   care. 

The  economic  value  of  economizer  surface  and  the 
amount  to  be  installed  in  any  given  plant  can  be  deter- 
mined only  by  a  detailed  analysis  of  operating  conditions 


and  a  thorough  study  of  complete  plant  designs.  No 
formula  can  be  devised  for  obtaining  a  solution,  but  it  is 
possible  to  indicate  in  a  general  way  the  method  of  attack- 
'.ing  the  problem. 

Grate  and  Stoker  Design 

Statements  by  manufacturers  indicate  that  there  have 
been  no  radical  changes  in  stoker  design,  but  that  efforts 
have  been  along  the  lines  of  perfecting  new  devices  re- 
ported last  year,  and  to  a  refinement  of  operating  details. 

There  is  a  tendency  among  designing  engineers  to  lay  out 
the  stoker  and  the  furnace  so  it  will  be  readily  possible 
to  change  ovei  from  coal  to  oil,  using  one  or  the  other, 
depending  on  the  fuel-price  differential. 

Burning  Sub-Bituminous  Coals 

With  lignite  and  sub-bituminous  coals,  hand-fired  gyrates 
peldom  give  boiler  ratings  over  100  per  cent;  efficiencies 
pre  usually  below  60  per  cent.  Using  mechanical  stokers, 
putputs  from  200  to  300  per  cent  are  sometimes  possible, 
with  efficiencies  ranging  up  to  70  per  cent.  Combustion 
rates  as  high  as  35  lb.  per  hr.  per  sq.ft.  of  chain-grate 
area,  and  with  underfeed  stokers  over  1,000  lb.  per  hr.  per 
retort,  have  been  reported. 

Growing  Interest  in  Pulverized  F  uel 

'"here  has  been  a  rapidly  growing  interest  in  the  de- 
velopment of  pulverized-fuel  equipment,  and  a  large  num- 
ber of  installations  of  this  character  have  been  placed  in 
operation. 

The  number  of  manufacturers  supplying  apparatus  for 
pulverized-fuel  installations  has  also  increased.  Statements 
submitted  by  these  companies  indicate  that  their  efforts 
are  being  directed  toward  the  perfection  of  the  details  of 
equipment  for  pulverizing,  drying  and  transportation  of 
the  fuel. 

One  of  the  questions  which  has  been  passed  over  too 
lightly  by  both  manufacturers  and  users  of  this  equipment, 
is  that  of  the  ultimate  disposal  of  the  ashes  which  now 
pass  out  the  stack.  If  the  use  of  pulverized  fuel  is  ex- 
tended, municipalities  will  undoubtedly  pass  ordinances 
to  eliminate  the  ash  nuisance. 

Increasing  Demand  for  Fuel  Oil 

Figures  of  oil  production  and  consumption  for  the  past 
year  indicate  that  the  United  States  is  becoming  more  and 
more  dependent  on  imports  of  oil  to  meet  the  rapidly  in- 
creasing demand. 

The  requirements  of  oil-burning  ships  and  the  improve- 
ment in  the  processes  for  converting  heavy  oils  into  gaso- 
Jine  are  responsible  for  the  diminished  supply  and  poor 
quality  of  the  oil  available  for  general  use  as  fuel. 

The  tendency  of  oil  supply  companies  is  to  fix  the  price 
of  oil  at  what  the  traffic  will  bear  without  any  particular 
reference  to  the  cost  of  production.  For  this  reason  it  is 
difficult  to  see  how  an  adequate  supply  of  fuel  oil  at 
reasonable  prices  can  become  available  for  central  stations, 
until  imports  of  oil  from  Mexico  reach  such  proportions 
as  to  occasion  a  sharp  decline  in  the  market  price. 

Power-Station  Auxiliaries 

An  investigation  of  total  evaporation  per  kilowatt-hour 
of  gross  generation  revealed  the  fact  that  load  factor  and 
other  special  considerations  are  given  more  weight  than 
the  strict  adherence  to  the  method  of  maintaining  heat 
balance.  In  this  connection  it  should  also  be  noted  that 
maximum  over-all  efficiency  rather  than  individual  machine 
efficiency  is  the  object  sought  in  station  operation.  To 
realize  best  over-all  efficiency,  it  may  be  necessary  to  depart 
from  hard  and  fast  rules. 

Observation  by  committee  members  indicates  the  need 
of  more  liberality  in  specifying  the  capacity  and  perform- 
ance of  auxiliary  equipment,  as  well  as  the  desirability  of 
more  frequent  testing  of  steam-di-iven  auxiliaries. 

Boiler  and  Turbine-Room  Instruments 

The  past  year  showed  increasing  use  and  interest  in 
indicating  and  recorc'ing  instruments.  The  wider  use  of 
these  devices  has  been  justified  by  the  savings  realized 
since  their  introduction. 

Among  the  more  important  points  brought  out  by  the 
committee's  investigation  are  the  need  of  a  reliable  and 
reasonably  cheap  pyrometer,  the  adoption  by  some  com- 
panies of  meters  on  boiler  blow-down  lines,  and  the  sub- 
stitution of  self-starting  synchronous  motors  in  place  of 
clock  mechr^nisms  for  instrument  drive. 

Higher  Steam  Pressure 

Practically  all  equipment  manufacturers  agree  that  the 
problems   encountered   in   the   use   of   high-pressure   steam 
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can  be  solved,  and  it  is  suggested  that  a  trial  installation 
might  be  made  by  equipping  an  existing  station  with  a 
comparatively  small  high-pressure  boiler  and  turbine,  the 
latter  so  designed  as  to  discharge  into  the  mam  steam 
header  of  the  station.  Such  a  method  would  show  up 
troubles  with  valves  and  piping  and  would  furnish  a  great 
deal  of  data  at  comparatively  small  expense. 
Improvements  in  Oil  Engines 
Improvements  in  Diesel-engine  design  have  resulted  in 
an  engine  far  better  than  those  built  a  few  years  ago. 
Small  engines  are  principally  four-cycle  multi-cylinder  high- 
speed units,  while  in  the  large  sizes  the  trend  is  toward 
two-cycle  units.  Fuel  consumption  is  not  capable  of  much 
further  reduction,  but  engines  are  being  adapted  to  use 
lower  grades  of  fuel.  The  necessity  for  high-grade  attend- 
ance is  being  recognized  more  than  ever  before  by  ovraers. 

Development  of  Hydraulic  Prime  Movers 

The  large  number  of  hydro-electric  units  installed 
throughout  the  United  States,  with  high  over-all  efficiency 
and  almost  perfect  continuity  factor,  and  the  development 
of  a  new  type  of  high-speed  runner  are  the  outstanding 
features  for  the  year. 

Automatic  hydro-electric  plants  are  receiving  favorable 
consideration,  and  there  is  a  tendency  to  confine  the  power- 
station  building  to  housing  only  the  generating  and  control 
equipment  ,  ,      , 

Where  climatic  conditions  are  favorable  there  is  an  even 
more  radical  tendency  to  have  the  generating  equipment 
outdoors,  housing  only  the  control  apparatus. 

Manufacturers'  statements  indicate  a  trend  toward  larger 
units  and  toward  the  consolidation  of  small  water-power 
projects  into  single  stations  of  large  capacity. 

Hydraulic  Stations  and  Steam  Plants 

The  combined  operation  of  hydro-electric  and  steam 
plants  presents  many  operating  problems  which  should  be 
worked  out  for  the  best  interests  of  both  parties,  or  to 
secure  minimum  over-all  cost.  Unnecessary  steam  genera- 
tion should  be  eliminated  as  far  as  possible  to  secure  the 
maximum  hydraulic  output  consistent  with  minimum  steam 
cost,  including  maintenance.  Increased  costs  of  construc- 
tion and  of  fuel  and  increase  in  load  make  it  particularly 
important  to  secure  the  maximum  useful  work  out  of  every 
pound  of  water  that  can  be  used  for  power  generation  at 
the  hydraulic  plant. 

In  discussing  the  report,  E.  E.  Gilbert  of  the  General 
Electric  Co.  expressed  the  opinion  that  in  future  designs 
it  would  not  be  necessary  to  sacrifice  economy  for  relia- 
bility. E.  H.  Sniffin,  of  the  Westinghouse  company,  agreed 
with  the  committee's  statement  as  to  limitations  in  the  size 
of  single-shaft,  single-barrel  units.  He  was  inclined  to 
disagree,  however,  with  the  opinion  that  the  oil  tempera- 
ture should  be  held  to  140  deg.  and  believed  that  160  deg. 
would  be  better  practice;  if  140  deg.  were  held  to,  the  oil 
should  be  of  lower  viscosity.  Referring  to  turbine  piping, 
he  believed  that  too  little  attention  is  given  to  insure  flexi- 
bility, as  the  front  end  of  the  turbine  works  in  all  di- 
rections and  the  piping  should  allow  for  this. 

F.  T.  Webster,  of  the  Allis-Chalmers  Co.,  said  that  his 
company  had  been  conservative  as  to  turbine  sizes. 

Considerable  discussion  developed  on  hydro-electric  oper- 
ating practice  in  the  West,  in  which  it  was  brought  out 
that  conditions  of  load  in  that  section  do  not  necessitate 
holding  so  strictly  to  frequency  as  in  the  East  where 
manufacturing  loads  are  supplied  and  speed  is  an  impor- 
tant factor  in  production.  For  instance,  the  Southern  Cali- 
fornia Edison,  which  normally  operates  on  fifty  cycles, 
has  recently  dropped  to  47J  cycles  to  conserve  water  in 
certain  cases  where  two  plants  are  in  parallel.  According 
to  H.  A.  Barre,  of  this  company,  its  supply  is  divided  into 
three  classes:  Base  water  power,  reservoir  plants,  and 
steam  plants.  Under  normal  conditions  both  the  base  and 
reservoir  plants  carry  the  base  load  and  the  steam  plants 
the  peaks.  During  the  present  dry  season,  however,  this 
practice  has  been  reversed,  but  the  economy  has  not  been 
as  gi'eat,  owing  largely  to  the  fact  that  it  has  been  nec- 
essary to  keep  in  service  many  of  the  older  and  less  effi- 
cient steam  units. 

S.  d.  Lisberger,  of  the  Pacific  Gas  and  Electric  Co.,  stated 
that  one  of  the  greatest  difficulties  encountered  when  run- 
ning steam  plants  in  parallel  with  water-power  plants  is 
to  hold  the  steam  unit  on  the  line  when  a  short-circuit 
occurs   on   the   system.     To   avoid   this,   they   had   set   the 


governors  to  12  per  cent  over-speed  in  spite  of  protests 
from  the  manufacturers.  With  their  oil-burning  plants  and 
steam  turbines  floating  on  the  line,  it  was  possible  to  pick 
up  a  load  from  1,000  to  20,000  kw.  almost  momentarily 
without  even  a  perceptible  flicker  in  the  lights. 

Fuel-Oil  Discussion 

Dr.  J.  S.  Jacobus,  advisory  engineer,  Babcock  &  Wilcox 
Co.,  stated  that  long  experience  had  shown  steam  atomiz- 
ing of  fuel  oil  to  give  good  results  up  to  about  200  per 
cent  of  the  boiler  rating,  but  above  this  mechanical  atomi- 
zation  is  best  because  combustion  is  more  rapid,  giving  the 
available  combustion  volume  of  the  furnace  better  oppor- 
tunity to  function  at  greatest  advantage.  Mechanical  burn- 
ers nat'-rally  require  more  draft  to  give  the  higher  capa- 
cities, and  for  ratings  above  200  per  cent  a  forced  blast 
at  the  burner  is  used.  The  Babcock  &  Wilcox  Co.  is  now 
delivering  boilers  26  tubes  high  of  150,000-lb.  steam  per 
hour  capacity;  the  high  boiler,  the  Doctor  said,  is  showing 
higher  efficiency  than  wide,  low  types. 

Cast-iron  economizers  should  not  exceed  75  per  cent  of 
the  boiler  surface.  Wrought  steel  is  now  extensively  used 
for  economizers.  The  cause  of  interior  corrosion  in 
economizers  is  usually  the  air  or  oxygen  present  in  the  feed 
water.  To  preserve  the  exterior  surface  against  corrosion 
keep  the  feed-water  temperature  above  120  deg.  F. 

C.  R.  Weymouth,  chief  engineer,  Charles  C.  Moore  & 
Co.,  San  Francisco,  stated  that  boiler  and  furnace  main- 
tenance is  less  with  oil  than  with  coal  as  usually  fired. 
He  cautioned  against  preheating  the  oil  too  much,  a  prac- 
tice which  he  intimated  was  becoming  general.  Steam 
atomization  is  the  usual  practice  on  the  Pacific  Coast, 
though  some  mechanical  atomization  plants  will  soon  be 
in  operation.  Self-cleaning  oil  strainers  form  an  impor- 
tant part  of  the  equipment,  for  if  the  oil  contains  silt,  even 
in  small  quantities,  the  burners  are  rapidly  eroded.  Mr. 
Weymouth  laid  emphasis  upon  the  economy  of  automatic 
as  against  hand  control  in  oil  burning,  pointing  out  that 
steam  consumption  for  atomization  was  but  1  to  li  per 
cent  with  the  former,  and  2  to  3  per  cent  in  well-conducted 
plants  for  the  latter. 

In  view  of  the  volume  of  work  in  connection  with  the 
preparation  of  the  Prime  Movers  Report  and  of  the  in- 
creased attention  to  water-power  operation,  it  was  decided 
to  divorce  water  power  from  the  Prime-Movers  Commit- 
tee and  put  it  in  the  hands  of  a  separate  committee  for 
the  ensuing  year. 

A  very  important  suggestion  was  made  by  Chairman  N.  A\ 
A.  Carle,  and  adopted  by  the  section,  to  have  the  Prime-  T 
Movers  Committee  prepare  an  operating  code  for  central 
stations.  Moreover,  in  view  of  the  reconstruction  period 
and  the  reorganization  of  the  association  the  personnel  of 
the  committee  and  subcommittees  of  the  Technical  and 
Hydro-electric  Section  agreed  to  serve  for  another  year. 

Nev/  Officers  of  Association 

The  officers  for  following  year  are:  President,  Martin  J. 
Insull,  vice-president.  Middle  West  Utilities  Co.,  Chicago, 
111.;  vice-presidents,  M.  R.  Bump,  chief  engineer,  Henry  L. 
Doherty  &  Co.,  New  York;  F.  W.  Smith,  vice-president  and 
general  manager,  United  Electric  Light  and  Power  Co., 
New  York;  H.  W.  Johnson,  vice-president,  Philadelphia 
Electric  Co.,  Philadelphia,  Pa.;  Franklin  T.  Griffith,  presi- 
dent, Portland  Railway,  Light  and  Power  Co.,  Portland, 
Ore.;  treasurer,  H.  C.  Abell,  vice-president  and  engineer, 
American  Light  and  Traction  Co.,  New  York  City. 

Entertainment  Features 

California's  welcome  to  the  N.  E.  L.  A.  and  its  open- 
hearted  hospitality  left  nothing  to  be  desired.  Everyone 
felt  that  the  time  spent  in  the  land  of  sunshine  was  all  too 
short.  Automobiles  were  always  at  hand  to  answer  every 
wish  to  explore  the  surrounding  country.  No  state  has 
more  to  display  in  attractive  scenery  reached  by  excel- 
lent roads. 

At  San  Bernardino  delegates  were  greeted  by  a  live  re- 
ception committee  of  young  men  and  women.  Their  baskets 
of  oranges  were  soon  exhausted.  At  Riverside  autos  were 
ready  to  take  delegates  through   the   orange  grooves   and 
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to  the  hills  overlooking  the  surrounding  country.  Pasadena, 
not  to  be  outdone,  welcomed  the  Red  Special  with  a  Cow- 
boy Band,  a  stage  coach  and  riders.  A  hold-up  by  the 
Indians  and  the  rescue  of  Smith,  Sloan  and  Johnson  by  cow- 
buys  were  enjoyable  features  of  the  trip  to  the  Huntington 
Hotel. 

Every  hour  of  the  day  and  night  was  filled  with  enter- 
tainment features.  The  formal  opening  of  the  convention 
came  Tuesday  evening  with  the  President's  reception  and 
ball,  followed  by  an  electrical  display  and  special  dances 
on  the  lawn  of  the  Hotel  Huntington.  Golf  courses  were 
visited  by  large  numbers  of  delegates.  Wednesday  after- 
noon a  special  automobile  trip  was  made  to  Los  Angeles, 
where  delegates  and  friends  were  the  guests  of  the  Uni- 
versal City.  A  special  motion  picture  was  put  on  to  show 
the  great  part  which  electric  lighting  plays  in  this  work. 
Before  leaving  on  this  trip  the  guests  were  assembled  on 
the  Huntington  lawn  and  a  moving  picture  was  taken,  which 
was  shown  at  a  convention  meeting  Thursday  evening. 

Another  feature  in  moving  pictures  was  "That  Fairy  in 
the  Snow-Flake,"  prepared  by  the  Westinghouse  company, 
and  telling  the  story  of  water-power  development. 

An  entertainment  feature  that  appealed  especially  to 
delegates  from  the  East  was  the  Mission  Play  at  San 
Gabriel.  Special  cars  were  provided  to  take  all  who  wished 
to  see  this  famous  play  and  in  this  way  hear  the  story 
of  California  told  on  the  very  ground  where  one  of  the 
missions  still  stands. 

Trips  to  power  plants,  parties  to  well-known  points,  ex- 
cursions to  beaches,  mountain  resorts,  fruit-packing  houses, 
kept  delegates  so  busy  ani  preoccupied  that  the  conven- 
tion week  passed  all  too  quickly. 

The  La  Fiesta  Electrica  closed  the  entertainment  fea- 
tures in  a  blaze  of  glory. 


Sundry  Civil  Bill 


In  commenting  on  the  super-power  item  in  the  Sundry 
Civil  Bill,  Dr.  George  Otis  Smith,  the  director  of  the  Geo- 
logical Survey,  who  will  have  charge  of  the  work,  said: 

In  these  days  of  economizing  in  government  appropria- 
tions it  is  refreshing  to  note  some  of  the  remarks  on  the 
floor  of  the  House  by  Representative  Good,  of  Iowa,  chair- 
man of  the  Sundry  Civil  Appropriations  Committee,  and 
Representative  Byrns,  of  Tennessee,  ranking  minority  mem- 
ber of  that  committee,  in  which  they  urged  additions  to 
appropriations.  Their  arguments  were  in  defense  of  an 
item  of  $125,000  providing  for  an  engineering  investiga- 
tion by  the  United  States  Geological  Survey  of  the  super- 
power project  for  the  eastern  United  States. 

Mr.  Byrns  stated  that  "this  proposition  is  one  that  looks 
forward  to  the  conservation  of  our  resources  and,  as  has 
been  stated,  the  time  is  at  hand  when  something  must  be 
dene  looking  to  the  conservation  of  our  fuel  supply  because 
those  in  authority  state  that  at  present  the  known  supply 
of  oil  will  be  exhausted  within  a  very  few  years  at  the 
present  rate  of  consumption."  He  further  characterized 
this  Geological  Survey  investigation  as  one  that  should  be 
made  "by  Government  experts  in  order  that  if  the  investi- 
gation discloses  that  such  a  plan  is  practicable,  those  who 
are  asked  to  make  those  investments  will  have  confidence 
in  the  accuracy  and  impartiality  of  the  report." 

Chairman  Good  in  reporting  the  Sundry  Civil  Bill  had 
already  made  special  reference  to  the  super-power  item  in 
the  bill  as  unique,  but,  as  he  believed,  vitally  important, 
and  he  stated  that  such  a  survey  would  represent  "Gov- 
ernment initiative  and  co-operation  which  will  result  in  the 
savings  to  the  country  of  hundreds  of  millions  of  dollars 
annually.  It  will  result  in  a  great  saving  in  the  direct 
cost  of  fuel.  It  will  furnish  a  reserve  source  of  power  for 
transportation  and  utility  companies  which  will  be  of 
large  value  in  time  of  labor  disputes  and  public  emergencies. 
The  principle  can  be  applied  broadly.  Its  benefits  will 
accrue  to  towns  and  villages  and  to  the  farms  cf  the 
country."  Chairman  Good  also  stated  that  this  provision 
best  illustrated  the  policy  of  including  in  the  appropriation 
bill  items  providing  for  the  future.  He  said:  "Government 
cannot  stand  still.  It  must  advance.  It  must  provide  for 
healthy  growth  of  every  useful  governmental  activity." 

In  concluding  the  debate  on  this  item,  which  was  fol- 
lowed by  a  favorable  vote,  Chairman  Good  remarked:  "We 
may  smile  at  this  proposition.     We  may  laugh   it  out  of 


Congress   just   as   we   did    by   ridicule   the   proposition    of 
Mr.  Langley  in  regard  to  the  airplane." 

To  those  who  are  interested  in  scientific  and  engineering 
investigations  under  Government  auspices  such  expressions 
by  leaders  in  Congress  are  encouraging.  It  is  also  worthy 
of  note  that  neither  Mr.  Good  nor  Mr.  Byrns  represents 
sections  of  the  country  that  would  primarily  and  immedi- 
ately be  affected  by  the  proposed  investigation.  They  seem 
to  represent  the  country  as  a  whole. 


Russell  H.  Ballard,  Past  President, 
N.  E.  L.  A. 

Russell  H.  Ballard,  president  of  the  National  Electric 
Light  Association  during  the  past  year,  was  superseded  by 
Martin  Insull,  former  vice  president  of  the  association,  at 
the  election  held  in  Pasadena,  California,  Friday,  May  21. 
Mr.    Ballard    was   born    in    Hamilton,    Ontario,    in    1875. 


BUSSELL  H.  BALLABD 


When  fifteen  years  of  age,  he  obtained  his  first  position 
with  the  Thomson-Houston  Electric  Co.,  Chicago,  111.  He 
went  to  Schenectady  in  1894  when  the  Thomson-Houston 
Co.  consolidated  with  the  General  Electrical  Co.  He  re- 
mained there  until  1897,  when  he  became  associated  with 
the  West  Side  Lighting  Co.,  now  the  Edison  Co.,  at  Los 
Angeles,  as  bookkeeper.  Later,  he  served  as  cashier  and 
ofiice  manager  of  the  Butte  (Montana)  Electric  and  Power 
Co.  He  became  auditor  of  the  predecessor  of  the  Southern 
California  Edison  Co.  and  was  soon  made  first  vice  president 
and  general  manager  and  soon  became  a  leading  figure  in 
Pacific  Coast  utility  work. 

Mr.  Ballard  was  the  fii'st  president  of  the  Pacific  Coast 
Section  of  the  N.  E  L.  A.,  where  he  figured  prominently  in 
the  activities  of  the  organization.  During  the  past  year, 
as  president  of  the  organization,  much  of  his  time  has  been 
taken  up  with  the  comprehensive  plan  of  reorganization 
which  was  brought  to  the  attention  of  the  delegates  at  the 
convention. 
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Martin  Instill,  President,  N.  E.  L.  A. 

Martin  Insull,  vice  president  of  the  Midwest  Utilities 
Co.,  Chicago,  and  during  the  past  year  first  vice  president 
of  the  National  Electric  Light  Association,  was  elected 
president  at  the  convention  held  in  Pasadena,  California,  on 
Friday,  May  21.  Mr.  Insull  will  replace  Russell  H.  Ballard 
as  president. 

Martin  J.  Insull  was  born  in  Reading,  England,  and 
received  his  early  education  in  that  country.  He  was 
engaged  in  the  manufacturing  end  of  the  telephone  industry 
before  coming  to  this  country,  in  1887. 

Almost  immediately  he  entered  the  shops  of  the  Edison 
Machine  Works  at  Schenectady,  N.  Y.,  then  a  very  small 


MARTIN  INSULL 

concern,  comparatively  speaking,  and  was  employed  there 
until  he  entered  Cornell  University  in  1889. 

Being  graduated  in  1893,  Mr.  Insull  became  a  member 
of  the  firm  of  Sargent  and  Lundy,  prominent  Chicago  engi- 
neers, continuing  that  connection  until  1898,  when  he  en- 
tered the  electrical  manuf  a^turing  business  as  vice-president 
and  general  manager  of  the  General  Incandescent  Arc  Light 
Co.  in  New  York  City.  In  1903  that  company  was  acquired 
by  the  General  Electric  Co.,  and  a  few  months  later,  in 
1904,  Mr.  Insull  was  appointed  a  vice-president  of  the 
Stanley  G.  I.  Electric  Co.  and  removed  from  Pittsfield, 
Mass.,  where  he  had  been  sent  following  the  acquisition  of  the 
General  Incandescent  Arc  Light  Co.  by  the  General  Elec- 
tric Co.,  to  Chicago.    There  he  had  charge  of  the  Western 


business  of  the  Stanley  G.  I.  Electric  Co.  until  1906,  when 
he  entered  the  field  of  public  service  operation. 

During  the  next  six  years  Mr.  Insull  had  charge  of  and 
operated  electric  light,  gas  and  traction  companies  in 
southern  Indiana.  Upon  the  absorption  of  these  companies 
by  the  Middle  West  Utilities  Co.  of  Chicago,  in  1912,  Mr. 
Insull  was  made  senior  vice-president,  in  charge  of  opera- 
tions, of  the  Middle  West  Utilities  Co.  in  Chicago,  where 
he  is  now  located.  The  Middle  West  Utilities  Co.  is  a 
holding  company  controlling  thirty  subsidiary  companies 
which  serve  485  communities  in  fifteen  states.  These  com- 
panies have  a  gross  income  of  more  than  $20,000,000  an- 
nually, and  include  electric  light  and  power  companies,  gas 
companies  and  traction  companies. 

Mr.  Inpull  has  been  a  member  of  and  active  in  the  work 
of  the  N.  E.  L.  A.,  and  for  several  years  has  been  a  vice- 
president  of  the  association.  He  was  active  in  the  reorgan- 
ization program  of  the  association  and  the  broadening  of 
the  scope  of  service  to  be  given  by  the  association  to  mem- 
ber-companies. 

,  A.  I.  E.  E.  to  Hold  Annual  Convention  . 

The  thirty-sixth  annual  convention  of  the  American  Insti- 
tute of  Electrical  Engineers  will  be  held  at  the  Green- 
brier Hotel,  White  Sulphur  Springs,  W.  Va.,  June  29 
to  July  2. 

A  comprehensive  collection  of  papers  will  be  presented 
at  the  seven  technical  sessions,  covering  subjects  of  particu- 
lar interest  in  many  phases  of  present-day  practice. 

Ample  opportunity  has  been  provided  for  recreation  'and 
entertainment  The  committee  has  arranged  so  that  the 
afternoons  will  be  left  open  for  the  many  entertainment 
features,  including  dancing,  teas,  card  parties,  golf,  and 
tennis  tournaments,  baseball  and  other  special  events. 

The  convention  will  be  opened  Tuesday  morning,  June 
29,  with  the  annual  presidential  address  by  President 
Calvert  Townley,  followed  by  the  introduction  of  the 
president-elect.  The  remainder  of  the  session  will  be 
devoted  to  the  presentation  and  discussion  of  the  annual 
reports   of  the  technical   committees. 

The  tentative  program  follows:  Wednesday,  June  30, 
Electrical  Machinery  Session  and  also  a  miscellaneous  ses- 
sion; Thursday,  July  1,  Protective  Devices,  Electric  Weld- 
ing and  Power  Factor  Sessions;  Friday,  July  2,  Excitation 
Session.  

Unless  something  is  done  immediately  to  relieve  the  car 
situation  in  the  soft-coal  regions  of  the  country,  the  Ameri- 
can public  will  find  itself  without  coal  for  next  winter, 
according  to  representatives  of  the  United  Mine  Workers 
of  America,  who  have  come  to  Washington  to  seek  a  remedy. 
John  Moore,  president  of  the  Ohio  miners,  sounded  this 
warning.  Mr.  Moore  pointed  out  that  railroads  are  assign- 
ing a  full  supply  of  coal  cars  to  those  mines  with  which 
the  railroads  have  contracts  for  coal  and  refusing  to  supply 
cars  to  the  thousands  of  other  mines  so  that  the  needs  of 
the  public  might  be  filled.  "Railroads  consume  approxi- 
mately one-third  of  the  total  soft-coal  output,"  he  said,  "and 
the  public  consumes  the  other  two-thirds.  But  at  present 
the  railroads,  especially  in  Ohio,  are  taking  practically  all 
of  the  coal  that  is  being  produced  and  leaving  none  for  the 
public.  Tens  of  thousands  of  coal  miners  are  out  of  em- 
ployment because  the  railroads  refuse  to  supply  cars  to 
the  mines  on  an  equitable  distributive  basis." 

Mr.  Moore  suggested  as  one  method  of  relief  that  inas- 
much as  one-third  of  the  coal  produced  is  used  by  the  rail- 
roads and  two-thirds  by  the  public,  there  should  be  an 
equitable  distribution  of  coal  among  all  mines  and  that 
the  first  carload  be  sent  to  the  railroads  and  the  next  two 
carloads  to  the  public. 


The  electric  furnace  in  actual  use  has  reached  the  tem- 
perature of  3,500  deg.  C.  Recent  experiments,  have,  how- 
ever, developed  a  furnace  which  gives  a  temperature  of 
4,500  C,  enough  to  volatilize  diamonds.  A  comparison  of 
these  temperatures  with  that  of  the  sun,  which  is  estimated 
at  5,000  C,  gives  a  striking  idea  of  what  can  be  accomplished 
in  handling  refractory  substances  with  electric  heat. — 
Sibley  Journal. 
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Spring  Meeting  A.  S.  M.  E.  at  St.  Louis 


IN  THE  engineering  history  of  St.  Louis  the  week  of 
May  24  was  notable  in  that  the  city  was  th«  place  of 
meeting  of  three  of  the  large  national  engineering 
societies.  The  American  Society  of  Mechanical  Engineers, 
the  American  Society  of  Refrigerating  Engineers  and  the 
American  Society  of  Heating  and  Ventilating  Engineers 
each  came  to  St.  Louis  to  hold  the  spring  convention. 
Conforming  with  the  co-operative  tendency  of  the  times, 
there  were  joint  sessions,  the  entertainment  and  trips  of 
inspection  to  industrial  plants  were  in  common,  and  the 
headquarters  of  all  were  at  the  Statler  Hotel.  The  engi- 
ners  of  St.  Louis  are  to  be  congratulated  upon  the  success 
attending  their  efforts.  Plans  were  made  and  executed 
upon  a  magnificent  scale  for  the  needs,  the  entertinment 
and  the  comfort  of  their  guests.  It  was  a  profitable  week, 
full  of  activity  and  full  to  the  brim  of  Southern  hospitality 
of  the  distinctive  St.  Louis  brand. 

First  Session  Monday  Afternoon 

Coming  from  Keokuk,  where  they  had  spent  Sunday  in. 
reviewing  the  great  low-head  hydraulic  plant  of  the  Mis- 
sissippi River  Power  Co.,  the  mechanical  engineers  arrived 
in  St.  Louis  Monday  morning  to  hold  a  four-day  meeting 
May  24-27.  The  total  attendance  was  in  the  vicinity  of  800. 
An  afternoon  session  was  held  upon  the  day  of  arrival. 
Business  was  disposed  of  as  quickly  as  possible.  The 
tellers  of  amendments  to  the  constitution  reported  the  votes 
upon  the  specific  changes  recently  submitted  to  members, 
practically  unanimous  in  favor  of  each  issue.  The  revised 
report  of  the  Boiler  Code  Committee  on  Boilers  for  Loco- 
motives was  presented,  and  there  was  offered  a  tentative 
code  of  ethics  intended  for  all"  engineers  in  common.  It 
was  recommended  that  the  code  be  referred  to  the  Engi- 
neering Council  or  such  other  body  as  may  be  formed,  but 
that  the  efforts  of  the  society  committee  be  continued.  An 
amendment  was  offered  by  President  Miller  to  simplify 
f  amendment  of  the  constitution,  and  there  was  considerable 
discussion,  initiated  by  the  Philadelphia  section  on  admit- 
ting juniors  to  the  privileges  of  voting  and  holding  office, 
the  object  being  to  interest  and  hold  the  young  engineer. 
A  motion  to  authorize  the  council  to  contribute  from  the 
society's  funds  $5,000  to  advance  the  cause  of  the  Depart- 
ment of  Public  Works  Association  was  lost,  as  this  was  con- 
ceived to  be  a  case  for  individual  subscription. 

Appraisal  and  Valuation  Session 

Following  was  a  session  on  appraisal  and  valuation, 
which  was  continued  on  Tuesday  afternoon.  The  five 
papers  listed  and  considerable  written  discussion  were  pre- 
sented: "Rational  Valuation — A  Comparative  Study,"  by 
J.  R.  Bibbins;  "Price  Levels  in  Relation  to  Value,"  by  Cecil 
F.  Elmes;  "Data  on  the  Cost  of  Organizing  and  Financing 
a  Public-Utility  Project,"  by  the  late  F.  B,  H.  Paine  (con- 
tributed by  Dean  M.  E.  Cooley)  ;  "The  Construction  Period," 
by  H.  C.  Anderson;  "Appraisal  and  Valuation  Methods," 
by  David  H.  Ray.  The  first  four  papers  had  been  intro- 
duced at  the  December  meeting,  but  ic  was  felt  that  the 
importance  of  the  subject  in  these  days  of  post-war 
readjustments,  and  the  low  value  of  the  dollar,  warranted 
continued  consideration.  The  paper  first  named  was  a 
comparative  study  of  valuation  practice  illustrated  by  a 
complete  economic  analysis  of  a  large  utility  since  the 
Civil  War,  yielding  in  substance  the  true  history  of  the 
five-cent  fare.  The  second  paper  traced  the  history  of 
price  levels  and  the  purchasing  power  of  money  for  several 
centuries  back.  The  third  and  fourth  papers  analyzed 
various  factors  involved  in  the  generally  misunderstood 
term  "overhead,"  relating  in  particular  to  the  construction 
period,  and  the  fifth  discussed  official  methods  of  varying 
exactness. 

The  discussion  of  the  papers  pointed  to  the  four  winds.  As 
there  was  no  consensus  of  opinion  as  to  "what  constitutes 
a  complete  rational  evaluation,"  a  resolution  was  passed 
requesting  the  president  to  appoint  a  committee  to  digest 
all   material    on   this    subject   presented    in    the    past,    with 


additional  papers  on  fundamentals  if  necessary,  so  that 
the  entire  subject  might  be  placed  before  the  society  again 
for  discussion. 

Local  Session  Tuesday  Morning 

On  Tuesday  morning  there  was  a  local  session  to  which 
St.  Louis  engineers  contributed.  There  were  papers  on 
"The  Housing  Problem  in  St.  Louis,"  by  Nelson  C'.nliff; 
"Industrial  Housing — A  Financial  Problem,"  by  Leslie  H. 
Allen;  and  two  papers  on  river  transportation,  by  W.  S. 
Mitchell  and  E.  W.  Schadek.  The  discussion  centered  on 
rail  vs.  water  transportation.  It  was  recognized  that 
each  had  a  place,  notwithstanding  the  fact  that  water  trans- 
portation had  nearly  disappeared  from  American  rivers. 
Discrimination  in  railway  rates,  prejudices  and  politics  had 
been  responsible  for  the  present  situation.  There  was 
need  for  an  unbiased  body  such  as  a  Department  of  Na- 
tional Public  Works,  to  consider  the  transpoitation  prob- 
lem from  an  economic  or  engineering  standpoint.  The 
progress  made  toward  securing  such  a  department  was 
re.iewed.  Upon  a  resolution  offered  by  M.  Y.  Tait  the 
society  went  on  record  as  fully  endorsing  the  efforts  of  the 
National  Public  Works  Association  and  urged  the  local 
sections  to  aid  and   support  the  work. 

"Tight  Fitting  Threads  for  Bolts  and  Nuts"  was  the 
title  of  a  paper  by  Chester  B.  Lord.  Although  generally 
the  thread  forms  now  in  use  are  quite  satisfactory,  there 
is  still  demand  for  "a  thread  that  will  not  loosen."  The 
author  pointed  out  the  defects  in  present  practice  and  the 
requirements  of  a  male  and  female  thread  of  the  same 
lead  and  pitch  diameter  that  may  be  made  after  repeated 
loosenings  to  fit  right  without  the  aid  of  a  locking  device. 

To  combustion  engineers  a  paper  on  "Burning  Eastern 
Coals  Successfully  on  a  Conveyoi'-Feed  Type  of  Stoker," 
by  Lloyd  R.  Stowe,  was  of  interest  as  it  emphasized  the 
chemical  side  of  combustion  and  introduced  a  new  thought 
to  those  who  had  always  considered  the  question  from  the 
mechanical  standpoint.  The  stoker  is  of  the  traveling  type 
made  up  of  narrow  chain-grate  elements  alternating  with 
stationary  tuyeres  through  which  forced  draft  is  applied. 
The  stoker  has  an  incline  greater  than  is  customary  with 
the  chain  grate.  The  usual  type  of  arch  is  employed,  and 
there  is  a  great  expanse  of  bridge  wall  to  direct  the  heat 
on  the  incoming  fuel.  Ignition  temperatures  are  extremely 
high,  and  large  quantities  of  air  are  forced  through  the 
fuel  bed  at  the  front,  the  slots  in  the  tuyere  being  wider 
here,  although  subject  to  the  same  air  pressure.  It  is 
claimed  that  the  high  temperatures  decompose  the  tarry  or 
resinous  excretion  from  the  coal  and  the  major  portion  of 
the  volatile-forming  matter  befoi-e  the  former  can  set  up 
an  appreciable  primary  strucii're  and  before  the  carbon 
of  the  latter  can  have  time  to  impregnate  any  slight  pri- 
mary structure  that  may  have  formed.  The  absence  of 
coke  formation  changes  the  character  of  the  fii*e  under  the 
arch  and  has  a  marked  influence  on  the  last  half  of  the 
fire.  As  coke  is  not  formed  in  the  distillation  zone,  the 
cemented  coke  lumps  cannot  be  present  in  the  final  stages 
of  combustion.  The  individual  pieces  of  coal  retain  their 
identity  as  in  the  case  of  free-burning  Illirois  coal.  This 
non-coking  performance  of  Eastern  coals  was  demon- 
strated in  an  experimental  plant  which  was  open  for 
inspection  during  the  convention.  More  will  be  said  of 
this  stoker  in  an  early  issue. 

During  the  same  period,  at  another  session,  the  first 
issue  of  the  "Code  of  Safety  Standards  for  Elevators"  was 
presented.  It  covered  the  construction,  operation  and 
maintenance  of  elevators,  dumbwaiters  and  escalators. 
During  the  afternoon  there  was  a  public  hearing  by  the 
Boiler  Code  Committee  on  "Rules  for  the  Construction  of 
Unfired  Pressure  Vessels."  Much  discussion  on  welded 
joints  developed.  It  was  the  sense  of  the  meeting  that  the 
welding  portion  of  the  report  be  revised.  Tests  and  data 
were  requer-ted  from  manufacturers,  and  thei'e  were  prom- 
ises to  send  in  such  material.  The  revisions  were  to  be 
made  in  time  to  submit  at  the  December  meeting. 


942 


POWER 


Vol.  51,  No.  23 


On  Wednesday  morning  there  were  simultaneous  sessions 
on  aeronautics  and  castings,  the  latter  including  papers 
on  malleable,  die,  aluminum,  steel,  gray  iron,  brass  and 
bronze  castingfs. 

Scientific  Session 

At  a  scientific  session  on  Thursday  the  refrigerating  and 
heating  engineers  participated.  It  was  a  joint  session  of 
the  three  societies,  and  from  each  the  papers  were  con- 
tributed. Upon  the  request  of  the  Power  Test  Code  Com- 
mittee of  the  society  for  advice  on  weir  measurements  and 
with  funds  from  the  Engineering  Foundation,  Clemens 
Kerschel  devised  an  improved  form  of  weir  for  gaging  in 
open  channels,  which  was  tested  at  the  hydraulic  laboratory 
of  the  Massachusetts  Institute  of  Technology.  The  new 
design  has  no  resemblance  to  the  sharp-edged  weir  now  in 
use.  It  has  a  2:1  slope  of  approach  to  a  circular  crest 
which  is  hollow  for  observing  the  pressure  at  that  point. 
The  nappe  of  the  stream  is  supported  for  a  short  distance 
beyond  the  crest  by  another  2:1  slope.  In  the  first  paper 
of  the  joint  session  Mr.  Herschel  gave  a  resume  of  the 
history  of  weir  measurements,  described  the  new  weir  and 
incorporated  the  results  of  the  tests.  In  the  discussion 
there  was  call  for  more  data  and  the  privilege  of  installing 
weirs  of  the  new  type  at  the  various  universities  to  check 
up  the  data  presented.  It  was  felt  that  the  sharp-crested 
weir  would  still  be  used  for  measuring  comparatively  small 
quantities  of  watei  such  as  power-plant  returns  or  boiler 
feed. 

A  paper  by  Glenn  B.  "Warren  on  "Simplification  of 
Venturi-Meter  Calculations,"  was  read  by  title.  The  author 
described  a  method  reducing  the  calculations  involved  in 
the  venturi-meter  measurement  of  the  flow  of  compressed 
air,  to  simple  slide-rule  computations. 

M.  S.  Van  Dusen,  of  the  Bureau  of  Standards,  described 
the  method  that  had  been  developed  for  measuring  the 
thermal  conductivity  of  commercial  insulating  materials. 
The  equipment  consisted  of  two  copper  plates,  one  on  either 
side  of  an  electric  heating  grid.  At  the  edges  there  were 
auxiliary  heating  coils  to  keep  the  temperature  of  the 
guard  ring  equal  to  that  of  the  inner  square.  Tempera- 
tures were  measured  by  thermocouples.  Probable  errors 
in  the  use  of  this  equipment  were  discussed,  and  slides 
were  used  to  show  the  variation  in  thermal  conductivity 
of  pure  corkboard  with  the  density,  conductivity  of  various 
kinds  of  wood  across  the  grain,  relative  temperature  drops 
through  the  various  materials  composing  a  wall,  etc.  Funds 
were  not  available  at  the  present  time  to  carry  on  this 
work,  and  rather  than  take  the  chance  of  losing  valuable 
data  and  perhaps  the  men  engaged  in  the  work,  a  plea  was 
made  for  funds,  in  particular  from  those  interested  in 
refrigeration  and  heating. 

"The  Dissipation  of  Heat  by  Various  Surfaces,"  by 
T.  S.  Taylor,  was  a  paper  discussing  the  value  of  sheet 
asbestos  as  a  covering  for  hot-air  pipes.  It  was  shown  that 
0.013-in.  sheet  asbestos  over  tin  would  dissipate  about  37 
per  cent  more  heat  than  a  bare  tin  pipe;  with  a  layer  of 
dust  added  32  per  cent  more  heat  would  be  dissipated,  and 
with  a  layer  of  dust  only  on  the  bare  pipe  the  heat  waste 
would  be  7  per  cent  more  than  with  the  bare  pipe.  With 
0.2-in.  sheet  asbestos  the  loss  would  be  equal  to  that  from 
bright  uncovered  pipe  and  with  thicker  applications  of 
insulation  there  would  be  considerable  saving.  The  effects 
of  air  velocity  and  the  angle  of  incidence  of  the  air  upon 
the  dissipation  of  heat  were  shown.  In  the  discussion  it 
was  brought  out  that  the  comparative  losses  from  dull  and 
bright  surfaces  were  in  the  ratio  of  0.7  to  0.5  and  that 
results  different  from  those  given  in  the  paper  would  be 
obtained  when  gases,  say  from  a  boiler,  passed  through  the 
flue. 

"Ship  Ventilation,"  by  F.  R.  Still,  was  the  final  paper  of 
the  session.  As  there  was  no  standard  system,  the  author 
discussed  the  various  methods  employed. 

Power  and  Combustion  Session 

At  a  simultaneous  power  and  combustion  session  the 
following  four  papers  were  presented:  "Pulverized  Coal 
in  Metallurgical  Furnaces  at  High  Altitudes,"  by  Otis  L. 
Mclntyre;  "Efficiency  of  Natural  Gas  Used  in  Domestic 
Service,"  by  Robert  F.   Earhart;   "The   Separation  of  Dis- 


solved Gases  from  Water,"  by  J.  R.  McDermet;  "Locomo- 
tive Feed-Water  Heating,"  by  T.  C.  McBride.  The  third 
paper  listed  discussed  a  process  for  removing  the  non-con- 
densible  gases  from  boiler-feed  water.  Briefiy,  there  is 
rapid  injection  of  heated  water  into  a  region  of  vacuo,  and 
an  explosive  boiling  of  it  at  the  expense  of  the  heat  of  the 
liquid  available  to  the  vacuum,  with  a  simultaneous  recov- 
ery of  the  heat  liberated  to  the  vacuum  by  a  heat  exchanger 
or  condenser  cooled  by  the  incoming  water,  preliminary  to 
its  heating.  Elimination  of  corrosion  from  boilers  and 
economizers,  increased  conductivities  and  higher  vacua  were 
the  advantages  claimed.  The  paper  created  prolonged  and 
diversified  discussion.  Mr.  McBride's  paper  described  a 
system  of  locomotive  feed-water  heating  in  which  exhaust 
steam  in  an  open  heater  comes  in  direct  contact  with  cold 
feed  water.  It  was  pointed  out  that  there  would  be  avail- 
able a  surplus  of  exhaust  steam  for  the  draft. 

Entertainment  Features 

Entertainment  began  with  the  reception  Monday  eve- 
ning. The  engineers  were  made  welcome  by  C.  H,  Howard, 
president  of  the  Commonwealth  Steel  Co.,  and  E.  R.  Jackson 
delivered  an  illustrated  address  on  "The  First  Transcon- 
tinental Motor  Convoy,"  which  was  followed  by  music  and 
dancing.  Numerous  inspection  trips  to  commercial  plants 
of  interest  were  arranged,  and  daily  entertainment  was 
provided  for  the  ladies.  The  banquet  was  held  Tuesday 
night  at  the  Missouri  Athletic  Association.  The  feature 
was  a  most  interesting  address  on  "The  German  Defenses 
on  the  Coast  of  Belgium,"  by  Lieutenant-Colonel  H.  W. 
Miller,  of  the  Ordnance  Department.  Music  and  dancing 
were  again  the  closing  features.  By  Wednesday  night  the 
Heating  and  Refrigerating  Engineers  had  arrived,  and  all 
spent  a  most  enjoyable  evening  at  a  concert  and  dance 
divertissement  given  at  the  mammoth  open-air  municipal 
theater  at  Forest  Park.  On  Thursday  afternoon  the  joint 
entertainment  feature  was  a  boat  ride  up  the  Mississippi 
River  with  music,  dancing  and  vaudeville  selections. 

Thursday  night  the  Mechanical  Engineers  left  for  Tulsa 
to  view  the  oil  fields,  and  participate  in  a  two-day  meeting 
with  the  Mid-Continent  Section  of  the  society.  It  is  prov- 
able that  the  next  spring  meeting  of  the  society  will  be 
held  in  Chicago. 

Maryland  To  Adopt  A.S.M.E.  BoUer  Code 

A  bill  of  the  American  Uniform  Boiler  Law  Society  for 
Maryland,  effective  Jan.  1,  1921,  for  the  creation  of  a  Board 
of  Boiler  Rules  prescribes  rules  and  regulations  for  the 
construction  and  use  of  steam  boilers  in  that  state,  which 
will  conform  with  rules  now  in  existence  in  other  states. 
It  provides  for  the  free  interchange  of  boilers  between 
states,  and  by  standardization  increasing  the  efficiency  of  all 
boiler  manufacturers  and  all  makei's  of  naterials  used  with 
steam  boilers. 

The  board,  which  will  consist  of  the  chaii-man  of  the  State 
Board  of  Labor  and  Statistics,  the  Attorney  General,  and 
the  chairman  of  the  State  Accident  Commission,  will  be  in- 
vested with  full  authority  to  formulate  miles  and  regula- 
tions governing  the  proper  construction  and  installation  of 
boilers  of  over  fifteen  pounds  to  the  inch,  and  they  will  be 
empowdered  to  formulate  and  enforce  rules  and  also  to  pro- 
vide for  maintenance  on  a  proper  basis  of  safety. 

The  Boiler  Code  of  the  American  Society  of  Mechanical 
Eng-neers  will  be  used  wherever  possible;  that  is,  it  will 
be  used  provided  it  does  not  conflict  with  the  existing  Mary- 
land rules. 

Section  V  of  the  act  makes  provision  for  the  enforcement 
of  the  rules  and  regulations  of  the  board  through  a  state 
system  of  boiler  inspection  or  by  any  other  method  created 
by  the  board,  or  by  the  General  Assembly  of  Maryland. 
The  board,  however,  shall  have  no  jurisdiction  over  the 
operation  of  boilers  or  fixing  the  qualifications  of  persons 
entitled  to  operate  turbines. 

The  bill  provides  that  in  the  future  no  boiler  shall  be 
installed  or  passed  by  any  boiler  inspector  which  does  not 
measure  up  to  the  rules  established  by  the  "Board  of  Boiler 
Rules."  Adequate  fines  and  imprisonment  are  provided  for 
violation  of  the  rules. 
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St.  Louis  Meeting  of  Refrigerating  Engineers 


As  HAS  been  intimated  in  the  report  of  the  A.  S.  M.  E. 
spring  meeting,  the  American  Society  of  Refrigerating 
Engineers  was  one  of  the  three  sqcieties  holding  con- 
ventions at  St.  Louis  during  the  week  of  May  24,  the  specific 
dates  being  May  26-28.  Headquarters  was  at  the  Hotel  Stat- 
ler.  The  first  session  opened  Wednesday  moi-ning  with  Presi- 
dent Matthews  in  the  chair.  There  was  the  usual  business 
routine,  consisting  of  committee  reports,  the  announcement 
of  32  new  members  and  other  matters.  The  tentative  code 
for  the  regulation  of  refrigerating  machines  and  refriger- 
ants was  brought  up  and  the  proposed  changes  enumerated. 
The  principal  changes  on  pressures  had  not  been  decided. 
When  complete,  the  tentative  code  was  to  go  to  the  American 
Engineering  Standai'ds  Committee,  then  to  be  issued  as  a 
national  code.  A  question  box  was  established  to  begin 
with  the  present  meeting.  Mr.  Gould,  secretary  of  the 
Institute  of  Meat  Packers,  a  service  bureau  consisting  of 
ten  or  eleven  standing  committees  working  every  day,  made 
a  plea  for  assistance  from  the  Refrigerating  Engineers  in 
establishing  methods  for  computing  unit  costs  of  refrigera- 
tion to  the  different  departments. 

President  Matthews  departed  from  the  usual  formal  ad- 
dress by  giving  a  brief  talk  on  the  field  of  refrigerants  from 
physical  and  chemical  standpoints.  He  presented  a  chart 
listing  the  homogeneous  series  of  univalent  hydrocarbon 
radicals,  including  diagrams  showing  the  molecular  struc- 
ture and  indications  of  the  boiling  points  of  the  different 
media.  A  second  chart  showed  the  temperature-pressure 
relations  of  the  various  refrigerants. 

Joint  Session,  Wednesday  Afternoon 

On  Wednesday  afternoon  the^e  was  a  joint  session  with 
the  American  Society  of  Heating  and  Ventilating  Engi- 
neers at  which  four  papers  were  presented.  "New  Methods 
of  Applying  Refrigeration,"  by  E.  S.  Baars,  was  the  first. 
Not  only  new  applications,  but  changes  of  methods  in  indus- 
tries long  using  refrigeration,  were  reviewed.  The  paper 
will  be  presented  later  in  absti-act. 

Director  John  R.  Allen  summarized  a  most  interesting 
paper  on  "Theories  of  Heat  Losses  from  Pipes  Buried  in 
the  Ground."  The  laws  governing  these  losses  were  discussed 
and  applied  in  a  general  way  to  ordinary  practice.  Atten- 
tion was  called  to  the  fact  that  the  results  given  were  not 
absolute  and  must  be  considered  as  relative.  The  follow- 
ing conclusions  were  drawn: 

That  the  heat  loss  from  a  pipe  is  not  proportional  to  the 
external  surface  of  the  pipe.  The  heat  loss  per  square  foot 
of  pipe  in  small  pipes  is  much  larger  than  the  heat  loss  per 
square  foot  in  large  pipes. 

That  the  heat  loss  per  linear  foot  of  pipe  becomes  smaller 
relatively  as  the  pipe  diameter  increases,  so  that  a  16-in. 
pipe  loses  but  little  more  heat  per  linear  foot  than  a  12-in. 
pipe.  In  practice,  therefore,  it  makes  very  little  difference 
in  the  heat  loss,  whether  a  12-  or  a  16-in.  pipe  is  used,  espe- 
cially in  dry  ground. 

That  the  heat  loss  from  a  pipe  is  not  proportional  to  the 
thickness  of  the  covering  and  that  there  is  little  advantage 
to  be  gained  in  a  good  covering  in  increasing  the  thickness 
of  the  insulation  to  more  than  2  in.;  in  most  cases,  with  a 
good  covering,  it  would  appear  that  2  in.  of  covering  is  all 
that  is  necessary. 

That  the  depth  to  which  a  covered  pipe  is  buried  in  the 
soil  makes  little  difference  in  the  heat  loss  provided  the 
center  of  the  pipe  is  2  ft.  or  more  below  the  ground  surface. 
Beyond  2  ft.  in  depth,  unless  the  pipes  are  very  large,  the 
heat  loss  from  the  pipes  remains  substantially  the  same  for 
all  depths. 

That  the  heat  loss  from  a  pipe  is  not  proportional  to  the 
conductivity  of  the  covering,  as  the  conductivity  of  the 
ground  is  as  important  a  factor  in  the  heat  losses  as  the 
conductivity  of  the  covering. 

That  poor  covering  in  dry  ground  will  give  better  results 
than  good  covering  in  wet  ground.  It  is  not  possible,  there- 
fore, to  guarantee  the  heat  loss  from  a  covering  in  the 
ground,  as  such  a  guarantee  involves  guaranteeing  the  con- 
ductivity of  the  ground. 

Exceptions  were  taken  to  most  of  these  conclusions  by  L. 
B.  McMillan,  consulting  engineer  for  the  H.  W.  Johns-Man- 
ville  Co.,  and  George  B.  Nichols. 


In  a  paper  on  "Heat  Insulation  Facts"  L.  B.  McMillan 
gave  a  comprehensive  discussion  on  what  insulation  is,  what 
it  does  and  how  it  does  it.  The  final  paper  of  the  session, 
on  "Automatic  Control  of  Temperatures,"  by  R.  P.  Brown, 
president  of  the  Brown  Instrument  Co.,  was  read  by  title. 
The  paper  dealt  with  thermometer  and  pyrometer  electrical 
control  employed  by  the  company. 

The  joint  se  sion  on  Thursday  with  the  mechanical  and 
heating  engineers  has  been  covered  in  the  A.  S.  M.  E 
report. 

Friday  Morning's  Session 

At  the  Friday  morning  session  there  were  two  papers 
dealing  with  the  small  household  refrigerating  machine. 
The  first,  by  G.  A.  Kramer,  outlined  the  construction  of  the 
"Frididore"  outfit,  which  employs  a  charge  of  from  2  to  5 
lb.  of  methyl  chloride  mixed  directly  with  the  lubricant. 
Stuffing  boxes,  diaphragm  and  float-operated  valves,  and  the 
location  of  the  thermostatic  control  element  were  discussed 
in  general.  Data  given  during  the  discussion  of  the  paper 
placed  the  cost  for  current  per  100  lb.  of  refrigeration  at 
close  to  40c.  A  power  requirement  of  2.5  kw.-hr.  per  100 
lb.  of  refrigerating  effect  was  another  relation  advanced. 

In  the  second  paper  R.  F.  Massa  stated  that  it  was  impos- 
sible to  cive  the  standard  rating  used  for  large  machines  to- 
the  small  domestic  outfit  built  into  the  refrigerator,  owing 
to  the  variations  in  construction,  type  of  cooling  and  refrig- 
erant. Rating  by  piston  displacement  or  size  of  ice  com- 
partment was  also  troublesome.  The  truth  was  that  in 
most  cases  the  builders  wanted  no  comparative  results.  The 
small  machine  should  be  rated  on  the  service  rendered  and 
under  what  conditions  it  will  do  the  work,  the  capacity 
being  expressed  on  an  hourly  basis. 

W.  G.  E.  Rolaff  described  his  rotary  compressor  for  r^ 
frigeration  work.  The  machine  is  soniewhat  similar  tc  / 
sliding  blade  pump,  with  the  exception  that  the  cylinder 
rotates  to  reduce  the  relative  movement  to  the  difference 
between  peripheral  velocities  and  thus  reduce  the  scraping 
wear  on  the  blade.  The  compressor  operates  at  high  speeds 
and  is  built  for  pressures  of  75  lb.  and  up.  The  construc- 
tion was  illustrated  and  rather  extravagant  claims  made  as 
to  its  performance.  A  unique  feature  is  the  sprajnng  of 
the  lubricating  oil  into  the  suction.  The  oil  seals  the  ma- 
chine, preventing  leakage,  and  as  it  is  previously  cooled, 
helps  to  improve  the  volumetric  efficiency. 

A  report  was  read  in  which  it  was  proposed  to  use  144 
B.t.u.  as  the  latent  heat  of  ice  in  practical  commercial  work. 
It  resulted  in  round  figures  for  the  usual  units  and  was  so 
near  the  143.5  established  by  the  Bureau  of  Standards  that 
the  error  introduced  would  be  negligible. 

Afternoon  Ses<=!!ON,  Friday 

At  the  final  session,  Friday  afternoon.  Nelson  J.  Waite, 
presented  a  paper  on  "Direct  Expansion  Piping  in  Egg 
Rooms."  This  type  of  cooling  had  been  distrusted  in  the 
old  days,  owing  to  the  diflficulty  of  holding  the  room  in  a 
dry  state  and  the  consequent  musty  odor  imparted.  Im- 
proved construction  and  the  adoption  of  a  lower  c.irrying 
temperature  now  made  direct  expansion  quite  feasible.  In 
a  single  small  room  the  use  of  a  single  :eiling  coil  was 
recommended  and  in  a  larger  room,  several  sections  of  ceil- 
ing coils  all  in  the  same  horizontal  plane. 

In  the  discussion  of  the  paper  more  surface  and  higher 
temperatures  in  the  coils  was  recommended  for  bunker 
service  wth  forced  circulation.  Exception  was  taken  to 
the  single-coil  arrangement.  Heat  leakage  would  make 
the  temperature  higher  at  the  walls  and  probably  cause 
trouble  from  the  resulting  variation  in  humidity.  As  a 
factor  of  safety  brine  had  something  in  its  favor,  but  was 
less  efficient  and  less  flexible  when  storing  different  products. 

George  M.  Kleucker  described  a  water-disti-ibuting  device 
for  atmospheric  condensers,  designed  to  overcome  the 
troubles  experienced  with  slotted  water  pipes,  serrated 
troughs  or  overflow  gutters.  The  new  trough  had  a  vertical 
wall  on  one  side,  a  sloping  wall  on  the  other  side  and  a 
flat  bottom  with  removable  plugs  through  which  accumula- 
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tions  of  dirt  could  be  flushed  out.  A  baffle  was  attached  to 
the  sloping  side  and  through  holes  in  the  trough  wall,  water 
spouted  against  this  baffle;  then  all  of  the  water  ran  down 
evenly  over  the  top  pipe  of  the  stand.  Division  strips  be- 
tween the  pipes  helped  to  hold  the  water  together  and  guide 
it  downward.  The  maximum  flow  to  the  condenser  was  2h 
gal.  per  minute  to  the  foot  of  length.  As  these  baffle  or 
deflector  plates  were  made  as  long  as  ten  feet,  it  was 
thought  in  the  discussion  that  so  long  a  strip  of  metal  would 
tend  to  wind.  Serrating  the  bottom  edge  would  probably 
improve  the  distribution  of  the  water. 

"Pulverized  Coal  for  Boiler  Firing,"  by  H.  G.  Barnhurst, 
was  the  final  paper. 

In  closing,  Mr.  Tait,  uho  was  acting  as  temporary  chair- 
man, said  that  he  had  been  impressed  favorably  with  the 
combination  meeting,  that  it  was  his  desire  to  see  them  con- 


tinue with  the  programs  arranged,  if  possible,  to  allow  more 
interchange  between  the  societies. 

As  previously  mentioned,  the  entertainment  was  in  com- 
mon with  the  other  two  societies  and  has  been  covered,  with 
the  exception  of  the  combination  banquet  held  at  the  hotel 
by  the  refrigerating  and  heating  engineers.  George  Wells, 
of  St.  Louis,  was  toastmaster,  and  the  speaker  of  the  even- 
ing, Carl  J.  Baer,  on  the  engineer's  position  in  reconstruc- 
tion. It  was  his  thought  that  engineers  did  not  study  other 
fields  as  they  should  and  as  a  consequence  were  not  prepared 
to  assume  their  full  duties.  In  a  very  interesting  way  the 
speaker  traced  the  inter-relations  of  commerce,  production 
of  raw  materials,  industry  and  transportation,  showing  the 
need  of  co-operation,  one  with  the  other.  There  were  short 
talks  by  the  two  presidents,  Dr.  Hill  and  Mr.  Matthews.  The 
evening  closed  with  music  and  dancing. 


Heating  and  Ventilating  Engineers 
Meet  at  St.  Louis 


FROM  May  26  to  28  the  American  Society  of  Heat- 
ing and  Ventilating  Engineers  held  its  spring  conven- 
tion in  St.  Louis  in  conjunction  with  the  Mechanical 
and  Refrigerating  Engineers.  In  the  reports  of  these  so- 
cieties mention  has  been  made  of  the  joint  sessions,  the 
joint  entertainment  and  the  combination  banquet  with  the 
refrigerating  engineers.  Hotel  headquarters  was  at  the 
Statler,  but  the  meetings  of  the  society  were  held  in  the 
Board  of  Education  Building.  At  the  opening  session 
Wednesday  morning,  W.  E.  Rolfe,  president  of  the  Asso- 
ciated Engineering  Societies  of  St.  Louis,  gave  the  address 
of  welcome.  Response  was  made  by  Dr.  Hill,  president  of 
the  sociel;y. 

Committee  Reports 

To  save  time  reports  of  chapters  were  eliminated,  as  tney 
would  appear  in  the  Journal.  Committee  reports  was  the 
next  order  of  business.  The  report  of  the  Committee  of 
New  York  Chapter  on  Industrial  Engineering  was  important. 
It  covered  briefly  causes  of  industrial  unrest,  remedies 
needed,  responsibility  of  the  engineering  profession  and  a 
declaration  of  principles,  closing  with  the  recommendations 
for  the  society's  actions,  which  were  adopted  at  the  meeting. 
In  these  recommendations  the  society  approved  and  adopted 
the  "declaration  of  principles"  established  by  the  American 
Society  of  Mechanical  Engineers.  Also  the  society  is  to 
appoint  a  standing  committee  of  five,  with  the  privilege  of 
appointing  subcommittees,  to  study  economic  and  industrial 
problems,  to  arouse  the  interest  of  the  society  membership 
in  the  responsibility  and  opportunity  of  the  engineer  to 
assist  in  the  present  situation  and  to  co-operate  with  com- 
mittees of  other  engineering  societies  in  developing  united 
constructive  action,  in  carrying  out  a  comprehensive  educa- 
tional campaign  for  a  term  of  years  and  finally  in  support- 
ting  and  helping  to  co-ordinate  and  make  effective  all  good 
constructive  agencies,  such  as  the  Second  Industrial  Confer- 
ence at  Washington,  the  intei'church  movement,  etc. 

James  A.  Donnelly,  chairman  of  the  Committee  to  Inves- 
tigate Capacities  of  Steam  and  Return  Mains,  presented  the 
I'eport.  At  the  annual  meeting  the  committee  was  author- 
ized to  collect  data  on  standard  sizes  of  low-pressure  steam 
and  return  mains.  Tables  of  pipe  sizes  and  a  list  of  ques- 
tions were  submitted  for  the  purpose  of  collecting  this  in- 
formation, the  various  chapters  being  requested  to  co-oper- 
ate. For  the  first  time  a  standard  table  in  full  detail  was 
prepared  for  each  type  of  system.  The  tables  distinguished 
between  wet  and  diy  drip  mains  and  returns,  and  another 
new  feature  was  a  request  for  data  on  critical  velocities.  This 
is  the  velocity  at  which  thei'e  is  sufficient  separation  of  steam 
and  condensation,  so  that  defective  circulation  or  water 
hammer  will  not  occur.  This  does  not  necessarily  mean 
complete  separation.  The  entire  matter,  with  the  data  that 
is  expected,  will  be  submitted  at  the  annual  meeting.  Other 
com  nittee  reports  scheduled  were  deferred. 

C.  Wednesday  afternoon  there  was  the  joint  meeting  with 
the  R'  ''rigerating  Engineers,  and  on  Thursday  Lhe  meeting 


of  the  three  societies.  Both  of  these  sessions  have  been 
covered  in  the  other  reports. 

On  Friday  morning  there  was  a  school-ventilation  session 
with  six  papers.  "The  significance  of  Odorless  Concentra- 
tion of  Ozone,"  by  E.  S.  Hallett,  gave  assurance  to  those 
who  might  be  desirous  of  using  ozone  in  ventilation.  The 
author  stated  that  ozone  in  ventilation  must  be  put  on  the 
same  rigid  practical  basis  as  the  heating  system.  It  must 
have  a  standard  of  concentration  based  upon  a  mechanical 
unit  and  capable  of  convenient  manual  or  automatic  control, 
using  chemical  processes  as  a  check  only.  With  such  equip- 
ment kept  clean,  as  it  must  be  to  be  eff'ective,  no  apprehen- 
sion need  be  felt  as  to  results.  In  discussing  the  contribu- 
tion, it  was  suggested  that  the  society's  Research  Bureau 
make  tests  ox  the  use  of  ozone  to  see  if  the  results  given 
by  Mr.  Hallett  could  be  generally  duplicated. 

Two  papers  on  the  ventilation  of  large  auditoriums  were 
presented,  one  by  S.  R.  Lewis,  dealing  specifically  with 
observations  made  on  an  auditorium  having  air  inlets  in  the 
window  sills,  and  the  other  by  R.  S.  M.  Wilde,  on  the  prac- 
tical ventilation  of  modern  theatres.  In  the  discussion  of 
the  papers  Mr.  Hart  differentiated  between  floor  and  over- 
head admission.  With  the  former  he  did  not  favor  auto- 
matic control  due  to  the  likelihood  of  sudden  fluctuations 
objectional  to  occupants.  With  the  supply  overhead  these 
fluctuations  were  pleasant  rather  than   otherwise. 

Traini.xg  the  School  Janitor 

E.  S.  Hallett  told  how  the  janitors  and  custodians  of  St. 
Louis  schools  were  trained.  In  these  schools  about  200  boil- 
ers, an  equal  number  of  engines  and  blast  fans,  air  washers, 
heat-regulation  systems,  vacuum  cleaning  systems,  electric 
lights  and  plumbing  were  operated  by  untrained  janitors. 
Under  these  conditions  two  supervising  engineers  were 
kept  on  the  jump  even  to  keep  the  plants  running.  To 
relieve  the  pressure  of  supervision  and  to  get  results  from 
the  heating  apparatus,  a  system  of  training  was  inaugu- 
rated and  elemental  instruction  given  in  combustion,  meth- 
ods of  firing,  regulation  of  heat,  humidity  and  all  essentials. 
The  paper  contained  a  complete  outline  of  the  course. 
The  lesults  were  most  gratifying.  The  discussion  was 
complimentary,  particularly  by  those  who  had  visited  the 
schools,  and  the  establishment  of  night  schools  throughout 
the  country  for  janitors  was  urged.  Mr.  Hallett  explained 
that  the  reason  for  the  satisfactory  conditions  obtaining 
in  St.  Louis  was  that  the  public-school  system  was  under 
state  control.  The  appointment  of  janitors  had  been  taken 
out  of  the  field  of  local  politics,  the  janitors  being  civil- 
service  men. 

"High  Efficiency  Air  Flow,"  by  F.  W.  Caldwell  and  E.  N. 
Fales,  was  an  interesting  paper  dealing  with  the  develop- 
ment of  a  means  foi-  visualizing  air  flow,  with  model  studies 
made  in  the  wind  tunnel  at  McCook  Aviation  Field,  Dayton. 
The  final  paper  of  the  session  on  "The  Sizing  of  Ducts 
and   Flues  for  Ventilating  and   Similar  Apparatus,"  by  H. 
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Eisert,  was  a  technical  contribution  bringing  in  theoretical 
considerations  and  exact  methods  which  for  the  most 
part  must  be  overlooked  in  commercial  practice  owing 
to  the  difficulties  involved  and  the  irregularities  of  con- 
struction. It  was  pointed  out  in  the  discussion  that  the 
author  might  have  made  an  important  point  of  the  ob- 
structions to  flow  such  as  were  offered  by  bolt  heads, 
as  these  probably  would  outweigh  in  importance  many  of 
the  factors  considered;   for  example,   frictional   resistance. 

Symposium  on  Health  and  Humidity 

Friday  afternoon  was  devoted  to  a  symposium  on  health 
and  humidity,  with  two  papers  bearing  on  the  use  of  wet- 
bulb  temperature  readings  as  the  best  method  of  indi- 
cating proper  air  conditions.  E.  V.  Hill  and  J.  J.  Aeberly 
discussed  "The  Relation  of  the  Death  Rate  to  the  Wet- 
Bulb  Temperature,"  and  O.  W.  Armspach  presented  a  paper 
on  "The  Relation  of  the  Wet-Bulb  Temperature  to  Health." 
In  the  course  of  the  discussion  J.  R.  McCoU  said  that  he 
had  found  in  an  investigation  of  32  school  buildings  in 
Detroit  that  for  every  pound  of  steam  used  for  heating, 
three  pounds  was  used  for  ventilation.  In  other  words, 
the  ventilating  load  was  three  times  the  heating  require- 
ments. 

Adoption  of  a  standard  as  a  measure  of  ventilation  was 
the  next  consideration.  Director  John  R.  Allen  offered  a 
resolution  naming  the  Synthetic  air  chart,  devised   by   Dr. 

E.  V.  Hill,  as  meeting  the  requirements  of  such  a  standard. 
Dr.  Hill  explained  how  the  chart  had  been  developed  for 
the  Chicago  Commission  of  Ventilation,  the  present  form 
being  the  eighth  revision  since  it  was  first  brought  out  in 
1912.  The  resolution  was  adopted  unanimously  and  it  was 
further  moved  to  appoint  a  committee  of  five  to  prepare 
an  interpretation  of  the  chart  and  explanations  of  the 
methods  of  determining  the  qwantities  considered.  It  was 
voted  to  appoint  another  committee  of  five  to  develop 
standard   methods   of  testing  heating   systems. 

In  a  paper  on  "Commercial  Dehydration"  J.  E.  Whitley 
showed  some  of  the  commercial  possibilities  of  removing 
moisture  from  foodstuffs  and  established  the  economic  ad- 
vantages, giving  a  clear  indication  of  the  wide  scope  of 
the  field.  W.  S.  Scott  spoke  on  the  subject  of  "Industrial 
Electric  Heating,"  a  field  increasing  in  prominence,  not  be- 
cause electric  heat  is  cheaper  than  other  forms  of  heating, 
but  because  results  unattainable  heretofore  have  been  ef- 
fected, reducing  the  cost  of  the  completed  product,  lessening 
the  labor  required,  increasing  the  output  and  producing 
a  product  of  uniform  quality.  Various  applications  were 
discussed,  the  equipment  described  and  a  summary  made 
of   the   advantages. 

Before  adjourning  a  suggestion  was  received  from  John 

F.  Hale  that  the  annual  meeting  be  held  in  Philadelphia 
with  a  business  session  in  New  York  to  comply  with  the 
constitution.  As  an  alternate  Mr.  Hart  suggested  that  the 
annual    meeting    be    held    in    Pittsburgh    at    the    Research 


Bureau  and  that  the  next  semi-annual  meeting  be  held  at 
the  same  time  and  same  place  as  that  of  the  National 
Association  of  Heating  and  Piping  Contractors,  the  prob- 
able selection  being  Atlantic  City.  This  combination  meet- 
ing was  desirable  and  it  would  divide  the  meetings  between 
the  East  and  the  West  A  vote  showed  Mr.  Hart's  sug- 
gestion to  be  the  sense  of  the  meeting. 


Large  Transformers 


The  largest  single-phase  power  transformers  developed  so 
far,  according  to  the  N.  E.  L.  A.  Electrical  Apparatus 
Committee's  report,  are  in  a  70,800-kva.  bank  of  trans- 
formers made  up  of  three  23,600-kva.  single-phase  units,  to 
step  up  from  a  delta  generating  voltage  of  11, .500  volts  60 
cycles,  to  a  star  line  voltage  of  66,00C  or  132,000  volts. 
These  units  are  of  the  shell  type,  having  a  temperature  rise 
of  55  deg.  C.  at  full  load,  and  the  guaranteed  efficiency  at 
full  load  is  99  per  cent.  The  height  to  the  tips  of  the  high- 
voltage  bushings  is  22  ft.  and  the  largest  floor-space  di- 
mensions of  each  unit  lie  within  a  circle  whose  diameter  is 
10  feet,  3  inches.  An  installation  of  two  12,000-kva.  4,500- 
tc  27,600-volt  three-phase  self-cooled  outdoor  transformers, 
are  the  largest  capacity  of  this  type  thus  far  built. 
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GUARDS  AGAINST 
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Personals 


H.  N.  Aikman,  recently  with  Dwight  P. 
Robinson  &  Co..  New  York  City,  is  now 
associated  with  the  Fargo  Kngineering  Co., 
Jackson,  Mich. 

G.  C.  Ward  has  been  appointed  a  vice 
president  and  will  be  in  charge  of  opera- 
tion and  construction  for  the  Southern 
California  Edison  Company. 

Fred  E.  Sermiiliii  has  resigned  as  test 
engineer  of  the  Bethlehem  Steel  Co.  and 
has  accepted  a  position  with  R.  H.  Warren, 
consulting  engineer  of  Easton,   Pa. 

Harold  B.  Vincent,  formerly  management 
engineer  of  the  Day  &  Zimmerman  Co.. 
Philadelphia,  has  been  promoted  to  commer- 
cial  engineer   of    the    same    company. 

Lafayette  Hancliett  has  been  elected  pres- 
ident of  the  Utah  Power  and  Light  Co., 
Salt  Lake  City.  He  succeeds  D.  C.  Jack- 
ling,  who  resigned  a  short  time  ago. 

Walter  ¥3.  Dajrirett,  formerly  engineer  of 
the  Osborn  Manufacturing  Co.,  Inc..  of 
Cleveland,  Ohio  has  opened  sales-engineer- 
vng  offices  in  the  northern  part  of  the  state. 


\.  y.  Dodge,  formerly  assistant  plant  an  1 
tool  engineer  with  the  Wallis  Tractor  Co. 
of  Racine,  Wis.,  has  accepted  the  position 
of  chief  engineer  with  the  Racine  Engi- 
neering Co. 

Dr.  Lamar  L.vndon,  consulting  engineer, 
1 3  Park  Row,  New  York  City,  who  has 
been  out  of  the  country  for  several  months, 
has  returned  and  announces  that  he  has 
resumed   practice. 

John  A.  Lawrence,  formerly  assistant 
mechanical  engineer  of  the  New  V'oru  Edi- 
son Co.,  New  York  City,  has  .assumed  the 
position  of  engineering  manager  for  Thomas 
E.    Murray    Inc.,    New  •  York   City. 

H.  G.  Harve.v  has  accepted  a  position  in 
the  commercial  department  of  the  Pennsyl- 
vania Utilities  Co..  Easton.  Pa.  He  was  for- 
merly commercial  engineer  of  the  Nassau 
Light  and  Power  Co..  Mineola.  L.  I. 

Walter  J.  Bitterlick.  formerly  plant  en- 
gineer for  the  Hood  Rubber  Cc.  oi  Water- 
town,  Mass.,  has  taken  the  position  of  en- 
gineering superintendent  of  the  new  plant 
of  the  Seamless  Rubber  Co.,  New  Haven. 
Conn. 


William  K.  Sandersou,  chairman  of  the 
St.  Thomas  (Ont.)  Hydro-Electric  Utili- 
ties Commission,  w-as  elected  president  of 
the  Ontario  Municipal  Electric  Association 
at  the  recent  annual  convention  of  the  as- 
sociation. 

Harr.v  I.  Beardsley  has  resigned  as  super- 
visin.g  mechanical  designer  with  the 
Crocker-A\nieeler  Co.,  .\mpere,  N.  J.,  and  1^ 
associated  with  the  Western  Electric  Co., 
New  York  City,  in  the  capacity  of  specifi- 
cation engineer. 

Sterlinir  II.  Bunnell  has  resigned  his  po- 
sition as  chief  engineer  with  R.  Martens 
&•  Co..  Inc..  of  New  Yorl:  City,  and  has  be- 
i-ome  associated  with  the  Engineering  and 
Appraisal  Company.  Inc.,  with  offices  in 
New    York    City. 

I.  Beller.  until  recentl\  connected  with 
r.albach  Smelting  -and  Tlefining  Co..  of 
Newark.  N.  J.,  in  the  capacity  of  design- 
ing engineer,  has  become  affiliated  with  the 
Chile  Exploration  Co.  (Braden  Copper  Co.). 
of  New  York  City. 

Harry  Deverell  has  severed  his  connec- 
tion with  Deverell.  Spencer  &  Co..  Balti- 
more. Md..  and  has  opened  offices  in  Balti- 
more as  n  sales  engineer  for  machinery, 
especially  elevating,  conveying  and  power- 
transmission    machinery. 
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Vfilliam  D.  Cnnis.  \ice  president  and  sec- 
rotarv.  announces  the  organization  of  the 
Technical  Advisorv  Corporation,  with  ortices 
in  the  Vanderbilt  Building,  Xew  York  City. 
The  corporation  will  act  as  consulting  en- 
gineers,  industrial  economists  and   advisors. 

X.  Baad,  who  formerly  had  charge  of 
the  heat-treating  department  at  the  De  La 
Vergne  Machine  Co.,  of  Xew  York,  has 
resigned  to  take  a  position  as  sales  and 
.service  engineer  with  the  P.  A.  Calhoun  Co.. 
76    Montgomery    St,    Jersey    City,    X.    J. 

Douglas   Sprague    and   Chester   A.   Slocum, 

associate  consulting  engineers,  announce 
that  they  are  now  located  at  16 1  West 
Thirteenth  St..  New  York  City.  The  firm 
renders  service  in  ventilation,  sanitation, 
heating,  electricity,  power  plants,  reports 
and  valuations. 


Society  Affairs 


Atlanta  Section,  A.8.M.K.,  will  meet  June 
29.     E]lection  of  officers  will  take  place. 

The  Vniversal  Craftsman  Council  of 
>;iiBiiieers  will  hold  its  annual  convention 
at  Siiringfleld,  Mass.,  Aug.   3-6. 

Chicago  Section,  A.S.M.K.,  will  meet  on 
June  21  at  the  Western  Society  of  Engi- 
neers   Club.      Subject:     "Refrigeration." 

The    National  Association  of   Safet.v    Kngi- 

neers,  Ohio  Section,  will  hold  its  annual 
convention  June  17,  18  and  19  at  Columbus, 
Ohio. 

The  Association  of  Iron  and  Steel  Klec- 
trical  Engrineers  will  hold  its  fourteenth 
annual  convention  in  September  at  Xew 
York  City. 

The    New    York    State    .Association,    X.    A. 

S.  K..  will  hold  its  twenty-fifth  annual  con- 
A'ention  at  the  Temjierance  House,  Xiagara 
Falls,   N.   Y..   on  June   10,    11    and    12. 

The  National  Association  of  Safet.v  Kn- 
ginaers,  Connecticut  Section,  will  hold  its 
annual  convention  at  Bristol  on  .Tune  26 
instead  of  at  Norwich,  as  previously  an- 
nounced. 

The    Buffalo    Section   of   the   A.    S.    M.    E.. 

at  a  meeting  held  at  the  University  Club, 
elected  the  following  officers  for  the  season 
of  1920-21  :  B.  S.  Hughes,  chairman;  W.  J. 
Gamble,  vice  chairman  ;  W.  J.  Boyd,  secre- 
tary; W.  M.  Dollar,  treasuier ;  and  C.  A. 
Booth. 

The    C!ian>l)er    o'     C«>niiner<'f ,    V.    S.    A.,   at 

its  annual  meeting  in  Atlantic  City  in  April 
elected  as  directors  of  the  Chamber  two 
engineers:  Howaid  Elliott,  a  member  of 
the  Am-riwin  Sof  iety  of  Civil  Engineers 
and  chairman  of  the  Board  of  the  Xorth- 
ern  Pacific  R.R.  and  L.  B.  Stillwell,  pa.st 
T'resident,  American  Institute  of  Consult- 
ing Engineers  and  of  tlie  American  Society 
of  Civil    i^ngineers. 

>Ienil»ersliti>  of  the  National  Engineering 
Societies  has  increased  rapidly.  The  latest 
membership  figures  are  as  follows:  Ameri- 
can Society  of  Civil  Engineers.  9,515  (May 
14.  1920).  Amerif-an  Institute  of  Mining 
lOrgin^ers.  S..'',32  CMay  ^0,  1920),  American 
Society  of  Mechanical  lOngineers,  12,2.5S 
(May  14.  1920),  American  Institute  of  Elec- 
trical Engineers,  11,34.')  (May  1,  1920).  So- 
ciety of  Automotive  Engineers,  4,798  (May 
S.    1920). 

New    Professional    Sections    of    .A.S.M.E.— 

.\<■ronautic^..  Cement.  Fuels.  Gas  Power, 
Indtistrial  lOngineering,  Machine  Shop  Prac- 
tice, Ordnance,  Power,  Railroads,  Textiles 
hav<'  alrt-ady  been  authorized — furnish  a 
unique  opportunity  for  engineers  specializ- 
ing in  these  various  fields  to  take  part  in 
a  movement  for  the  development  of  their 
.specialties  through  meetings,  papers  and 
debate,  hacked  up  by  a  national  organiz':i- 
tlon   of  over   12,000   members. 

Engineers  of  Eastern   New   York  to  -Xfllli- 

ate — A  meeting  of  representatives  of  the 
various  engir.-ering  org;inizations  in  the 
cities  of  A'bany,  Schenectady.  Troy  and 
surrounding  towns  wa,s  held  at  Albany  on 
May  13.  The  following  organiz.ations  were 
represented:  Tlie  Albany  Society  of  Civil 
Engineers  (a  local  independent  organiza- 
tion), the  Albany  Ch.apter  of  the  American 
.\ssocia'  ion  of  ICngineers.  the  Eastern  Xew 
York  Section  of  the  A.S.ME.,  and  the 
Schenectady  Section  of  the  A.I.IO.K.     Reso- 


lutions were  pa.ssed  requesting  each  or- 
ganization to  appoint  an  official  repre- 
sentative to  serve  on  a  committee  to  draft 
a  constitution  providing  for  the  affiliation 
of  the  various  local  sections  of  national  so- 
cieties with  the  Society  of  Pingineers  of 
Eastern  X^ew  York,  tiiereby  making  the 
latter  the  dominant  force  in  that  territory. 
It  is  hoped  to  put  the  plan  into  operation 
next  October  when  the  engineering  meet- 
ings again  become  active. 


Miscellaneous  News 


.\n  International  Exhibition  of  the  prod- 
ucts of  the  mine,  the  soil  and  the  sea.  and 
of  arts,  industries  and  manufactures,  to 
take  place  in  Philadelphia  in  1926.*  to  cele- 
Ijrate  the  l.">oth  anniversary  of  the  signing 
of  the  Heelai-ation  of  Independence  is  pro- 
posed in  a  bill  which  has  been  introduced 
l>y  Representative  Harrow,  of  Pennsylvania. 

The  Bureau  of  Mines,  in  a  recent  state- 
ment on  the  development  of  lignite,  says : 
The  efforts  to  make  the  lignite  of  Texas, 
North  Dakota  and  other  \Yestern  States 
so  servicealile  to  that  part  of  the  country 
that  it  will  be  unnecessary  in  the  future 
to  ship  in  other  coal  at  great  expense  are 
to  be  inaug-urated  immediately  by  the 
P.ureau.  at  Xew  Salem,  N.  D.,  in  co-opera- 
tion with   a   company  there. 

Tlie  I^ixtli  National  Exposition  of  Chem- 
ical Industries  will  be  held  at  the  Grand 
Central  Palace.  Xew  York,  during  the  week 
ending  Sept.  2.5.  This  year  the  exposition 
will  have  three  sijecial  sections — the  Elec- 
tric-Furnace Section,  the  Fuel-Economy 
Section  and  a  Materials-Handling  Section. 
The  Fuel-Economy  Section  will  consist  of 
exhibits  of  1  lachinery  and  apparatus,  fur- 
naces, jirodu  ?ers.  stokers  and  all  devices 
for  the  economic  utilization  or  more  effi- 
cient corai>ustion  of  coal.  The  Materials- 
Handling  Section  will  include  exhiljits  of 
conveying,  transporting  and  elevating  ma- 
•■hinery.  Included  in  this  will  be  weighing, 
measuring  and  power-transmission  equip- 
ment. 


Business  Items 


The  Hamniel  Oil  Burning  E)|uip>nent  C<»., 
Inc..  is  now  located  at  1476  Broadway,  New 
York   City. 

■lames  AValker  &  Co.,  Ltd.,  announce  the 
rt^moval  of  their  offices  and  storeroom  to 
4  6   West   St.,   New  York  City. 

AVestinghouse    Church'  Kerr    &     Co..    Inc., 

.■innounce  the  removal  of  their  offices  from 
37  Wall  St.  to  125  East  46th  St.  Until  com- 
pl<  tion  of  the  merger  with  the  Dwight  P. 
Robinson  &  Co.,  Inc.,  the  business  will  be 
conducted    under   the   same   name. 

The  General  Electric  Co.  has  completed 
negotiations  for  the  purchase  of  the  former 
munitions  plant  of  the  Bartlett-Hayward 
Co.,  at  Baltimore,  Md.  The  plant  consists 
of  eleven  buildings  having  420,000  sq.ft. 
of  floor  space  and  occupying  a  forty-acre 
site. 


The  \\'orthington  Pump  and  Machiner.v 
i'orporation,  115  Broadway.  New  York,  an- 
nounces that  it  has  completed  prejiarations 
to  furnish  improved  water-power  machinery 
of  all  capacities  for  low-,  r-.edium-  >and 
high-head  service,  including  oil-pressure 
systems.  waterAvbeel  governors  and  other 
auxiliaries. 

The  Koller-Smith  Co.,  Xew  York  City, 
announces  that  it  has  made  an  agency  ar- 
rangement with  the  W.  Montelius  Price 
Co..  Seattle.  Wash.,  to  handle  the  Roller- 
Smith  C^ompnny's  fine  of  electrical  instru- 
ments, meters  and  circuit  breakcT-s  in  the 
States  of  Washington  and  Idaho,  .ind  part 
of  the  State   of  Oregon. 

The     Cross     &     Simmons     Company.     Inc.. 

Chicago,  has  change<l  the  name  of  the  or- 
ganizaiion  to  The  Simmons  .Associates,  Inc. 
No  change  in  the  personnel  of  the  com- 
pany is  involved  except  that  John  H.  Cross, 
formerly  president,  becomes  vice  president, 
and  H.  TT.  Simmons,  formerly  secretary  and 
treasurer,  becomes  president. 


The  Penns.vlvania  Pump  and  Compressor 
Co.,  Easton.  Pa.,  announces  the  opening  of 
its  sales  offices  in  the  following  cities:  New 
^crk,  50  Church  St.,  H.  C.  Browne,  man- 
ager ;  Philadelphia,  2222  Chestnut  St.,  W. 
J.  Devlin,  manager ;  Pittsburgh,  631  Fulton 
Building,  C.  W.  Gellinger,  manager ;  Rich- 
mond, Va.,  Mutual  Building,  W.  F.  Delai>ey. 
manager ;  Birmingliam,  Ala..  2027  Jeffer- 
son Bank  Building.  H.  F.  Ketnn,  manager  ; 
Scilt  Lake  City,  Utah.  Xewhouse  Building, 
C.  H.  Jones,  manager  ;  Milwaukee,  Wis.. 
604  First  Xational  Bank  Building,  Coates 
&   Zarling,    rejiresentatives. 


Trade  Catalogs 


The  Indnstrial  Arts  Index,  March  issue, 
is  now  ready  for  distribution-  Periodicals 
and  technical  magazines  are  indexed  in 
this  book  in  such  a  manner  that  any  pub- 
lication can  l5e  easily  found.  The  name  of 
the  magazine,  volume  number,  including 
I) aging  and  date  is  given.  Note  is  made 
also  of  illustrations,  maps  and  charts. 

The    National    Educational    Committee    of 

the  N.  A.  S.  E,  has  published  a  35-page 
booklet  entitled,  "The  Use  and  Value  of 
Exhaust  Steam."  A  chapter  is  also  devoted 
to  practical  pii^e  covering.  A  number  of 
interesting  tables  showing  lieat  losses  from 
uninsulated  hot  surfaces,  as  well  as  curves 
showing  heat  loss  per  degree  temperature 
difference  per  square  foot  per  hour — B.t.u. 
are  given.  A  copy  of  the  booklet  can  be 
secured  for  fifteen  cents. 

The      Dwight      Manufaeturing      Co..      565 

AVest  Washington  Boulevard,  Chicago,  is 
issuing  for  distriljution  upon  request  a  20- 
])age  l>ooklet  devoted  to  the  Dwight  CO2 
indicator  of  the  spring-gage  and  mercury- 
gage  types,  the  motion  recorder  developed 
by  the  company,  feed-water  and  flue-gas 
thermometers,  and  Ellison  differential  draft 
gages.  The  booklet  is  instructive  and 
should  prove  of  interest  to  engineers  or 
anyone  having  use  for  the  products  named. 

The    Bridgeport     Brass     Co.,    Bridgeport, 

Conn.,  has  ready  for  distribution  a  new  78- 
page  booklet  entitled  "Seven  Centuries  of 
P.rass  Making."  A  brief  history  of  the 
•ancient  art  of  brass  making  and  its  early 
method  of  jiroduction  is  contrasted  with 
modern  electric  methods.  The  important 
steps  in  the  making  of  tubes,  sheets,  rods 
and  wire  are  shown.  The  properties  of 
l)rass  as  affected  by  composition,  cold- 
working  and  heat  treatment  are  given  with 
the  idea  of  assisting  engineers  in  drawing 
sjiecifications. 

The    Iron    Age    Publishing    Co.    New    York 

has  ready  for  distribution  a  new  1,216- 
page  illustrated  catalog  entitled  "The  Iron 
-Age  Catalog  of  American  Exports."  Ii 
contains  the  catalogs  of  leading  American 
manufacturers  of  engineering",  railway,  foun- 
dry and  electric  equipment  a«d  supplies ; 
iron  and  steel  machinery  and  tools,  hard- 
%\"are  and  cutlery.  The  catalog  contains 
over  three  thousand  illustrations  and  speci- 
fications, data  and  other  information  which 
will  make  it  useful  to  the  teclmical  as  weli 
;is  other  buyers. 

The  Fairbanks  Co.,  Broome  and  Lafayette 
Sts.,  Xew  York  City,  has  just  completed 
publication  of  a  new  256-page  catalog  on 
power  transmissions  appliances  and  ele- 
vating and  conveying  machinery.  Complete 
descriptions,  accompanied  by  illustrations 
of  the  apparatus  handled  Ijy  the  company, 
are  contained  in  the  booklet.  In  addition, 
full  data  as  to  dimensions,  capacities,  etc.. 
are  given,  making  it  a  useful  handbook  for 
the  man  who  designs  or  installs  mechanical 
efiuipment  of  this  nature.  A  copy  will  be 
sent   on   recpiest. 

Briggs  &  Tiiriva.s,  Inc.,  dealers  in  scra!> 
iron  and  allied  metals,  iron  and  steel  prod- 
ucts, obsolete  and  salvageable  material  and 
equipment,  Chicago,  New  York  and  Toronto. 
Canada,  in  a  4S-page  jwcket  size  booklet. 
have  presented  valuable  information  for  the 
producer  and  user  of  these  materials.  In 
this  publication  the  various  grades  of  iron 
and  steel  scrap  as  marketed  are  described 
and  classified.  The  data  being  compiled 
from  average  practice,  will  fit  closely  almost 
every  probable  contingency.  A  table  shows 
weights  and  quantities  of  rails  and  acces- 
sories in  various  combinations  of  tonnage 
and  length  of  track.  Other  tables  show 
net  and  gross  ton  equivalents,  a  tonnage 
card,  weights  of  plate,  standard  gages  and 
specific  gravities  and  weigiits. 
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j  COAL   PRICES 

PrifJ'.s  of  Kli-iiii  <■<);ll^  both  anthracite  and  bitu- 
minous, f.o.l).  iiiiiK's,  unlcHK  ot)i(,Twisie  stated,  areas 
follows: 

ALANTU;  SEABOARD 

Anthracite — ('oals  supplying  New  \ork,  Phihi- 
delphia  and  Ho.ston: 

Mine 

Pea  $5.30(tf$5.75 

BiuK\vl:.:,l  3.40('i    4    10 

Ri(:e  2.75(o)   3.25 

Barl<>           .  2.25(5)   2.50 

Boiler 2.50 


Bituminous — tSteani  .sizes  .supplying   X» 
Philadelphia  and  Boston: 


Latrobe 

Connellsville  coal      

Cainbrias  and  Konjerscts 

Clearfield?: 

Pocahonta-      .  


$4.25(<^  $4  50 
6.00(u  7.00 
4.35("    5    15 

6.25(o    7  50 

7.00(q,   8.00 

New  Kiver    7.00fa    8.00 


BUFFALO 

Bituminous 

Pitt.sb»irKh  slack $6. 00(a$8.  00 

Mine-run 6 .  00(a'    8.  00 

Lum;             6.  GO®    8 .  00 

YoughioBheny 6.00®    8.00 


CLEVELAND 

Bituminous — Prices  f.o.b.  mines:.' 

No.  6  slack .$4  50(«  $6  00 

No.  8  slack 4    50(a  6.  00 

No.  8— f-in 4  50(«  6  00 

No.  6  nLine-ru  1 4   50(o  6.  00 

No.  8  mine-ru;i 4 .  50(«.  6. 00 

Pocahontas — Mine-nin 4  .  50@  6.00 


ST.    LOUIS 


Anthracite 


Williamson 

and  Mt.  Olive 

Franklin  and 

Counties  Staunton          Standard 

Mine-run.   .  .$3. 00(<' 4.00  $4  00(«.5.00  $3.75(S4.25 

Screenings.       3  00(«  4 .  00  4  00(</5.00     2.75(5)3.50 

Lump 3.00(@4.00  4  00(<i5.00     4.00(^4  50 

Williamson-?"ranklin   rate    to   St.    Louis   is    $1.10; 
Other  rates  95c. 


rHK:AGo 

Bituminous — Prices  f.o.b.  mines  as  per  circular 
of  April  1  are  as  follows:  Co.  prices  vary  from  50n.  to 
$1.25 

Illinois 
Southern  Illinois 
Franklin,    Saline    and 
Williamson  Counties 

Mine-Run $3.00(«'$3.  10 

Screenings 2.60(5    2  75 

Central  Illinois 
Springfield  Distri<'( 

Mine-Hun .$2.  75(<r$3  .  00 

Screenings 2.50(5'    2.60 

Northern  Illinois 

Mine-Run .$3.50«'  $3.75 

Screenings 3 .  00("    3.25 

Indiana 
Clinton  and  Linton 
Fourth  Vein 

Mine-Kun $2.75("$2.90 

Screenings 2.50(5'    2.65 

Knox  Coxinty  Field 
Fifth  Vein 

Mine-liuii    $2.75@-$2.90 

Screenings 2.50(5    2.60 

Brazil  Bloke $4  25(a$4^0 


I'reiglit    r:iti 

Chicago 

$1    55 

1    55 


$1    32 
I    32 


$1    24 
I    24 


I'KOI'OSED    WORK 

Me.,  ItruHNwick — The  Cabot  MfK.  Co  had 
))lans  prci)are<l  for  the  con.slruction  of  a. 
))Owcr  j)l;ail  in  connection  with  its  i»roi)os<d 
cotton   mill. 

.Muss.,  Itoston — The  School  P.d.  ("omn. 
l)lan.s  to  build  a  2  .story  school  building  in 
the  George  Putnam  Di.st.  and  a  '  story 
school  building  in  the  J..ewi.s  Dist.  Steam 
heatinfc  systems  will  be  installed  In  same. 
Total    estimated    cost,    .HOd.fMMt. 

MaHH.,  Boston — The  .School  lid.  Comn. 
will  receive  bids  about  Sept.,  for  the  con- 
struction of  a  2  story,  180  x  ISn  ft.  school 
on  Maxwell  and  Seldon  Sts.  and  a  .'!  story, 
150  X  :iii(»  ft.  school  on  Avenue  Louis  Pas- 
teur. Steam  heatine  systems  will  be  in- 
stalled in  same.  Total  estimated  cost, 
$l,620.(MMi 

Mass.,  Mansfield — The  Mansfield  Hous- 
ing Corp.,  c/o  Bonelli,  Adams  &  Co.,  60 
State  St.,  IJoston,  will  soon  award  the  con- 
tract for  the  construction  of  fifty  1  and  2 
story  frame  houses  on  various  lots.  A  hot 
air  heating-  system  vill  be  installed  in 
same.      Total    estimateil    cost.    $2.")(i.n(p(i. 

Mass.,  Worcester — .1.  1).  Leland.  Archt.. 
185  Devonshire  St.,  Hoston,  will  soon  award 
the  contract  for  the  construction  of  a  4 
story,  200  x  210  ft.  administration  build- 
ing, for  the  Reed  &  Prince  Mfg.  Co..  Dun- 
can Ave.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
.i;5on,ono. 

i'oiin.,  Hartford — Cortlandl  K.  Luce, 
Archt.,  36  Pearl  St.,  will  soon  award  the 
contract  for  the  construction  of  a  7  story, 
147  X  150  ft.  garage,  etc..  on  Hicks  and 
South  Ann  Sts..  for  the  Hartford  Automo- 
bile Club  Carage  Co.,  36  Pearl  St.  A  steam 
heating  system  will  be  installed  in  same. 
Total    estimated    cost.    $500,0(10. 

Conn.,  Waterbur.v — ^^The  Connecticut  Light 
&  Power  Co.,  Ill  West  Main  Si.,  has 
aA\arded  the  contract  for  the  construction 
of  a  2  story,  25  x  90  ft.  power  plant  addi- 
tion, to  Dwight  Wooster.  39  Harvard  St., 
Waterville.       Kstiniated    cost.     $5(t.0(Hi. 


$1 

27 

1 

27 

$1 

37 

1 

37 

$1 

27 

X.  Y.,  Cranes»ille  (Amsterdam  1'.  O.)  — 
The  Adirondack  Klectric  Power  Corp., 
CJlens  Palls,  plans  to  construct  an  electric 
power    plant    near    here. 

N.  Y.,  Jamestown — The  ltd.  of  HosiJital 
Comrs.  will  receive  bids  until  June  8  for 
the  addition  to  laundry  building,  boiler 
house,  etc.,  at  the  hospital  here.  ,T.  M'. 
Kulifson,    108    Kast    3rd    St..    Archt. 

>.  v..  Loekport — The  Lockport  Light. 
Heat  &  Power  Co.  is  issuing  $350,000  worth 
of  preferred  stock.  The  money  will  be  used 
for    extensions    and    imiirovements. 

X.  Y.,  X«<w  York — The  Amateur  Comedv 
Club,  15(1  Kast  36th  St..  is  having  plans 
prepared  for  the  construction  of  a  7  story, 
50  x  10(1  ft.  club  house  at  122-124  East 
51st  St.  .\  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
.•|;200.000.  O.  C.  Herring,  8  West  33rd  St.. 
.\rcht.    and    Engr. 

X.  Y'.,  New  York — The  Natl.  Drug  Works 
Corp.,  405  Lexington  Ave.,  plans  to  build  a 
22  story  office  building  on  4  2nd  St.  near 
5th  Ave.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost. 
$3,000,000.  C.  TI.  Seymour,  Archt.  and 
l':ngr. 

X.  Y.,  Xew  York — The  New  York  Edison 
Co.,  Irving  PI.  and  East  15th  St..  plans  to 
build  a  transformer  station  at  Dunwoodie. 
A  steam  heating  svstem  will  ne  installed 
in  same.  Total  estimated  cost,  $150,000. 
W.  Whitehill.  55  Diiane  St.,  New  York  City. 
Archt.    and    Engr. 

X.  Y.,  Xew  Y'ork — The  New  York  Edison 
Co..  Irving  PI  and  East  15th  St.,  plans  to 
build  a  transformer  station  at  the  bowery 
and  another  one  on  73rd  St.  Steam  heat- 
ing systems  will  l)o  installed  in  same. 
Total  estimated  cost.  $3(10,00(1.  W.  AVhite- 
hill.    52    Duane   St.,    Archt.    and    Engr, 

X.  Y.,  Xew  York — S.  W.  Straus  &  Co., 
150  R'way,  is  having  plans  prepared  for 
the  construction  of  a  9  story.  100  x  180  ft, 
hank,   oflice   and   store   building  on    5th    Ave. 


and  46th  St  A  sti  am  lieating  .syBlem  will 
be  installed  in  sam. .  Total  estimated  cost, 
$4,000,000,  Warren  &  VVetmore,  10  East 
4  7th    St..    Archts.    and     Engrs. 

N.  Y.,  I'ouehkeepHie — The  Central  Hud- 
son Gas  &  Electric  Co.  has  filed  an  appli- 
cation with  the  Pub.  Serv.  Comn.,  .Mbany. 
for  permission  to  construct  extensions  to 
its  transmission  system  to  the  towns  of 
Ulster,  Esoiius  and  Millbrook.  Estimated 
cost,    $25,000. 

X.  Y.,  Koeky  Point — The  Radio  Corp.. 
Woolworth  I'.ldg.,  New  York  City,  is  hav- 
ing plans  iirepared  for  the  construction  of 
a  wireless  station  consisting  of  several 
buildings  including  a  jxjwer  house.  Total 
estimated  cost,  $10,000,000.  J.  G.  White 
Eng.  Cori».,  43  Exch.  PI..  New  York  Citv. 
Engr. 

X.  Y..  n  hiteliull — The  Con.solidated  Light 
&  Power  Co.  has  filed  an  application  with 
the  I'ub.  .Serv.  (Jomn.  for  permission  to 
construct  and  operate  a  local  electric  light 
and  jjower  plant  as  well  as  transmission 
system. 

X.  J..  Lakehurst — The  Bureau  of  Yards 
<fe  Docks,  Navy  Dept..  Wash.,  D.  C.  will 
soon  award  the  contract  for  furnishing  and 
installing  3  turbo-alternators,  cooling  ducts, 
2  exciter  .sets,  switchboard,  electric  T>ower 
and  lighting  systems.  2  motors  with  con- 
trollers and  V)elts  for  air  compressors,  com- 
pressors. AVickes  boilers,  sui>erheaters,  me- 
chanical stokers  and  engines.  3  boiler  feed 
pumi)S,  feed  watep  heater,  sump  pump,  coal 
and  ash  handling  equipment,  2  fire  pumps 
in  the  power  jdant  at  the  Naval  Air  Sta- 
tion,    here. 

X.  .!..  Morris  I  lains — The  state  rejected 
all  bids  for  the  installation  of  a  heating, 
plumbing  and  electrical  work  in  the  2  pro- 
liosed  3  .story,  88  x  230  ft.  treatment  build- 
ings.     AVork    will    he    readvertised. 

I'a.,  .\IIentown — The  Phoenix  Silk  Mfg. 
Co..  Race  and  Court  Sts..  is  having  plans 
prepared  for  the  construction  of  a  power 
plant  at  its  silk  mills  here.  Carl  A.  Baer 
&  Co..  Land  Title  Bldg.,  Philadelphia. 
Engrs. 

I'it..  I'hihKlelphia — Tht  Franklin  Trust 
Bldg..  20  South  15th  St..  plans  to  build  an 
11  .story.  2(1  x  90  ft.  office  addition.  A 
steam  heating  system  will  be  installed  in 
same.  Total  estimated  cost.  $5iiO,0OO. 
DeArmond,  Ashmead  &-  Bailev.  Franklin 
Trust    Bldg..     Archts. 

I'a.,  KeudinK — AVilmer  <Sc  Vincent,  1451 
B'way,  New  York  City,  is  having  plans 
preiiared  for  the  construction  of  a  15n  x 
160  ft.  theatre,  office  and  store  building  on 
10th  and  Penn  Sts.  A  .steam  heating  .svs- 
tem will  be  instaHed  in  same.  Total  e.sti- 
j-nated    cost.     $650. (uin 

Del..  WilniinKt4>n — The  B.  P.  O.  E.  plans 
to  construct  a  club  house.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated  cost.  $4ihi.0O0.  De.\rmond.  Ash- 
mead &  Bailey,  Franklin  Trust  Bldg. 
Philadelv!.i:i,    Pa..     Archts. 

Md..  KiiUimore — Th.  Delion  Tire  Co..  131 
West  Mt.  Royal  Ave.,  is  having  plans  pre- 
pared for  the  construction  of  a  1  storv,  90 
X  400  ft.  tire  factory  and  a  2  storv.  60  x 
70  ft.  power  plant  and  office  on  Mt!  Royal 
.A.ve.  Total  estimated  cost.  $100,000  r"b 
Arnold,  131  West  Mt.  Royal  Ave..  Eiigr 
.r.  O.  Hunt.  114  N'orth  Montgomery  .\ve 
Trenton.   N.   J.,    Archt. 

Md..  Italtimore — McKenzie,  Vorhees  \- 
Gnielin,  Archts..  112.?  B'way..  New  York 
City,  will  soon  award  the  contract  for  the 
construction  of  a  telephone  exchange  build- 
ing on  Kate  Ave.,  for  the  Chesai>eake  & 
Potomac  Telephone  Co..  5  Light  St.  .A 
steam  heating  system  will  b  -  installed  in 
same.      Total    estimated    cost.    $250,000 


Md..  Massey — The  Town  Council  plans 
to    install   an   electric   lighting   plant   here. 

Md.,  Port  CovinKton — (Baltimore  P.  O.) 
— The  Con.solidated  Ga.s,  Electric  Light  & 
Power  Co..  Lexington  Bldg..  will  soon  award 
the  contract  for  the  construction  of  a  1 
story.  26  x  46  ft.  substation  along  the  wat.  r- 
front.       Estimated    cost.    $80,000. 

W.  Va..  Cecil — The  Sterling.  Coal  Co.  is 
having  pl.ins  prepared  for  the  reconstruc- 
tion of  the  electric  power  plant  and  coal 
tipple  at  its  properties  recently  destroyed 
bv   fire. 
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W.  Va.,  WheeUng — The  Wheeling  Elec- 
tric Co.  had  plans  prepared  for  the  con- 
struction of  a  power  loop  to  run  through 
Fulton  at  Rudler's  where  a  substation  will 
l)e  erected,  and  continue  on  a  straight  line 
north  to  Windsor.  The  suhstation  will  sup- 
ply  the  suburban   districts. 

O.,  Canton— The  Bd.  Educ.  will  receive 
bids  until  June  19  for  the  construction  of  a 
?>  story,  140  x  250  ft.  high  school  on  14th 
St.  A  steam  heating  system  will  be  in- 
stalled in  same.  Total  estimated  cost, 
.n. 000, 000.  Thayer  &  Johnston.  3716 
Euclid  Ave.,   Cleveland,   Archts. 

O.,  Cleveland — Jacob  Babin  and  others. 
1?)661  Euclid  Ave.,  has  leased  a  site  and 
plans  to  build  a  20  story.  .50  x  151  ft.  office 
building  at  310  Euclid  Ave.  A  steam  heat- 
ing system  will  be  installed  in  same. 
Total  estimated  cost,  $2,000,000. 

N.  C,  Kinston — The  city  plans  to  con- 
struct an  electric  power  plant.  Estimated 
cost,  $300,000.  W.  C.  Olsen,  Sumter,  S.  C. 
Engr. 

O.,  Cleveland — G.  H.  Greenberg,  Atty.. 
Society  for  Savings  Bldg. ,  is  interested  in 
a  company  to  be  incorporated  which  plans 
to  build  a  1,  3  and  5  story  ice  jialace,  com- 
mercial building,  market  house  and  garage 
on  Bast  105th  St.  and  Euclid  Ave.  A 
steam  power  plant  will  be  included  in  the 
plans.      Total   estimated    cost,    $l,500,00(t. 

O.,  Cleveland  HeiglitK  ( Warrensville 
P.  O.) — The  Bd.  Educ.  voted  $2,400,000 
bonds,  $750,000  of  which  will  l)e  used  to 
purchase  new  sites,  $1,5(10,000  for  the  con- 
struction of  additions  to  the  Fairfax,  Co- 
ventry and  Noble  Rd.  Schools,  a  school 
building  on  Taylor  Rd.  and  Monticello  Ave. 
and  a  power  house  on  I^ee  Rd.  Equipment 
will  be  installed  in  the  new  building  proj- 
ect.     Noted    May    18. 

O.,  East  Cleveland  (Cleveland  P.  O.)  — 
The  Bd.  Educ,  c/o  C.  Ammerman.  William- 
son Bldg.,  received  lowest  bid  for  the  in- 
stallation of  a  heating  system  in  the  ])r  i- 
posed  2  story  school  on  Mayfair  Rd..  from 
the  Miles  Heating  &  Ventilating  Co.,  Park 
Bldg.,   Cleveland.   $39,000. 

O.,  Springfield — The  Rd.  FOduc.  is  havinn 
prelimin'ary  plans  prepared  for  the  construc- 
tion of  5  separate  buildings  and  additions 
to  3  or  4  of  the  present  school  buildings. 
Steam  heating  systems  will  be  installed  in 
same.  A  $1,000,000  bond  issue  has  been 
passed  for  the  project.  O.  D.  Howard,  S 
Kast    Broad    St.,    Columbus,    Arcljt. 

Tnd.,  Anderson — The  T'ity  Council  has 
passed  an  ordinance  appropriating  $350,000 
to  enlarge   the    light   and   power   plant. 

Mich.,  Birmingham — The  Bd.  Educ.  en- 
gaged Baxter,  O'Doll  &  Haliiin,  Archts., 
1024  Hammond  Bldg.,  Detroit,  to  prei>are 
plans  for  the  construction  of  a  3  story 
scliool  building  on  Main  St.  Steam  heat- 
ing equipment,  including  boiler,  etc.,  will 
be  installed  in  same.  Total  estimated  cost, 
$200,000. 

III.,  .\Tarsei11<'s — .\.  G.  Zimmerman. 
Archt.,  85  Ninth  .Ave.,  New  York  City, 
will  soon  award  the  contract  for  the  con- 
struction of  an  8  story  warehouse  and 
manufacturing  building  for  the  Natl.  Bis- 
cuit Co.,  10th  Ave.  and  15th  St.  A  .steam 
heating  sy.stern  will  be  installed  in  same. 
Total  estimated   cost,   $800-000. 

Wis.,  Hartford — The  Kissel  Motor  Car 
Co.  is  h;>ving  i)lanK  nr<M)ared  for  an  addi- 
tion to  the  boiler  house  here.  Sterling 
boilers  will  be  installed  in  same.  Cahill  & 
Douglas,  217  West  AVater  St.,  Milwaukee, 
rOngrs. 

Wis.,  Racine — Cahill  i*t  Douglas.  Engrs.. 
217  West  Water  St.,  Milwaukee,  are  receiv- 
ing bids  for  furnishing  one  18  x  72  ft.  re- 
turn tubular  boiler  for  the  Hartman  Trunk 
Co.,   Hamilton   Ave. 

Wis.,    Racine — Cahill    &    Douglas,    Engrs 
217    West  Water  St.,  Milwaukee,  are  receiv- 
ing bids  for  furnishing  three  300   hp.   boilers 
and    stokers    for    the    Racine    Mfg.    Co.,    6th 
and   Mead  Sts. 

Minn.,  Marble — The  village  is  in  the  mar- 
ket for  a  125  hp.,  125  lb.  pres.sure  marine 
or  locomotive  type  boiler.  Carl  Nelson 
Clk. 

Tex.,  Bronco — The  TjOVington  T'ub.  Utili- 
tios  Co.,  Tjovington.'  N.  M.,  plans  to  con- 
struct an  electric  light  apd  power  plant, 
here. 


Tex,,  Houston — The  city  plans  to  build 
a  power  house,  and  barn  and  improve  shops, 
cost.    $63,000.      Address    Mayor. 

Te.x.,  Houston — The  Houston  Lighting  & 
Power  Co.  plans  to  construct  a  2,300  volt 
primary  service  line  to  West  University  PI. 
Estimated  cost,    $10,000. 

Tex.,  Toyah — The  City  Council  has  grant- 
ed a  franchise  to  Jesse  Knight  for  the  con- 
struction of  an  electric  light  and  power 
plant. 

Te.-v.,  Vernon — The  Texas  Pub.  Serv.  Co. 
plans  to  construct  extensions  and  improve- 
ments to  its  electric  light  and  power  plant, 
here.  Estimated  cost.  $100,000.  A.  V. 
Foster,  Toledo,   O.,   Pres. 

Tex.,  Wharton — The  Texas  Gas  S-  Electric 
Co'.  will  rebuild  the  electric  light  and 
power  plant  recently  destroyed  by  fire  en- 
tailmg  a  loss  of   $100,000. 

Okla.,  Okmulgee — John  M.  Moore  is  hav- 
ing plans  prepared  for  the  construction  of 
a  4  story,  100  x  100  ft.  garage.  A  steam 
heating  system  will  be  installed  in  same. 
Total  estimated  cost,  $250,000.  Smith,  Rea, 
Lovitt    &    Senter,    Parkinson    Bldg.,    .\rchts. 

Ore.,  Portland — Multnomah  Co.  Hospital 
Comn.  will  soon  award  the  contract  for  the 
construction  of  a  5  story,  150  x  210  ft.  hos- 
pital. The  boiler  house  and  laundry  are  to 
be  in  a  separate  building.  Total  estimated 
cost,    $800,000.      Noted   March   9. 

Cal.,  Long  Beaeli — The  city  received  bids 
for  the  construction  of  a  sewage  pumping 
lilant  with  jjumjis,  motors,  flush  tanks,  etc.. 
from  Jolm  Cummings,  1200  Washington 
Bldg.,  Los  Angeles,  $44,650  ;  John  Radick, 
$46,999  :  Peter  Tomick.  $57,900.  Noted 
March  3. 

Cal.,  Los  .Xngeles — The  Bd.  Educ,  Secur- 
ity Bldg.,  received  lowest  bid  for  installing 
a  steam  heating  system  in  the  proposed 
1  and  2  story.  132  x  220  ft.  school  on  East 
7th  St.,  from  Thomas  Haverty  Co.,  8th 
St.   and  Maple  Ave.   $13,850. 

Cal.,  Redding — The  Pacific  Gas  &  Elec- 
tric Co.  plans  an  expenditure  of  over 
$3,000,000  on  electrical  developments  in 
Shasta  Co.,  this  season.  Plans  include  the 
construction  of  2  power  houses  in  Hat 
Creek  Valley,  each  developing  10,000  hp., 
a  pole  line  from  the  power  nlants  to  Cot- 
tonwood and  a  power  plant  at  Palls  River 
Mills,  to  generate  68,000  hp. 

Cal.,  Richmond — The  Bd.  Educ.  voted 
$565,000  bonds  to  purchase  sites,  build  and 
equip   6   school   buildings. 

Cal.,  Riverbank — The  Atkinson,  Topeka 
&  Santa  Pe  Ry.  Co..  Ry.  Exch.  Bldg.,  Chi- 
cago, plans  to  build  an  ice  plant  here  which 
will  have   a   daily   capacity  of   1,000   tons. 

Cal.,  San  Uiego — The  Bureau  of  Yards 
&  Docks.  Navy  Dept.,  Wash.,  D.  C,  will 
soon  award  the  contract  for  furnishing  and 
installing  refrigeration  equipment  in  the 
Industrial  Building  at  the  Marine  Corps 
Naval  Base,  here.      Estimated   cost,   $50,000. 

Cal.,  Susanville — The  Lassen  Electric 
Co.  plans  an  election  to  vote  on  a  $100,000 
bond  issue  to  construct  a  transmission  line 
from  here  to  Westwood,  a  distance  of  25 
miles. 

M.  I.,  Guam — The  Bureau  of  Yards  & 
Docks.  Na\"y  Dept..  Wash.,  D.  C,  received 
bids  for  the  installation  of  turbo  alterna- 
tors, exciters  and  switchboard,  at  the 
Naval  Station  here,  from  the  Westinghouse 
Electric  Co.,  803  Hibbs  Bldg.,  Wash.,  D.  C. 
at  $33,107  :  General  Electric  Co.,  River  Rd. 
Schenectady,  N.  Y.,  at  $34,625.  Noted 
May  25. 

Que.,  Sliawinigan  Falls  —  The  Amas 
Waterworks  Co.  will  receive  bids  in  June 
for  the  establishment  of  waterworks  to 
comply  with  the  city  supply  and  develop- 
ment of  hydraulic  power.  Estimated  cost, 
$175,000. 

Ont.,  Milverton — The  Municliiality  will 
soon  award  the  contract  for  the  construc- 
tion of  a  pumpliouse  and  installation  of  a 
500  g.p.m.  electric  driven  pump  in  connec- 
tion witli  tlie  proposed  waterworks  system. 
E.  A.  James  Co..  Ltd..  36  Toronto  St.. 
Toronto,    Engrs. 

Ont..  Toronto  —  The  Hydro  Electric 
Comn.  of  Ontario,  University  Ave.,  plans  to 
construct  the  first  unit  of  a  hvdro-electric 
plant,  which  will  have  a  37,300  kw..  3 
phase.  25  cycle,  a.c.  capacity.  A  stoani 
stnndby    of     50,000     hn.     capacity     will     be 


installed  in  same.  Total  estimated  cost 
from  $1,500,000  to  $2,000,000.  P.  A.  Gaby, 
Hydro-Electric    Bldg.,    Supt. 

Ont.,  Windsor — W.  T.  Piggott,  Dougal 
Ave.  and  London  St.,  W.,  plans  to  con- 
struct a  1  story,  60  x  80  ft.  mill  on  Dougal 
Ave.  Plans  include  an  office  building,  boiler 
house  and  dry  kiln.  Steam  boilers  of 
about  60  hp.  capacity  will  be  installed  in 
same.      Total  estimated  cost,   $35,000. 


CONTR.\CTS    AW.\RDED 


N.  y.,  New  York — The  United  Electric 
Light  &  Power  Co.,  130  East  15th  St.,  has 
awarded  the  contract  for  the  construction 
of  a  1  story,  30  x  100  ft.  transformer  sta- 
tion on  Elizabeth  St.,  to  James  A.  Hender- 
son, 30  East  42nd  St.  A  steam  heating 
system  will  be  installed  in  same.  Total 
estimated    cost,    $100,000. 

X.  .J.,  A'erona — The  Hospital  for  Tuber- 
culosis Diseases  has  awarded  the  contract 
for  the  installation  of  a  steam  heating 
system  in  the  i)roi)osed  group  of  hospital 
l)uildings.  to  J.  H.  Nelles  Co.,  Irvington. 
at  $44,000.     Noted  April  27. 

X.  J.,  Vineland — The  state  has  awarded 
the  contract  for  the  construction  of  a  2' 
story,  50  x  75  ft.  cold  storage  and  can- 
nery building  at  the  Institution  for  the 
Feeble  Minded  here,  to  J.  Pasquale,  Lan- 
das  St.,   at  $36,000. 

Md.,  Cumberland — The  Kelly  Springfield 
Tire  Co.  has  awarded  the  general  contract 
for  the  construction  of  a  3  and  4  story. 
575  x  620  ft.  rubber  tire  factory  on  River 
Rd.,  to  the  Hunkey-Conky  Constr.  Co., 
Cleveland,  O.  Complete  equipment  for 
))ower  house,  innnping  station  and  main 
factory  building  will  be  installed  in  same. 
Total    estimated    cost,    $2,000,000. 

Tenn.,  Memphis — The  Memphis  Gas  & 
Electric  Co.  has  awarded  the  contract  for 
the  construction  of  a  3  story  substation  on 
Elzey  PI.,  to  be  known  as  the  booster  sta- 
tion, to  E.  J.  Pearson,  U.  &  P.  Bank  Bldg. 
Estimated    cost,    $25,000. 

O.,  Cleveland — The  American  Steel  & 
AVire  Co.  has  awarded  the  contract  for  the 
construction  of  a  1  story,  50  x  130  ft.  boiler 
plant  on  Lakeside  Ave.,  to  the  Drummond 
Miller  Co.,  4500  Euclid  Ave.  Estimated 
cost,    $75,000. 

Ta..  Oreeiie — The  School  Bd.  has  awarded 
the  contract  for  the  installation  of  a  plumb- 
ing and  heating  system  in  the  proposed 
city  high  school,  to  the  W.  D.  Reed  Plumb- 
ing &  Heating  Co..  Kansas  City,  Mo.,  at 
$14,456. 

Minn.,  Ovvatonna — The  Bd.  Educ.  has 
awarded  the  contract  for  the  installation 
of  a  heating,  plumbing  and  ventilating  sys. 
tem  in  the  high  school  here,  to  P.  J.  Gal- 
lagher,   Faribault,    at    $91,833. 

Kan.,  Wichita — The  Arkansas  Vall<=y  In- 
lerurban  R.R.  Co.,  126  West  1st  St..  has 
awarded  the  contract  for  the  construction 
of  a  2  story,  80  x  112  ft.  interurban  station, 
to  the  G.  H.  Siedhoff  Constr.  Co.,  121  Mar- 
ket St.  A  steam  heating  system  will  be 
installed  in  same.  Total  estimated  cost, 
$125,000. 

Okla.,  Carnegie — The  city  has  awarded 
the  contract  for  the  construction  of  a  reser- 
voir and  power  house  and  the  installation 
of  luimiiing  equipment  in  connection  with 
the  proposed  waterworks  improvements,  to 
the    Ajax   Constr.    Co.,    Lawton,    at    $18,739. 

Okla.,  Duncan — The  city  has  awarded  the 
contract  for  the  construction  of  a  250,000 
gal.  reservoir  and  deep  well  and  the  in- 
stallation of  pumping  equiiiment  in  con- 
nection with  the  viroposed  waterworks  ex- 
tensions, to  N.  S.  Sherman  Machine  &  Iron 
Works,  18-32  East  Main  St.,  Oklahoma 
City,    at    $35,350. 

P.  t.,  AInuila — The  Diocese  of  Manila, 
c/o  York  &  Sawyer,  Archts.  and  Bngrgs.,  50 
East  41sl  St.,  New  York  Citv.  will  build  a 
2  and  3  story,  100  x  200  ft.  hospital  build- 
in.g.  A  steam  heating  system  will  be  in- 
stalled tn  same.  Total  estimated  cost, 
$600,000.     Work  will  be  done  by  day  labor. 

Out.,  I'eterboro — The  Canadian  General 
Electric  Co.,  212  King  St.,  West  Toronto,  has 
awarded  the  contract  for  the  construction 
of  a  6  story  electric  manufacturing  building, 
to  John  E.  Hayes,  219  Park  St.  A  steam 
lientinar  svptem  wiJl  be  installed  in  same. 
Total  estimated  cost,  $500,000. 
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Brown,  the  salesman,  was  making  one  of  his  periodic  calls  on  Howe,  the  big  chief 
TTie  salesman,  just  back  from  a  vacation,  had  a  story  of  some  very  large  fish  "some- 
where in  Maine." 

The  big  chief  showed  kindly  interest.  Was  he  not  saving  a  story  of  his  own  ? 
And  having  the  last  say.  and  being  a  man  not  without  imagination,  could  he  not 
surpass  anything  the  salesman  was  offering  ? 

Entered  upwn  this  pleasing  scene  a  meek-mannered  individual  clothed  in  denim, 
who  shuffled  forward  a  little  and  stood  uneasily,  hat  in  hand,  with  left  leg  awkwardly 
"at  rest,"  waiting  to  tell  his  story. 

Brown  finished.  The  chief  laughed  generously.  Then  his  face  hardened  as  he 
turned  with  a  curt,  "Well,  what's  the  matter  now  ?  " 

"Mr.  Howe,  the  steam  is  down  and  the  firemen  say  they  can't  get  it  up  unless 
they  can  put  on  the  spare  boiler." 

It  is  one  of  Howe's  strict  orders  that  the  bank  shall  not  be  broken  on  that  spare 
boiler  without  his  permission. 

"Who  put  them  up  to  that?  You?  If  you  don't  look  out.  I'll  put  the  rollers 
under  your  skids.  Now  you  get  back  there  quick  and  see  that  the  steam  is  up  or  you 
you  will  be  on  the  bricks." 

When  the  chief  turned  to  Brown,  anger  had  disappeared  from  look  and  tone. 
The  second  fish  story  began.  It  had  not  progressed  far  when  in  rushed  an  oiler, 
breathless — 

"The  safety  on turbine  kicked  off  and  she  shut  herself  down." 

Now,  no  one  can  start  that  turbine  except  Howe — not  if  he  knows  it. 

"What  in did  you  do  to  it  ?  " 

"Nothin'." 

"Don't  stand  there  and  lie  to  me.     Go  and  pack  your  duds  and  get  out  of  here." 

And  out  into  the  plant  went  both — one  to  take  his  leave,  the  other  to  do  a 
simple  piece  of  work  that  any  one  of  three  men  stan  'ing  by  could  have  done  as  well 
or  better. 

And  Brown  ?  He  was  dumbfounded.  He  had  recommended  Howe  for  this  job, 
and  here  was  the  real  Hows — not  exactly  the  prince  he  had  always  seemed.  Here 
was  the  "Mr.  Hyde"  version.  Brown  shook  his  head  sadly  and  blew  smoke  rings 
toward  the  ceiling.  Finally  he  said,  half  aloud:  "I'll  risk  it.  He  deserves  it  and  it 
may  help  him."  He  wrote  a  short  note  on  a  pad  of  paper  lying  on  Howe's  desk,  then 
made  his  escape.    "For,"  he  said,  "it  is  better  to  let  it  sink  in." 

When  Howe  returned  he  read  this: 

"A  Word  to  the  Wise" 

"The  army  of  a  king  of  ancient  times  (history  is  not  my  specialty,  you  know, 
and  I  do  not  remember  his  name)  was  meeting  disastrous  defeat.  From  time  to  time 
heralds  arrived  from  the  battlefield  with  the  bad  tidings.  Every  herald,  as  he  told 
his  story,  was  struck  dead  by  the  king. 

"During  ali  the  years  since  then  not  one  man  has  ever  risen  to  commend  this 
ancient  king  for  his  deed.  Yet  men  have  emulated  his  example.  I  know  one  who  is 
doingitnow.    Wakeup!     Itisl914." 

Epilogue 

This  happened  six  years  ago,  in  the  "good  old  days"  now  pass^  forever,  when 
men  could  be  browbeaten  in  that  manner.  No  one  tries  to  "handle"  men  in  that  way 
now.  There  has  been  a  change — in  the  way.  There  are  still  executives  of  all  grades 
who  blame  the  herald  for  the  *acts. 

Illogical?    Unjust?    Unmanly?    Yes,  and  more. 

The  only  safe  way  is  to  welcome  truth,  no  matter  how  unpalatable  it  may    be. 

Contributed  by  WILLIAM  E.  DIXON. 
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Combined  Gas  and  Motor-Driven  Pressure 

Booster  Station 


By  a.  E.  WALDEN 


An  increased  water  consumption  called  for  an  ad- 
ditional supply  of  water  delivery  to  the  distribu- 
tion system.  This  was  accomplished  by  building 
two  pressure  booster  stations,  consisting  of  com- 
bination gas-engine  and  motor-driven  centrifugal 
pump  units  of  75-  and  150-hp.  capacity,  each 
with  a  pumping  capacity  of  2,000,000  gal.  of 
water  daily,  at  55  ft.  to  115  ft.  and  231  ft.  head 
respectively. 


DURING  the  early  summer  of  1917  the  demand 
for  water  on  the  Baltimore  County  Water  and 
Electric  Co.'s  system  in  the  district  of  Mt. 
Washington  and  Dickeyville,  Ind.,  with  a  population  of 
over  60,000  in  the  immediate  territory — increased  so 


reservoirs  and  standpipes  some  19  miles  from  the  first 
sub-pumping  station,  in  which  are  located  two  2-stage, 
2,000,000-gal.  vertical  motor-driven  pumps  under  from 
130  to  150  ft.  head.  The  pumps  are  directly  connected 
to  three-phase  60-cycle  220-volt  60-hp.  motors,  the 
impellers  and  shafts  of  the  pumps  being  carried  on  a 
hydraulic  thrust  bearing.  There  is  in  addition  a  motor- 
driven,  automatically  controlled  triplex  pump  installed 
in  the  substation,  which  also  houses  the  electric  meters, 
transformers,  switching  equipment  and  a  water  meter 
for  recording  the  total  water  delivered  to  the  system 
in  this  district. 

The  floor  of  this  substation  has  an  elevation  of  519 
ft.  above  sea  level  or  datum,  from  which  the  elevations 
vary  down  to  93  ft.  above  datum,  increasing  again  to 
from  500  ft.  to  560  ft,  above  datum,  these  being  the 
reservoir  and  standpipe  elevations   respectively,   at  a 
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FIG.  1.   INTERIOR  OF  MT.  WASHINGTON  BOOSTER  STATION         PIG.  2.     INTERIOR  OF  DICKEYVILLE  BOOSTER  STATION 


rapidly,  owing  to  wartime  conditions,  that  it  became 
necessary  to  augment  the  supply  of  water  delivered 
to  the  distribution  system,  spread  out  somewhat  in  the 
shape  of  a  fan  to  a  distance  of  25  miles  from  the 
main  source  of  supply  and  the  filtration  plant,  the 
total  population  in  Baltimore  County  being  something 
over   137,000. 

The  source  of  supply  of  water  is  the  Patapsco  River, 
on  which  the  dam,  power  house  and  filtration  plant 
are  located.  The  water,  after  being  filtrated,  is  taken 
from  the  clear  well  by  means  of  high-duty,  high-head 
pumps,  driven  by  turbine  waterwheels  or  a  tandem- 
compound  steam  engine  or  a  four-stage  steam-turbine- 
driven  pump  working  under  712  ft.  to  775  ft.  head, 
as  conditions  may  require,  delivering  the  water  auto- 
matically to  a  4,000, 000-gal.  reservoir  or  io  a  60-ft. 
steel  standpipe  having  a  capacity  of  600,000  gal.,  the 
reservoir  and  base  of  the  standpipe  being  between  519 
and  525  ft.  above  sea  level. 

The    distribution    system    is    supplied    jointly    from 


distance  from  the  repumping  station  as  already  given, 
and  from  which  the  water  is  distributed  to  other  sec- 
tions between  and  beyond  the  four  sub-pumping  sta- 
tions and  reservoirs,  the  pressures  on  the  intervening 
main  line  being  from  60  to  200  lb.  per  square  inch. 

Not  only  was  it  impossible  to  obtain  deliveries  of 
cast-iron  pipe  at  this  time,  but  quotations  were  $75 
per  ton,  or  three  times  the  normal  price.  Further- 
more, the  cost  of  laying  the  pipe  was  excessive  and 
labor  was  hard  to  obtain. 

It  was  evident  that  some  less  costly  method  of  in- 
creasing the  supply  of  water  must  be  resorted  to  until 
normal  conditions  were  restored.  The  present  pipe 
line,  when  originally  installed,  was  tested  to  300  lb. 
per  sq.in.,  and  after  some  consideration  the  company's 
engineers,  Wehr  and  Walden,  decided  to  install  one  or 
more  booster  pumps.  To  this  end  a  design  was  worked 
out  combining  on  one  bedplate  a  multiple-cylinder  gaso- 
line engine,  an  electric  motor  and  a  turbine  pumping 
unit. 
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The  first  unit,  installed  at  Mt.  Washington  in  July, 
1918,  consisted  of  a  75-  to  80-hp.,  six-cylinder  gaso- 
line engine  of  the  automobile  type,  running  at  1,200 
r.p.m.,  equipped  with  a  two-unit  24-volt  electric  start- 
ing motor  and  charging  generator  similar  to  the 
standard  automobile  equipment,  but  the  engine  was 
provided  with  additional  equipment,  such  as  automatic 
speed  control,  a  vacuum  system  for  fuel  feed  from  a 
250-gal.  storage  tank,  electric  speed  indicators,  record 
ing  thermometers  for  the  cooling  water,  oil-pressure 
gages,  a  mercury  U-gage  connected  to  the  intake  mani- 


vide  against  possible  breakdowns  of  the  engine  unit. 
This  unit   is   self-contained. 

The  starting  current  for  the  24-volt  starting  motor 
and  station  lighting  is  supplied  from  a  24-volt  150- 
ampere-hour  storage  battery  which,  while  the  engine 
is  in  operation,  is  being  charged  continuously. 

Figs.  1  and  2  show  the  Mt,  Washington  and  the 
Dickeyville  booster-station  equipment  and  Fig.  4,  one 
of  the  outdoor  electric  substations,  transformers,  high- 
tension  lightning  arresters  and  switching  equipment. 
The  flow  area  of  this  station  is  300  sq.ft.     This  engine 
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SECTION       A-A 
FIG.   3.     PLAN  AND  ELEVATION   SHOWING  GENERAL  ARRANGEMENT  OF   Pl^MPING   PL^TTT 


fold,  etc.  The  engine  is  automatically  oiled  by  a 
rotary  pump  located  in  the  base  and  driven  by  the 
main  engine  from  the  layshaft,  the  oil  pressure  on 
the  bearings  being  maintained  at  20  lb.  per  sq.in. 
The  hot  oil  is  also  circulated  in  a  jacket  around  the 
intake  manifold,  heating  it  and  at  the  same  time  re- 
ducing the  temperature  of  the  oil  somewhat. 

This  unit  is  connected  through  a  flexible  coupling 
to  a  single-stage  pump  to  operate  at  1,200  r.p.m.  and 
deliver  2,000,000  gal.  daily  at  two  different  heads, 
55  and  115  ft.;  the  pump,  in  turn,  is  again  connected 
at  the  other  end,  through  a  flexible  coupling,  to  the 
shaft  of  a  50-hp.  220-volt  three-phase  motor,   to  pro- 


has  been  in  continuous  and  successful  operation  from 
the  time  it  was  started. 

The  Dickeyville  station  was  not  completed  until  July, 
1919,  on  account  of  the  inability  to  obtain  the  engine 
and  pumping  equipment.  This  station  has  a  floor  area 
of  450  sq.ft.  and  contains  a  six-cylinder  150-hp.  marine 
gasoline  engine  running  at  1,200  r.p.m..  Fig.  2.  It 
is  equipped  with  speed  control,  triple  ignition  system, 
electric  speed  indicator,  gasoline  pumps,  recording  ther- 
raameters,  two-unit  24-volt  automatic  starting  motor 
\mi  chaiging  generator,  and  24-volt  150-ampere-hour 
storage  batteries,  recording  and  indicating  pressure 
gages  and  a  U-shaped  mercury  column  connected  to  the 
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.ntake  manifold,  which  indicates  at  all  times  the  con- 
dition of  the  valves  and  the  operation  of  the  engine. 

The  fuel  for  this  unit  is  taken  from  a  500-gal. 
storage  tank  by  a  rotary  pump  driven  by  the  layshaft 
on  the  main  engine.  The  fuel  is  delivered  to  an  elevated 
tank  in  the  building,  equipped  with  a  sight  gage  and 
overflow  to  the  main  tank. 

The  forced-feed  oiling  system  is  supplied  by  a  pump, 
driven  from  the  layshaft,  and  is  located  at  the  base  of 
the  engine,  which  maintains  the  oil  pressure  on  the 
bearings  at  10  lb.  or  more  per  square  inch. 

This  unit  is  connected,  through  a  flexible  coupling, 
to  a  two-stage  turb-ine  pump  and  delivers  2,000,000 
gal.  daily  under  a  231-ft.  .head;  it  is  equipped  with 
a  hydraulic  balancing  device  to  balance  the  thrust. 
The  pump  is  also  connected  at  the  other  end  to  a 
100-hp.  60-cycle  three-phase  motor,  to  insure  conti- 
nuity of  service;  the  motor  under  ordinary  conditions 
of  operation  is  idle.  The  general  arrangement  and 
plant  layout  are  shown  in  Fig.  3. 

These  installations  have  so  far  operated  satisfac- 
torily, except  for  some  shaft  trouble,  due  to  too  light 
construction  for  continuous  duty  of  the  150-hp.  unit, 
and  also  carburetor  troubles,  ,  Some  types  of  car- 
buretors do  not  give  the  same  results  and  efficiencieo 
as  others,  but  the  operating  conditions  are  more  easily 
checked  from  the  indications  given  by  the  difference 
in  the  levels  of  the  legs  of  the  mercury  column,  which 
varies  from  4k  to  9h  in.  This  is  an  indication  of 
both  the  operating  condition  of  the  engine  and  the  load. 

It  was  found  that  the  oil  pressure  on  the  bearings 
should  not  go   below   10   lb.   per   sq.in.   for   the   best 


FIG.  4.  OUTDOOR  SUBSTATION  AND  BOOSTER  STATION 

results,  and  preferably  20  lb.,  using  what  is  knov^m 
as  No.  4  gas-engine  oil  for  lubricating  purposes. 

The  operating  troubles  in  these  plants  have  been 
mostly  due  to  dirt  in  the  strainers,  poor  contact  of 
brushes  in  the  magnetos  and  generator  brushes.  To 
care  for  this  promptly,  duplicate  magnetos  and  spare 
parts  should  be  kept  on  hand. 

A  slight  amount  of  water  is  introduced  into  the 
intake  by  means  of  the  suction  or  difference  of  pres- 
sure between  the  atmosphere  and  that  in  the  intake, 
and  mixed  with  the  air  and  gas.  The  water  is  con- 
tained in  a  small  tank  mounted  slightly  above  the  en- 
gine aiid  connected  by  a  1-in.  pipe  to  the  intake  manifold. 
The  carburetors  that  have  given  the  best   results   in 


operation  seem  to  be  those  in  which  the  air  velocity 
and  vaporization  of  the  gas  are  such  as  to  cause  con- 
siderable sweat  on  the  outside  of  the  carburetor,  due 
to  difference  in  temperature,  but  these  should  have  a 
reasonable  adjustment  of  the  float-feed  valve  to  care  for 
the  variations  in  oil,  and  are  preferably  equipped  for 
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FIG.    5.      DETAILS    OF    MUFFLER-PIT   CONSTRUCTION 

heating  by  means  of  a  small  amount  of  hot  water 
from  the  jackets  or  in  some  other  suitable  manner. 

The  muffler  pits,  shown  in  '^ig  5,  have  worked  per- 
fectly, there  being  very  little  noise,  no  smoke,  but  a 
little  vapor  from  the  water  which  is  injected  into  the 
exhaust  manifold  to  cool  it  and  prevent  backfiring  in 
the  pit;  and  the  water  injected  into  the  intake  manifold 
which  is  to  a  certain  extent  a  further  preventive  of  the 
burning  of  the  exhaust-valve  stems. 

The  dimensions  of  the  pits  as  show:,  are  ample  for 
engines  up  to  150  hp.,  so  that  there  will  be  no  objection 
to  the  operation  of  these  units  in  residence  districts 
or  where  there  are  restrictions  as  to  noise,  etc. 

There  are  always  two  batteries  in  service,  one  full 
and  one  under  charge,  so  as  to  assure  one  full  battery 
for  turning  over  the  engine  in  case  of  any  trouble. 

The  150-  and  the  75-hp.  engines  require  one  barrel 
of  oil  per  month  each,  and  it  seems  that  if  a  cooling 
tank  could  be  connected  to  the  pans  under  the  base, 
this  system  would  materially  reduce  the  expense  for 
oil  on  these  engines. 

In  selecting  gas  engines  for  power  purposes,  if  the 
engine  has  a  rating  of  150  hp.,  every  effort  should 
be  made  to  see  that  it  develops  that  horsepower  at 
the  speed,  or  slightly  above  the  speed,  at  which  it  is 
desired  to  operate  the  unit.  With  the  rating  reduced, 
in  the  case  of  a  six-cylinder  engine,  by  two  cylinders, 
the  maximum  load  of  this  engine,  in  so  far  as  the 
purchaser  is  concerned,  would  be  100  brake  horsepower. 
Ir  other  words,  the  150-hp.  unit  would  be  rated  to 
deliver  its  brake  horsepower  at  25  hp.  per  cylinder. 

The  unit  to  be  driven  should  have  its  horsepower 
requirements  accurately  determined  by  an  electric  dy- 
namometer and  contract  provisions  should  be  made 
accordingly. 
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Vertical-Shaft  Waterwheel-Driven  Alternators — 
Brakes,,  Ventilation  and  Exciters 

Brakes   Operated   by   Hand    and    Compressed   Air,  Ventilation    of  Alternators    and 
Excitation  with  Direct-Connected  and  Independent  Exciters 

By  S.  H.  MORTENSEN 

Electrical   Engineer,   Allis-Chalmers   Manufacturing   Company 


WITH  the  larger  types  of  water-driven  alternators 
brakes  are  generally  furnished.  They  are  required 
to  bring  the  unit  to  a  standstill  and  to  keep  it  at  rest 
in  case  leaky  turbine  gates  allow  a  sufficient  amount  of 
water  to  pass  through  the  wheel  to  keep  it  in  motion. 
Brakes  are  also  of  great  value  in  case  of  accidents, 
when  it  becomes  of  the  greatest  importance  to  stop  the 
unit  in  the  shortest  possible  time. 

On  vertical  machines  the  brake  shoes  rub  against  the 
finished  surface  of  the  spider  rim.  The  brake  shoes 
may  be  made  of  wood  or  asbestos  wood,  and  the  braking 
power  may  be  supplied  from  a  piston  actuated  by  either 
compressed  air  or  oil  or  by  a  system  of  levers,  hand 
operated.    The  brake  arrangement,  Fig.  1,  is  for  hand 
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FIG.    1. 


A   FORM    OF   BRAKE   ARRANGEMENT   FOR 
OPERATION  BY  HAND 


operation,  and  Fig.  2  shows  the  brake  shoe  and  brake 
cylinder  designed  for  compressed-air  manipulation 
Brakes  are  designed  so  they  will  bring  the  unit  to  stand- 
still in  from  three  to  five  minutes,  with  a  gate  leakage 
of  approximately  3  per  cent. 

Ventilation  of  small  vertical  alternators  is  simple. 
The  radiating  surfaces,  combined  with  the  draft  set  up 
by  the  field  rotation,  generally  is  sufficient  to  dissipate 
the  heat  generated  by  the  various  losses  in  the  machine. 
On  the  medium-sized  machines  ventilating  vanes 
mounted  upon  the  rotor  spider  are  relied  upon  to  stir 
the  air  and  create  a  sufficient  draft  to  keep  the  machine 


cool.  The  ventilating  air  is  usually  taken  from  the  top 
and  bottom  of  the  rotor  and  is  exhausted  through  the 
stator  yoke  into  the  station. 

Slow-speed  machines  of  large  capacity  generally 
operate  at  too  low  peripheral  velocity  to  produce  suffi- 
cient air  pressure  for  their  proper  ventilation,  which 
then  must  be  supplied  by  independent  fans  or  blowers. 
Such  installations  are  necessarily  more  elaborate  and 
require  air  ducts  leading  to  and  from  the  machine. 
The  intake  duct  or  tunnel  should  be  arranged  to  take 
the  air  from  over  the  tailrace.  This  insures  cool,  clean 
ventilating  air  that  does  not  require  any  further  filter- 
ing or  washing,  and  it  is  necessary  to  provide  only  a 
coarse  screen  in  the  air  tunnel  to  prevent  large  objects 
from  entering.  The  blowers  are  generally  motor  driven, 
and  must  supply  the  required  volume  of  air  at  a  suffi- 
cient pressure  to  force  it  through  the  intake  ducts, 
the  machine  itself  and  exhaust  it  through  the  tunnels 
leading  outside. 

High-speed    machines    are    self-ventilated    by    fans 
mounted  on  the  field  spider.    The  design  of  the  fans  is 
based  upon  the  amount  of  air  they  have  to  deliver  and 
the   pressure   necessary   to   force   this   amount   of   air 
through  the   ducts   and  the  machine. 
In  Fig.  1  of  the  previous  article  was 
shown    a    self-ventilating    alternator. 
The  top  of  the  machine  is  totally  in- 
closed, and  the  ventilating  air  is  ob- 
tained from  air  ducts  leading  to  the 
pit    under   the    alternator.      After    it 
passes  through   the   fans,   part   of   it 
sweeps    over   the   coil   ends   and   out 
through  openings  in  the  yoke.    The  re- 
mainder, after  cooling  tha  field  coils, 
is  forced  over  the   inner  stator-core 
surface,  through  the  ventilating  open- 
ings in  the  stator  core,  and  escapes 
_  finally  through  holes  in  the  stator  yoke. 

In  installations  where  it  is  undesirable 
to  have  heated  air  escape  from  the  gen- 
erator into  the  station,  an  inclosure  is  provided  around 
the  stator  yoke.  This  arrangement  not  only  leads  the 
air  outside  of  the  station,  but  also  greatly  reduces  the 
magnetic  and  windage  noises  that  are  inherent  in  high- 
speed operation.  Sometimes  doors  are  provided  in  the 
air-exhaust  du-ts,  which  permit  the  admission  of  hot 
air  to  the  station  \vhen  desirable  for  heating  purposes. 

The  amount  of  air  required  per  kilowatt  loss  in  an 
-Iternator  depends  upon  the  air  temperature.  Where 
the  ventilating-air  temperature  is  from  15  to  25  deg.  C. 
(69  to  77  deg.  F.),  from  100  to  115  cu.ft.  per  minute  per 
kilowatt  loss  should  be  supplied.  If  the  air  temper- 
atures are  from  25  to  40  deg.  C.  (77  to  104  deg.  F.), 
the  volume  of  air  that  should  be  supplied  will  range  from 
115  to  135  cu.ft.  per  minute  for  each.  The  kilowatt  loss 
air  velocity  through  the  ducts  should  not  exceed  from 
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200  to  300  ft.  per  minute  for  self-ventilated  slow-speed 
machines.  For  high-speed  or  separately  ventilated  units 
velocities  up  to  1,000  or  1,200  ft.  per  minute  are  per- 
missible. This  leads  to  large  air  ducts  and  makes  it 
necessary  to  give  due  consideration  to  their  proper 
location  and  dimensions  at  the  time  the  buildings  for 
the  power  stations  are  designed.  As  an  example,  if  the 
ducts  leading  to  the  alternator  should  be  proportioned 
for  80,000  cu.ft.   of  air  per  minute,   allowing  an  air 


FIG.    2.      COMPRESSED-AIR    OPERATED    BRAKE 

velocity  of  1,000  ft.  per  minute  would  then  necessitate 
a  duct  section  of  80  sq.ft.  The  ducts  should  be  as  short 
as  practicable  and  also  be  without  bends  or  abrupt 
turns,  and  both  the  intake  and  exhaust  openings  should 
be  protected  against  wind  pressure,  flood  water,  etc. 

In  addition  to  checking  the  temperatures  of  the  gen- 
erator proper,  it  is  advisable  to  check  the  temperature 
of  the  ventilating  air.  If  the  temperature  increase 
exceeds  18  to  22  deg.  C.  (32.4  to  39.6  deg.  F.),  it  is  an 
indication  that  the  amount  supplied  is  not  sufficient,  and 
arrangements  should  be  made  to  increase  the  volume  of 
the  ventilating  air. 

For  an  alternating-current  installation  the  choice  of 
the  excitation  system  is  necessarily  of  great  importance 
and  should  be  given  careful  consideration.  It  must  be 
reliable,  flexible,  efficient,  have  ample  spare  capacity 
and  at  the  same  time  represent  the  minimum  invest- 
ment compatible  with  the  requirements  mentioned. 

Small  slow-speed  alternators  require  comparatively 
large-capacity  exciters,  which,  if  run  at  the  alternator 
speed,  would  be  expensive  and  have  a  low  efficiency.  To 
overcome  this  handicap,  this  class  of  machine  is  gen- 
erally supplied  with  high-speed  exciters  geared  or  belt 
driven  from  the  alternator  shaft.  Spare  capacity  should 
be  provided  either  as  extra  parts  for  the  exciter  proper 
or  as  separately  driven  exciter  units. 

In  large-capacity  stations  or  in  stations  with  high- 
speed units  the  exciters  are  either  direct  connected 
to  the  main  unit,  as  in  Fig.  3,  or  driven  by  separate 
waterwheels. 

The  direct-connected  exciter  is  mounted  on  the  top 
bearing  housing  of  the  alternator  and  its  armature  upon 
an  extension  of  the  mainshaft.  The  exciter  capacity  is 
made  sufficient  for  one  alternator  except  in  stations 
where  only  two  units  are  installed.  In  such  installations 
spare  capacity  is  obtained  by  using  exciters  with  suffi- 
cient capacity  for  both  units.  The  exciters  may  operate 
in  parallel,  but  are  more  frequently  wired  directly  to 
the  alternator.  They  should,  however,  have  taps  for 
connecting  them  to  a  transfer  bus,  thereby  making  it 
feasible  to  operate  any  alternator  in  conjunction  with 
any  exciter  in  the  station. 


In  a  station  with  direct-connected  exciters  it  is 
customary  to  supply  a  motor-generator  set  as  a  spare 
unit.  The  motor  may  be  either  of  the  synchronous  or 
the  induction  type,  and  the  exciter  capacity  should  be 
sufficient  to  take  care  of  one  alternator.  In  stations 
where  a  great  many  units  are  in  operation,  it  is  advis- 
able to  provide  two  such  spare  sets. 

Installations  with  the  waterwheel-driven  exciters  gen- 
erally have  two  duplicate  units,  each  with  sufficient 
capacity  to  carry  the  total  station  load.  In  addition 
th€y  should  have  sufficient  excess  capacity  to  provide 
power  for  operating  the  station  auxiliaries. 

The  separately  driven  exciter,  as  compared  to  the 
directly  connected  type,  has  an  advantage  in  small-  and 
medium-capacity  installations.  However,  in  large  or 
high-speed  installations  the  use  of  directly  connected 
exciters  is  advantageous. 

Either  type  of  installation  requires  a  main  field 
rheostat  with  sufficient  capacity  to  take  care  of  all  the 
operating  conditions  that  may  occur.  This  means  that 
in  stations  with  separately  driven  exciters,  the  current- 
carrying  capacity  and  resistance  must  be  proportioned 
to  meet  the  requirements  based  upon  full  excitation 
voltage,  which  leads  to  large  and  expensive  rheostats. 
With  the  direct-connected  exciters  it  is  practical  to  alter 
the  exciter  voltage  within  certain  limits  by  means  of  an 
exciter  rheostat  and  thereby  materially  reduce  the  oper- 
ating range  required  from  the  main  field  rheostat.  This 
substantially  lessens  the  rheostat  cost  and  reduces  the 


PIG.  3.     EXCITER  MOUNTED  ON  TOP  BEARING  HOUSING 

waste  of  energy  in  the  rheostat  resistance,  thus  increas- 
ing the  operating  efficiency.  An  exception  to  the  rule 
that  rheostats  are  required,  is  to  be  found  in  stations 
operating  under  constant-load,  voltage  and  power-factor 
conditions.  For  such  installations  successful  operation 
may  be  obtained  without  the  use  of  a  main  field  rheostat. 
In  conclusion  attention  is  called  to  the  danger  to 
which  a  station  with  direct-connected  exciters  is  sub- 
jected when  a  unit  runs  away  and  the  cumulative  effect 
of  the  increase  in  the  frequency  and  also  in  the  exciter 
voltage  results  in  an  over-voltage  much  in  excess  of  the 
normal  value.  This  condition  may  bo  guarded  against 
in  different  ways — as  an  example,  by  means  of  specially 
designed  automatic  voltage  regulators  or  by  some 
speed-limiting  device  acting  upon  the  turbine  gates. 
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Testing  for  Ammonia  Leaks  in  Refrigerating  Plants 

Gives  Some  Simple  Directions  for  Testing  for  Ammonia  Leaks  wit) 
Phenolphthalein  and  Sulphur  Sticks 


By  B.  E.  hill 

Field    Rofrigeratinn    KriKineei-    witli    Swift    &    Company 


TESTING  for  ammonia  leaks  is  an  important  part 
of  an  engineer's  duty.  There  are  two  principal 
places  to  test,  one  being  in  a  submerged  tank, 
where,  if  there  is  a  leak  in  the  coils,  water  cooler  or 
any  liquid,  the  ammonia  will  be  absorbed.  If  the  liquid 
is  of  great  volume  there  will  be  a  considerable  quantity 
of  ammonia  taken  up  before  the  engineer  or  attendant 
can  detect  the  odor. 

To  tes^  the  brine  or  other  liquid  for  a  leak,  send  to 
the  drug  store  for  an  ounce  or  two  of  phenolphthalein; 
then  get  a  sample  of  brine  in  a  glass  bottle  or  drinking 
glass  and  put  a  drop  or  two  of  the  phenolphthalein  into 
the  brine.     If  there  is  the  least  trace  of  ammonia,  even 


very  slow  fire.  A  slow  fire  is  necessary  as  the  sulphur 
fires  at  a  low  temperature  and,  if  too  hot,  will  become 
lumpy  and  thick  and  will  run  off  and  drip  when  used. 
When  the  sulphur  is  at  the  right  temperature  it  will 
be  thin  like  water.  Now  the  sticks  should  be  prepared 
by  splitting  up  a  hundred  or  so  pine  strips,  cardboard 
or  other  material  and  dipping  both  ends  in  the  sulphur, 
which  quickly  cools;  the  sticks  are  now  ready  for  use. 
To  apply  the  sticks,  take  a  handful  and  light  one,  and 
before  one  burns  out  another  can  be  lighted  from  the 
Lne  in  use. 

Any   coil   that  has  just   been   erected   or   overhauled 
should  first  be  tested  with  air  pressure,  after  which  the 


A   LARGE   AMMONIA   COMPRESSOR   DRIVEN    BY   A   COMPOUND   UNIFLOW-CORI.ISS  ENGINE 


SO  small  that  it  cannot  be  detected  by  smell,  the  phenol- 
phthalein will  cause  the  brine  sample  to  turn  a  faint 
pink,  and  if  there  is  enough  ammonia  to  detect  slightly 
by  smell,  the  sample  will  turn  a  deep  red. 

If  desired  to  determine  .how  much  anhydrous  am- 
monia has  leaked  out  into  the  brine  or  other  liquid, 
take  a  sample  of  the  brine  to  a  good  chemist  and  give 
him  the  total  volume  of  the  liquid;  he  will  make  the 
necessary  calculations  for  ascertaining  the  total  leakage. 

The  next  test  is  for  leaks  in  the  open  air,  and  as 
the  sulphur  stick  is  the  most  popular,  effective  and 
practical,  we  will  consider  where  it  can  be  used  and 
whei'e  not. 

To  prepare  the  sulphur  stick  melt  five  or  ten  pounds 
of  either  powdered  or  lump  sulphur  in  a  ladle  with  a 


joints  should  be  brushed  with  soapy  water.  After  all 
leaks  found  in  this  way  have  been  stopped,  pump  out 
the  air  until  the  vacuum  gage  shows  as  high  a  vacuum 
as  can  be  had.  If  it  is  found  that  the  air  is  still  dis- 
charging through  the  discharge  bypass,  keep  on  pump- 
ing till  the  air  is  hardly  perceptible.  This  extra  pre- 
caution is  taken  to  make  sure  that  the  air  is  as  nearly 
all  out  as  can  be  pumped  with  the  machine;  also,  there 
is  always  a  chance  that  the  vacuum  gage  may  not  be 
correct. 

After  the  air  has  been  pumped  out  the  ammonia 
should  be  charged  into  the  coil  at  once  and  the  final  test 
made  with  the  burning  sulphur  held  under  and  over  all 
joints  and  connections.  If  there  is  a  leak  at  all,  it  will 
be  shown  by  a  gray  smoke  wherever  the  sulphur  and 
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ammonia  fumes  come  together.  The  sulphur  fumes  are 
as  effective  in  showing  a  leak  in  the  open  air  as  the 
phenolphthalein  is  for  showing  one  in  the  brine  tank; 
as,  for  example,  where  there  is  a  leak  in  a  thread  or 
joint  that  is  so  small  that  it  v/ill  not  be  noticed  with 
the  soap  bubbles  and  is  difficult  to  detect  by  smell  after 
the  leak  is  found,  the  sulphur  will  mark  the  leak  by 
leaving  a  small  yellowish  white  spot,  even  though  the 
leak  is  no  larger  than  a  pin  point. 

Leaks  on  return  bends  of  atmospheric  condensers, 
where  the  condensing  water  is  flowing  over  the  part 
that  is  leaking,  will  cause  the  solids  in  the  water  to 
accumulate  to  a  considerable  extent,  which  deposit  will 
be  of  a  whitish  color.  Leaks  in  water  jackets  on  the 
compressor,  if  of  any  extent,  will  clarify  the  water,  and 
if  the  fingers  are  dipped  in  it  and  rubbed  together  they 
will  feel  soapy.  In  this  case  the  leak  can  easily  be 
detected  by  smell. 

In  a  room  where  the  timbers  or  building  materials 
of  any  kind  are  damp  from  moisture,  the  sulphur  stick 
is  almost  useless,  as  the  moisture  will  take  up  the  am- 
monia gas  and  the  sulphur  will  sometimes  "smoke  up" 
the  whole  room  and  show  smoke  on  a  post  or  the  wall 
where  there  is  no  leak.  In  such  cases  it  is  sometimes 
necessary  to  pump  the  coil  down  to  about  atmosphere 
on  the  gage  and  open  the  room  so  that  a  circulation  of 
air  will  drive  the  ammonia  out  of  the  room  before  the 
leak  can  be  found.  This  holds  true  unless  the  leak  is 
large  enough  to  be  seen  or  heard. 

A  crusade  on  ammonia  leaks  should  be  made  regu- 
larly by  going  over  all  joints  and  connections  with  sul- 
phur sticks,  marking  the  leaks  as  found  with  a  piece  of 
chalk,  then  following  up  with  the  repairs. 

Oxide-Film  Lightning  Arrester 

As  a  result  of  the  demand  for  a  lightning  arrester 
that  would  give  the  same  amount  of  protection  as 
the  aluminum  arrester  without  the  necessity  of  daily 
charging,   the   oxide-film   lightning   arrester   has    been 


FIG.  1. 


LIGHTNING  ARRESTERS  FOR  INDOOR  SERVICE  ON 
THREE-PHASE  CIRCUIT 


developed.  This  charging  consists  in  connecting  the 
aluminum  arrester  to  the  line  for  a  short  period  each 
day,  in  order  to  renew  the  non-conducting  film  on  the 
plates,  and  has  made  this  arrester  impractical  of 
installation  in  isolated  places.  The  oxide-film  arrester 
does  not  require  daily  attendance  to  insure  the  main- 
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tenance  of  its  protective  qualities.  Therefore,  although 
it  is  practical  for  almost  any  application,  its  principal 
field  seems  to  be  where  daily  attention  is  not  available 
but  where  good  protection  is  required.  Lately,  there 
has  been  a  large  increase  in  the  number  of  isolated 
stations  and  substations  where  the  class  of  service  calls 
for  highly  reliable  protection,  and  it  is  here  that  the 
oxide-film  arrester  finds 
its  greatest  field  of  use- 
fulness. The  construction 
of  the  arrester  is  very 
simple,  requiring  no  oil 
or  electrolyte.  It  consists 
of  a  stack  of  cells  con- 
nected to  a  sphere  gap, 
Fig.  1.  In  the  outside 
type  these  cells  and 
spher  e  gaps  are 
thoroughly  protected 
from  the  weather,  which 
insures  a  uniform  spark 
potential  under  all  clima- 
tic conditions.  The  cells, 
one  of  which,  developed 
by  the  General  Electric 
Co.,  is  showTi  in  Fig.  2, 
consist  of  two  thin 
steel  plates,  or  elec- 
trodes, spun  on  a  porce- 
lain ring,  the  latter 
acting  as  an  insulator. 
The   space   between   the 

plates,  about  half  an  inch,  is  filled  with  lead  peroxide. 
The  electrodes  are  further  provided  with  an  insulating 
film  of  varnish  or  some  similar  compound  which  gives  a 
uniform   insulated    surface. 

The  operating  principle  depends  on  the  fact  that 
lead  peroxide,  which  ordinarily  is  of  low  electrical 
resistance,  is  unstable  at  a  temperature  of  about  250 
deg.  C.  and  forms  a  lower  oxide,  called  litharge,  of 
high  resistance  to  electric  current.  Thus,  although 
its  action  is  thermal  instead  of  electrolytic,  it  functions 
in  a  good  deal  the  same  way  as  an  aluminum-cell 
arrester,  by  preventing  the  flow  of  dynamic  current. 
What  actually  happens  in  practice  is  that  up  to  a 
pressure  of  about  300  volts  per  cell  the  insulating 
film  prevents  any  noticeable  amount  of  current  from 
flowing  under  normal  conditions.  As  soon  as  the 
voltage  rises  above  normal  sufficiently  to  spark  on  the 
gaps,  the  film  is  punctured  and  the  lightning  discharge 
flows  to  ground,  since  it  meets  very  little  resistance. 
When  the  dynamic  current  attempts  to  follow,  the 
smallness  of  the  punctures  causes  great  concentration 
of  curi'ent  at  those  points,  with  a  consequent  localized 
heating  which  is  enough  to  cause  the  lead  peroxide 
lo  break  down,  forming  litharge,  in  the  path  of  the 
cun-ent,  thus  effectually  blocking  it.  The  film  reseals 
itself  in  about  one  four-thousandth  of  a  second  after 
the  excess  lightning  voltage  has  ceased.  Since  the  pow- 
der is  a  poor  heat  conductor,  the  formation  of  these 
high-resistance  plugs  is  confined  to  the  actual  area  sur- 
rounding the  puncture. 

As  this  action  is  due  to  the  inherent  chemical  prop- 
erty of  the  material  between  the  electrodes,  and  it  is 
this  m.aterial  which  forms  and  reforms  the  insulating 
film,  there  is  no  action  similar  to  the  gradual  dis- 
solving of  the  film  as  in  there  is  the  aluminum  ar- 
rester. 
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Efficient  Operation  of  the  Boiler  Plant 


By  JOHN  D.  MORGAN 


Various  types  of  stokers  are  treated,  as  regards 
requirements  of  design,  also  the  effect  of  boiler- 
feed-water  temperature.  Plant  labor  is  consid- 
ered and  data  and  curves  are  presented  that 
have  a  direct  bearing  on  boiler-room  mainte- 
nance, together  loith  suitable  plant-record  sheets. 


HAND-FIRED  furnaces  are  rapidly  becoming  ob- 
solete, but  when  so  fired  the  use  of  some  type 
of  rocking  grate  is  the  best  practice.  Although 
the  loss  of  coal  through  the  grates  is  slightly  more  than 
that  of  the  flat  grates,  this  loss  does  not  affect  the 
efficiency  enough  to  be  considered. 

A  suitable  arch  should  be  designed  which  will  prop- 
erly mix  the  air  and  gases.     The  firing  should  be  done 
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alternately  in  narrow  strips  across  the  full  length  of 
the  grate,  and  when  this  method  is  used  it  is  advisable 
to  fire  light  and  often  and  keep  the  doors  cracked. 
The  boiler  should  be  equipped  with  a  reliable  draft 
gage,  and  the  draft  should  be  kept  at  a  predetermined 
point  by  means  of  the  damper  and  the  fire  thickness. 

Three  Classes  of  Stoker  Firing 

Stoker  firing  can  be  divided  into  three  classes, 
namely :  Front-feed  and  inclined-grate  type,  chain- 
grate,  and  underfeed  stoker.  In  considering  the 
inclined-grate  type  of  stokers,  the  most  important 
operating  points  of  this  type  are  the  proper  training 
of  the  men  operating  them,  constant  attention  to  avoid 
holes  in  the  fire,  proper  feed  and  grate  motion;  and  if 
an  intensified  combustion  is  desired,  an  air  space  should 
be  made  in  front  of  the  ignition  arch.  Here  again, 
the  design  of  the  arch  and  bridge  wall  is  of  vital 
importence  to  proper  operation.  The  total  amount  of 
steam  used  by  auxiliaries  for  this  type  of  stoker  does 
not  as  a  rule  exceed  2  per  cent  of  the  total  steam 
generated.  This  point  should  be  given  due  weight  in 
comparing  it  with  other  types. 

The  chain-grate  type  is  in  common  usage  in  many 
parts  of  the  country.  The  kind  or  nature  of  the  coal 
available  plays  an  important  part  in  the  performance 


of  the  stoker.  The  general  items  that  will  affect  its 
economic  operation  are:  Draft  carried;  speed  of  the 
grate;  character  of  ignition  arch;  thickness  of  the  fire 
and  the  size  of  coal. 

Some  of  the  advantages  of  the  underfeed  stoker  are: 
Compactness ;  small  combustion  .space ;  complete  mix- 
ing of  air  and  gases;  gases  are  intensely  heated  by 
rising  through  incandescent  coal;  absence  of  ashes; 
small  size  of  stack ;  complete  ash  fusion  and  the  obtain- 
ability  of  high  ratings.  The  only  real  drawback  is  that 
of  cleaning  the  fire  after  a  forced  run  of  a  few  hours' 
duration. 

If  an  underfeed  stoker  is  to  be  operated  in  an  eco- 
nomical way,  it  should  have  the  following  features: 
An  adjustable,  continuous  and  automatic  dump  by 
means  of  an  adjustable  opening  adjacent  to  the  bridge 
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wall.  This  dump  should  be  provided  with  an  indicator. 
The  air-supplying  grates  should  reciprocate  sufficiently 
to  agitate  and  move  the  fuel  bed  uniformly  to  the  dump. 
Each  plunger  connection  should  have  a  safety  device 
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so  that  the  plunger  may  be  blocked  at  any  point  in  the 
stroke  without  injury  to  the  stoker.  It  should  be 
equipped  with  an  overfeed  grate  for  final  combustion 
and  a  variable-speed  engine  or  motor  for  driving  the 
stoker  shafting. 

Furthermore,  there  should  be  an  instrument  panel 
upon  which  should  be  mounted  a  recording  temperature 
gage  for  feed-water-inlet  temperature,  a  recording  tem- 
perature  gage  for  the  temperature   of  steam,  a  pen- 


100  per  cent  will  be  about  12  per  cent,  and  as  a  rule 
the  best  continuous  working  point  will  be  found  to  be 
about  150  per  cent  rating.  There  is  one  point  in  the 
operation  of  this  type  of  stoker  over  which  engineers 
disagree,  and  that  is  the  draft  or  pressure  to  be  car- 
ried over  the  fire.  I  favor  carrying  a  draft  of  0.02  in. 
over  the  fire  at  100  per  cent  rating  and  varying  it 
gradually  upward  with  the  increase  of  boiler  rating  so 
that  when  300  per  cent  rating  is  reached  there  will  be 
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recording  pressure  gage  for  recording  the  air  pressure 
beneath  the  fire,  an  electric  tachometer  for  indicating 
the  speed  of  stoker  shafting,  etc.,  two  differential  draft 
gages  for  indicating  draft  or  pressure  over  the  fire  and 
at  the  damper,  and  a  direct-reading  U-tube  gage  for 
indicating  the  air  pressure  in  the  main  duct. 

The  first  point  in  regard  to  the  method  of  operation 
is  to  run  a  series  of  tests  to  determine  the  effect  of 
various  speeds  and  draft  pressures  on  the  efficiency  of 
the  stoker.  After  this  has  been  done  a  table  should  be 
made  up,  which  will  shov/  the  following  items  for  all 
various  boiler  ratings:  Boiler  rating  per  cent;  speed  of 
stoker  drive;  air  pressure  under  fire;  draft  over  fire; 
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draft  at  boiler  damper;  thickness  of  fire,  pounds  of  coal 
per  hour ;  pounds  of  steam  per  hour ;  efficiency. 

Wiv.h  the  aid  of  such  a  table  a  boiler  can  be  run  in 
an  efficient  manner,  but  it  must  be  remembered  that  at 
30D  per  cent  rating  the  drop  in  efficiency  from  that  at 


a  draft  of  0.1  in.  over  the  fire.  These  recommendations 
are  based  on  the  results  of  many  boiler  tests  and  on 
the  final  maintenance  figures. 

Regarding  boiler-feed-water  temperatures  the  ques- 
tion arises  as  to  how  much  increased  feed-water  tem- 
perature helps.  The  curve  shown  in  Fig.  1  shows  the 
percentage  of  saving  for  each  degree  of  increase  for 
varying  initial  temperatures. 

Since  it  has  been  shown  that  each  and  every  degree 
of  increase  in  feed-water  temperature  pays,  the  first 
procedure  should  be  the  making  of  a  24-hour  test  to 
determine  the  exact  feed-water-temperature  condition 
of  the  plant.  An  example  of  what  such  a  test  consists 
of  is  given  in  Figs.  2,  3,  4  and  5. 

For  many  plants  it  will  be  found  that  unsatisfactory 
temperature  conditions  prevail,  no  doubt  due  to  many 
causes,  but  as  a  rule  these  causes  or  conditions  may  be 
traced  to  the  following  items:  Insufficient  exhaust 
steam  to  heat  the  feed  water;  dii'ty  feed- water  heaters; 
irregular  feeding  of  water  into  the  boilers ;  surging  and 
overflowing  of  the  open  feed-water  heater;  faulty  oper- 
ation of  the  float  regulating  valve  on  the  heater  and 
poor  pressure  regulation  of  feed-water  pumps. 

Insufficient  Exhaust  Steam 

Insufficient  exhaust  steam  for  heating  feed  water  is 
largely  a  question  of  plant  design  and  can  be  attended 
to  only  by  the  installation  of  an  economizer  or  a  heat- 
balance  valve.  The  installation  of  a  heat-balance  valve 
is  a  simple  and  inexpensive  way  of  overcoming  this 
condition.  The  working  operation  of  such  a  valve 
simply  consists  in  keeping  the  pressure  in  the  exhaust 
main  at  a  predetermined  point  by  bleeding  to  or  from 
the  secondary  stages  of  the  turbines. 

It  is  becoming  the  practice  in  all  new  plants  to  install 
economizers.  This  has  largely  been  brought  about  by 
the  use  of  motor-driven  auxiliaries,  on  account  of  the 
increase  in  efficiency  over  steam-driven  auxiliaries,  and 
also  by  the  use  of  stokers  capable  of  high  ratings, 
because  at  high  ratings  the  temperature  of  the  flue  gas 
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is  sufficient  to  warrant  the  installation  of  an  economizer. 
In  considering  an  economizer,  the  first  and  most 
important  point  is  that  of  the  direction  of  water  flow. 
Undoubtedly,  this  item  has  an  effect  on  the  efficiency 
of  the  economizer.  The  following  plan  is"  practically 
ideal:  Suppose  the  economizer  is  composed  of  40  rows 
of  tubes  with  12  tubes  per  row.  For  water-flow  pur- 
poses it  should  be  divided  into  three  groups,  one  of  16 
and    two    of    12    rows    of    tubes    each.      The    circula- 


line  of  its  own  from  some  point  in  the  main  boiler-fee'l 
line. 

Another  plant  loss,  the  blowoflf  loss,  is  a  variable  and 
depends  largely  on  the  valve  leakage  and  the  number 
of  times  the  boiler  is  blown  down.  The  valve  leakage 
can  be  avoided  and  is  a  waste  that  should  not  exist. 

Leakage  of  the  blowoff  valves  can  be  readily  deter- 
mined by  placing  a  recording  thermometer  on  the  blow- 
off  line.    Th  ^  loss  due  to  blowing  down  is  an  unavoidable 
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tion  should  be  in  series  for  the  three  groups.  The 
circulation  in  the  first  group  would  be  divided  as  fol- 
lows: Up  the  first  eight,  down  the  next  four  and  up 
the  last  four  tubes;  in  the  second  and  third  groups 
the  water  should  flow  up  the  first  four,  down  the  second 
four  and  up  the  last  four  tubes.  With  such  a  circulation 
the  drop  in  pressure  will  not  exceed  25  to  30  lb.  The 
second  item  to  be  considered  is  that  of  air  leaks.  There 
should  be  a  total  absence  of  air  leaks  if  high  efficiency 
is  to  be  obtained.  The  curves  in  Figs.  6,  7  and  8 
show  the  operation  of  an  economizer. 

Dirty  feed-water  heaters  are  a  source  of  serious  loss, 
and  it  is  advisable  to  inspect  them  and  clean  them  at 
least  once  every  month. 

Irregular  Water  Feeding 

Irregular  feeding  of  water  into  the  boilers  can  be 
corrected  by  the  installation  of  feed-water  regulators 
and  the  maintaining  of  an  even  pump-discharge  pres- 
sure. And  even  where  the  boilers  are  hand-regulated, 
it  is  possible  to  maintain  an  even  feed  by  drilling  the 
water  tender  to  study  his  fire  conditions. 

Often  a  serious  loss  results  from  the  overflowing 
of  the  open  heater.  This  is  caused  by  improper  feeding 
and  a  lack  of  regulation  of  the  steam  supply.  This 
trouble  can  frequently  be  overcome  if  a  seal  is  placed 
on  the  overflow  line,  constructed  in  the  form  of  a  V-tube 
or  return-bend  coil,  and  it  can  be  designed  to  maintain 
any  predetermined  pressure  in  the  heater.  This  will 
tend  to  do  away  with  the  surging. 

The  faulty  operation  of  the  float-regulating  valve  is 
also  due  to  the  improper  design  of  the  operating  levers 
or  to  the  float  being  located  near  to  the  heater  outlet, 
so  that  the  float  gives  a  faulty  reading  due  to  a  suction 
in  and  around  the  outlet  pipe. 

Maintaining  a  steady  feed-water  pressure  is  simple 
if  a  good  pressure-regulating  valve  is  put  on  each 
pump.  Care  should  be  exercised  in  the  piping  up  of 
such  a  valve.  For  instance,  the  water  inlet  should 
never  be  tapped  into  the  feed  line  at  a  point  near  ^he 
pump  discharge,  but  rather  it  should  have  an  auxiliary 


one,  but  even  this  can  be  reduced  by  testing  the  boilers 
each  day  for  salt.  Only  when  a  salt  test  shows  more 
than  30  grains  per  U.  S.  gallon  should  the  boilers  be 
blown,  and  the  engineer  should  tell  the  water  tender 
just  how  many  inches  should  be  blown.  Of  course, 
where  muddy  water  is  used  this  loss  will  be  high,  but 
it  should  be  remembered  that  no  gain  is  obtained  by 
prolonged  blowing.  The  proper  method  of  blowing 
down  for  mud  and  scale  is  simply  to  open  the  valve 
and  then  close  it  slowly. 

Losses  Due  to  Radiation 

There  is  yet  to  be  considered  the  loss  due  to  radia- 
tion from  steam  and  water  pipes.  Although  most 
engineers  are  acquainted  with  this  loss,  everyone  does 
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ON  ECONOMIZER  EFFICIENCY 


not  know  the  relative  merit  of  various  coverings.   Table 
I  gives  this  information.. 

Labor  should  be  considered  as  relating  to  plant  oper- 
ation. Needless  to  say,  this  question  should  occupy 
the  chief  engineer's  undivided  attention,  because  labor 
is  in  great  demand  and  this  results  in  extreme  unrest 
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of  the  laboring  class.  The  question  of  pay  also  demands 
attention,  and  the  rule  of  most  large  companies  that 
a  fixed  limit  of  pay  must  be  strictly  adhered  to  for 
each  individual  class  of  labor  is,  in  my  opinion,  largely 
responsible  for  the  present  unrest  in  the  labor  world. 
It  is  folly  to  pay  the  same  wage  to  all  men  in  a  certain 
class,  for  when  this  is  done  the  men  lose  their  indi- 
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FIG.  9.  EFFECT  OF  BOILER  RATING  ON 
MAINTENANCE  COJ5T 


viduality  and  become  machines.  Beyond  doubt  all 
classes  of  men  who  work  in  the  boiler  room  are  of 
equal  importance,  but  a  good  fireman  deserves  to  be 
paid  according  to  his  proficiency.  The  bonus  plan  is 
not  advisable  for  the  reason  that  the  simple  things  of 
everyday  operation  alter  the  man's  proficiency  to  a 
marked  degree. 

The  old  method  of  paying  each  man  what  he  is  worth, 
irrespective  of  the  class  of  work  performed,  will  go  far 
toward  ridding  the  boiler  room  of  the  present  labor 
unrest,  because  it  puts  heart  into  any  man  to  know  that 
if  he  makes  good  the  chief  engineer  will  raise  him 
accordingly.  In  the  final  analysis  the  labor  cost  is 
quite  small  compared  to  the  total  operating  cost,  and 
if  increased  labor  cost  will  result  in  a  decreased  coal 
cost  the  result  will  be  a  net  saving  to  the  plant.  The 
low  labor  costs  of  large  plants  are  effected  by  the  use 
of  large  units,  and  they  can,  therefore,  afford  higher 
wages  on  account  of  the  small  number  of  men  employed. 
The  labor  problem  is  one  that  must  be  decided  by  every 
chief  engineer  as  an  individual. 

Boiler-room  maintenance  varies  indirectly  with  the 
net  thermal  efficiency  of  the  plant.  The  amount  of 
money  spent  in  maintenance  is  affected  by  the  follow- 
ing items:    Age  of  plant;  percentage  of  boiler  rating 

TABLE  I.     RELATIVE  MERITS  OF  VARIOUS  PIPE  COVERINGS 

B.t.u.   Loss  per  Hour  ptr 
Sq.Ft.  per  Degree  of  Aver- 
...  ,  _,  age     Difference    in    Tcm- 

Nature  of  Covering  Thickness       perature 

TTnrovprcd  pipe ...  271 

85%  maRnesia j '  jg  0  418 

«5'o  nuigiiosia,  2  in.  section,  i  in.  block       2.71  0  288 

85%  magnesia,  two  I  in.  sections..  .  .  2  50  0  294 

Hair  felt 0 .  82  0  422 

Hock  wool I   60  0. 256 

Mineral  wool 1 .  30  o .  285 

developed ;  attendance  of  men ;  the  purity  of  boiler-feed 
water;  the  quality  of  materials  used  for  repairs,  and  the 
nature  of  the  fuel. 

The  percentage  of  boiler  rating  developed  has,  per- 
haps, the  greatest  bearing  on  the  maintenance  charges, 
jor  instance,  it  affects  the  life  of  the  grates,  tubes, 
baffles,  furnace  and  boiler  auxiliaries  by  requiring  them 
to  do  more  work  at  a  net  decrease  in  efficiency,  but  just 
how  mucJi  is  a  matter  of  conjecture.  The  curve  shown  in 
■Fig.  9  is  plotted  from  actual  records  and  shows  that 
there  is  some  definite  rate  of  increase. 

The  attendance  of  men  is  of  vital  importance,  for 
to  use  an  old  proverb,  "A  stitch  in  time  saves  nine." 
Immediate  attention  to  some  small  leak  or  break  will 


save  much  time  and  money.  Leaks  in  steam  mains  and 
holes  in  grates  and  furnaces  never  grow  smaller  unless 
they  receive  immediate  attention. 

.  The  quality  of  materials  used  in  making  repairs 
has  a  direct  bearing,  and  the  best  is  none  to  good, 
although  it  must  not  be  assumed  that  price  and  quality 
go  hand  in  hand. 

Furnace  and  Stoker  Maintenance  Costs 

A  question  that  is  generally  raised  is.  What  should 
the  maintenance  cost  be?  This,  of  course,  cannot  be 
given  for  any  number  of  plants  in  a  definite  manner, 
but  if  increased  maintenance  will  show  or,  rather,  give 
a  decrease  in  operation,  then  increased  maintenance  is 
advisable.  To  show  the  trend  of  maintenance  charges 
on  boiler  furnaces  and  stokers  with  regard  to  age, 
Table  II  is  of  value.  This  table  is  based  on  five  boilers 
per  unit,  and  the  unit  costs  are  based  on  the  boiler- 
hours  in  service. 

BoiLER-RooM  Records 

The  last  and  most  important  point  of  economic  boiler- 
plant  operation  to  be  considered  is  that  of  suitable 
boiler-room  records.  The  records  should  be  clear  and 
precise  and  should  not  involve  a  large   clerical  force. 


•lOll.F.R   ftODM   RF.PORT  SHF.F.T                       '""""                       ***                "**"' 
Month  of        .     ^    .      . 

. 

Monday 

Tuesday 

Wed. 

Thur. 

Fridav 

.Sat.. 

Sun. 

naic 

Date 

Date 

Date 

lioikr  riotiFH  ill  sorviur 

R..ilof  h..,.r*h;iMkiil 

Hitili-r  hitiirHOut  of  4BVvi«i- 

r;>r;il  pniillds  of  (.O.il  tisfll 

Tot:\\  pounds  of  cty.\t  used  for  b.iitkiiiit  holler* 

Peri'vnl    t»f  coal  used  for  h;H)kiue  hoilvrs 

Totnl  weifilit  of  ash 

Percent    weight  of  iish  to  weiftht  of  coal 

Totar  steam  generator 

Maximum  demand  lbs.  of  steam  per  hour 

Pounds  of  water  blown  down 

Pounds  of  water  used  for  makeup 

Per  cent,  of  makeup  water  to  total  steam  generated 

Average  grain!!  of  Halt  per  V.  S.  gallon 

Amount  of  boiler  compound  used 

Feed  pumps  used 

Temperature  of  feed  waier 

Temperature  of  water  to  open  heater 

Temperature  of  water  from  open  heater 

Temperature  rise  In  open  heater 

Temperature  of  water  to  economizer 

Temperature  of  water  from  economizer 

Temperature  rise  in  economizer 

Temperature  of  flue  gases  entering  economizer 

Temperature  of  '•ue  gases  leaving  economize- 

Temperature  drop  of  flue  gases  in  economizer 

Feed-water  pressure 

Steam  pressure 

Steam  temperature 

Degrees  of  superheat 

Average  boiler  rating 

Average  stack  draft 

Average  air-duct  pressure 

Evaporation 

Evaporation  from  and  at  212  deg.  F. 

Boiler  load  factor 

Coal  analysis 

Thermal  "ffldency 

FIG.    10.      AVEEKLY   BOILIOK-ROOM   REPORT   SHEET 

A  suitable  set  of  records  would  be  as  follows:  A  load 
curve  sheet  which  should  have  on  it  the  load  carried; 
boiler-horsepower;  hours  in  service  and  banked;  capac- 
ity of  feed  pumps  on  the  line.  This  curve  sheet  should 
be  spotted  as  often  as  the  load  condition  materially 
changes;  in  most  cases  every  fifteen  minutes  will  be 
found  to  be  the  right  period.  There  should  be  a  weekly 
boiler-room  repoii  sheet.  A  good  example  is  given  in 
Fig.  10. 
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There  should  also  be  a  daily  boiler-room  sheet,  which 
should  show  the  hours  each  boiler  was  in  service,  when 
banked,  cleaned  and  blown  down,  average  boiler  rating, 
average  flue-gas  temperature,  readings  of  the  various 
water  meters  for  each  day,  grains  of  salt  in  the  boiler 
water,  inches  of  water  blown  from  each  boiler  and  any 
other  readings  that  may  be  necessary. 

A  monthly  boiler-room  sheet  is  also  required  which 
should  be  a  duplicate  of  the  weekly  sheet  except  that  it 


MONTHLY    STFAM    REPORT                                         Dale              _^                                      ,  | 

Tot.Tl  Pouads 

Per  Gfiitt, 

Total  steam  generator 

Total  steam  used  for  tube  blowing 

Total  sfe^m  used  for  heatlnft 

Total  steam  used  for  stoker  auxiliaries 

Total  steam  used  for  heating  boiler-feed  water 

Total  steam  used  for  boiler  accessories 

Total  Ateam  lost  due  to  radiation  from  steam  pipe* 

Total  »ream  lost  due  to  safety  valve  leakage  and  blow-off  of  (same  ■ 

Total  steam  used  for  miscellaneous 

FIG.  11.     MONTHLY  REPORT  SHEET 


MAINTENANCE  COST  RECOJtO  BniLEK  NO. 
'Maker. 'Maker's  No. . 

1. 

*ro. 

Feb. 

M«r. 

AprU 

May 

June 

July 

Aut 

Sept. 

Oct. 

Nov, 

ne<- 

Total 

Boiler  hours  in  service 

Boiler  hours  hanked 

Bo'ler  hours  out  of  service 

1  hs.  or  steam  lienerated 

Per  cent.  o(  holler  ratine 

Labor  cost  on  holier 

labor  cost  on  (urnace 

Labor  cost  on  stoker 

Total  labor  cost 

Material  cost  on  boiler 

Material  cost  on  (urnace 

Material  cost  on  stoker 

Total  material  cost 

Total  labor  and  material  cost. 

Totalcosf  per  lb  of  steam  (cents 

f 

FIG.   12.     SPECIMEN  MAINTENANCE  COST  SHEET 

should  have  on  it  a  space  for  the  results  of  the  same 
month  one  year  ago  and  a  column  to  show  the  present 
increase  and  decrease  of  each  item. 

Then  there  should  be  a  monthly  steam-report  sheet 
such  as  is  shown  in  Fig.  11. 

A  monthly  heat-balance  sheet  with  an  additional  item 
for  blowdown  losses,  should  be  used,  also  a  yearly  curve 
sheet  of  the  items  contained  on  the  weekly  boiler-room 


sheet,  the  items  being  spotted  daily  on  a  suitable  cross- 
section  paper. 

A  station  log  sheet  is  necessary,  showing  the  amounts 
of  coal  and  water  used.  This  should  be  made  up  on  a 
cross-section  sheet  using  the  pounds  of  coal  burned  per 
day  as  the  Y-axis  and  the  pounds  of  steam  used  as 
the  X-axis,  and  should  be  duplicated  except  that  in  the 
.second  sheet  the  pounds  of  water  used  in  the  plant 
should  be  the  X-axis.  These  sheets  should  be  spotted 
daily. 

There  should  be  a  maintenance-cost  sheet  for  each 
individual  piece  of  apparatus  similar  to  the  one  shown 
in  Fig.  12,  which  is  a  specimen  sheet  for  boilers,  and 


V„,                            .                            VEARLV  MAl^fTrVA^■Ce  OOST  sheet                • S««tlOB 

Station  Opacity  B.Hp       .                                                                                                   Total  Steam  Generated 
Boiler  Load  Factor  Total  Coal  tied 

Labor  Coet 

.Material  Cost 

Total  Cost 

Cost  Per 
l«M  lbs   of^stram 

Boilers 

Furnaces 

itokers 

Stoker  drive 

Air  ducts 

Blower  fans 

Breeching  and  dampers 

Stack 

Economizer 

Ash-handling  apparatus 

Coal-handling  apparatus 

Feed  pumps 

Ntcters 

House  service  pumps 

Piping 

Miscellaneous 

FIG.    13.   YEARLY   MAINTENANCE   COST   SHE! 

also  a  yearly  maintenance-cost  sheet  similar  to  (hat 
shown  in  Fig.  13. 

The  value  of  the  foregoing  records  will  be  clearly 
seen,  and  it  is  only  by  the  use  of  some  such  records 
that  an  engineer  is  able  to  keep  tab  on  the  actual  boiler- 
plant  operation. 

The  economical  operation  of  boiler  plants  can  be  made 
quite  practical,  and  it  must  be  remembered  that  it  can- 
not be  accomplished  in  one  day  or  in  one  year,  but  is 
a  matter  that  will  always  require  attention  to  keep  it 
where  it  belongs. 


TABLE  II.    FURNACE  AND  STOKER  MAINTENANCE  CHARGES  WITH  REG-VRD  TO  AGE 

Westinghouse  l.'nderfeed  Stokers 

Five  600-Hp.  B.  &  W.  Water-Tube  Boilers                                  Year  I  Year  2  Year  3  Year  4 

Boiler  repairs,  labor  and  material,  doUal-s 174.39  288.97  110.68  281.71 

Furnace,  labor  and  material,  dollars 470.39  402.14  116.20  960.99 

stokers,  labor  and  material,  dollars Hand  fired  Hand  fired  Hand  fired  Hand  fired 

Hours  in  service 3,717  2,361  1,136  882 

Hours  banked 8,201  7.667 

Cost  in  cents  per  boiler  hour,  boiler 4.7  12.  26  9.74  31. 90 

Cost  in  cents  per  boiler  hour,  furnace 1 2 .  68  1 7 .  00  1 0 .  29  1 09 .  00 

Cost  in  cents  per  boiler  hour,  stoker 

Roncy  Mechanical  Stokers 

Five  600-Hp.  B.  &  W.  Water-tube  Boilers                                  Year  1  Year  2  Year  3  Year  4 

Boiler  repairs,  labor  and  material,  dollars 482  85  324.41  219.11  431.39 

Furnace,  labor  and  material,  dollars 2,393  99  2,85o.93  745.86  2,538.09 

•stokers,  labor  and  material,  dollars 1,757.92  2,520.04  2,533.12  2,945.02 

Hours  in  service 31,102  33,060  :t5,474  19,665 

Hours  banked 15.971  18,944 

Cost  in  cents  per  boiler  hour,  boiler 1 .  55  0 .  98  0 .  865  2.19 

Cost  in  cents  per  boiler  hour,  furnace 7 .  69  8 .  64  2 .  93  1 2 .  90 

Cost  in  cents  per  boiler  hour,  stoker 5 .  65  7 .  63  9 .  93  1 5 .  00 

Bayonne  Chain-Grate  Stokers 

Five  600-Hp.  B.  &  W.  Water-Tube  Boilers                                Year  I  Year  2  Year  3  Year  4 

Boiler  repairs,  labor  and  material,  dollars 23 .  72  53  70  348 .  89 

Furnace,  labor  and  material,  dollars 211.00  1,780   13  1,421.16 

stokers,  labor  and  material,  dollars 39.49  3,621    17  2,716  96 

Hours  in  service 17,056  35,322  35,749 

Hours  banked 2,464  1,068 

Cost  in  cents  per  boiler  hour,  boiler 0.139  0.152  0.976 

Cost  in  cents  per  boiler  hour,  furnace 1 .  238  5 .  04  3  980 

Cost  in  cents  per  boiler  hour,  stoker 0  231  10  25  7  60 


Years 

Year  6 

331.16 

416  56 

230.07 

1.597  82 

252  48 

1.333  64 

12,124 

22,806 

4.980 

10,075 

2  78 

1.828 

1   89 

7.01 

2.08 

5  85 

Years 

Year  6 

269.78 

144  73 

691.43 

607  96 

1.849. 9S 

987  78 

14.826 

10.542 

19.340 

11,927 

1   82 

1.372 

4.66 

5.765 

12.46 

9.46 

Years 

Year  6 

1,351.32 

358  23 

2.708  80 

1. 501   97 

2.502  79 

2.558  55 

30,984 

34,068 

1,552 

9   15 

4.36 

1    52 

8  7';o 

4.42 

8.08 

7  52 
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POWiER  DRIVES  FOR 
ROLLING  MILLS 


Several  types  of  mills  are  described,  together  with 
something  regarding  the  process  in  rolling  steel 
into  various  products,  from  the  ingot  into  slabs, 
billets,  skelp,  plates  and  pipes. 

ROLLING  mills  are  generally  named  after  the 
material  produced  in  them.  Blooming  mills  come 
L.first  as  this  mill  rolls  ingots,  as  they  are  classed, 
into  blooms  or  billets,  and  all  material  rolled  in  a  steel 
mill  must  first  go  through  the  blooming  mill  to  reduce 
it  to  the  proper  size.  These  mills  are  made  two-high  re- 
versing or  three-high  running  constantly  in '  one 
direction. 

A  slabbing  mill  is  somewhat  similar  to  a  two-high 
reversing  blooming  mill  and  produces  slabs,  which  are 
afterward  rolled  into  plates.  A  billet  mill  is  generally 
of  the  continuous  type  with  rolls  in  tandem,  and  it  rolls 
material  coming  from  the  blooming  mill  into  billets  of 
suitable  size  for  the  finishing  mill.  A  plate  mill  is  either 
two-high  reversing  or  three-high  running  continuously 
in  one  direction,  and  is  used  to  roll  slabs  into  plates. 


Structural  mills  are  usually  three-high  and  are  used 
for  rolling  girders,  heavy  angles,  channels,  etc.  In  small 
mills  this  material  may  be  rolled  by  the  reversing  bloom- 
ing mill.  Merchant  mills  are  used  for  rolling  small 
angles,  channels  and  various  types  of  profiles.  They  are 
usually  three-high  with  the  finishing  stand,  sometimes 
two-high. 

Bar  mills  are  usually  three-high  and  generally  consist 
of  a  roughing  stand  and  a  separate  finishing  stand.  This 
mill  is  used  for  rolling  bars  of  various  sections  and 
sizes.  Rod  mills  are  a  special  type  of  bar  mill  and  roll 
small  sections  at  high  speed.  Rail  mills  generally  roll 
blooms  or  heavy  billets  into  rails.  The  mills  are  made 
both  two-high  and  three-high.  Sheet  mills  roll  bars 
into  sheets  of  various  gages  and  thicknesses.  These 
mills  are  always  two-high  and  generally  have  separate 
roughing  and  finishing  rolls.  Other  types  of  mills  are 
used,  such  as  wire  mills,  hoop  mills,  etc. 

A  bloom  i£  a  bar  of  metal  that  is  rolled  from  an  ingot. 
In  a  previous  article  it  was  shown  that  ingots  were 
formed  in  molds,  the  metal  for  filling  them  coming  from 
the  converter,  in  the  bessemer  process,  and  also  from  the 
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FIG.  1.     A   12-IN.  REVERSING   BLOOMING   Ml  1,1.   DKiVEN   I3Y 


I   X   i>t,-IN.   l.',(ii)0-HP.  STEAM  ENGINE 
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FIG.  2.  A  44-TN.  REVERSING  BLOOMING  MILL  AND  TRANSFER  TABLE 


openhearth  furnace.  These  ingots  are  stripped  of  the 
mold  as  soon  as  they  become  sufficiently  solidified.  If 
the  ingot  does  not  come  out  easily,  the  plunger  of  the 
stripping  machine  holds  down  the  ingot  by  hydraulic 
pressure  as  the  mold  is  drawn  upward.  Electrically 
operated  stripping  machines  are  also  used,  but  I  saw 
neither  kind  in  operation.  After  stripping  the  ingot  it  is 
cither  placed  in  a  soaking  pit  or  taken  direct  to  the 
blooming  mill,  where  it  is  rolled  into  the  required  shape. 
-  When  hot  metal  is  put  through  two  rotating  rolls,  it 
will  of  course  come  out  on  the  other  side  of  the  roll  at 
a  reduced  thickness,  the  metal  being  compressed  in  the 
process.  The  reduction  in  area  at  each  pass  will  vary 
between  5  and  50  per  cent  of  the  original.  In  making 
steel  rails  from  ingots,  say  18  in.  square,  in  22  passes, 
this  amount  of  vertical  squeeze  will  vary,  the  time  for 
the  operation  being  about  five  minutes,  the  speed  of  the 
metal  through  the  rolls  being  in  the  neighborhood  of 
ten  miles  per  hour. 

The  parts  of  a  rolling  mill  vary  according  to  the  kind 
of  mill.  Plate  and  rectangular  mills  have  flat  rolls,  but 
the  rolls  may  also  be  made  with  grooves  and  with  collars. 
Fig.  1  shows  a  42-in.  reversing  mill  at  the  main  plant  of 
the  Youngstown  Sheet  and  Tube  Co.  It  is  driven  by  a 
54  X  66-in.  12,000-hp.  engine.  By  reversing  is  meant 
that  the  direction  of  rotation  of  the  engine  and  rolls  is 
reversed  at  each  pass  of  the  metal  through  the  mill.  The 
illustration  shows  the  ingot  partly  rolled  and  also  the 
spindles  which  drive  the  rolls,  each  having  a  coupling 
at  the  end.  On  a  two-high  mill,  Fig.  2,  the  roll  table  is 
stationary.  This  table  is  fitted  with  live  rolls  for  hand- 
ling the  heavy  pieces  of  metal,  and  the  rolls  are  placed 
in  front  of  and  behind  the  roll  train.  With  a  three-high 
mill  the  tables  are  generally  raised  and  lowered  together 
by  either  hydraulically  or  electrically  operated  mechan- 
ism. In  some  cases  the  table  is  pivoted  near  the  center, 
so  that  the  end  next  to  the  rolls  can  be  tilted  upward  in 
order  to  bring  the  piece  being  rolled  between  the  guides 
that  direct  it  to  the  mill.    The  rolls  on  this  table  revolve 


and  are  driven  by  an  electric  motor  to  move  the  metal 
being  rolled  back  and  forth. 

Some  mills  are  equipped  with  a  transfer  table  that 
moves  from  one  roll  train  to  another,  carrying  the  rolled 
metal  with  it.  The  rolls  of  this  table  are  motor-driven. 
Fig.  2  shows  a  transfer  table  of  a  44-in.  reversing  bloom- 
ing mill.  The  motors  for  manipulating  the  train  rolls 
and  transfer-table  rolls  are  of  the  inclosed  mill  type,  and 
are  shown  in  both  Figs.  1  and  2. 

Fig.  3  shows  a  44-in.  reversing  blooming  mill  and 
brings  out  in  particular  the  manipulator.  This  is  moved 
sideways  across  the  table  rolls  and  is  used  to  transfer 
the  metal  being  rolled  from  one  pass  to  another.  On 
lifting  tables  fingers  are  used  to  tip  the  piece  from  one 
side  to  the  other.  This  is  done  by  lowering  the  table, 
when  the  edge  of  the  piece  of  metal  will  rest  upon  the 
finger,  and  it  is  then  tipped.  Three-high  blooming  mills 
use  this  kind  of  manipulator  to  a  large  extent,  but  on 
reversing  blooming-mill  work  the  piece  is  frequently 
tipped  by  hand  by  means  of  a  forked  tool  in  the  hands 
of  the  rollers.    .  •       . 

The  manipulator  consists  of  two  long,  heavy  steel 
plates  placed  vertically  on  edge  over  the  live  table  rollers, 
one  set, being  on  the  table  on  each  side  of  the  roll  stand. 
The  plates  .are  supported  from  independent  movable 
beams  undernieath  the  table  rollers.  These  beams  are 
carried  on  guide  collars  attached  at  the  end  to  hydraulic 
pistons,  when  that  system  is  used,  or  through  a  rack  and 
pinion  to  elect'  ic  motors  which  move  the  plates  back  and 
forth  across  the  table  rollers.  Thus  a  piece  of  steel  can 
be  held  between  the  two  guides  and  moved  across  the 
rollers  as  desired.'  ...... 

A  three-high.  110-in.  plate  mill  is  shown  in  Fig.  4. 
The  hydraulic  lifting  table  is  operated  by  means  of  a 
cylinder  placed  underneath  the  table.  A  piston  and  rod 
are  connected  by  .'means  of  a  link  and  rod  to  a  system 
of  bell  cranks,  which  moves  the  table  up  or  down  as  the 
piston  is  forced  from  one  end  of  the  cylinder  to"  the 
other.     If  the  table  is  motor-operated,  reduction  gears 
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are  used  to  connect  the  motor  to  a  crankshaft,  which,  by 
means  of  a  connecting-rod,  moves  a  bell  crank,  which  in 
turn  moves  the  table  up  and  down.  In  both  systems  the 
table  is  usually  counterweighted. 

The  largest  plate  mill  in  the  world  ^s  at  the  Lukens 
Steel  Co/s  Plant  at  Coatesville,  Penn.  It  is  a  204-in. 
mill  used  for  rolling  the  flat  circles  for  boiler  heads  and 
boiler  plates.  It  is  of  the  four-high  reversing  type  in 
which  two  working  rolls,  each  weighing  30  tons,  are 
backed  up  by  two  larger  rolls  50  in.  in  diameter  and 
weighing  60  tons  each.  The  mill  is  over  41  ft.  from  the 
bottom  of  the  housing  to  the  top  of  the  cylinder  on  top 
of  the  housing. 

Fig.  5  shows  a  46-in.  slabbing-mill  engine  and  com- 
plete equipment.  This  is  a  compact  installation  and 
gives  a  good  idea  of  the  immensity  of  the  mill,  as  com- 


the  edge  of  the  piece  even.  These  vertical  rolls  are  used 
with  two-high  and  three-high  mills,  and  with  vertical 
rolls  on  both  sides  of  the  horizontal  rolls. 

After  the  piece  has  been  rolled  to  the  desired  thick- 
ness, the  end  is  sheared  off  and  the  remainder  is  cut  up 
into  what  are  known  as  slabs  of  whatever  size  required. 
The  slabs  are  taken  to  a  heating  furnace  and  heated  to 
about  1300  deg.  C,  or  2372  deg.  F.  They  are  then  rolled 
in  either  a  three-high  mill  or  a  two-high  reversing  mill. 
At  the  last  pass  of  the  plate  through  the  rolls,  a  work- 
man throws  salt  on  the  surface  of  the  plate.  The  salt 
is  carried  into  the  rolls,  over  which  water  is  trickling, 
with  the  plate,  as  shown  in  Figs.  1  and  2.  This  water 
is  to  keep  the  rolls  cool.  When  the  water  is  pressed 
against  the  hot  plate,  it  flashes  into  steam,  which,  in 
conjunction  with  the  salt,  causes  a  series  of  small  but 


FIG.   3.     REVERSING  44-IN.  BLOOMING  MILL  WITH  THE  MANIPULATOR  IN  THE  FOREGROUND 


pared  to  the  workmen  standing  at  the  stand.  Even  with 
the  rigid  construction  of  these  mills  it  is  surprising  how 
the  stands  withstand  the  shock  and  strain.  As  a  matter 
of  fact,  the  most  serious  difficulty  encountered  in  rolling 
steel  is  the  bending  or  breaking  of  the  rolls  from  being 
placed  under  too  severe  a  strain.  This  may  be  because 
the  rolls  have  been  set  too  close  together  or  because  the 
metal  is  too  cold. 

In  rolling  plates,  the  ingot,  which  may  weigh  any- 
where from  two  to  ten  tons,  is  first  cogged  down  in  the 
slabbing  mill,  where  a  long  flat  piece  of  metal  is  pro- 
duced. This  type  of  mill  is  frequently  of  the  two-high 
stand  universal  reversing  type.  In  rolling  hot  metal 
there  is  always  some  expansion  sideways,  such  that  the 
sides  will  be  bulged.  This  deformity  is  taken  care  of 
in  what  is  termed  a  universal  mill,  by  the  arrangement 
of  an  auxiliary  set  of  vertical  rolls  so  placed  that  the 
piece  passes  through  them  just  after  leaving  the  horizon- 
tal rolls.  The  vertical  rolls  can  be  adjusted  to  any  width 
of  the  mill  and  are  given  just  enough  pressure  to  keep 


violent  explosions,  which  result  in  blowing  off  the  scale 
from  the  top  of  the  plate  and  give  it  a  smooth  surface. 

When  the  plate  nears  the  desired  thickness  a  gager 
tries  it,  and  when  it  is  of  the  right  size  it  is  passed  on 
to  a  set  of  straightening  rolls  and  then  to  the  cooling 
table.    After  cooling,  it  is  sheared  to  the  size  required. 

Some  mills  are  devoted  to  the  manufacture  of  steel 
rails  for  railroad  use.  In  this  type  the  ingot  weighs 
about  three  tons.  It  is  heated  until  it  has  a  uniform 
temperature  and  is  then  rolled  into  blooms  in  either  a 
three-high  mill  or  a  two-high  reversing  mill.  It  requires 
about  eight  passes  through  the  rolls  to  reduce  the  ingot 
to  an  8-in.  square  bloom,  the  amount  of  reduction  per 
pass  averaging  about  16  per  cent  of  the  original  area  of 
the  bloom.  After  cutting  off  the  end  to  remove  what  is 
termed  the  pipe  on  the  forward  end,  and  the  irregularity 
caused  by  the  rolls  at  the  other,  the  piece  is  cut  into  two 
blooms.  These  blooms  are  reheated  and  passed  through 
a  series  of  roll  stands,  usually  being  rolled  into  ten 
shapes,  each  one  taking  more  and  more  the  form  of  the 
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FIG.  4.     A  THREE-HIGH  110-IN.  PLATE  MILL  "WITH  HYDRAULICALi^y  OPERATED  LIFTING  TABLE 


FIG.   5.      COMPLETE  EQUIPMENT  OF  A  46-IN.   SLABBING    MILL.   ENGINE.  SHOWN  ON  THE  FAR  RIGHT  SIDS 
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finished  rail,  the  last  stand  being  the  finishing  one.  The 
rails  are  then  sawed  into  the  proper  length  and  go  to 
a  cooling  table,  after  which  they  are  straightened  and 
the  fishplate  holes  are  made. 

It  is  a  diificult  matter  for  a  visitor  to  enter  a  tube 
mill;  that  is,  a  mill  where  steel  pipes  are  made.  Most 
manufacturers  seem  to  think  it  advisable  to  surround 
the  process  with  secrecy.  I  was  fortunate,  however,  in 
going  through  the  tube  mill  of  the  Youngstown  Sheet 
and  Tube  Co,  although  no  photographs  were  taken. 

Pipes  are  made  from  skelp,  which  is  a  narrow  plate 
about  25  ft.  long,  the  width  and  thickness  of  which  are 
governed  by  the  size  of  the  pipe  to  be  made.  In  making 
large-sized  pipe,  the  skelp  is  heated  and  then  bent  up 
into  a  rough  circular  form  by  passing  it  sidewise 
.through  rolls,  so  that  the  edge  overlaps.  It  is  then 
passed  through  a  stand  of  rolls  with  the  weld  on  the 


top.  A  mandrel  mounted  on  a  long  shaft  is  inserted 
between  the  rolls,  and  as  the  mandrel  is  bullet-shaped 
on  the  head  end  and  of  the  inside  diameter  of  the  pipe, 
the  rolls  press  the  welding  edges  together  over  the  man- 
drel, and  the  pipe  passes  out  through  the  mill.  The  pipe 
is  then  straightened  and  the  ends  cut  off,  after  which 
it  is  tested  for  tightness  of  the  weld  by  hydraulic 
pressure. 

Small  sizes  of  the  lap-weld  joint  are  drawn  through 
a  bell-shaped  die,  which  welds  the  two  edges  of  the  skelp 
together  during  its  passage  through  it.  Butt-welded 
pipes  are  made  in  much  the  same  way.  The  skelp  is 
heated  to  a  welding  temperature,  and  it  is  then  drawn 
through  a  bell  die,  which  forces  the  skelp  into  a  circular 
form  and  welds  the  edges  together  without  lapping. 

{Various  other  types  of  shears  and  rolling  mMs  will 
be  taken  up  in  the  next  article.) 


Tables  for  Computing  Combustion  Data 
From  CO2  Readings 


A  FTER  obtaining  the  percentage  of  CO^  in  the  flue 
PL  gas,  from  an  Orsat  apparatus  or  a  recorder,  the 
X  JL  next  step  is  to  interpret  this  value  in  terms 
of  excess  air,  air  supplied  and  heat  loss  in  the  excess 
air.  The  accompanying  tables  have  been  prepared  to 
give  a  general  idea  of  how  these  items  change  with 
variations  in  the  CO^  readings  and  also  to  furnish  a 
ready  means  of  quick  calculation. 
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CHART   SHOWING   EFFECT   OF  HYDROGEN   IN   FUEL,   ON 
HEAT  LOSS  AS  INDICATED  BY  CO;  READINGS 


The  chart,  which  was  plotted  from  values  in  the 
tables,  is  given  to  point  out  the  effect  of  varying 
amounts  of  hydrogen  in  the  fuel.  For  example,  the 
line  AB  shows  that  an  excess  air  heat  loss  of  13  per 
cent  would  be  indicated  by  11  per  cent  CO,  with  a 
fuel  containing  8  per  cent  as  much  hydrogen  as  carbon, 
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and  by  12.3  per  cent  CO^  with  a  fuel  containing  only 
carbon.  The  line  AC  shows  that  11  per  cent  CO, 
indicates  13  per  cent  loss  when  the  hydrogen-carbon 
ratio  is  0.08  and  17  per  cent  loss  with  pure  carbon. 
The  curves  also  show  clearly  the  effect  of  a  given 
change  in  CO^  at  different  points.  A  drop  in  CO, 
from  16  to  15  per  cent  (with  pure  carbon)  represents 

TABLE  I.    PERCENTAGES  OF  EXCESS  AIR  INDICATED  BY  VARIOUS 

CO2  READINGS  FOR  DIFFERENT  RATIOS  OF  HYDROGEN 

TO  CARBON  IN  COAL 


Per 

Cent 
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6.44 
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2.02 
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7.47 
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0  30 
2.87 
5.63 
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17.5 
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16.5 
16. Q 

19.4 
22.9 
26.7 
30.6 

17.4 
20  9 
24.6 
28.4 

15.5 
18.8 
22.5 
26.2 

13.5 

16.8 
20.4 
24.0 

11.52 
14  7 
18.2 
21.8 

15.5 
15.0 
14.5 
14.0 

34.8 
39.3 
44.1 
49.3 

32.5 
36.9 
41.6 
46.7 

30.2 
34.6 
39.2 
44.2 

28.0 
32.2 
36.7 
41.6 

25.7 
29.8 
34.2 
39.0 

13.5 
13.0 
12.5 
12.0 

54.8 
60.8 
67.2 
74.2 

52.1 
58.0 
64.3 
71.1 

49.4 
55.2 
61.4 
68.1 

46.8 
52.4 

58.4 
65.0 

44.0 
49.6 
55.5 
61   9 

11.5 
11. 0 
10.5 
10.0 

81.7 
90  0 
99.0 
109.0 

78.5 
86.6 
95.4 
105.2 

75.3 
83.2 
91.9 
101.5 

72.1 

79.9 
88.3 
97.7 

68.8 
76.5 
84.8 
94.0 

9.5 

9.0 

8.5 
8  0 

170.0 
132.2 
146. 
161. 

116.0 
128.0 
141. 
156. 

112.0 
123.8 
137. 
152. 

108.1 
119.5 
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115.3 
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7  5 
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294 
338 
392 
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an  increase  of  only  about  2  per  cent  in  the  heat  loss, 
while  a  drop  from  6  to  5  per  cent  COj  represents  a 
heat-loss  increase  of  about   13  per  cent. 

In  computing  the  tables,  it  was  assumed  that  the 
combustion  of  the  carbon  and  the  hydrogen  was  com- 
plete, and  further  that  the  effect  of  sulphur  or  other 
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TABLE  II.    AIR  PER  POUND  OF  COMBUSTIBLE  BY  WEroHT  AND  BY  VOLUME  AT  70  DEG.  F.  AND  14.7  LB.  PEE 

SQ.IN.  WITH  VARIOUS  PERCENTAGES  OF  COj 


—  =  0.02 


=  0.04 


Per  Cent 
COj 

. Pure  Carbon . 

Weight,         Volume, 
Lb.               Cu.Ft. 

C 
Weight, 
Lb. 

Volume, 
Cu.Ft.    . 

C 
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Cu.Ft. 

20.9 
20.5 
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16.97 
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212  0 
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16.20 
16  74 
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17.93 
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239  4 

13.5 
13.0 
12.5 
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18.52 

19  26 

20  06 
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247  3 
257.1 
267.9 

18.22 
18.93 
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20  50 

243.2 
252  7 
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273  7 

18.59 

19  31 

20  07 
20  91 

248.2 
257.8 
267.9 
279.2 

11.5 
11.0 
10.5 
10.0 

20  94 

21  89 

22  93 
24.08 
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292.2 
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321  4 

21  38 

22  36 

23  41 

24  59 

285  4 
298  5 
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328  3 

21.80 
22.80 
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25.06 
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33'*.6 

9.5 
9  0 
8  5 
8  0 
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26  75 
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30.10 
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345  5 
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410  3 
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393.4 
418  0 

7.5 

7.0 
6.5 
6.0 

32.10 
34.40 
37.04 
40.13 

428.6 
459.2 
494.5 
535.7 

32  77 
35   11 
37  80 
40  94 

437  5 
468  7 
504.6 
546  6 

33  39 

35.76 
38  50 
41   70 

445.8 
477.4 
514.0 
556.7 

5.5 
5.0 
4.5 
4.0 

43.78 
48.15 
53.50 
60.19 

584.4 
642.9 
714.3 
803.6 

44  66 
49.13 
54.57 
61.39 

596.2 
655.9 
728.5 
819.6 

45  49 
50.02 
55.56 
62.50 

607.3 
667.8 
741.7 
834.4 

H 

c" 

Veight, 
Lb. 

=  0.06 

Volume, 
Cu.Ft. 

13.16 
13.50 

13  86 

14  J4 

175  7 

180  2 
185  0 
190   1 

14  64 
15.06 

15  53 

16  00 

195  4 
201.1 
207  3 
213  6 

16  51 

17  05 

17  64 

18  27 

220  4 
227  6 
235  5 
243.9 

18.93 
19.66 
20.44 
21.29 

252.7 
262  5 
272  9 
284.2 

22.19 
23  20 
24.29 
25.50 

296.2 
309  7 
324  3 

340.4 

26.84 

28  32 

29  98 
31.85 

358  3 
378   1 
400.2 
425.2 

33.96 
36.37 
39.15 
42.40 

453  4 
485.5 
522  7 
566  0 

46  24 
50.85 
56.47 
63.52 

617.3 
678.9 
753.9 
848.0 

0.08 

Voinmn, 
Cu-Ft. 

Per  Cent 
COt 
20  9 
20.5 
20  0 

13  40 

13  74 

14  11 

14  49 

178  9 
183  4 
188.4 
193.4 

19.5 
19  0 
18.5 
18  0 

14  90 

15  33 

15  80 

16  28 

198.9 
204.7 
210  9 
217  3 

17  5 
17  0 
16.5 
16  0 

16  79 

17  35 

17  93 

18  57 

224  2 
231   6 
239  4 
247  9 

15  5 
15  0 
14  5 

14.0 

19  24 

19  99 

20  77 

21  64 

256  9 
266  9 
277  3 
288  9 

13  5 
13.0 
12  5 
12  0 

22  56 

23  58 

24  68 

25  91 

301   2 
314  8 
329  5 
345  9 

115 
11   0 
10  5 
10  0 

27  26 

28  76 
30  45 
32  34 

363  9 
384  0 
406  5 

431   7 

9.5 
9  0 
8.5 
8  0 

34.48 
36  92 
39.74 
43  03 

460  3 
492  9 
330  5 
574.5 

7.5 

7.0 
6.5 
6.0 

46  93 
51.60 
57.30 
64.44 

626.5 
688.9 
765.0 
860.3 

4.0 

TABLE  III— HEAT  LOST  TO  STACK  IN  EXCESS  AIR  PER  POUND  OF  COMBUSTIBLE  FOR  EACH  1,000  DEG.  F. 

EXCESS  OF  GLUE-GAS  TEMPERATURE  ABOVE  BOILER-ROOM  TEMPERATURE 

Values  given  in  B.t.u.  and  in  Percentage  of  Heat  Available  in  the  Combustible 


Per  Cent 
COj 

—  Pure  Carbon  — 
B.t.u.         Per  Cent 

H 
B.t.u. 

0.02 
Per  Cent 

H 
B.t.u. 

0.04 
Per  Cent 

H 
B.tu. 

0.06 

Per  Cent 

B 

—  a 

c 

B.tu. 

0.08 

Percent 

Per  Cent 
COt 

20.9 
20.5 
20.0 

0 
54 
124 

0 
0.37 
0.85 

••••9 
81 

6;66 

0.52 

■35 

6.21 

20.9 
20  5 
20  0 

19.5 
19  0 
18  5 
18.0 

199 
277 
359 
445 

1.36 
1.89 
2.46 
3.05 

157 

236 
321 
408 

1.01 
1.52 
2.06 
2.63 

M2 
192 
278 
367 

0.68 
1.17 

1.69 
2.22 

63 
144 
231 
322 

0.36 
0.83 
1.33 
1.84 

10 

92 

181 

272 

0.05 
0.50 
0.98 
1  48 

19  5 
19  0 
18  5 
18  0 

17.5 
17.0 
16  5 
16  0 

537 
634 
737 
847 

3.68 
4.34 
5  05 
5  80 

501 
600 
707 
817 

3.22 
3.86 
4.55 
5.25 

462 
562 
671 
783 

2.80 
3  41 
4.07 
4.74 

418 
520 
630 
744 

2.39 
2.98 
3  61 
4.26 

369 
473 
585 
700 

2  01 

2  57 

3  18 
3.80 

17  5 

17  0 
16  5 
16  0 

15  5 
15  0 
14  5 
14  0 

963 
1,087 
1,220 
1.363 

6  59 

7  45 
8.36 
9  33 

935 
1,062 
1,197 
1,343 

6  01 
6.83 

7  70 

8.64 

903 
1,032 
1,170 
1,319 

5  47 

6  25 
7.09 

7  99 

866 

997 

1,137 

1,288 

4  97 
5.72 
6.52 
7.39 

824 

956 

1,098 

1,251 

4  48 

5  20 

5  97 

6  80 

15  5 

15.0 
14  5 
14  0 

13  5 
13  0 
12  5 
12  0 

1,516 
1,680 
1,858 
2.050 

10  38 

11  51 
12.73 
14.1 

1,498 
1,668 
1.848 
2,045 

9  64 

10  73 

11  89 
13   15 

1,476 
1,648 
1,832 
2,033 

8.95 
9.99 
11.10 
12.32 

1,448 
1.623 
1,809 
2,012 

8  30 

9  30 

10  37 

11  54 

1,411 
1,591 
1,779 
1,986 

7.67 

8  65 

9  68 
10  80 

13  5 
13  0 
12  5 
12  0 

11.5 
MO 
10  5 
10.0 

2.260 
2,489 
2,738 
3,013 

15  4 

17  0 

18  8 
20  6 

2.256 
2,490 
2,744 
3,026 

14.5 
16.0 
17.6 
19.5 

2,248 
2,486 
2,744 
3,030 

13  62 
15.1 
16.6 
18.4 

2,231 
2,472 
2,734 
3,025 

12  79 
14  2 
15.7 
17.3 

2,207 
2.452 
2,717 
3,012 

12.00 
13.33 
14.8 
16  4 

11   5 
110 
10  5 
10.0 

9.5 
9.0 
8.5 
8.0 

3,318 
3,656 
4,034 
4,459 

22  7 
25  0 
27.6 
30  5 

3,336 
3,679 
4,065 
4,499 

21   5 
23  7 
26  1 
28.9 

3,345 
3,695 
4,088 
4,529 

20.3 
22.4 
24.8 
27.4 

3,345 
3.700 
4,099 
4.547 

19.2 
21.2 
23.5 
26.1 

3,336 
3,697 
4,100 
4,555 

18  1 
20  1 
22  3 
24.8 

9.5 
9  0 
8  5 
8  0 

7.5 
7.0 
6.5 
6.0 

4,940 
5,490 
6,126 
6.866 

33  8 
37.6 
41.9 
47.0 

4,989 
5,550 
6,195 
6,950 

32   1 
35  7 
39.8 
44.7 

5,028 
5,598 
6,255 
7,023 

30.5 
33.9 
37.9 
42.6 

5,054 
5,633 
6,299 
7,079 

29  0 
32.3 
36.1 
40.6 

5,068 
5,655 
6,330 
7,121 

27  6 
30.8 
34.4 
38.7 

7  5 

7.0 
6.5 
6.0 

5.5 

5.0 

4.5 
4.0 

7,742 
8,793 
10,077 
11,682 

53  0 
60.2 
69.0 
80.0 

7,844 
8,914 
10,221 
11,859 

50.5 
57.3 

65.7 
76  3 

7,932 

9,021 

10,351 

12,017 

48.1 
54.7 

62.7 
72.8 

8,002 

9,10 

10,458 

12,149 

45.9 
52.2 
60.0 
69.7 

8,056 

9,177 

10,545 

12.259 

43.8 
49.9 
57.3 

66.7 

5  5 

5.0 
4  5 
4.0 

impurities  might  be  neglected.  It  was  also  assumed 
that  the  percentage  of  carbon,  hydrogen  and  oxygen 
in  the  coal  was  known,  as  well  as  the  CO,  reading. 
Table  I  gives  the  percentages  of  excess  air  indicated 
by  the  various  CO.,  readings  for  ratios  of  net  hy- 
drogen to  carbon  in  the  coal  of  0.02,  0.04,  0.06  and 


0.08.  By  net  hydrogen  is  meant  that  part  of  the 
hydrogen  in  the  coal  which  must  be  supplied  with 
oxygen  from  the  air.  Each  pound  of  oxygon  in  the 
coal  has  combined  with,  or  will  combine  with,  one- 
eighth  of  a  pound  of  hydrogen.  Therefore,  the  oxygen 
already   in   the   coal   will  take   care   of   une-eighth   of 
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its  own  weight  of  hydrogen,  and  the  remainder  of 
the  hydrogen  in  the  coal  is  that  which  has  been  de- 
signated   as    net    hydrogen. 

Table  No.  II  shows  the  weight  of  air  and  the  volume 
of  air  per  pound  of  combustible,  the  volume  being 
measured  at  70  deg.  and  14.7  lb.  per  sq.in.  absolute, 
or  atmospheric  pressure.  By  combustible  is  meant  here 
the  weight  of  carbon  plus  the  weight  of  net  hydrogen. 
In  this  table,  as  before,  the  percentage  of  CO^  is 
the  argument,  and  the  weight  and  volume  respectively 
of  air  per  pound  of  combustible  are  given  for  the 
same  ratios  of  net  hydrogen  to  carbon  as  are  used  in 
Table  I. 

Table  III  gives  the  heat  loss  due  to  excess  air  in 
B.t.u.  per  pound  of  combustible  and  in  percentage 
of  the  heat  supplied  for  each  1,000  deg.  of  difference 
between  the  flue-gas  temperature  and  that  of  the  boiler 
room.  It  is  to  be  noted  that  Table  II  gives  the  total 
air  supplied  per  pound  of  combustible,  not  simply  the 
excess,  while  Table  III  gives  the  heat  loss  to  the  stack 
in  the  excess  air  and  not  in  the  total  air  supplied. 
The  values  are  given  in  this  particular  way  as  this 
seems  to  be  the  most  convenient  for  general  use. 

As  an  example  of  the  use  of  the  tables  assume  a 
coal  containing  75  per  cent  carbon,  5.5  per  cent  hy- 
drogen and  10  per  cent  oxygen  and  that  the  flue  gas 
is  .  at  a  temperature  640  deg.  F.  above  boiler-room 
temperature  and  contains  11  per  cent  CO,.  The  weight 
of  hydrogen  per  pound  of  coal  is  then  0.055  lb.,  and 
since  the  weight  of  oxygen  is  0.10  lb.,  the  weight  of 

net  hydrogen  will  be  0.055  —  ~  ,  or  0.0425  lb.     The 
ratio    of    net    hydrogen    to    carbon    therefore    will    be 


,  or  0.0567.     This  value  is  close  enough  to  0.06 


0.0425 
0.75 

so  that  we  are  justified  in  using  that  column  in  the 
tables. 

Referring  to  Table  I,  under  hydrogen-to-carbon-ratio 
0.06  at  11  per  cent  CO.,  we  find  the  percentage  of 
excess  air  as  79.9.  In  Table  II  in  the  corresponding 
column  on  the  corresponding  line  we  find  there  were 
actually  supplied  23.21  lb.,  or  309.9  cu.  ft.,  of  air  for 
each  pound  of  combustible.  From  Table  III  the  excess 
air  heat  loss  would  be  2,474  B.t.u.,  or  14.2  per  cent  of  the 
heat  in  the  combustible  if  the  flue  gas  temperature  were 
1,000  deg.  F.  above  that  of  the  boiler  room. 

In  each  pound  of  coal  the  combustible  is  0.75  + 
0.0567,  or  0.8067,  or  nearly  0.807  lb.  The  weight  of 
air,  the  volume  of  air  and  the  heat  lost  to  the  stack 
in  B.t.u.  for  each  pound  of  combustible  would  be  multi- 
plied by  this  value  to  get  the  corresponding  value  per 
pound  of  coal.  Further,  the  heat  loss  in  B.t.u.  per 
pound  of  coal  and  in  percentage  should  be  multiplied 
by  one  one-thousandth  of  the  temperature  rise.  It 
should  be  noted  that  the  fraction  of  combustible  in 
the  coal  is  not  to  be  used  with  the  percentage  of 
excess  air  or  the  percentage  of  heat  lost  in  the  ex- 
cess air,  since  these  values  are  ratios  and  have  already 
taken  account  of  the  percentage  of  combustible.  To 
sum  up,  then,  the  conaition  assumed  shows  that  we 
have  79.9  per  cent  excess  air,  that  we  have  supplied 
23.21  X  0.807  ==  18.76  lb.  of  air  per  pound  of  coal, 
309.9  X  0.807  =  250  cu.ft.  of  air  per  pound  of  coal, 
that  2,474  X  0.807  X  0.640  =  1,278  B.t.u.  per  pound 
of  coal  has  been  lost  to  the  stack  in  the  excess  air, 
and  finally  that  this  loss  is  14.2  X  0.640  =  9.09 
per  cent  of  the  available  heat. 


This  table  brings  out  very  clearly  the  necessity  of 
keeping  down  the  amount  of  excess  air  to  the  lowest 
practical  value,  but  it  does  not  show  the  danger  in 
reducing  the  excess  air  until  there  may  be  incomplete 
combustion  of  a  part  of  the  carbon.  In  trying  for  a 
high  CO,  reading  with  its  accompanying  reduction  of 
losses  due  to  excess  air,  it  must  be  remembered  that 
the  incomplete  combustion  of  even  a  small  amount  of 
carbon  will  more  than  wipe  out  the  saving  due  to 
the  decreased  air  supply.  In  connection  with  CO,,  re- 
cording apparatus,  then,  some  method  of  indicating  the 
presence  of  CO  should  be  provided. 

Adjustment  of  Valve-Timing  Mechanism 

By  E.  E.  Snow 

In  gas  and  oil  engines  it  is  customary  to  have  the 
valve  pushrod  provided  with  right-  and  left-hand 
threaded  ends.  To  obtain  adjustment  of  the  valve 
timing,   it   is   necessary  to   stop  the   engine,   open   the 


FIG.  1.      COLLAR  ON  PUSHROD  ASSISTS  IN  CORRECT 
TIMING  OF  INTERNAL-COMBUSTION  ENGINE 


crankcase  and  loosen  the  locknut  at  the  lower  end  of  the 
rod  before  the  rod  length  can  be  altered.  The  conse- 
quence is  that  the  valve  timing  of  the  engine  is  always 
secured  when  the  engine  is  cold.  Owing  to  the  varia- 
tion in  length  of  rod  when  cold  and  when  warmed  up, 
the  timing  as  made  when  cold  is  never  maintained. 
There  is  always  some  wear  and  backlash  to  distort  the 
valve  timing. 

To  allow  the  valves  to  be  timed  while  the  engine  is 
running,  an  enterprising  engineer  made  collars  or 
sleeves,  as  shown  in  the  sketch.  The  valve  pushrod  is 
cut  in  two  pieces  and  grooves  made  in  the  ends  in- 
closed by  the  collar.  Two  setscrews  are  fitted  into  the 
grooves,  preventing  looseness. 

To  adjust  the  timing,  the  locknut  at  the  upper  end  of 
the  rod  is  slackened  oflf,  the  setscrew  is  loosened  and 
the  rod  turned;  this  shortens  or  lengthens  the  rod  as 
the  case  may  be.  As  soon  as  the  engineer  has  secured 
the  valve  "lead"  desired,  the  locknut  is  tightened  and 
the  setscrew  adjusted.  This  is  a  practical  idea  and  is  of 
immense  service  where  the  engine  is  of  the  vertical 
type. 
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was     in    connection    with    fuel 


ROBERT  H.  FER- 
.  NALD,  Professor 
in  Charge  of  the  De- 
partment of  Mechani- 
cal Engineering  at  the 
University  of  Pennsyl- 
vania, has  given  to  the 
engineering  world  a 
life  of  service.  The 
greater  part  of  his  life 
has  been  devoted  to 
teaching,  but  probably 
the  most  important 
work  done  by  him 
investigation. 

He  was  born  Dec.  19,  1871,  in  Orono,  Maine,  and  was 
graduated  from  the  Mechanical  Engineering  Depart- 
ment of  the  Maine  State  College  (now  the  University  of 
Maine)  in  1892.  At  that  time  his  father,  'Merritt  C. 
Fernald  was  president  of  the  college.  After  a  year  spent 
in  further  study  at  the  Massachusetts  Institute  of  Tech- 
nology, he  went  to  the  Case  School  of  Applied  Science 
in  Cleveland  as  an  instructor,  later  becoming  an  assist- 
ant professor.  In  1902  he  was  made  Professor  of  Me- 
chanical Engineering  at  Washington  University,  St. 
Louis,  Mo.  While  there  he  began  his  connection  with 
the  Technologic  Branch  of  the  United  States  Geological 
Survey.  This  connection  resulted  in  some  very  im- 
portant work  with  reference  to  the  question  of  fuels. 
In  1907  he  returned  to  the  Case  School  as  head  of  the 
Department  of  Mechanical  Engineering  and  in  1912  took 
his  present  position  at 
the  University  of 
Pennsylvania  as  Pro- 
fessor of  Dynamical 
Engineering.  In  the 
fall  of  1908  Professor 
Fernald,  who  had  been 
actively  interested  in 
the  analyzation  and 
testing  of  mineral 
fuels  as  carried  on 
by  the  United  States 
Geological  Survey,  in- 
cluding trials  of  coal, 
lignite  and  peat  in  gas 
producers,  was  sent 
on  a  trip  of  inspection 
to  those  European 
countries  where  gas 
producers  and  gas  en- 
gines were  in  more 
extensive  use  than  in 
the  United  States  to 
visit  the  plants  that 
had  been  most  suc- 
cessful in  utilizing 
fuels  of  poor  quality. 
Plants  in  ten  Euro- 
pean countries  were 
visited  during  a  two 
months*  journey.  A 
detailed  study  of  all 
the  plants  visited  was 


A  Brief  Biographical  Sketch  Outlining  His 
Early  Life  and  His  Research  Work  for  the  Aid 
and  Advancement  of  Engineering  Science,  In- 
cluding Important  Experimental  Work  and  Test- 
ing of  Mineral  Fuels  in  Gas  Producer  Plants  and 
in  Steam-Boiler  Furnaces  in  the  United  States 
and  Europe  for  the  United  States  Geological 
Survey  and  the  Bureau  of  Mines. 


impossible  owing  to  the 
limited  time  available, 
but  Professor  Fernald 
obtained  knowledge  of 
some  interesting  fea- 
tures of  European  prac- 
tice which  differ  from 
those  of  this  countrj' 
"and  collected  interest- 
ing data  concerning  va- 
rious grades  of  fuel 
(particularly  low-grade 
fuel)  in  use  and  the  re- 
sults obtained.  Prior  to  his  trip  to  Europe  Professor  Fer- 
nald had  been  interested  in  the  testing  work  of  the  United 
rtates  Geological  Survey  in  this  country,  the  object  being 
to  find  out  in  what  ways  the  mineral  fuels  of  the  United 
States  could  be  utilized  most  efficiently,  and  by  what 
means  deposits  of  low-grade  fuel  that  were  lying  unde- 
veloped or  were  being  wasted  could  be  made  of  imme- 
diate or  prospective  importance  as  assets  of  the  mineral 
wealth  of  the  nation.  This  work  was  started  in  1904 
in  St.  Louis  and  continued  under  the  direction  of  the 
Survey  until  1910,  when  all  fuel-testing  work  was  trans- 
ferred by  an  act  of  Congress  to  the  Bureau  of  Mines. 

Mines  throughout  the  country  were  requested  to  con- 
tribute two  carloads  of  coal  each,  one  to  be  burned  un- 
der a  boiler,  the  steam  to  be  used  in  a  steam  engine,  and 
the  other  load  to  be  burned  in  a  gas  producer  and  the 
gas  to  be  burned  in  a  gas  engine.  The  services  of  Pro- 
fessor Breckenridge,  now  of  Yale  University,  were  se- 
cured to  take  charge 
of    the    steam    tests, 
and     Professor    Fer- 
nald,   who    was    then 
at  the  University  of 
Washington,  assumed 
the    responsibility   of 
the  gas-producer  tests. 
The  results  of  these 
investigations     is     a 
surprising       develop- 
ment  in   the   use   of 
low-grade  fuels  in  gas- 
producer    plants    and 
steam-boiler  furnaces. 
Professor      Fernald's 
activities  were  by  no 
meant,  confined  to  the 
university    and     fuel 
investigations.     As  a 
side  line  he  performed 
considerable     consult- 
ing-engineering  serv- 
ice, and  in  Cleveland. 
Ohio,  as  a  consulting 
engineer  he  worked  on 
the  street-car  ventila- 
tor   acceptance    tests. 
He    is    the    co-author 
with  George  A.  Orrok 
of  a  book  on  "Engi- 
neering     of      Power 
Plants"  and  of  a  num- 
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ber  of  reports  and  bulletins  on  the  conservation  of 
the  fuel  resources  in  the  United  States  and  Europe, 
written  for  the  Geological  Survey  between  1905  and 
1910  and  for  the  Bureau  of  Mines  since  that  time. 

Professor  Fernald  is  a  vice  president  of  the  American 
Society  of  Mechanical  Engineers,  and  was  a  member  of 
the  Gas  Power  Section  in  1911  and  the  Philadelphia  Sec- 
tion from  1915  to  1916.  He  is  also  a  member  of  the  So- 
ciety for  the  Promotion  of  Engineering  Education,  the 
American  Society  for  Testing  Materials,  the  Franklin 
Institute,  the  Philadelphia  Chamber  of  Commerce,  Sigma 
Xi,  Phi  Kappa  Phi  and  the  Engineers'  Club. 


New  Wayne  Gravity  Oil  Filter 

The  illustration  shows  the  details  of  an  oil  filter 
manufactured  by  the  Wayne  Oil  Tank,  and  Pump  Co.,  of 
Fort  Wayne,  Ind.  The  filter  is  adapted  to  handle  con- 
tinuously large  volumes  of  oil  in  which  quantities  of 


NEW  WAYNE  GRAVITY  FILTER 

free  and  entrained  water  and  the  usual  sediment  are 
contained.  The  water  and  much  of  the  sediment  are 
removed  by  a  tray  system,  in  a  precipitation  compart- 
ment, so  that  the  work  of  the  filtering  medium  is  re- 
duced. Operation  of  the  new  filter,  which  is  of  the 
gravity  type,  is  as  follows:  Dirty  oil  enters  the  filter 
cabinet  through  a  brass-wire  screen,  passes  to  the  heat- 
ing compartment,  thence  through  the  precipitating 
chamber,  and  from  there  to  the  filter  units,  from  which 
it  enters  the  clean-oil  compartment. 

Coarse  impurities  are  removed  from  the  dirty  oil  as 
it  enters  the  filter  by  means  of  the  brass  screen.  The 
oil  then  passes  downward  and  thence  laterally  over  the 
heating  coils,  which  raises  its  temperature  to  180  deg.  F. 


It  then  passes  through  a  precipitation  chamber  filled 
with  shallow  trays  arranged  in  multiple  to  give  large 
area  and  a  comparatively  long  period  of  time  for  a 
given  volume  of  oil  to  pass,  and  permits  much  of  the 
impurities  contained  in  the  oil  to  be  deposited  on  the 
tray.  Most  of  the  water  contained  in  the  dirty  oil  is 
separated  from  it  as  it  passes  over  the  heating  coils 
and  descends  to  the  bottom  of  the  dirty-oil  tank.  The 
rest  settles  from  the  oil  in  its  travel  over  the  precipita- 
tion trays,  an  outlet  connecting  each  tray  to  the  bottom 
of  the  dirty-oil  chamber.  For  the  removal  of  this  water 
a  sealed  automatic  overflow  is  provided. 

From  the  precipitation  chamber  the  oil  passes  through 
the  filter-unit  header,  on  which  are  mounted  two  or  more 
cloth  filter  units  which  remove  the  slime  and  impurities 
that  have  not  already  been  precipitated.  The  filter 
cloth  is  made  up  in  the  form  of  a  conical  tube  4  in.  in 
diameter  at  one  end  and  15  in.  at  the  other.  The  small 
end  of  the  tube  is  banded  to  the  center  post  of  the  con- 
tainer basket  and  the  body  of  the  tube  is  made  up  into 
vertical  sections  by  drawing  it  back  and  forth  over  a 
series  of  cqncentric  cylinders  made  of  galvanized  wire 
screens  and  of  uniform  length,  each  cylinder  being 
larger  in  diameter  than  the  preceding  one.  The  cloth 
tube  is  banded  to  the  inside  of  the  shell  of  the  container 
basket,  which  has  a  leaktight  cover  held  on  by  screws. 

Oil  rises  through  the  central  tube  of  the  basket  and 
passes  downward  between  the  cylinders  and  horizontally 
through  the  filtering  cloth.  All  dirt  taken  from  the  oil 
is  retained  in  the  cloth  until  it  is  removed  for  cleaning. 
Both  the  filter  post  and  the  basket  are  provided  with 
valves,  the  stems  of  which  engage  when  the  unit  is  in 
place,  allowing  a  free  passage  of  oil  and  the  automatic 
closing  of  the  valves  when  the  unit  is  removed  for 
cleaning.  The  entire  unit  is  placed  in  an  open-top 
receptacle  which  allows  it  to  be  immersed  in  oil,  thereby 
maintaining  a  constant  head  over  its  whole  surface.  The 
flow  of  the  oil  to  any  particular  filtering  unit  may  be 
shut  off  if  desired  by  means  of  an  angle  valve  at  the 
front  and  exterior  to  the  cabinet,  so  that  if  the  flow  of 
oil  to  the  filter  is  slow,  one  or  more  sections  may  be  held 
in  reserve. 

Cleaning  may  be  done  without  removing  the  oil.  The 
precipitation  trays  are  cleaned  in  place  one  at  a  time 
with  hose  and  water.  The  dirt  on  the  tray  passes  to 
the  bottom  of  the  dirty-oil  compartment,  from  which  it 
is  conducted  to  the  sewer. 

To  clean  the  cloth  filter  units,  they  may  be  lifted  from 
their  supporting  receptacles,  as  there  are  no  connec- 
tions to  break.  The  dirt  is  deposited  on  the  inside  of 
the  units.  This  type  of  filter  is  built  for  capacities 
ranging  from  2  to  600  gal.  per  hour. 


A  xesolution  was  recently  introduced  in  Congress 
providing  for  an  appropriation  of  $250,000  to  be 
used  to  investigate  the  possibilities  of  a  suitable  substi- 
tute for  gasoline.  This  money  was  to  be  used  by  the 
Bureau  of  Chemistry  of  the  Department  of  Agriculture. 
The  scarcity  of  gasoline  and  the  threatened  exhaustion 
of  this  indispensable  fuel  in  the  near  future  is  causing 
much  concern. 


The  "Africa,"  announced  to  be  the  largest  Diesel- 
engine  driven  ship  in  the  world,  has  been  launched  at 
Copenhagen.  This  vessel  has  a  displacement  of  14,000 
tons,  her  engines  develop  4,500  hp.,  and  all  the  auxil- 
iaries are  electrically  driven. 
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The  Federated 
American  Engineers 

JUNE  third  and  fourth  were  epoch-making  days  in  the 
history  of  American  Engineering.  On  those  dates 
one  hundred  and  twenty-three  representatives  of  sixty- 
one  engineering  societies  met  at  Washington  and  insti- 
tuted an  organization  through  which  the  united  engineer- 
ing talent  of  the  country  can  function  for  t?ie  service 
of  the  public  and  the  progress  of  the  profession. 

The  meeting  resulted  in  a  federation  of  existing 
societies  along  the  lines  laid  out  by  the  Joint  Conference 
Committee  of  the  Four  Founder  Societies  rather  than  in 
the  founding  of  a  new  national  organization  of  individ- 
ual members.  One  may  become  a  part  of  it  only  as  a 
member  of  one  of  its  constituent  societies.  Any  society  of 
the  engineering  or  allied  professions  the  chief  object  of 
which  is  the  advancement  of  the  knowledge  and  prac- 
tice of  engineering  or  the  application  of  the  allied 
sciences,  which  is  not  organized  for  commercial  pur- 
poses and  which  has  at  least  one  hundred  members,  is 
eligible  for  membership.  The  constituent  societies  elect 
representatives  to  the  American  Engineering  Council, 
which  will  meet  annually.  An  executive  board  is  pro- 
vided, consisting  of  the  six  elected  officers  of  the 
National  Council  and  twenty-four  members  selected  by 
the  group  of  National  societies  and  the  group  of  state, 
regional  and  local  societies  in  the  ratio  of  the  com- 
bined representation  in  the  National  Council  of  the  na- 
tional societies  on  the  one  hand  and  of  the  state,  re- 
gional and  local  societies  on  the  other. 

The  Executive  Board  appoints  an  executive  officer, 
who  serves  both  the  National  Council  and  the  Board  as 
secretary.  A  chart  of  the  organization  will  be  found  on 
page  979,  and  an  account  of  the  organizing  conference 
on  page  978.  The  present  Engineering  Council  is 
charged  with  arranging  for  the  first  convention  of  the 
new  National  Council  and  the  launching  of  the  federa- 
tion. 

The  stage  is  now  set,  the  program  prepared  in  which 
the  engineer  is  to  take  a  larger  part.  Not  a  more  active 
part,  for  his  has  always  been  the  working  role,  but  more 
prominence  given  to  his  part.  Less  work  behind  the 
scenes  and  in  the  supporting  cast  and  more  of  the  head- 
lines. The  engineer  has  been  trained  and  used  to  think 
and  do  rather  than  talk.  He  has  been  content  to  be  the 
servant  of  the  administrator  at  a  price.  The  work  of 
many  departments  of  the  public  is  done  by  engineers  of 
whom  nobody  ever  hears,  under  the  management  of 
political  appointees  whose  pictures  and  utterances  fill 
the  public  prints.  The  problems  of  the  Government  are 
largely  engineering,  but  one  must  search  far  for  mem- 
bers of  the  profession  in  the  lists  of  state  and  national 
legislators.  The  engineer  has  now  become  possessed  of 
a  sense  of  class  consciousness,  and  through  more  assert- 
iveness  upon  his  part  and  the  cultivation  of  a  keener 
appreciation  on  the  part  of  the  public  of  the  part  which 
he  is  playing,  hopes  to  win  a  more  commanding  position. 

And  this  can  be  done  both  for  the  individual  and  the 
profession  by  organization  and  co-operation.    It  is  hoped 


that  there  will  soon  be  in  every  important  community  a 
society  of  engineers  that  will  bring  the  united  engineer- 
ing thought  and  experience  of  its  members  to  bear  upon 
local  problems  in  which  engineering  is  involved.  This 
will  furnish  the  avenue  for  the  engineer  to  obtain 
recognition  in  his  own  city  and  encourage  and  incite  his 
interest  in  public  affairs.  The  strong,  gifted  and 
dominant  men  in  the  local  societies  will  be  sent  as  repre- 
sentatives to  the  National  Council  and  become  involved 
in  the  wider  and  larger  problems  of  the  country  and  of 
the  profession,  while  the  activities  of  the  Federated 
American  Societies  will  result  in  real  service  to  the  pub- 
lic, earning  recognition  for  the  profession  and  for  the 
individuals  who  have  contributed  of  their  time  and 
talent  to  its  accomplishment. 

The  success  of  the  new  organization  will  depend  upon 
the  interest  that  is  taken  in  it  by  the  rank  and  file.  A 
select  body  of  higher  lights  appointed  to  a  council  in 
which  the  ordinarj'  member  feels  that  he  has  as  little  a 
part  as  he  has  in  Congress,  and  then  forgotten,  will  have 
little  chance.  They  must  be  backed  by  a  large  and 
sympathetic  constituency  and  with  means  proportionate 
to  the  dignity  of  the  profession  that  they  represent.  It 
is  to  be  hoped  that  every  society,  club  and  organization 
eligible  to  join  the  federation  will  do  so,  and  that  every 
engineer  by  joining  such  a  club  or  society  will  become 
identified  with  the.  Federated  American  Societies  and 
take  an  active  part  in  the  work  which  they  are  trying 
to  accomplish. 

Boiler  and  Stoker  Definitions 

HE  WHO  undertakes  to  write  a  definition  invites 
trouble.  For  a  long  time  the  current  definitions  of 
a  valve  would  have  applied  equally  well  to  a  door.  Lord 
Kelvin,  asked  to  define  entropy,  replied  that  it  was  a 
poor  name  for  it. 

A  conference  committee  of  the  American  Boiler 
Manufacturers'  Association  and  the  S-toker  Manufac- 
tiirers'  Association  has  evolved  a  series  of  definitions 
of  terms  employed  by  their  member  companies.  These 
are  printed  on  page  984.  A  boiler  is  defined  as  a  metal 
vessel,  capable  of  withstanding  pressure  and  serving  the 
purpose  of  transmitting  heat,  usually  produced  by  the 
combustion  of  fuel,  to  a  liquid  contained  in  the  vessel. 
This  is  equally  applicable  to  heaters,  economizers, 
evaporators  and  stills.  The  elliptical  clause,  "usually 
produced  by  the  combustion  of  fuel,"  seems  to  be 
redundant,  for  't  does  not  make  the  definitio.i  any  less 
inclusive,  and  it  is  difficult  if  not  impossible  to  conceive 
of  a  case  in  which  the  heal  applied  to  a  boiler  of  any 
sort  is  not  directly  or  indirectly  so  produced. 

The  furnace  arch  is  designed  or  intended  to  "aid  com- 
bustion," but  if  the  proposed  definition  holds  there  are 
some  furnace  arches  that  fall  outside  of  its  literal 
interpretation. 

Draft  is  defined  as  "a  difference  in  pressure,  due  to  a 
difference  in  gas  density,  which  tends  to  cause  a  flow 
of -gas  from  the  region  of  higher  pressure  to  that  of 
lower  pressure,"  but  induced  draft  and  forced  draft  are 
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defined  as  draft  "produced  by  mechanical  means."  It 
would  seem  that  the  definition  of  the  general  term 
would  not  be  too  inclusive  if  the  portion  in  italics  were 
elided,  and  the  idea  of  the  production  of  flow  or  pres- 
sure by  difference  in  density  be  incorporated  with  the 
definition  of  natural  draft,  in  which  case  this  difference 
is  due  to  temperature  difference  and  not  to  the  pressure, 
of  which  a  comprehensive  interpretation  of  the  defini- 
tion as  proposed  would  require  it  to  be  considered  the 
cause. 

The  Dawn  of  a  New  Day 

WHEN  in  opening  the  forty-third  convention  of  the 
National  Electric  Light  Association  at  Pasadena, 
California,  President  Russell  H.  Ballard  said  that  "the 
kind  of  public  ownership  that  brings  results  is  owner- 
ship by  the  public  at  large  in  the  stocks  and  bonds  of 
their  local  regulated  utility  companies,"  he  very  clearly 
indicated  what  promises  to  be  the  solution  of  the  ques- 
tion of  publicly  owned  versus  privately  ovraed  public 
utilities.  We  have  passed  through  an  era  of  privately 
owned  unregulated  utilities,  and  the  outcome  was  not  a 
very  successful  one.  Municipally  owned  utilities  have 
been  tried  and  with  few  exceptions  have  been  found 
wanting.  Past  experiences  with  government  regulated 
utilities,  owned  by  a  comparatively  few  stockholders  also 
have  their  shortcomings.  It  has  been  definitely  demon- 
strated that  improper  regulation  is  as  bad  as,  if  not 
worse  than,  no  regulation. 

In  th*;  operation  of  every  public  utility  there  are  three 
interests  to  be  served — the  public,  the  financial  and  the 
utility  itself.  Past  experience  has  shown  that  it  is 
poor  business  to  serve  one  of  these  at  the  expense  of 
the  others.  Only  when  all  three  get  a  square  deal  can 
success  be  assured.  One  of  the  best  ways  to  bring  about 
a  common  interest  is  local  financing.  Of  course  this 
makes  it  more  imperative  than  ever  before  that  the 
utilities  be  intelligently  regulated.  Such  an  arrange- 
ment forms,  as  Mr.  Ballard  has  expressed  it,  "a  partner- 
ship which  leads  to  complete  understanding  and  co- 
operative effort  in  development  and  retains  in  the 
management  and  operation  of  the  utilities  those  trained 
by  long  experience  to  perform  the  task." 

How  Much  Coal  Have  You  ? 

HOW  serious  is  the  coal  shortage  situation?  Is  it 
as  bad  as  common  talk  says  it  is?  Is  it  worse? 
Who  knows? 

These  are  the  (}uestions  the  Geological  Survey  will 
soon  try  to  ansv/er.  The  Director  has  a  list  of  coal  con- 
sumers to  whom  a  questionnaire  will  be  mailed.  The 
purpose  is  to  arrive  at  the  approximate  truth  about  coal 
stock,  available  coal  on  hand  at  the  consumers'  plants 
and  storage  piles.  Doubtless  some  good  use  can  be 
made  of  the  information  after  it  is  compiled.  Con- 
sumers can  help  considerably  by  sending  in  the 
answered  questionnaire  without  delay. 

Just  what  real  good  will  be  accomplished  we  do  not 
know.  What  will  be  done  about  it  if  the  inventory 
shows  much  or  little  on  hand  we  have  not  been  told.  If 
it  can  be  made  to  produce  more  coal,  transport  coal 
faster  and  in  greater  volume  for  domestic  (American) 
use,  then  by  all  means  spend  the  money  necessary  to 
find  out  how  much  is  in  stock.  But  will  this  be 
accomplished?  Conditions  do  not  seem  to  warrant 
encouragement  that  it  will. 


We  believe  Europe  should  have  every  ounce  of  coal 
it  needs.  We  believe  America  should  be  generous  in 
exporting  the  much-needed  fuel  to  those  in  the  war- 
stricken,  famine-ravished  lands  abroad.  But  all  this  pro- 
vided we  do  not  ourselves  get  into  a  serious  economic 
condition  in  trying  to  relieve  Europe.  How  much  coal, 
the  best  of  America's  best  coal,  can  we  afford,  can  we 
dare,  to  let  go  to  Europe?  Who  knows?  Who  is  trying 
to  find  out?  No  one,  as  far  as  we  can  learn.  The  Geo- 
logical Survey  issues,  periodically,  statements  telling 
how  much  coal  was  exported  in  a  given  interval.  But 
if  it  told  that  ninety  per  cent  of  that  mined  in  the  same 
interval  had  gone,  it  could  not  do  more  than  that — just 
tell  about  it.  Neither  the  Geological  Survey  nor  any 
other  government  agency  has  any  authority  to  say  how 
much  of  our  total  may  or  may  not  go. 

The  United  States  of  America  is  today  bidding 
against  Europe  for  the  coal  of  the  United  States  of 
America.  The  seacoast  coal  piers  are  working  as  they 
never  in  all  their  history  worked — to  load  ships  bound 
for  Europe. 

American  railroads  may  be  taking  considerably  more 
coal  than  necessary  for  current  and  ordinary  storage 
use.  There  is  likely  a  shortage  of  coal  cars.  Let  some- 
thing be  done  about  all  of  these;  but  begin  now  to 
determine  how  seriously  we  are  to  be  affected  if  coal 
continues  to  Europe  in  unrestricted  flow. 

Waterpower  Bill 
on  the  Rocks 

JUST  when  the  country's  rejoicing  over  the  passage 
of  the  water  power  bill  by  both  Houses  was  at  its 
highest,  news  came  that  President  Wilson,  by  failure 
to  sign  it  before  Congress  adjourned,  vetoed  the  meas- 
ure. The  passage  of  the  bill  by  both  Houses  is  the 
climax  to  twenty  years  of  effort  to  get  the  measure 
through  Congress. 

The  nearest  to  an  official  statement  that  comes  from 
Washington  was  made  informally  by  Secretary  Tumulty, 
who  announced  that  Secretary  Payne  of  the  Interior 
Department  was  vigorously  opposed  to  the  bill.  Later, 
Mr.  Tumulty  said  that  the  President  had  received  this 
measure  and  others  too  late  to  permit  of  final  considera- 
tion and  favorable  action  in  view  of  a  serious  difference 
of  opinion  rvhich  had  developed. 

The  bill  went  to  the  President  in  the  middle  of  the 
week  of  the  adjournment  of  Congress,  and  Congress 
adjourned  Saturday,  June  fifth.  On  the  Thursday  pre- 
ceding it  was  referred  to  the  Secretaries  of  War,  In- 
terior and  Agriculture,  who,  under  the  terms  of  the 
bill,  were  to  have  constituted  a  Federal  power  commis- 
sion. All  three  secretaries  reported  to  the  President 
before  Saturday,  June  fifth.  Mr.  Tumulty's  statement 
clearly  implies  that  the  Secretary  of  the  Interior  recom- 
mended against  the  bill.  But  the  latter  was  not  alone. 
Barely  a  week  before  passage  of  the  bill,  as  late  as 
the  time  of  the  conference  report  to  the  Senate,  Senators 
Lenroot,  King  and  Norris  pointed  out  objectionable 
features.  Secretary  Payne  is  known  to  be  opposed  to 
the  bill  on  the  ground  that  it  endangers  the  beauties  of 
national  parks  and  reservations.  The  Senators  men- 
tioned seem  afraid  of  the  power  the  bill  vests  in  the 
committee  it  creates.  With  the  pocket  veto  a  reality, 
the  whole  subject  begins  anew. 

With  the  information  now  at  hand  and  upon  which  to 
base  opinion,  it  seems  unfortunate  that  the  President 
failed  to  sign  the  bill. 
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A  Transformer-Loss  Eliminator 

There  are  doubtless  many  plants  that  do  not  oper- 
ate continuously,  but  which  are  of  such  size  as  to 
warrant  disconnecting  the  main  transformers  so  as 
to  eliminate  the  dissipation  of  current  as  transformer 
losses,  even  though  a  small  amount  of  current  may  be 
needed  at  all  times.  In  order  to  accomplish  this  re- 
sult I  once  used  the  method  described  and  illustrated 
herewith  while  at  an  electrically  driven  pumping  station. 
The  service  required  was  that  of  operating  at  full 
capacity  for  about  one-half  hour  once  during  each  24 
hours  and  also  that  of  a  stand-by  plant  subject  to  full 
load  at  from  one  to  two  minutes'  notice. 

The  size  of  the  plant  and  the  rate  per  kilowatt-hour 
ran  the  transformer  energizing  losses  up  to  about  ten 
dollars  per  day.  Therefore  the  220-volt  service,  as 
shown  by  the  sketch,  was  installed  to  reduce  this  loss 
charge  to  a  minimum. 

The  potential  supplied  at  the  disconnecting  switches 
was  5,700-volt,  3-phase,  which  was  transformed  to  2,200 
volts,  at  which  voltage  over  90  per  cent  of  the  power 
was  supplied  directly  to  the  main  motors,  only  a  small 
quantity  being  further  transformed  to  220  volts  for 
operating  several  small  motors,  lighting  service,  re- 
mote control,  etc.  During  non-pumping  periods  the 
only  current  needed  was  for  operating  one  7i-hp.  motor 
and  a  few  hundred  watts  of  lighting  load.  This  plant 
operated  with  this  "economizer"  in  use  about  23  hours 
a  day  for  over  18  months,  thereby  paying  for  the  ef- 
fort of  its  installation  many  times. 

The  auxiliary  220-volt  service  was  installed  without 
any  additional  3xpense,  as  there  happened  to  be  a  1\- 
and  a  5-kw.  transformer,  also  a  three-pole,  300-ampere, 
single-throw  switch  at  the  plant  which  were  not  in  use. 
To  this  switch  was  added  a  set  of  about  60-ampere 
home-made  clips  to  make  it  double-throw.  The  switch 
was  then  mounted  on  an  oak  plank,  painted  black  to 
correspond  with  the  slate  panelc.  This  plank  made  a 
good  220-volt  mounting.  The  labor  for  making  up  this 
layout  should  not  be  cahea  a  charge,  as  the  men  had 
to  be  on  duty  anyway. 

The  only  switch  operating  necessary  to  put  this 
economizer  in  service  was  to  throw  the  220-volt  double- 
throw  switch  from  the  75-kw^  feed  side  to  the  auxiliary 
feed  side  and  open  any  two  of  the  5,700-volt  discon- 
necting switches  and  vice  versa. 

It  was  suggested  by  one  of  the  electricians  who 
worked  on  the  installation  that  the  double-throw  switch 
be  dispensed  with  and  that  the  auxiliary  transformer 
secondaries  be  connected  to  the  220-volt  bus  at  all 
times,  thus  allowing  the  small  transformers  to  float  on 


the  line  and  take  their  share  of  the  whole  load  with 
the  main  transformers. 

The  impossibility  of  doing  this  was  proved  by  tiial 
fcr  his  interest,  as  it  blew  the  one-ampere,  5,700-\olt 
fuses,  this  of  course  being  caused  by  the  phase-angu- 
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larity  displacement  due  to  the  double  transformation 
of  the  main  service  and  the  single  transformation  of 
the  auxiliary  supply. 

The  5,700-volt  fuse  blocks  used  were  made  from  \  x 
1  X  7-in.  fiber  and  two  1-in.  stove  bolts  with  double 
nuts  anu  washers.  These  fuses  were  suspended  by 
the  feed  wires  near  the  transformers  and  had  no  rigid 
support.  R.  W.  Harvey. 

Kingston,  1\.  Y. 
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Induction-Motor  Trouble  and 
How  It  Was  Remedied 

Quite  often  difficulties  reported  as  being  experienced 
with  new  apparatus  furnished  by  electrical  manufac- 
turers and  installed  by  customers  themselves,  prove 
upon  investigation  not  to  have  been  caused  by  defects; 
and  improper  performance  or  no  performance  at  all  is 
due  entirely  to  the  incorrect  installation  or  wiring  up  of 
the  apparatus. 

Many  such  instances  have  come  to  the  writer's  atten- 
tion during  several  years   of   road  work,   and   one   in- 
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WIRING    DIAGRAM    OF    COMPENSATOR    AND    TWO-PHASE 
MOTOR,  "A2"  AND  "B2"  LEADS  CROSSED 

stance  in  particular  comes  to  mind  which  shows  how 
easily  the  customer  can  be  led  to  believe  that  he  has 
received  a  defective  piece  of  apparatus. 

In  this  case  the  customer  had  purchased  two  motor- 
generator  sets  for  operating  elevators  and  furnishing 
power  for  a  number  of  motors  in  an  office  building. 
The  motors  were  440-volt  two-phase  60-cycle  squirrel- 
cage  machines  directly  connected  on  a  common  bed- 
plate to  250-volt  direct-current  generators  of  the  inter- 
pole  type.  The  usual  auto-starter,  with  overload  relay 
and  no-voltage  release,  was  supplied  for  starting,  which 
makes  about  the  most  simple  class  of  installation  that 
a  Wireman  has  to  contend  with. 

A  few  days  after  the  apparatus  arrived  at  its  desti- 
nation, the  district  office  of  the  manufacturer  received 
a  telegram  from  the  customer  saying  that  one  of  the 
motors  was  incorrectly  wound  and  would  not  run;  and 
requested  that  an  engineer  be  sent  immediately  fo  in- 
vestigate the  trouble.  The  detail  to  leave  on  the  first 
train  fell  to  my  lot. 

Within  about  five  minutes  after  reaching  the  job  it 
was  discovered  that  the  rnan  who  wired  up  the  motor 
had  connected  one  of  the  A  phase  leads  from  the  auto- 
starter  to  a  .B  phase  terminal  on  the  motor,  and  vice 
ver.'^a,  as  shown  in  the  figure.  The  two-phase  motor 
had  two  sepai-ate  non-interconnected  windings  and  it 
was  therefore  impossible  to  get  any  response  from  the 
motor  connected  as  in  the  diagram.  As  is  obvious  from 
the  figure,  all  that  was  necessary  to  correct  this  trouble 
was  to  interchange  the  leads  connected  to  the  terminals 
A2  and  B2  on  the  motor.     After  doing  so,  the  motor 


was  found  to  start  up  and  carry  its  load  in  an  entirely 
satisfactory  manner.  This  simple  error  compelled  me 
to  take  a  28-hour  ride  on  a  railway  train,  when  the 
wiremen  who  installed  the  work  could  have  discovered 
the  trouble  if  they  had  taken  the  time  to  check  their 
work.  K.  A.  Reed. 

New  York  City. 

Truing  a  Bent  Crankshaft  on  a 
Cross-Compound  Engine 

The  electric  company  of  our  city  has  as  part  of  its 
equipment  a  cross-compound  engine,  which  is  used 
only  when  the  load  is  unusually  heavy  or  in  case  of 
emergency. 

Such  was  the  case  not  long  ago,  and  the  engine  was 
started,  but  something  happened  on  the  low-pressure 
side  (probably  water  entered  the  cylinder),  and  the 
engine  came  to  a  sudden  stop  and  in  so  doing  bent  the 
crankshaft,  which  was  10  ft.  long,  10  in.  in  diameter 
between  the  bearings  and  8  in.  at  the  bearings.  It 
carries  a  30-ft.  diameter  by  4-ft.  rim  flywheel.  The 
engine  was  badly  needed  and  it  was  a  case  of  getting 
a  new  shaft,  which  would  take  a  long  time,  or  making 
repairs  on  the  damaged  one.  To  straighten  it  was  out 
of  the  question. 

The  damage  was  repaired  as  follows :  As  the  shaft 
was  bent  in  the  bearing,  I  removed  the  crank  disc 
and  put  in  a  temporary  bearing  between  the  flywheel 
and  the  bent  end.  The  quarter  boxes  were  then 
removed,  leaving  the  shaft  to  run  in  the  temporary 
bearing.  Next,  a  tool  for  turning  off  the  bent  part 
was  rigged  up;  the  cross-rail  of  a  small  planer  was 
strapped  to  the  engine  bed  about  as  shown  in  the 
illustration.  The  engine  was  then  started,  running 
from  the  high-pressure  cylinder,  and  the  bearing  part 


PLANER  CROSSHEAD  WAS  USED  TO  TRUE  BENT 
CRANKSHAFT 

of  the  shaft  was  turned  until  it  was  true.  Next,  the 
outer  end  was  turned  for  the  crank  disc  until  it  was 
likewise  true.  The  quarter  boxes  were  then  rebab- 
bitted  to  fit  the  smaller  diameter  of  the  crankshaft, 
after  which  a  sleeve  was  machined  to  fit  on  the  end  of 
shaft  in  order  that  the  crank  disc  could  again  be 
pressed  on. 

This  completed  the  work,  which  was  entirely  satis- 
factory as  to  cost  and  time.  The  job  required  80 
hoars  for  one  man  from  the  shop;  the  electric  com- 
pany furnishing  helpers  from  its  regular  operating 
crew.  11.  E.  Larsen. 

Janesville,  Wis. 
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A  Proposed  Improvement  in  the 
Steam-Engine  Cycle 

The  diagram  represents  a  device  to  save  the  latent 
heat  in  the  exhaust  from  a  steam  engine.  The  present 
system  of  producing  power  in  steam  plants  is  notori- 
ously vi^asteful,  principally  on  account  of  the  great 
amount  of  heat  thrown  away  in  the  exhaust  steam. 

The  boiler  shown  diagrammatically  has  no  unusual 
features  except  a  baffle  or  partition  A  in  the  steam  space 
and  a  connection  B  to  the  water  space.  Steam  is  supplied 
to  the  engine  in  the  usual  way,  but  the  exhaust  is  de- 
livered to  the  exhaust  steam  receiver  instead  of  to  the 
atmosphere  or  a  condenser.  A  Le  Blanc  hurling-water 
pump  takes  the  steam  from  this  receiver,  compresses  it 
and  delivers  it  to  the  boiler,  drawing  its  circulating 
water  from  the  boiler  itself.  This  circulating  water, 
being  drawn  from  the  boiler  and  delivered  back  to  the 
boiler,  represents  no  gain  or  loss,  except  that  due  to 
radiation  and  friction  in  passing  through  the  pump, 
which  may  be  reduced  to  a  negligible  amount. 

The  value  of  the  device  lies  in  the  return  of  the  ex- 
haust steam  to  the  boiler  in  practically  the  same  condi- 
tion as  when  exhausted  from  the  engine.  Thus  the  heat 
usually  carried  away  in  the  cooling  water  is  returned  to 
the  boiler.  The  idea  that  exhaust  steam  must  be  con- 
densed before  being  returned  to  the  boiler  is  so  general 
that  everybody  accepts  it  as  a  necessary  evil.  There  is, 
however,  nothing  impossible  in  pumping  steam  instead 
of  water  by  the  use  of  hurJing-water  pumps  similar  to 
the  Le  Blanc.  Alfred  Cochran. 

New  York  City. 

[Mr.  Cochran's  scheme  is  in  violation  of  the  funda- 
mental thermodynamic  principle  that  some  heat  must  be 
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rejected  by  any  heat  engine  unless  it  can  expand  its 
working  fluid  down  to  a  temperature  of  absolute  zero. 
Keeping  in  mind  that  the  value  of  this  device  is  that  all 
or  practically  all  the  heat  in  the  exhaust  steam  is  re- 
turned to  the  boiler,  its  success  depends  on  the  amount 
of  work  necessary  to  compress  the  steam  from  exhaust 
pressure  and  quality  to  boiler  conditions.  If  both  the 
engine  and  compressor  could  operate  without  gain  of 
heat  from,  or  loss  of  heat  to,  outside  bodies,  the  power 
required  by  the  latter  would  be  just  equal  to  that  de- 
veloped by  the  former.  The  actual  engine,  however,  will 
develop  less  power  than  the  ideal  non-conducting  engine, 
while  the  hurling-water  pum^p  will  require  more  power 


than  a  theoretical  compressor.  In  other  words,  if  the 
engine  is  to  do  more  work  than  the  compressor  requires, 
the  exhaust  steam  must  be  reduced  in  volume  before 
being  compres.sed.  The  only  way  to  reduce  the  volume 
at  constant  pressure  is  to  reject  heat.  Therefore,  the 
rejection  of  heat  is  necessary  for  the  production  of 
power  by  a  heat  engine. — Editor.] 

Starting  a  Frequency  Changer 

We  have  a  2,300-volt  60-cycle,  13,200-volt  25-cycle 
1,500-kva.  frequency-changer  set  which  has  always 
given  trouble  in  starting.     There  is  a  100-kw.  125-volt 
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direct-current  motor  on  the  shaft  for  starting  pur- 
poses, and  this  motor  is  connected  to  the  exciter  bus, 
but  the  necessary  starting  torque  is  so  large  that  it 
requires  practically  the  entire  exciter  capacity  of  the 
station  to  start  the  frequency  changer,  and  if  started 
at  any  time  except  when  the  station  load  is  low  it 
would  cause  an  interruption  to  service.  For  this  rea- 
son the  frequency  changer  was  shut  down  only  when 
absolutely  necessary;  during  one  period  it  ran  contin- 
uously for  nearly  nine  months.  However,  it  became 
desirable  to  shut  dovvm  the  set  every  night,  and  in 
order  to  prevent  interruptions  to  service,  the  following 
method  of  starting  was  adopted: 

The  leads  from  the  25-cycle  side  of  the  frequency 
changer  are  connected  to  :he  bus  at  a  point  close  to 
the  leads  of  a  2,000-kw.  25-cycle  turbo-alternator,  the 
distance  between  the  disconnecting  switches  of  the  two 
machines  being  about  three  feet.  When  the  frequency 
changer  is  to  be  started,  the  alternator  is  shut  down, 
if  running,  the  disconnecting  switches  of  the  two  ma- 
chines are  then  opened  and  jumpers,  as  indicated  by 
the  dotted  lines  in  the  figure,  are  lun  between  the 
machine  sides  of  these  switches,  which  is  a  simple 
matter  as  they  are  close  together.  The  oil  switches  are 
then  closed,  both  machines  excited,  and  steam  admitted 
to  the  turbine  of  the  alternator.  Since  the  machines 
are  electrically  tied  together,  they  come  up  to  speed 
together  and  the  frequency  changer  is  synchronized 
on  the  60-cycle  bus,  afte»-  which  the  oil  switches  on  the 
25-cycle  side  are  opened  and  the  disconnects  closed. 
The  jumpers  between  the  disconnects  of  the  25-cycle 
alternator  and  the  frequency  changer  are  left  on  except 
when  work  is  being  done  on  one  of  the  oil  switches, 
since  these  jumpers  do  not  interfere  with  the  normal 
operation  of  the  machines. 

Allentown,  Pa.  E.  W.  Middleton. 
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Three  Power-Plant  Leaks  That 
Waste  Coal 

As  near  as  I  can  deduce,  George  H.  Smith,  on  page 
627  of  the  April  20  issue,  figured  correctly,  but  why  is 
he  feeding  water  into  his  boilers  at  120  deg.  and  at  the 
same  time  allowing  steam  traps  to  blow  the  quivalent  of 
good  coal  away?  Why  does  he  not  carry  the  trap  re- 
turns back  to  the  boilers  so  that  the  loss  will  balance 
itself  to  a  great  degree  ? 

I  recollect  the  instance  of  a  plant  that  was  operated 
by  a  new  chief  engineer.  The  traps  were  of  an  ancient 
type  and  more  or  less  leaky.  The  chief  figured  the  losses 
and  decided  that  new  traps  would  be  a  good  investment. 
He  specified  and  received  modern  traps,  but  the  saving 
failed  to  materialize,  as  the  traps  all  discharged  into  a 
common  line  and  returned  to  a  feed-water  tank.  The 
temperature  of  the  water  in  this  tank  never  reached 
the  boiling  point,  therefore  no  steam  was  actually  lost, 
and  of  course  no  fuel  was  saved  by  the  installation  of 
the  new  traps. 

His  failure  to  make  a  saving  put  the  new  chief  in  a 
poor  light,  and  a  breach  opened  between  his  employer 
and  himself  which  finally  terminated  in  his  resignation. 
He  figured  correctly,  provided  the  returns  from  the  old 
traps  had  been  thrown  away. 

I  believe  that  it  is  a  wise  practice  to  use  a  small  trap 
where  it  is  possible,  and  to  let  it  dump  often  on  the 
maximum    demand    so    as   to    decrease    the    chance    of 

leakage. 

My  experience  has  convinced  me  that  insulating 
material  is  the  best-paying  investment  of  any  one  thing 
about  the  steam  plant.  C.  W.  PETERS. 

New  York  City. 

Ampere-Turns  in  Field  Coils 

In  a  direct-current  motor  the  field  strength  depends 
on  the  number  of  ampere-turns.  By  increasing  the 
number  of  turns  in  the  field  coils  the  current  may  be 
reduced  indefinitely  without  reducing  the  degree  of 
saturation. 

Now  then,  the  statement  has  been  made  that 
"theoretically  no  current  is  required  for  exciting  the 
fields  of  a  direct-current  motor."  Is  this  assumption 
correct  or  not?  EDWIN  C.  HUTH. 

Cincinnati,  Ohio. 

[Taking  a  given  coil  with  a  fixed  voltage  E  applied  to 

it,  the  ampere-turns  IT  =  — — j '  where  L  equals 

the  mean  length  of  one  turn  in  inches.  Now  if  the  cir- 
cular mils  are  halved  and  we  assume  that  the  mean 
length  L  of  one  turn  remains  constant,  then  the  voltage 
E  will  have  to  be  doubled  to  maintain  the  ampere-turns 
constant.  Therefore,  the  product  of  the  volts  and  am- 
peres— that  is,  the  watts — ^will  be  the  same  in  both  cases. 
This  is  what  is  wrong  with  the  foregoing  assumption. 
It  is  ba.sed  on  current  only  and  not  on  watts,  the  product 
of  volts  and  amperes.  Although  the  current  necessary 
to  produce  a  given  number  of  ampere-turns  in  a  coil  of 
fixed  dimensions  may  be  reduced  in  direct  proportion 
to  the  reduction  in  circular-mil  cross-sectional  area  of 
the  copper,  the  voltage  must  be  increased  proportion- 
ately to  set  up  the  current  through  the  coil,  consequently 
the  watts  remain  constant.  Whether  the  coil  has  100 
turns  with  1  ampere  and  100  volts  applied  or  10,000 
turns  with  0.01  ampere  and  10,000  volts  applied,  the 


result  is  100  ampere-turns  and  100  watts  in  either  case. 
3ince  in  a  given  motor  the  voltage  E  is  fixed  by  the 
circuit  it  is  designed  to  operate  on,  the  size  of  the  wire 
in  the  field  coils  to  produce  a  given  number  of  ampere- 
turns  is  also  fixed  by  the  winding  space,  the  watts  that 
the  coil  will  dissipate  without  excessive  heating,  etc. 
The  effect  of  insulation  has  been  neglected  in  the  fore- 
going. 

Considering  the  question  from,  a  purely  theo- 
retical standpoint,  if  the  cross-section  of  the  wire  in 
he  coil  and  the  applied  voltage  are  held  constant  and 
;he  number  of  turns  increased,  the  current  will  be,  if 
he  mean  length  of  one  turn  could  be  held  constant, 
reduced  in  direct  proportion  to  the  number  of  turns. 
But  even  if  this  was  carried  to  infinity,  the  current 
would  not  be  zero.  Furthermore,  the  resistance  of  the 
coil  increases  faster  than  the  number  of  turns  on  ac- 
count of  the  length  of  the  mean  turn  increasing  with 
the  size  of  the  coil.  In  addition  the  coil  would  soon 
reach  such  proportions  that  the  outside  ampere-turns 
would  have  very  little  or  no  effect  upon  the  core  in  the 
center  of  the  coil. — Editor.] 

Prolonging  the  Life  of 
Condenser  Tubes 

In  Power  for  April  13,  1920,  page  588,  Julian  N. 
Walton  states  that  the  use  of  metallic  packing  on  con- 
denser tubes  is  advantageous  because  it  bonds  the  tube 
electrically  to  the  tube  sheet,  and  thereby  prevents  elec- 
trochemical decomposition  of  the  tubes.  I  believe  that 
Mr.  Walton  is  wrong  in  this  matter. 

If  we  immerse  two  electrodes  in  a  suitable  electroljrte, 
there  will  be  no  galvanic  action  if  the  electrodes  are  not 
electrically  connected  outside  the  solution.  As  soon  as 
an  outside  connection  is  established,  galvanic  action  will 
begin. 

If,  therefore,  it  were  true,  as  Mr.  Walton  states,  that 
fiber  and  fabric  packings  insulate  the  tubes  from  the 
tube  sheets,  these  should  be  an  ideal  preventive  of  gal- 
vanic action.  But  such  packings  do  not  insulate  the 
tubes,  because  there  is  direct  metallic  contact  between 
the  tubes  and  the  tube  sheet,  and  also  a  metallic  con- 
nection through  the  ferrule,  which  is  often  in  contact 
with  the  tube. 

By  the  same  token,  Mr.  Walton's  metallic  packing, 
being  presumably  a  good  conductor,  could  do  nothing  to 
reduce  electrolysis,  although  it  would  probably  not  make 
matters  any  worse  than  they  are. 

Detroit,  Mich.  C.  HAROLD  Berry. 

Proposed  National  Engineer's 
License  Law 

Mr.  Peters,  on  page  434  of  the  March  16  issue,  sug- 
gests that  when  his  proposed  National  license  law  goes 
into  effect,  engineers  be  given  a  special  license  without 
examination. 

Why  should  not  engineers  holding  first-  and  second- 
class  licenses  be  given  the  same  license  they  now  hold? 
A  man  who  obtains  a  first-  or  second-class  license  per- 
mitting him  to  operate  in  Massachusetts  is  capable  of 
running  a  plant  in  Ohio  or  any  other  state.  Then,  under 
a  National  law,  when  a  man  wants  to  change  his  position 
from  one  state  to  another,  it  will  not  be  necessary  to 
pass  another  examination.  H.  A.   Blandford. 

North  Adams,  Mass. 
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-. ,  inquiries 

Tot  general 

interest 


Grease   More   Dangerous  to   Burning   New   Boilers — Are 

new  boiler  tubes  more  likely  to  be  burned  from  deposit  of  oil 
or  grease  than  old  ones  ?  G.  T. 

It  has  been  found  that  clean  new  flues  and  other  heating 
surfaces  are  more  affected  by  oil  than  old  surfaces,  espe- 
cially where  the  latter  are  coated  with  an  appreciable 
amount  of  scale.  Many  cases  of  burning  of  new  boilers 
have  been  known  where  the  thickness  of  the  oil  or  grease 
coating  has  probably  been  less  than  one-thousandth  of 
an  inch. 


Advantages  of  Multi-Pump  Valves — Why  are  the  water 
ends  of  steam  pumps  provided  with  a  number  of  valves  in 
place  of  a  single  large  valve  for  each  suction  and  discharge 
chamber?  C.  T. 

A  number  of  valves  are  not  likely  to  be  seated  absolutely 
at  the  same  time,  and  less  shock  is  thereby  imparted  to  the 
valve  deck  than  when  one  large  and  heavy  valve  comes  down 
on  its  seat.  In  addition  to  the.  advantage  of  smoother  oper- 
ation, several  smaller  valves  are  easier  to  construct,  replace 
and  repair  than  a  single  large  valve  of  the  same  capacity. 


Providing  Against  Pitting  o  Boiler — What  steps  should 
be  taken  if  a  boiler  plate  is  found  to  be  pitted?         J.  B. 

When  pitting  is  discovered,  it  should  be  determined  by 
competent  inspection  whether  the  corrosion  sufficiently 
endangers  the  safety  of  the  boiler  to  require  renewal  of  the 
plate,  or  the  highest  working  pressure  that  can  be  carried 
with  safety.  When  use  of  the  boiler  is  to  be  continued, 
such  inspections  and  determinations  should  be  made  at 
frequent  intervals,  and  to  arrest  the  pitting  the  feed  water 
should  receive  suitable  treatment  for  neutralizing  the  cor- 
rosive action  of  the  impurities,  as  revealed  by  chemical 
analysis. 


Designations  of  Boiler-Feed  Waters — What  proportion  of 
scale-forming  substances  is  allowable  for  good  boiler-feed 
water?  R.  E. 

The  term  "good"  as  applied  to  feed  waters  is  only  relative. 
The  following  designations  are  generally  used,  based  on  the 
number  of  grains  of  scale-forming  ingredients  per  gallon  of 
the  feed  water: 

Less  than  8  gr.  per  gal. — Very  good. 

From  8  to  12  gr.  per  gal. — Good. 

From  12  to  15  gr.  per  gal. — Fair. 

From  15  to  20  gr.  per  gal. — Poor. 
When  there  is  over  20  gr.  of  scale-forming  materials  to  the 
gallon,  the  water  should  not  be  used  unless  first  purified. 


Material  for  Reinforcing  Concrete — Cannot  old  hoisting 
cable  be  used  to  good  advantage  for  reinforcing  a  concrete 
foundation  for  an  engine  and  direct-connected  generator? 

W.  A.  T. 

Reinforcing  material  for  concrete  is  principally  of  value 
in  resistance  of  initial  tensile  and  shearing  stresses,  for 
which  purpose  wire  cable  would  be  of  little  advantage  in 
prevention  of  cracks  or  for  maintaining  the  solidity  of  a 
foundation.  Cable  would  be  useful  mainly  for  preventing 
sections  of  the  concrete  from  falling  apart  after  fracture 
had  occurred  and,  for  that  purpose  might  be  useful  for 
incorporation  in  concrete  work  where  pennanent  monolithic 
construction  is  not  imperative. 


Vacuum  Referred  to  Standard  30  Barometer — What  is 
the  vacuum  referred  to  a  30-in.  barometer  if  the  height  of 
a  mercury  vacuum  gage  is  26.5  in.  with  a  temperature  of 
80  deg.  F.  and  the  actual  barometer  reading  is  29.3  in.  and 
temperature  60  deg.  F.?  W.  L.  G. 

Standard  barometric  pressure  for  comparison  is  usually 
taken  as  30  in.  for  32  deg.  F.  Allowing  0.0001  for  the 
cviefficient  of  expansion  of  mercury  per  degree  F.  of  tem- 
perature, the  reading  of  the  vacuum  gage  corrected  to  the 
standard  temperature  would  be 

26.5   [1-0.0001(80-32)]    =   24.37  in. 
and  for  the  barometer 

29.3   [1-0.0001(60-32)]    =   29.21 
Hence  the  absolute  pressure   in  inches   of  mercury  at  the 
temperature  of  32  deg.  F.  would  be  29.21-24.37  =   4.84  in., 
and  the  vacuum  referred  to  30  in.  barometer  at  32  deg.  F. 
would  be  30-4.84  -  25.16  in. 


Size  of  Pipe  Line  and  Power  for  Pumping — What  size 
of  iron  pipe  line  1,200  ft.  long  would  be  suitable  for  de- 
livery of  15  gal.  of  water  per  minuts  at  30-lb.  pressure, 
pumped  from  a  lake  to  an  elevation  of  85  ft?  What  would 
be  the  pressure  on  the  pump  from  the  line  when  not  run- 
ning, if  the  pump  is  placed  5  ft.  above  the  lake,  and  what 
should  be  the  horsepower  of  a  motor  for  operation  of 
the  pump?  W.  P.  0. 

With  the  discharge  end  of  the  line  open  to  atmospheric 
pressure  and  the  line  filled  with  water,  the  static,  or  stand- 
ing, pressure  in  the  pipe  at  the  pump  would  be  (85  —  5) 
X   0.433  =  34.6  lb.  per  sq.in. 

Pumpage  at  the  rate  of  15  gal.  per  minute  with  a  total 
lift  of  85  ft.  and  discharge  pressure  of  30  lb.  per  sq.in., 
without    allowance    for    power    to    overcome    pipe    friction, 

[30    +    (85    X    0.433)]    15    X    231 

would   require PTTr^^r^rT; =    about 

^  12   X    33,000 

0.6  net  or  water  horsepower,  and  with  a  pump  efficiency 
of  50  per  cent,  the  required  power  would  be  0.6  -f-  0.50  = 
1.2  hp.,  neglecting  pipe  friction.  For  discharging  15  gal. 
per  minute  through  1,200  ft.  of  smooth,  clean  IJ-in.  iron 
or  steel  pipe,  the  pressure  required  for  overcoming  fric- 
tion would  be  about  42  lb.  per  sq.in.;  for  1^-in.  pipe,  about 
15  lb.  per  sq.in.;  and  for  2-in.  pipe,  about  6  lb.  per  sq.in. 
With  50  per  cent  pump  efficiency,  each  pound  pressure, 
with  discharge  at  the  rate  of  15   gal.   per   minute,  would 


require 


1    X    15    X    231 
12   X   33,000   X   0.50 


=    0.0175   hp.    and   the   total 


power  required  using  I'j-in.  pipe  would  be  (0.0175  x 
42)   +   1.2  =z   L9  hp.;  using  U-in.  pipe,   (0.0175    X    15)    -f 

1.2  =  1.6  hp.;  and  using  2-in.  pipe,  (0.0175  X  6)   -f  1.2  = 

1.3  hp.  The  pressure  and  consequently  the  pump  friction  in- 
creases with  use  of  a  pipe  line  on  account  of  an  increase  of 
roughness  of  the  bore  and  reduction  of  diameter  due  to 
scale  and  corrosion.  Therefore  it  would  be  advisable  to 
provide  a  pipe  not  less  than  li  in.  in  diameter  and  a 
motor  of  not  less  capacity  than  2  brake  horsepower. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
Editor.] 
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Federated  American  Engineering  Societies 


PURSUANT  to  the  call  of  the  Four  Founder  Societies 
issued  through  their  Joint  Conference  Committee, 
representatives  from  the  following  societies  met  in 
Washington  on  June  3  and  4  to  organize  a  national 
engineering  body: 

American  Association  of  Engineers. 

American  Association  of  Petroleum  Geologists. 

American  Cei'amic  Society. 

American  Electric  Railway  Engineering  Association. 

American  Electro-Chemical  Society. 

American  Institute  of  Electrical  Engineers. 

American  Institute  of  Mining  and  Metallurgical  Engi- 
neers. 

American  Railway  Engineering  Association. 

American  Society  of  Agricultural  Engineers. 

American  Society  of  Civil  Engineers. 

American  Society  of  Mechanical  Engineers. 

American  Society  of  Naval  Architects  and  Marine  Engi- 
neers. 

American  Society  of  Refrigerating  Engineers. 

American  Society  for  Testing  Materials. 

American  Society  of  Heating  and  Ventilating  Engineers. 

American  Water  Works  Association. 

Associated  Engineering  Societies  of  St.  Louis. 

Association  of  Railroad  Engineers. 

Boston  Society  of  Civil  Engineers. 

Brooklyn  Engineers'  Club. 

Cleveland  Engineering  Society. 

Colorado  Society  of  Engineers. 

Detroit  Engineering  Society. 

Duluth  Engineers'  Club. 

Engineering  Council. 

Engineers'  Club  of  Baltimore. 

Engineers'  and  Architects'  Club  of  Louisville. 

Engineers'  Club  of  Philadelphia. 

Engineers'  Club  of  St.  Louis. 

Engineers'  Club  of  Trenton,  N.  J. 

Engineering  Society  of  Akron,  Ohio. 

Engineering  Society  of  Eastern  New  York. 

Engineering  Society  of  Buffalo. 

Engineers'  Society  of  Pennsylvania. 

Engineers'  Society  of  Western  Pennsylvania. 

Florida  Engineering  Society. 

Grand  Rapids  Engineering  Society. 

Illinois  Society  of  Engineers. 

Illuminating  Engineering  Society. 

Indiana  Engineering  Society. 

Institute  of  Radio  Engineers. 

Iowa  Engineering  Society. 

Kansas  Engineering  Society. 

Los  Angeles  Joint  Technical  Society. 

Mohawk  Valley  Engineers'  Club. 

National  Fire  Protection  Association. 

Nashville  Engineering  Association. 

Northeastern  Water  Works  Association. 

Oregon  Technical  Council. 

Providence  Engineering  Society. 

San  Francisco  Joint  Council  of  Engineering  Societies. 

Scientific  Club  (Indianapolis). 

Society  of  Automotive  Engineers. 

Society  of  Industrial  Engineers. 

Society  for  Promotion  of  Engineering  Education. 

Society  of  American  Military  Engineers. 

Taylor  Society  of  New  York  City. 

Technical  Club  of  Dallas. 

Topeka  Engineers'  Club. 

Vermont  Society  of  Engineers. 

Washington  Society  of  Engineers. 

The  meeting  was  called  to  order  in  the  auditorium  of  the 
Cosmos  Club  at  ten  o'clock  Thursday  morning  by  Richard 
L.  Humphrey,  consulting  engineer,  of  Philadelphia,  and 
chairman  of  the  Joint  Conference  Committee.  In  his  open- 
ing address  he  said  that  the  committee  had  issued  invita- 
tions to  110  engineering  and  allied  technical  organizations 
and  societies  representing  an  aggregate  membership  of  over 


120,000,  who  under  the  conditions  of  the  call  were  entitled  to 
send  184  delegates.  "The  list,"  he  said,  "included  all  socie- 
ties, organizations  or  affiliations,  not  associations,  sections, 
chapters  or  branches  of  national  societies,  whose  chief 
object  is  the  advancement  of  the  knowledge  and  practice  of 
engineering  and  the  application  of  allied  sciences,  and  who 
are  not  organized  for  commercial  purposes."  There  were  in 
attendance  delegates  representing  over  60  per  cent  of  the 
organizations  invited.  These  delegates,  over  70  per  cent  of 
those  entitled  to  attend,  represented  organizations  having 
an  aggregate  membership  of  over  100,000,  or  over  83  per 
cent  of  the  memberohip  of  all  the  organizations  invited. 

Calvert  TovvTiley,  president  of  the  American  Institute  of 
Electrical  Engineers,  was  elected  chairman,  and  John  C. 
Hoyt  secretary,  and  the  business  before  the  conference  was 
definitely  set  forth  in  the  following  resolutionsipresented  by 
Major  Gardner  S.  Williams,  representing  the  Grand  Rapids, 
Mich.,  Engineering  Society. 

Resolved,  That  it  is  the  sense  of  this  conference  that  an 
organization  be  created  to  further  the  public  welfare  where 
technical  knowledge  and  engineering  experience  are  involved 
and  to  consider  and  act  upon  matters  of  common  concern 
to  the  engineering  and  allied  technical  professions,  and 

j_  Resolved,  That  it  is  the  sense  of  the  conference  that  the 
proper  organization  should  be  an  organization  of  societies 

■and  affiliations  and  not  of  individuals. 

These  resolutions  resulted  in  considerable  discussion,  as 
they  brought  up  the  question  as  to  what  action  would  be 
taken  by  the  American  Society  of  Civil  Engineers  and  by 
the  American  Association  of  Engineers.  Although  the  latter 
society  was  strongly  opposed  to  such  an  organization  as 
described  in  the  second  resolution,  its  delegates  at  last  voted 
for  the  resolutions,  so  as  not  to  obstruct  the  wishes  of  an 
obvious  majority  of  the  conference.  The  roll  call  on  the 
resolutions  showed  119  affirmative  and  no  negative  votes. 

The  organization  having  been  decided  upon.  Chairman 
Townley  appointed  the  following  committees:  Constitution 
and  By-laws,  R.  L.  Humphrey,  chairman;  Resolutions,  Philip 
N.  Moore,  chairman;  and  Program,  R.  H.  Fernald,  chairman. 
Each  committee  consisted  of  about  twenty-five  members. 

Thursday  Afternoon  Session 

In  the  afternoon  session  of  Thursday,  several  formal 
addresses  were  delivered  on  subjects  of  interest  to  the  dele- 
gates. Arthur  R.  Davis,  president  of  the  American  Society 
of  Civil  Engineers,  spoke  on  the  subject  "Functions  of  the 
Engineer  in  Public  Affairs."  Mr.  Davis  urged  a  unity  of 
movement  among  engineers  and  emphasized  the  power  of  _j 
such  a  body  as  was  to  be  formed  by  the  conference. 

He  was  followed  by  Philip  N.  Moore,  a  past  president  of 
the  American  Institute  of  Mining  and  Metallurgical  Engi- 
neers, who  spoke  on  the  same  subject.  Mr.  Moore  pointed 
out  that  for  the  first  time  authorized  sanction  from  the 
"great  dignified  old  national  technical  societies"  has  been 
given  for  a  body  which  shall  speak  for  all  branches  of  the 
engineering  profession  throughout  the  land.  Some  such 
body  has  been  attempted  in  Engineering  Council,  but  its 
limitations  have  led  to  the  proposal  for  this  new  body, 
which  shall  be  better  able  to  carry  on  the  work.  As  a  mem- 
ber of  Engineering  Council  Mr.  Moore  asserted  that  its 
member.^  were  proud  of  its  work,  but  were  ready  to  see  it  dis- 
placed by  a  more  potent  organization  for  the  good  of  the 
profession.  The  nation  has  grown  so  large  that  only  by 
organization  can  public  needs  and  ideals  reach  the  public 
ear.  Reformers  of  all  kinds  have  recognized  this  and  by 
oi'ganization  have  had  their  views  expressed  in  the  form  of 
statutes  and  constitutional  amendment.  Engineers  must 
recognize  this  fact  and  also  that  social  problems  must  be 
met  as  such  and  not  as  mathematical  problems.  Only  by 
such  recognition  and  organization  can  engineering  service 
be  most  fully  rendered  to  the  public  and  engineers  have 
their  just  voice  in  the  affairs  of  the  nation. 

F.  H.  Newell,  past  president  of  the  American  Association 
of  Engineers,  spoke  on  its  form  of  organization  and  called 
attention  to  the  weakness  of  a  confederation  form  as  com- 
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Or^zation  Chart  ^e  Federated  American  En^ineerins  Societies 


The  representative*  of 
the  group  of  National 
Societies  on  the  Executive 
Board  are  to  be  elected  or 
appointed  or  designated 
by  the  National  Societies 
in  any  way  upon  which 
these  societies  may  agree 
among  themselves. 


*Repr^entalion  in  the  National  Council  it  on  the  basit  of  one  delegate  for  100  to  lOOO 
member*  and  one  additional  delegate  for  each  additional  1000  or  major  fraction  thereof 
for  national  and  other  societie*  alike;  no  society  to  have  more  than  20  delegates. 

) Representation  on  the  Executive  Board  is  so  divided  that  the  representation  of  the 
group  of  national  societies  (b)  bears  the  same  ratio  to  the  representation  of  the  group 
nf  state,  regional  and  local  societies  (c)  that  the  combined  representation  of  the  national 
societies  in  the  Council  bears  to  that  of  the  other  societies. 


The  representatives  of  the? 
group  of  state,  regional 
and  local  societies  on  the 
Executive  Board  to  be 
elected  by  districts,  the 
boun  iaries  of  which  arc 
so  prescribed  as  to  take 
account  of  both  member- 
ship and  area. 


State,  regional  or  local  societies  may  be  composed  of  a  number  of  affiliated  societies,  sections,  clubs,  etc.,  but  in  the 
determination  of  their  representation  no  count  shall  be  taken  of  any  organization  which  is  represented  individually  or 
through  another  local,  state  or  regional  organization  or  affiliation. 


The  societies  diagrammed  are  simply  chosen  as  typical.  Not  all  of  those  shown  have  indicated 
their  intentions  of  joining  the  federation,  and  not  all  of  those  taking  part  in  the  organizing  con- 
ference are  included  in  the  diagram. 
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-lared  with  the  federation  form  where  each  individual  is  a 
■nember  of  the  general  organization.  A  man  is  a  citizen  of 
he  United  States,  not  because  he  is  a  citizen  of  any  one 
state;  in  the  same  sense  he  must  be  a  member  of  the  all 
inclusive  society  not  solely  because  he  is  a  member  of  a 
technical  or  local  society.  Mr.  Newell  traced  briefly  the 
organization  of  the  American  Association  of  Engineers  and 
pointed  out  four  optional  courses  of  action  on  the  part  of 
the  proposed  organization  toward  the  A.  A.  E. 

Thomas  H.  McDonald,  chief  of  the  United  States  Bureau 
of  Public  Roads,  reviewed  the  financial  aspects  of  the  Fed- 
eral-aid road  program  and  urged  the  co-operation  of  the  new 
engineers'  organization  in  opposing  any  classification  of  road 
building  and  maintenance  as  non-essential  and  therefore  not 
entitled  to  preferred  shipments  by  rail.  William  D.  Uhler, 
chief  engineer,  Pennsylvania  State  Highway  Department, 
spoke  on  the  economic  value  of  good  roads. 

Thursday  Evening  Session 

In  the  Thursday  evening  session,  which  was  hel^  in  the 
New  Willard,  Homer  L.  Ferguson,  past  president.  United 
States  Chamber  of  Commerce,  told  the  engineers  they  needed 
more  of  the  business  point  of  view.  He  considered  engi- 
neers lacked  one  quality  of  good  business  men.  That  miss- 
ing quality  was  ability  as  public  speakers. 

James  H.  McGraw,  President  of  the  McGraw-Hill  Co., 
Inc.,  speaking  on  the  subject  "Publicity  for  Engineers," 
pointed  out  the  engineer's  habitual  avoidance  of  publicity 
which  has  resulted  in  the  public  being  conscious  of  engineers 
as  good  servants  without  seeing  them  as  real  leaders  upon 
whose  thinking  all  the  necessities  and  most  of  the  luxuries 
of  life  depend.  At  present,  however,  the  public  mind  is 
very  receptive  to  engineering  publicity,  and  the  proposed 
federation  of  engineering  societies  should  be  a  powerful 
factor  in  accomplishing  such  publicity.  The  mediums  for 
publicity  for  engineers  include  the  newspapers,  the  general 
magazines,  the  technical  and  industrial  press,  papers  before 
societies  and  the  public  platform.  From  his  own  publish- 
ing experience  Mr.  McGraw  pointed  out  the  close  relations 
between  the  engineer,  the  technical  societies  and  the  tech- 
nical press.  The  technical  press  has  greatly  helped  the 
engineer,  and  on  the  other  hand  the  technical  press  cannot 
exist  without  the  engineer.  The  technical  societies  and  the 
engineering  papers  are  natural  partners,  and  each  has  its 
share  in  the  general  welfare.  There  should  be  no  competi- 
tion between  the  society  publications  and  the  independent 
press,  since  although  they  both  serve  in  the  same  field,  their 
services  are  different. 

The  last  address  of  the  evening  was  by  George  Otis 
Smith,  Director  of  the  United  States  Geological  Survey, 
"The  Engineer  and  National  Prosperity."  Mr.  Smith  paid 
a  tribute  to  the  engineer  as  living  up  to  the  specifications 
for  good  citizenship.  In  contrast  with  the  lawyer-statesman, 
who  looks  backward,  the  engineer  looks  forward.  He  plans 
for  coming  events.  Because  he  ever  keeps  in  mind  the  factor 
of  safety,  he  will  make  plans  for  future  prosperity  which 
are  safe.  The  engineer  is  also  constructive.  As  an  illus- 
tration, the  bridge  enr^ineer  sees  the  future  need  for  a  larger 
heavier  bridge  to  replace  an  old  one.  He  makes  his  com- 
plete design  in  such  a  way  that  the  new  structure  will  be 
ample  and  safe,  and  then  he  erects  the  new  bridge  around 
the  old  one  without  interfering  with  traffic.  Thus  the  engi- 
neer in  any  project  builds  up  the  new  faster  than  he  tears 
down  the  old  so  that  he  finally  turns  over  a  finished  job,  a 
monument  to  thelcharacteristic  engineering  habit  of  seeing 
the  thing  through. 

Friday  Morning  Session 

On  the  morning  of  June  4  the  report  of  the  Committee  on 
Constitution  and  By-laws  was  presented  and,  after  a  lengthy 
discussion,  was  approved  practically  without  change.  While 
the  form  of  the  document  is  subjected  to  editorial  revision, 
it  is  substantially  as  follows: 

The  name  of  the  organization  is  to  be  The  Federated 
American  Engineering  Societies.  Its  object  is  stated  to  be 
"to  further  the  interests  of  the  public  through  the  use  of 
technical  knowledge  and  engineering  experience,  ind  to  con- 
sider and  act  upon  matters  common  to  the  engineering  and 


allied  technical  professions."  The  membership  is  to  consist 
of  national,  local,  state  or  regional  engineering  or  allied 
technical  organizations  and  affiliations. 

The  management  is  to  be  vested  in  a  body  known  as  the 
American  Engineering  Council  and  its  Executive  Board. 
The  Council  is  to  be  made  up  of  representatives  from  organ- 
izations on  the  basis  of  one  representative  for  a  member- 
ship of  100  to  1,000  inclusive  with  one  additional  representa- 
tive for  each  additional  1,000  or  major  fraction  thereof. 
The  officers  shall  be  a  president  (elected  for  two  years  and 
ineligible  for  re-election),  four  vice-presidents  (two  elected 
each  year  for  two  years),  and  a  treasurer  (elected  for  one 
year).  There  is  also  to  be  an  executive  officer,  or  secretary, 
appointed  by  the  Executive  Board. 

The  business  of  the  organization  shall  be  conducted  by  an 
Executive  Board  of  thirty  members,  six  to  be  the  officers 
elected  by  the  Council  and  twenty-four  selected,  a  part  by 
the  national  societies  and  the  remainder  by  the  local,  state 
or  regional  organizations  according  to  districts. 

The  funds  for  the  organization  shall  be  provided  by  each       J 
national   society  contributing   $1.50   per   member  and   each       " 
local,   state   or  regional   organization   $1   per   member,   an- 
nually. 

Provision  is  made  for  the  formation  of  \oza\  affiliations  djj 
and  state  councils  with  specific  delimitation  of  authority  li 
between  the  various  bodies. 

Vote  on  Acceptance  of  Constitution 

When  the  American  Association  of  Engineers  delegates  l 
were  called  on  to  vote  on  the  acceptance  of  the  proposed  1] 
constitution,  their  spokesman  asked  permission  to  make  a 
statement  before  announcing  their  vote.  The  affirmative 
vote  on  the  Williams  resolutions  was  cast  in  order  not  to 
appear  as  obstructionists.  When  it  came  to  approving  the 
constitution,  however,  and  joining  the  new  organization, 
the  A.  A.  E.  delegates  felt  they  would  be  giving  up  their 
own  welfare  work  as  well  as  contributing  about  $30,000 
annually  to  the  new  federation  whose  work  would  be  much 
the  same  as  that  of  their  own  "going"  organization.  There- 
fore they  would  not  obligate  their  own  organization  to  join 
the  new  one.  It  was  maintained,  however,  that  the  A.  A.  E. 
hoped  to  co-operate  with  the  new  federation.  Under  the 
circumstances  the  American  Association  of  Engineers'  dele- 
gates requested  that  they  be  recorded  as  "present  but  not 
voting." 

There  were  88  affirmative  votes,  and  none  negative,  a  few 
of  the  societies  being  recorded  as  "present  but  not  voting" 
or  "absent." 

On  Friday  Leroy  K.  Sherman,  president  of  the  United 
States  Housing  Corporation,  Washington,  D.  C,  spoke  on 
"Functions  of  the  Engineer  in  Public  Affairs,"  his  address 
having  been  postponed  from  Thursday  morning.  He  stated 
that  it  was  estimated  that  over  25  per  cent  of  all  engineers 
are  engaged  in  some  sort  of  public-service  work.  There  are 
more  engineers  as  employees  of  the  public — municipal,  state 
and  national — than  employees  from  all  the  other  profes- 
sions. The  number  of  engineers  in  executive  positions  in 
public  work,  however,  is  comparatively  small.  This  is  largely 
the  fault  of  the  engineers  themselves  as  their  training  deals 
with  things  and  not  with  men  and  they  are  reluctant  to  deal 
with  matters  outside  the  strictly  technical  field  of  engineer- 
ing. For  the  good  of  the  public  as  well  as  of  engineers  the 
engineering  profession  must  appreciate  the  human  element 
more  and  take  a  larger  part  in  leading  public  affairs. 

Friday  Evening  Session 

In  the  Friday  evening  session,  several  addresses  were 
given,  one  by  Samuel  M.  Vauclain,  president  of  the  Baldwin 
Locomotive  Works.  Mr.  Vauclain  sketched  the  problems  of 
an  industrial  executive.  The  man  who  has  confidence  in 
himself  and  also  in  his  subordinates  is  the  one  who 
becomes  a  really  great  engineering  executive.  Addresses 
were  also  delivered  by  Robert  S.  Woodward,  president, 
Carnegie  Institute,  Washington,  and  James  R.  Angell,  chair- 
man, National  Research  Council. 

The  morning  and  afternoon  sessions  were  held  at  the 
Cosmos  Clubhouse,  while  both  evening  sessions  were  at  the 
New  Willard  Hotel. 


June  15,  1920 


POWER 


9B1 


At  the  close  of  the  business  session  resolutions  were 
adopted: 

1.  Urging  the  payment  of  adequate  salaries  for  the  teach- 
ers of  engineering  in  our  technical  institutions  in  order  that 
adequately  trained  young  engineering  talent  may  be  made 
regularly  available. 

2.  Advocating  the  immediate  adoption  of  appropriate 
measures  to  give  effect  to  the  recommendations  made  to 
Congress  by  the  commission  which  recently  reported  upon 
a  more  adequate  salary  schedule  for  the  engineering  and 
other  technical  services  of  the  Federal  Government. 

3.  Indorsing  the  bill  which  has  for  some  time  been  under 
consideration  by  Congress  for  the  ci-eation  of  a  Department 
of  Public  Works. 

4.  Expressing  the  appreciation  of  the  Organization  Con- 
ference of  the  valuable  work  of  the  Engineering  Council, 
especially  its  offers  of  assistance  in  making  effective  and 
operative  the  newly  devised  plan  of  organization;  and 
expressing  thanks  to  the  Washington  Society  of  Engineers 
and  the  Cosmos  Club  for  their  courtesy  and  assistance 
afforded  during  the  sessions  of  the  Conference. 

Pennsylvania  Electric  Association 
Holds  Harrisburg  Meeting 

Central-station  steam  heating  was  discussed  by  the  Cen- 
tral Geographic  Section  of  the  Pennsylvania  Electric  Asso- 
ciation during  the  morning  session  of  the  meeting  held 
June  4,  at  the  Penn  Harris  Hotel,  Harrisburg,  Pa.,  Chair- 
man H.  Root  Palmer  presiding.  A  paper  on  the  subject  was 
read  by  W.  J.  Kline.  The  author  called  attention  to  the 
effect  that  the  higher  price  of  coal  has  had  in  changing  the 
attitude,  of  even  those  operating  small  plants,  toward  the 
methods  used  in  power-plant  operation.  He  was  of  the 
opinion  that  the  present  central-station  methods  of  convert- 
ing the  chemical  energy  of  coal  into  electrical  energy  should 
be  changed  wherever  feasible  to  utilize  as  high  a  percentage 
of  the  heat  as  possible.  The  greatest  loss  in  converting  the 
chemical  energy  in  the  coal  into  electrical  energy  is  that 
which  is  carried  away  in  the  circulating  water  and  amounts 
to  somewhere  between  57  and  62  per  cent  of  the  total  heat 
available  for  use  in  the  turbine.  In  the  large  central  sta- 
tions that  are  looked  upon  as  the  last  word  in  efficiency, 
there  is  wasted  approximately  60  per  cent  of  the  total  heat 
available.  Mr.  Kline  was  of  the  opinion  that  the  greatest 
opportunity  that  existed  today  for  fuel  saving  was  in  the 
co-ordination  of  power  generation  with  the  supply  of  heat. 
Too  much  stress  has  been  laid  on  the  cost  of  producing  a 
kilowatt  and  not  enough  on  the  thermal  units  used.  In  the 
large  central  stations  a  kilowatt-hour  is  produced  on  17,000 
B.t.u.,  but  in  doing  so  there  is  wasted  several  times  that 
amount  of  heat  in  the  circulating  water,  where  in  the  iso- 
lated plant  that  has  a  heating  load  the  60  per  cent  being 
thrown  away  by  the  central  station  is  being  used. 

In  discussing  the  difficulties  of  operating  a  district  steam- 
heating  system,  W.  P.  Frehsee  said  that  in  the  last  few 
years  he  had  found  that  75  per  cent  of  the  trouble  calls 
were  from  plants  that  had  no.  supervision.  Large  bills  were 
due  largely  to  the  way  the  customer  operated  his  plant  and 
the  conditions  of  his  heating  equipment.  He  laid  consider- 
able stress  on  the  utility  working  hand  in  hand  with  the 
customer  and  giving  him  the  proper  information  for  the  sat- 
isfactory operation  of  his  heating  equipment.  Mr.  Frehsee 
said  that  his  company  was  recommending  the  vapor  system 
on  all  new  work. 

F.  H.  Hobbs  said  the  keynote  of  steam  heating  had  been 
struck  when  it  was  a  service  that  was  sold.  There  is  no 
reason  why  steam  heating  should  not  receive  a  rate  com- 
mensurate with  the  service  rendered. 

The  discussion  brought  out  that  there  was  a  need  for  a 
better  meter  than  at  present  available  for  measuring  the 
weight  of  steam  supplied  for  heating.  At  present  the  best 
way  is  to  measure  the  condensate.  However,  if  it  were 
possible  to  satisfactorily  measure  the  steam,  this  would 
eliminate  the  losses  due  to  leaks  in  the  customer's  heating 
system.  One  of  the  chief  troubles  experienced  with  the 
condensate  type  of  meters  is,  they  are  liable  to  stop  unless 
watched  closely.    Some  of  the  companies  found  it  necessary 


to  read  and  inspect  the  meters  every  two  weeks  in  order  to 
keep  them  operating  properly. 

E.  D.  Dryfuss  called  attention  to  the  increasing  cost  and 
carcity  of  natural   gas,   and    said   this  would   result   in    a 

demand  for  other  means  of  heating  in  the  localities  now 
served  by  natural  gas.  He  said  ten-cent  gas  is  about  equal 
to  dollar  fuel;  the  price  of  coal  is  up  to  stay  and  the  natural 
gas  is  approaching  exhaustion,  consequently  conditions  are 
becoming  more  favorable  for  district-steam  heating.  Mr. 
Dryfuss  emphasized  the  danger  from  explosions  when  using 
gas  with  the  supply  as  uncertain  as  at  present. 

F.  W.  Harris  told  of  the  excellent  results  his  company 
had  obtained  on  its  heating  system  by  using  the  extractor 
type  of  turbines.  He  said  they  had  tried  steam  engines  and 
made  up  the  shortage  of  exhaust  with  live  steam,  but  this 
was  not  as  satisfactory  as  using  bleeder  turbines. 

At  the  afternoon  session  accounting  and  operating  records 
was  the  subject  discussed.  A  paper  on  the  "Classifications 
of  Cost  Records"  was  presented  by  C.  Mac  C.  Breitinger. 
In  his  paper  the  author  emphasized  the  difficulties  of  meet- 
ing the  accounting  classification  required  by  the  public- 
service  commission  regulations,  saying  it  was  impossible 
to  obtain  the  cost  of  each  job  and  that,  to  make  the  class- 
ifcation  according  to  the  present  law  considerably  increased 
the  cost  of  keeping  public-service  utility  accounts.  The 
purpose  of  the  paper  was  to  get  a  consensus  of  opinion  so 
that  some  recommendations  may  be  formed  to  reduce  the 
large  amount  of  expense  and  clerical  work  necessary  in 
keeping  accounts  according  to  the  present  classification  of 
the  public-service  commission. 

From  the  discussion  it  was  apparent  that  the  small  com- 
panies were  having  very  little  difficulty  in  keeping  their 
accounts  according  to  the  public-service  commission's  class- 
ifications, but  the  chief  difficulty  was  vdth  the  larger  com- 
panies when  the  system  of  transmission  and  distribution 
became  involved.  Various  suggestions  were  made  for  s'j  .- 
regating  the  different  charges.  With  the  small  companies 
this  was  done  to  a  large  extent  by  the  men  on  the  job,  but 
in  the  larger  companies  the  segregating  of  costs  was  done 
by  the  accounting  department. 

Short  papers  on  power-station  records  were  presented  by 
J.  F.  Cole  and  F.  L.  Allner.  The  importance  of  the  station 
log  sheet  was  emphasized.  It  was  the  opinion  that  this 
should  be  so  designed  and  kept  that,  when  complete,  it  would 
contain  all  the  information  necessary  to  an  intelligent  study 
of  plant  operation.  In  addition  to  the  log  sheet,  other 
reports  are  necessary  such  as  semi-monthly  inspection  re- 
ports, trouble  reports,  etc.  Mr.  Allner  said  that  in  addition 
to  their  engineering  value  station  records  were  of  educa- 
tional and  training  value  to  tne  operating  force.  He  said 
that  in  the  station  at  Holtwood,  in  addition  to  the  log  sheet, 
a  logbook  was  kept  in  which  all  events  are  recorded  that 
may  be  of  interest  to  the  operating  force.  Furthermore, 
each  operator  going  off  duty  u  required  to  leave  a  one-line 
diagram  of  the  connections  on  the  system  at  the  time  of 
leaving  and  sign  his  name  to  it.  Another  feature  of  plant 
records  at  Holtwood  is  the  use  of  the  dictaphone  in  trans- 
mitting all  messages.  The  dictaphone  is  used  to  obtain  a 
record  of  the  message  given  over  the  telephone  and  has  had 
a  good  effect  in  making  the  operators  use  precision  in 
transmitting  messages.  This  system  has  been  in  use  seven 
years  and  has  worked  out  very  satisfactorily. 

In  the  discussion  on  instruments  the  opinion  was 
expressed  that  although  there  was  a  tendency  in  many 
cases  to  change  from  indicating  to  graphic  instruments, 
nevertheless,  these  instruments  are  not  all  that  might  be 
expected  of  them,  and  not  infrequently  they  give  consider- 
able trouble.  It  was  thought  better  to  use  graphic  instru- 
ments for  intermittent  reading  only,  cutting  the  instrument 
into  circuit  when  it  was  desired  to  make  the  record.  Atten- 
tion was  called  to  one  case  where  a  graphic  voltmeter,  with 
a  paper  speed  of  one  inch  per  minute  was  used,  and  cut 
into  the  circuit  by  a  quick-acting  relay,  when  the  voltage 
drops  a  few  per  cent. 

In  discussing  meter  records,  F.  L.  Althouse  emphasized 
the  importance  of  watt-hour  meter  accuracy  by  calling 
attention  to  the  fact  that  1  or  2  per  cent  in  the  accuracy 
of  meters  may  amount  to  as  much  in  revenue  a>  several  per 
cent  saving  in  coal  at  the  plant. 
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American  Boiler  Manufacturers'  Association 


THE  thirty-second  annual  convention  of  the  American 
Boiler  Manufacturers'  Association  brought  together 
upward  of  sixty  of  the  members  and  guests  of  the 
association  with  their  ladies,  at  French  Lick  Springs.  The 
meetings  opened  on  Monday  morning,  May  31,  with  a  paper 
by  David  Moffat  Myers,  engineer  of  the  United  States  Fuel 
Administration  on  "Fuel  Conservation." 

A  thorough  application  of  all  known  and  tried  methods  of 
fuel  conservation  in  the  United  States  would  result  in  an 
annual  saving  of  seventy-five  to  one  hundred  million  tons 
of  coal. 

The  results  of  conservation  would  be  a  money  saving, 
based  on  the  figure  of  seventy-five  million  dollars  per 
annum;  the  transportation  of  coal  would  be  reduced  to  an 
extent  equivalent  to  1^  million  50-ton  car  loads  per  year; 
seventy-five  thousand  of  the  750,000  men  engaged  in_  mining 
coal  could  be  taken  from  the  mines  and  put  to  work  in  other 
fields;  locomotive  and  train  crews  relieved  from  coal  haulage 


waste  which  is  readily  correctible.  Prevention  of  waste  is 
merely  a  matter  of  the  application  of  well-knovm  engineer- 
ing principles. 

Then  fuel  is  wasted  in  the  use  of  steam  after  its  genera- 
tion. Inefficient  types  of  prime  movers,  careless  mainte- 
nance of  engines  and  pumps,  ill-advised  installations  un- 
suited  to  the  purpose  they  would  fulfill,  huge  volumes  of 
wasted  exhaust  steam  expelled  to  the  atmosphere,  the  un- 
necessary use  of  live  steam  from  boilers  where  exhaust 
steam  with  proper  engineering  would  fully  meet  the  require- 
ments, badly  designed  and  ill-kept  transmission  systems — 
all  these  contribute  their  quota  to  the  vast  waste  of  fuel 
which  is  taking  place  in  practically  every  industrial  plant 
in  the  country.  To  this  list  should  be  added  the  fact 
that  the  average  public-service  station  discharges  80  per 
cent  of  all  the  heat  of  its  steam  into  the  condenser — an 
irreti'ievable  loss. 

Oil  is  almost  an  ideal  fuel,  but  owing  to  its  extremely 


would  be  of  enormous  service  in  the  handling  of  freight; 
the  labor  of  firing  75  million  tons  of  coal  per  year  under 
boilers  and  in  furnaces  would  be  eliminated;  fuel  conserva- 
tion would  reduce  the  cost  of  manufactured  articles,  and 
incidentally  it  would  add  materially  to  the  life  of  our  coal 
deposits  and  the  supply  of  other  fuels. 

Fuel  conservation,  if  developed  to  a  reasonable  extent, 
would  mean  a  saving  of  nearly  four  dollars  for  each  man, 
woman  and  child  in  the  United  States.  Not  only  would  the 
greatest  industrial  problem  of  the  age  be  solved,  but  we 
could  do  our  part  in  supplying  markets  of  other  countries. 

One  important  phase  of  the  situation  is  to  learn  how  to 
get  the  best  out  of  existing  equipment  by  means  of  correct 
and  economical  operation. 

There  is  not  an  industrial  plant  in  the  United  States 
where  10  per  cent  to  30  per  cent  saving  in  fuel  might  not 
readily  be  effected  by  comparatively  simple  improvements 
in  design  and  operation.  You  are  all  certainly  familiar  with 
the  tremendous  waste  in  the  combustion  of  fuel  under  sta- 
tionary boilers  and  in  locomotive  boilers,  in  the  firing  of 
coal,  in  the  cleaning  of  fires,  in  the  keeping  of  tight  boiler 
settings,  in  the  prevention  of  soot  and  scale  on  the  heating 
surfaces  and  in  the  operation  of  boilers  at  their  best 
capacity;  in  these  features  waste  exists  in  every  plant,  and 


limited  supply  it  should  be  applied  only  to  very  special  uses 
where  its  natural  characteristics  are  distinctly  and  specific- 
ally in  demand,  as  in  naval  and  certain  classes  of  marine 
practice  and  for  special  industrial  processes,  etc.  Under 
equally  favorable  conditions  it  is  true  that  a  somewhat 
higher  thermal  efficiency  can  be  obtained  with  oil  than  with 
stoker-fired  soft  coal.  Approximately  estimated,  oil  at  five 
cents  per  gallon  will  give  the  same  cost  for  evaporating 
1,000  pounds  of  steam  as  coal  at  ten  dollars  per  ton.  Con- 
sequently, there  are  only  a  few  limited  districts  in  which 
oil  firing  may  be  financially  attractive.  Otherwise,  oil  would 
be  ruthlessly  wasted  until  the  supply  was  entirely  depleted. 
A  conservation  program  with  some  of  the  following 
features  included  would  prove  beneficial:  Regulation  of 
quality  of  coal  shipped  from  mine;  zoning  of  coal  as  an  aid 
to  economical  transportation;  better  means  of  storage, 
which  is  urgently  needed  to  flatten  out  the  load  curve  at  the 
mines;  co-operation  between  the  coal-consuming  public  and 
the  Bureau  of  Mines;  the  appointment  of  a  body  of  citizens 
advisory  to  the  United  States  Bureau  of  Mines  in  the 
planning  and  development  of  a  conservation  program.  The 
program  should  interest  itself  in  the  correct  design  of  new 
power  plants,  etc.,  a  broader  and  moi-e  comprehensive  plan 
of  education  than  before   applied   along  conservation  lines. 
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Charles  E.  Gorton,  chairman  of  the  American  Uniform 
Boiler  Law  Society,  reported  that  boilers  built  to  the  Code 
of  the  American  Society  of  Mechanical  Enghieers  were  now 
admitted  to  all  states  and  cities  having  boiler  regulations 
with  the  exception  of  Massachusetts.  He  read  a  long  list  of 
universities  and  colleges  that  have  adopted  the  Code  as  a 
text  or  reference  book.  Since  his  last  report,  Oregon, 
Arkansas,  Indiana,  Maryland  and  Utah  have  become  Code 
states,  which  is  very  encouraging  for  a  year  when  few  of 
the  legislatures  were  in  session. 

C.  0.  Myers,  secretary-treasurer  of  the  National  Board 
of  Boiler  and  Pressure  Vessel  Inspectors,  told  of  the  work  of 
the  board  since  its  organization  last  December.  It  consists 
of  the  inspectors  or  other  officials  charged  with  the  enforce- 
ment of  regulations  covering  boilers  and  pressure  vessels  in 
cities  and  states  that  have  adopted  the  A.  S.  M.  E.  Code. 
One  of  its  functions  is  to  make  rulings  on  specific  designs 
of  boilers  and  appurtenances  not  covered  by  the  Code  and 
to  bring  about  the  uniformity  of  practice  in  such  matters 
that  would  be  impossible  without  co-operation  between 
the  inspectors  in  the  various  states  that  are  represented. 


On  Monday  evening  W.  C.  Connelly,  who  has  served  the 
association  as  its  president  for  four  yjars,  presented  his 
annual  address.  He  recommended  a  simplification  of  the 
method  of  war  taxation,  recalled  his  prediction  of  a  year 
ago — which  has  been  verified — of  a  large  increase  in  volume 
of  business,  but  foresees  a  slowing  up  for  the  next  twelve 
months.  This  he  regards  as  one  of  the  best  signs  of  return- 
ing sanity  that  we  have  had. 

Prices  are  high  because  labor  has  demanded  and  has  been 
receiving  wages  far  beyond  what  it  earned;  because  of  the 
decrease  in  production,  by  strikes,  of  thousands  of  articles 
of  daily  use;  because  the  hours  of  production  have  been 
reduced  10  or  15  per  cent  and  the  actual  production  per 
man  hour  25  to  50  per  cent. 

The  cure  is  "everybody  at  work  six  days  every  week  and 
producing  a  fair  day's  output." 

He  referred  to  the  steel,  coal  and  railroad  switchmen's 
strikes  and  urged  that  a  decided  stand  be  taken  for  the 
open-shop  principle  and  for  hearty  co-operation  with  the 
United  States  Chamber  of  Commerce  and  with  the  National 
Association     of     Manufacturers.       Continuing,     he     said: 
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One  of  the  complications  involved  in  the  enforcement  of 
the  Code  in  the  case  of  boilers  built  in  one  state  for  use  in 
another  is  the  matter  of  providing  for  shop  inspection 
during  construction.  In  order  that  the  certificate  of  the 
inspector  at  the  shop  where  the  boiler  is  made  may  be 
valid  and  satisfactory  to  the  inspection  department  of  a 
perhaps  distant  state  in  which  the  boiler  is  to  be  used,  the 
local  inspector  must  have  proved  his  competency  to  the 
satisfaction  of  the  departments  of  all  the  states  or  cities 
into  which  the  boilers  which  he  inspects  may  go.  It  is 
therefore  suggested  that  all  boiler  inspectors  operating 
under  the  departments  represented  be  subjected  to  a  uniform 
examination,  and  that,  having  qualified  in  this  way,  their 
certificates  of  inspection  shall  be  universally  accepted. 

It  is  hoped  to  devise  a  system  whereby  the  method  of 
stamping  and  identification  of  boilers  may  be  simplified, 
and  the  record  of  a  boiler  from  its  building  to  its  final  dis- 
position be  kept  intact  and  easily  accessible.  A  national 
convention  of  the  Board  will  be  held  in  the  early  future. 

H.  N.  Covell  reported  as  secretary-treasurer  that  the  asso- 
ciation numbered  78  active  member  companies,  besides  the 
associates,  and  was  in  a  flourishing  condition  financially. 

Monday  afternoon  was  devoted  to  a  golf  tournament,  in 
which  a  large  proportion  of  the  members  took  part. 


This  is  not  the  time  to  make  improvements  or  extensions, 
nor  to  stock  up.  Purchasing  only  of  necessities  by  everyone 
will  within  a  period  of  several  months  result  in  adjustment 
of  prices  to  be  more  nearly  normal. 

Now  is  the  time  to  reduce  inventories  to  as  lo\.  a  point 
as  is  practicable.  "A  slowing  up  of  business  cannot  but 
result  in  a  reduction  in  prices  by  the  independent  producers 
of  steel  to  those  prices  established  and  maintained  by  the 
United  States  Steel  Corporation." 

Reductions  in  prices  lead  to  business  failures — watch  your 
credits.  Standardized  construction  has  been  brought  about 
through  the  Boaer  Code  of  the  A.  S.  M.  E.  Considerable 
progress  has  been  made  toward  a  uniform  system  of  cost 
finding.  It  is  hoped  that  this  convention  will  arrive  at 
certain  standards  regarding  guarantees,  terms  of  payment, 
etc.  Standard  sizes  for  all  documents  such  as  order  forms, 
specifications,  invoices,  etc.,  were  recommended.  The  address 
closed  with  acknowledgments  to  his  associates  and  a  plea 
for  greater  co-operation. 

E.  C.  Fisher  presented  a  report  from  a  conference  com- 
mittee with  the  Stoker  Manufacturers'  Association  to  define 
terms  in  which  the  A.  B.  M.  A.  and  the  S.  M.  A.  are 
interested.  The  following  definitions  were  proposed  and 
unanimously  accepted: 
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For  the  purposes  of  the  American  Boiler  Manufacturers 
and   the   Stoker   Manufacturers    associations    the   following 
definitions  are  adopted: 
A  Boiler  is  a  metal  vessel  capable  of  withstanding  pressure 

and  serving  the  purpose  of  transmitting  heat,  usually 

produced  by  the  combustion  of  fuel,  to  a  liquid  contained 

in  the  vessel. 

In  power-plant  practice,  boilers  are  usually  divided  into 

two  classes,  as  follows : 

(a)  A  Fire-Tube  Boiler  is  so  constructed  that  the  prod- 
ucts of  combustion  pass  within  tubes  or  their  equivalent, 
these  being  surrounded  by  the  liquid  to  be  heated. 

(b)  A  Water-Tube  Boiler  is  so  constructed  that  the 
liquid  to  be  heated  is  contained  within  tubes  or  their 
equivalent,  these  being  surrounded  by  the  products  of 
combustion. 

A  Boiler  Baffle  is  a  plate  or  partition  placed  in  such  re- 
lation to  the  tubes  or  their  equivalent  of  a  boiler  as  to 
cause  the  products  of  combustion  to  move  in  predeter- 
mined paths. 

A  Furnace  is  a  partially  enclosed  space  in  which  heat  is 
produced  by  fuel  combustion. 

A  Furnace  Arch  is  made  of  refractory  materials  forming 
the  roof  of  a  furnace  or  so  located  within  a  furnace 
as  to  aid  combustion. 

A  Grate  is  a  metallic  structure  designed  to  support  solid 
fuel  and  so  made  that  air  for  combustion  can  pass 
through  it  to  the  fuel. 

A  Tuyere  is  a  nozzzle  constructed  to  direct  air  under  pres- 
sure into  a  fuel  bed. 

A  Tuyere  Block  is  a  special  form  of  grate  containing  a 
tuyere  or  tuyeres. 

A  Retort  is  a  receptacle  so  constructed  that  solid  fuel  may 
pass  through  it  and  in  which  partial  distillation  of  the 
fuel  takes  place. 

A  Dead  Plate  is  an  imperforate  plate  which  supports  fuel. 

A.  Dump  Plate  is  a  movable  plate,  grate  or  combination  of 
same  for  intermittently  discharging  refuse  from  a 
furnace. 
\  Mechanical  Stoker  is  a  device  consisting  of  a  me- 
chanically operated  mechanism  for  feeding  solid  fuel 
into  a  furnace  combined  with  means  for  supporting 
the  fuel  and  supplying  air  to  same  during  combustion 
and  for  directing  the  deposit  of  refuse  in  a  location 
from  which  it  can  be  readily  removed  from  the  furnace. 

An  Overfeed  Stoker  is  a  mechanical  stoker  where  fuel  is 
fed  onto  grates  at  one  end  of  same.  Overfeed  stokers 
are  usually  divided  into  three  classes  as  follows: 

(a)  A  Front-Feed  Inclined-Grate  Stoker  is  an  over- 
feed stoker  where  fuel  is  fed  from  the  front  onto  grates 
inclined  downward  toward  the  rear  of  the  stoker. 

(b)  A  Double-Inclined  Side-Feed  Stoker  is  an  over- 
feed stoker  where  fuel  is  fed  from  both  sides  onto 
grates  inclined  downward  toward  the  center  line  of  the 
stoker. 

(c)  A  Chain  or  Traveling  Grate  Stoker  is  an  over- 
feed stoker  where  fuel  is  fed  to  the  stoker  from  the 
front  onto  a  moving  grate  forming  an  endless  chain. 

An  Underfeed  Stoker  is  a  mechanical  stoker  having  one 
or  more  retorts  from  which  the  fuel  is  fed  from  below 
the  surface  of  the  fuel  bed. 
Draft  is  a  difference  in  pressure  due  to  a  difference  in  gas 
density  which  tends  to  cause  a  flow  of  gas  from  the 
region  of  higher  pressure  to  that  of  lower  pressure. 
Natural  Draft  is  a  draft  produced  by  a  chimney. 
Induced  Draft  is  a  draft  produced  by  mechanical  means 
located  at  some  point  between  a  furnace  and  the  point 
where  the  products  of  combustion  are  discharged. 
Forced  Draft  is  a  draft  produced  by  mechanical  means 
whereby  pressure  above  atmospheric  pressure  is  main- 
tained under  a  grate. 
D.  C.  Alexander,  Jr.,  president  of  the  Quasi-Arc  Weldtrode 
Co.,  Inc.,  presented  a  paper,  illustrated  by  lantern  slides,  on 
"Electric  Welding." 

S.  F.  Jeter,  chief  engineer  of  the  Hartford  Steam  Boiler 
Inspection  and  Insurance  Co.,  discussed  the  Advantages  of 
Co-operation  between  B9iler  Manufacturers  and  Boiler 
Insurance  Companies.  He  emphasized  the  many  ways  in 
which  the  boiler  manufacturer  and  the  insuranc*^  company 
can  work  with  each  other,  or  co-operate,  and  the  interest  of 
both  is  served.     Insurance  companies  are  frequently  con- 


fronted with  claims  due  to  minor  accidents.  If  the  boiler 
maker  when  making  repairs  where  an  insurance  company  is 
involved  would  keep  the  cost  of  repairs  due  to  the  accident 
separate  from  any  general  repairs  that  might  be  made  at 
the  same  time,  it  would  be  very  advantageous  to  the  insur- 
ance company  as  well  as  the  insured,  who  is  the  boiler 
maker's  patron.  In  this  way  the  possibility  of  controversy 
is  avoided.  He  also  pointed  out  the  value  of  the  insurance 
company  to  the  manufacturer  in  helping  him  keep  up  to  the 
standard  which  he  desires  to  maintain  and  in  meeting  the 
legal  requirements  for  construction  where  boilers  must  be 
built  to  conform  with  boiler  laws.  The  address  concluded 
with  the  suggestion  that  the  maximum  limit,  55,000  lb.,  used 
in  figuring  pressures  be  changed  to  conform  with  the  A.  S. 
M.  E.  code  requirements. 

Tuesday  morning  was  devoted  to  an  executive  session,  the 
ethics  and  economics  of  boiler  making  occupying  most  of  the 
time.  In  the  afternoon  there  was  a  golf  tournament  and 
in  the  evening  a  banquet. 

Wednesday  forenoon  the  election  was  held  resulting  in 
the  choice,  without  contest,  of  the  following  officers  for  the 
ensuing  year:  President,  A.  D.  Schofield,  of  J.  S.  Schofield's 
Sons  Co.,  Macon,  Ga.;  vice  president,  George  S.  Barnum,  of 
the  Bigelow  Co.,  New  Haven,  Conn.;  secretary-treasurer, 
H.  N.  Covell,  of  the  Lidgerwood  Manufacturing  Co.,  Brook- 
lyn, N.  Y.  Executive  committee:  W.  C.  Connelly,  the  D. 
Connelly  Boiler  Co.,  Cleveland,  Ohio;  C.  V.  Kellogg,  the 
Kewanee  Boiler  Co.,  Chicago,  111.;  F.  C.  Burton,  Erie  City 
Iron  Works,  Erie,  Pa.;  F.  G.  Cox,  Edge  Moor  Iron  Co.,  Edge 
Moor,  Del.;  W.  A.  Drake,  the  Brownell  Co.,  Dayton,  Ohio; 
E.  C.  Fisher,  the  Wickes  Boiler  Co.,  Saginaw,  Mich.;  W.  H. 
Mohr,  John  Mohr  &  Sons  Co.,  Chicago,  111.;  W.  S.  Cameron, 
Frost  Manufacturing  Co.,  Galesburg,  111. 

E.  R.  Fish,  representative  of  the  Association  on  the  A.  S. 
M.  E.  Boiler  Code  Committee  and  in  the  American  Uniform 
Boiler  Law  Society,  discussed  the  use  of  welding  in  boiler 
construction  and  said  that  notwithstanding  the  excellent 
results  displayed  in  the  paper  to  which  the  association  had 
listened,  he  thought  that  manufacturers  should  proceed  with 
caution  in  the  use  of  welding  for  portions  under  stress  of 
vessels  such  as  boilers  the  rupture  of  which  meant  the 
release  of  a  large  amount  of  energy.  The  cast  metal  of 
which  the  weld  is  composed  is  not  well  adapted  to  withstand 
the  repeated  stresses  due  to  pressure  and  temperature 
changes  incident  to  boiler  practice,  and  while  many  speci- 
mens of  welding  exhibit  excellent  holding  power  on  test,  so 
much  depends  upon  the  operator  that  one  is  never  sure  how 
dependable  the  joint  may  be.  The  present  A.  S.  M.  E. 
Code  inhibits  the  use  of  welding  for  parts  under  stress,  but 
the  subcommittee  on  welding  is  considering  directions  in 
which  approved  practice  may  be  broadened  v/ith  such  pre- 
cautions as  will  safeguard  the  user  and  the  public.  He 
spoke  briefly,  too,  of  the  National  Board  of  Inspectors, 
emphasized  the  importance  that  it  is  likely  to  assume  in  the 
system  of  inspecting  and  recording  boilers  and  urged  the 
support  of  the  Association  for  it. 

Resolutions  were  passed  against  the  compulsory  enforce- 
ment of  the  metric  system;  indorsing  the  principle  of  the 
open  shop  and  condemning  collective  bargaining  when  it 
involves  agents  outside  of  the  shop  or  restricts  the  liberties 
or  activities  of  the  individual  workman;  for  the  appointment 
of  an  industrial  committee  to  investigate  labor  problems  and 
bring  about  a  better  relation  between  employer  and  em- 
ployee; for  the  disapproval  of  the  bonus  bill;  of  thanks  to 
the  Kewanee  Boiler  Co.  for  the  entertainment  furnished  by 
the  male  quartet  that  they  brought  to  the  convention;  of 
thanks  to  the  members  of  the  executive  and  other  commit- 
tees of  the  association  for  their  services  and  to  W.  C. 
Connelly  the  retiring  president.  Mr.  Connelly  was  pre- 
sented with  a  handsome  silver  coffee  service  at  the  banquet. 
The  undertaking  of  the  bricksetting  by  the  boiler  manu- 
facturer was  discussed,  the  general  disposition  being  to  do 
so  only  as  an  accommodation  to  the  customer  who  wishes 
to  avoid  a  multiplicity  of  contracts  and  divided  respons- 
ibility. A  committee  was  appointed  to  collect  and  codify 
the  specifications  of  the  member  companies  in  this  respect. 

The  Code  Committee  was  asked  to  furnish  a  report  on 
Standard  Steam  Outlets,  including  the  use  of  studded  padi 
instead  of  standard  steam  nozzles. 
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Questions  relating  to  standard  guarantees,  and  proper 
methods  for  estimating  the  cost  of  a  job  were  referred  to 
the  commercial  committee. 

A  committee  was  appointed  to  consider  uniformity  of 
terms  used  in  connection  with  a  boiler  setting. 

Mr.  Connelly  called  attention  to  the  importance  of  heat- 
ing and  ventilating  boiler  shops  as  a  question  which  will 
soon  be  forced  upon  boiler  manufacturers  and  suggested 
that  attention  be  paid  to  it  at  a  future  meeting. 

At  noon  the  convention  adjourned. 

National  District  Heating  Association 

The  eleventh  annual  convention  of  the  National  District 
Heating  Association  was  held  May  25-27  at  the  La  Salle 
Hotel,  Chicago.  The  problems  of  the  central  stations  in 
operating  steam-  and  hot-water  heating  systems  as 
adjuncts  to  their  electric  business  were  discussed,  and  the 
opinion  was  freely  expressed  that  such  steam-heating 
departments  could  and  should  be  profitable.  A  number  of 
suggestions  was  made  in  the  course  of  papers  and  discus- 
sions for  making  the  heating  branch  of  central  stations 
more  renumerative  than  formerly.  President  J.  C.  Hobbs, 
of  Pittsburgh,  delivered  a  comprehensive  address  on  operat- 
ing problems,  in  which  he  suggested  more  efficient  methods 
of  central  heating-plant  operation.  Prof.  J.  B.  Hoffman, 
Purdue  University,  suggested  and  outlined  a  course  for  the 
technical  training  of  men  in  the  heating  profession.  The 
relative  advantages  of  steam  and  hot-water  heating  was 
the  subject  of  a  paper  by  R.  V.  Stureman,  of  the  Stureman- 
Butterick  Co.,  Springfield,  111.,  and  an  analysis  of  heat  losses 
from  underground  pipes  was  treated  in  a  paper  by  Prof. 
J.  R.  Allen,  of  the  Research  Laboratory  of  the  American 
Steam  Heating  and  Ventilating  Engineers,  Pittsburgh,  Pa. 

In  a  discussion  of  Professor  Allen's  paper,  Mr.  Walker  of 
Detroit  brought  out  the  necessity  for  establishment  of 
standards  on  which  to  base  the  calculation  of  pipe-covering 
efficiency.  Mr.  Walker  with  several  others  emphasized  the 
lack  of  any  definite  basis  from  which  to  make  the  calcula- 
tions; consequently  figures  on  the  effijciency  of  steam-pipe 
covering  as  ordinarily  given  are  misleading. 

During  the  course  of  the  discussion  of  this  paper.  Pro- 
fessor Allen  stated  that  he  was  taking  up  with  Michigan 
Agricultural  College,  the  question  of  experiments  to  deter- 
mine the  conductivity  of  the  ground.  Whether  these 
arrangements  will  be  finally  carried  out  or  not  he  was 
unable  to  state.  It  was  further  pointed  out  by  Professor 
Allen  in  the  discussion  that  the  basing  of  computations  of 
heat  loss  in  pipes  buried  in  the  ground  on  experiments  made 
in  still  air  were  valueless,  in  that  heat  losses  underground 
are  by  conduction  while  those  in  still  air  are  due  to  convec- 
tion. In  the  discussion  of  the  subject  the  importance  of 
drainage  in  preventing  heat  losses  in  underground  pipes 
was  emphasized. 

The  problem  of  separating  the  steam  and  electric  parts 
of  utilities  was  discussed  in  the  report  of  the  accounting 
committee.  The  officers  elected  for  the  ensuing  year  were: 
President,  J.  L.  Hecht,  Chicago;  First  Vice  President,  J.  H. 
Walker.  Detroit;  Second  Vice  President,  E.  L.  Wilder, 
Rochester,  N.  Y.;  Third  Vice  President,  W.  G.  Carlton,  New 
York  City;  Secretary-Treasurer,  D.  L.  Gaskill,  Greenville, 
Ohio.  In  addition  to  these  officers,  J.  C.  Hobbs,  Pittsburgh, 
Pa.,  Fred  B.  Orr,  Chicago,  and  F.  A.  Tucker,  Danville, 
Illinois,  were  elected  to  the  executive  committee. 

Assistance  in  Cases  of  Coal  Shortage 

The  Washington  representative  of  the  National  Com- 
mittee on  gas  and  electric  service  is  in  daily  touch  with 
the  Interstate  Commerce  Commission,  presenting  the  in- 
dividual cases  reported  by  gas  and  electric  light  and  power 
companies  of  shortage  in  the  coal  supply.  Cases  requiring 
action  should  be  reported  direct  to  the  offices  of  the  com- 
mittee, at  Room  950,  Munsey  Building,  Washington,  D.  C, 
but  action  can  be  secured  only  where  full  information  is 
given,  including  the  amount  of  coal  actually  on  hand  and 
the  rate  of  daily  consumption,  the  name  of  the  contractor 
or  shipper,  the  location  of  the  mines  and  the  railway  or 
railways  over  which  delivery  is  made. 


The  Dissipation  of  Heat  by 
Various  Surfaces 

In  a  paper  by  T.  S.  Taylor,  presented  at  the  spring  meet- 
ing of  the  American  Society  of  Mechanical  Engineers,  St. 
Louis,  May,  1920,  are  given  the  results  of  some  interesting 
experiments  on  the  loss  of  heat  from  various  surfaces.  Not- 
ing that  hot  water  in  bright  tin  vessels  cooled  more  rapidly 
than  in  similar  vessels  covered  with  thin  sheet  asbestos, 
experiments  were  undertaken  which  showed  that  tin  pipes, 
such  as  furnace  pipes,  actually  dissipate  more  heat  when 
tightly  covered  with  thin  asbestos  than  when  left  bare. 
Another  set  of  tests  were  made  to  obtain  data  on  the  in- 
fluence on  the  heat  dissipation,  of  air  velocities  over  the 
hot  surfaces.  These  latter  experiments  were  made  with 
special  reference  to  the  cooling  of  electrical  apparatus  by 
ventilation. 

For  the  former  tests  tin  cylinders  10  cm.  (3.9  in.)  in 
diameter  and  50  cm.  (19.7  in.)  long,  containing  cylindrical 
electrical  heaters,  were  constructed.  The  temperature 
inside  each  vessel  was  measured  by  a  thermometer  inserted 
in  the  side,  and  thermocouples  were  attached  to  the  outer 
surface  to  measure  the  surface  temperature.  The  vessels 
were  placed  horizontally  in  such  positions  in  the  room  as 
to  avoid  unnecessary  convection  currents  and  the  room 
temperature  taken  at  points  sufficiently  distant  from  the 
vessels  to  be  uninfluenced  by  them.  The  heat  required  to 
maintain  various  differences  between  inside  and  outside 
temperatures  was  computed  from  the  electrical-energy  input 
as  shown  by  ammeter  and  voltmeter  readings. 

Experiments  were  made  under  the  following  surface  con- 
ditions: Plain  bright  tin;  tin  covered  tightly  with  0.33  mm. 
(0.013  in.)  sheet  asbestos;  tin  covered  loosely  with  three 
layers  of  0.33  mm.  asbestos;  tin  covered  with  three  layers 
of  air-cell  asbestos;  tin  aluminum  painted;  and  various 
dust-covered  surfaces. 

The  results  obtained  show  that  over  the  temperature  range 
covered  in  these  tests  the  thin  asbestos  covering  results  in 
an  average  of  37  per  cent  more  heat  loss  than  is  found  with 
bare  bright  tin.  Even  when  both  are  covered  with  dust  the 
asbestos  surface  will  lose  23  per  cent  more  heat  than  the 
bare  one.  The  effect  of  dust  on  the  surface  is  to  increase 
the  loss  from  the  bare  tin  and  decrease  the  loss  from  the 
asbestos-covered  surface.  Three  layers  of  the  0.33  mm.  as- 
bestos covering  loosely  applied  will  give  practically  the 
same  loss  as  the  bare  tin,  while  three  layers  of  air-cell 
asbestos  will  permit  a  loss  of  only  75  per  cent  of  that  from 
the  uncovered  pipe. 

The  results  are  contradictory  to  the  commonly  accepted 
theory  that  any  covering  of  heat-insulating  material  will 
cause  a  reduction  in  the  heat  dissipated  irom  a  hot  surface. 
In  explanation  the  author  states  that  the  asbestos  surface 
is  three  or  four  times  as  grett  as  the  tin  surface  so  far  as 
molecular  dimensions  are  concerned.  The  loss  being  due 
chiefly  to  air  contact,  this  increased  surface  offers  a  greater 
chance  for  heat  to  be  liberated.  Therefore  the  thickness  of 
the  covering  must  be  such  that  its  decreased  conductivity 
will  make  up  for  the  increased  surface  effect  before  any 
saving  may  be  expected.  By  an  approximate  calculation 
based  on  surface-temperature  measurements,  the  author 
concludes  that  0.51  cm.  (about  0.2  in.)  is  the  thickness  of 
tightly  applied  sheet  asbestos  which  will  just  equal  bare 
tin  pipe  in  heat  dissipation.  Thicknesses  below  this  will 
give  greater,  and  above  this,  smaller  heat  losses. 

To  study  the  effect  of  air  velocities  on  heat  losses,  a 
special  heater  was  constructed  to  represent  a  typical  end 
coil  of  a  turbo-generator.  An  iron  bar  li  x  IJ  x  24  in.  was 
covered  with  a  iV--n.  layer  of  heater  mica  on  which  was 
wound  a  heater  wire.  On  this  was  another  layer  of  mica, 
and  the  whole  apparatus  was  wi-apped  with  the  specified  in- 
sulation material.  Outside  of  this  was  a  layer  of  fish  paper, 
a  layer  of  lead  and  a  layer  of  sheet  iron.  Thermocouples 
were  arranged  to  measure  temperature  inside  and  ouiside  the 
insulating  layer.  The  whole  apparatus  was  placed  in  front 
of  a  blov.er  outlet  of  such  dimensions  (2?,  x  2i  x  24  in.) 
that  the  coil  was  completely  within  the  air  stream.  Air 
velocities  were  measured  by  means  of  a  pitot  tube. 

From  the  data  obtained,  curves  were  plotted  from  which 
the  author  deduces  the  following  general  conclusions: 
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The  heat  liberated  per  degree  difference  in  inside  and 
outside  temperatures  increases  approximately  uniformly 
with  the  velocity  over  the  ranges  indicated.  The  heat  lib- 
erated per  degree  excess  temperature  is  constant  for  all 
temperatures  for  any  given  constant  air  velocity,  except  in 
the  case  where  the  velocity  is  that  due  only  to  natural 
convection  currents  when  this  value  varies. 

Tests  were  run  with  the  coil  set  at  various  angles  of  in- 
cidence with  the  air  current.  The  curves  plotted  from  the 
data  of  these  tests  indicated  that  the  maximum  amount  of 
heat  would  be  dissipated  when  the  air  current  met  the  sur- 
face at  an  angle  of  about  42  degrees. 


New  Jersey  N.  A.  S.  E.  Convention 

The  annual  convention  of  National  Association  of  Sta- 
tionary Engineers  was  held  in  Phillipsburg,  N.  J.,  June  3-6. 
Hotel  headquarters  was  at  the  Huntington,  Easton,  Pa., 
across  the  Deleware  River  from  Phillipsburg.  The  mechan- 
ical exhibit  opened  on  the  third,  the  business  session  of  the 
delegates  on  the  fifth.  The  Mayor  of  Phillipsburg  made 
an  appealing  address  of  welcome,  which  was  responded  to 
by  Charles  H.  Bromley,  of  Newark  No.  3  Association. 
National  President  John  J.  Calahan,  First  National  Pres- 
ident Henry  Cozens,  and  William  Reynolds,  chairman  Board 
of  Trustees,  followed. 


The  convention  was  given  a  real  treat  in  the  form  of 
an  address  on  Americanization  by  Captain  J.  W.  Riddle, 
superintendent  of  Public  Schools,  Phillipsburg.  This  ad- 
dress was  by  far  the  best  of  its  kind  the  writer,  who  has 
heard  many,  ever  listened  to.  S.  B.  Redfield,  engineer. 
Ingersoll-Rand  Co.,  Phillipsburg,  followed. 

President  Val.  V.  Secor  opened  the  convention.  In  the 
course  of  his  address.  National  President  Calahan  stated 
that  New  Jersey  had  passed  Massachusetts,  Ohio,  Pennsyl- 
vania and  Illinois  in  membership. 

The  new  officers  are:  George  Armitage,  Atlantic  City, 
president;  Charles  L.  Johnson,  Elizabeth,  vice  president; 
Samuel  Clark,  Jersey  City,  secretary;  John  Mycock,  Tren- 
ton, treasurer;  John  Shuey,  Perth  Amboy,  conductor;  Fred 
Beecroft,  doorkeeper.  John  J.  Reddy,  of  Jersey  City,  was 
again  chosen  state  deputy.  The  convention  next  year  will 
be  held  in  Jersey  City. 

At  the  close  of  the  session  on  Sunday  the  delegation 
visited  the  huge  works  of  the  Ingersoll-Rand  Co.,  where, 
after  an  inspection  of  the  shops,  the  company  served  a 
most  complete  and  relished  dinner. 


On  June  1 .  a  500-kw.  steam  turbine  exploded  at  the 
Phoenix  Mills,  Utica,  N.  Y.  Buckets  were  thrown  out, 
breaking  the  casing  and  knocking  holes  through  the  brick 
walls.  The  engineer  was  killed.  The  speed  is  given  at 
2,200  r.p.m. 


New  Publications 


POROSITY  AND  VOLUME  CHANGES  OF 
FIREBRICKS 
Technologic  Paper  No.  359,  "Porosity  and 
Volume  Changes  of  Clay  Firebricks  at 
Furnace  Temperatures,"  is  now  ready  for 
distribution  by  the  Bureau  of  Standards. 
This  investigation  is  a  study  of  some  of  the 
physical  properties  of  clay  firebricks  by  a 
comparison  of  their  changes  in  porosity  and 
volume,  on  heating  to  different  tempera- 
tures, with  the  amount  of  contraction  of 
the  bricks  under  load  at  furnace  tempera- 
tures, and  with  their  so-called  "melting 
points."  It  is  found  that  the  porosity  and 
volume  changes  serve  as  a  much  more  reli- 
able indication  of  the  ability  of  a  clay  fire- 
brick to  resist  deformation  under  load  at 
furnace  temperatures  than  the  "melting 
point."  It  is  also  shown  that  these  porosity 
and  volume  changes  serve  in  explaining 
the  failure  of  firebricks  in  use,  from  such 
causes  as  insufficient  burning  in  manufac- 
ture. 


Personals 


Warren  D.  Spangrler,  consulting  industrial 
engineer,  Marshall  Building,  Cleveland, 
Ohio,  desires  catalogs  from  manufacturers 
of  steam  and  electric  power  appliances. 

Frank  L,.  Piatt,  formerly  retained  by  the 
War  Department  as  a  specialist  on  Indus- 
trial Planning  Projects,  has  become  asso- 
ciated with  the  firm  of  Waldron  &  Van 
Winkle,  of  New  York  and  Boston.  Mr. 
Piatt  will  be  in  the  New  York  offlce  at  37 
Wall  St. 

W.  C.  Buell,  Jr.,  formerly  engineer  of 
tests,  and  later  chief  engineer  of  Tate-Jones 
&  Co.,  Inc.,  on  June  1  became  associated 
with  the  George  J.  TIagan  Co.,  of  Pitts- 
burgh, furnace  and  combustion  engineers, 
as  chief  engineer  of  the  comi)any's  newly 
organized   liquid    fuel  department. 

Dr.  Alplionse  A.  Acller,  of  the  Polytechnic 
Institute  of  Brooklyn,  after  ten  years  of 
service  as  professor  in  charge  of  machine 
and  power  jjlant  de.sign,  has  resigned  in 
order  that  h.e  can  give  his  undivided  atten- 
tion to  his  consulting  practice  in  New  York 
City  in  power  and  indu.strial  plant  engi- 
neering. 

W.  W.  K.  Sparrow,  assistant  chief  engi- 
neer of  t)ie  Chicago,  Milwaukee  &  St.  Paul 
liailway  Co..  has  been  appointed  assistant 
to  the  president  of  that  railroad.  He  will 
be  in  charge  of  valuation,  adjustment  of 
I'Vderal  accounts  and  other  assigned  duties. 
He  was  corporate  chief  engineer  of  the 
Milwaukee  Ry.  Co.,  during  Federal  control. 


Society  A£fairs 


The  Twin  City  Chapter  of  the  American 
Association  of  Engineers  has  requested  en- 
largement of  the  powers  of  the  St.  Paul  city 
charter  empowering  the  city  council  to  de- 
termine salaries  of  city  employees. 

Tlie  Eastern  Geog:raphic  Section  of  the 
Pennsylvania  Electric  Association  will  meet 
Friday,  July  2,  at  the  Adelphi  Hotel,  Phil- 
adelphia, Pa.  Topics  to  be  discussed  will 
include  "Power  Factor  and  the  Effect  of 
Unbalanced   Load  on   the   System." 

The  American  AVater  Works  Asociation 
Will  hold  its  fortieth  annual  convention 
from  June  21  to  25  at  Montreal,  Qutbec, 
headquarters  at  the  Windsor  Hotel.  Besides 
various  important  and  interesting  papers,  a 
big  feature  of  the  convention  will  be  the 
amusements  arranged  by  the  entertainment 
committee.  These  include  dancing,  con- 
certs, golf,   sightseeing  trips,  etc. 

Thie  American  Association  of  Engineers, 
Nebraska  Assembly,  held  its  first  annual 
meeting  May  29  in  Lincoln.  The  following 
oflicers  were  elected :  President,  W.  R. 
McKeen,  president  Omaha  Chapter,  A.  A. 
E.  ;  first  vice  president.  Prof.  Clark  B. 
Mickey,  University  of  Nebraska ;  second 
vice  president,  Roy  N.  Toll,  city  commis- 
sioner, Omaha  ;  treasurer,  George  W.  Bates, 
city  engineer,  Lincoln,  Neb.  ;  secretary, 
Watson  Townsend,  assistant  engineer,  U. 
P.   R.R.,  Omaha. 

S.  A.  E.  Annual  Meeting:  Program: — ^The 
summer  meeting  of  the  Society  of  Automo- 
tive Engineers  is  scheduled  to  take  place 
from  June  21  to  25  inclusive,  at  Ottawa 
Beach  on  Lake  Michigan.  In  aduition  to 
the  various  sessions,  including  a  Standards 
and  Business  Session,  Fuel  Session,  Trans- 
portation Session,  Farm  Power  Session  and 
production  Session,  a  wonderful  pro- 
gram of  amusements  and  recreation  has 
been  planned.  On  Thursday  evening,  June 
24,  a  grand  ball  will  be  held,  including  a 
dancing  contest.  With  the  exception  of 
Monday  there  will  be  dancing  in  the  ball- 
room every  evening.  Over  200  prizes  will 
be  given  in  the  sports  program,  which  will 
he  conducted  on  Tuesday,  Wednesday  and 
Thursday  afternoons.  Tennis,  golf,  base- 
ball, trap-shooting,  races,  water  sports  and 
si)ecial  sports  will  be  staged. 


IIIIIIIIIIIIMIIIII 


The  Washington  Assembly  of  the  Amer- 
ican Association  of  Engineers  was  recently 
organized  and  a  committee  appointed  to 
prepare  the  constitution  and  b'--laws. 


Miscellaneous  News 


Tlie    Niagara    Falls    Power    Company    has 

declared  a  dividend  of  $1.75  per  share  on 
its  preferred  stock,   payable  June   30,   1920. 

>rayor  Hugh  M.  Caltlwell  of  Seattle, 
Wash.,  has  signed  a  city  ordinance  accept- 
ing the  stipulations  of  the  Government  for 
the  permit  granting  the  use  of  certain  lands 
in  the  Washington  National  Forest  for  the 
Skagit  power-plant  project. 

A  Certificate  of  Merit  by  the  War  Depart- 
ment for  making  prompt  deliveries  of 
stokers  for  Government  plants  and  other- 
wise co-operating  with  the  Construction  Di- 
vision of  the  Army  during  the  recent  war 
has  beeii  awarded  the  Detroit  Stoker  Co. 

The  Pacific  Gas  t>nd  Electric  Company 
is  planning  to  construct  its  third  power  unit 


in  Shasta  County.  T'.iq  new  project  will  be 
on  Pitt  River,  four  miles  down  stream  from 
where  Fall  River  tumbles  over  into  the 
Pitt.  Fall  River  Mills  is  at  the  junction 
of  Fall  and  Pitt  Rivers.  Two  miles  up  Pall 
River  from  the  town,  a  tunnel  10,500  ft. 
will  be  dug  through  Saddle  Rock  Mountain. 
Nearly  all  the  water  in  the  river  will  be 
turned  through  this  tunnel.  At  the  south- 
ern outlet  the  water  will  be  575  ft.  above 
Pitt  River,  which,  with  Fall  River,  makes 
a  long  horseshoe  bend.  A  pipe  line  3,000 
ft.  long  will  deliver  this  water  under  575 
ft.  pressure  on  the  banks  of  Pitt  River, 
where  the  third  power  house  will  be  built. 
This  unit  will  generate  68,000  hp.,  and  is 
to  be  connected  within  a  year. 

I  Business  Items  | 
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The  Wheeler  Condens,er  and  Engineering 
Co.,  of  Carteret.  N.  J.,  is  completing  three 
condensers  for  20,000-kw.  turbines  for  the 
Union  Electric  Light  and  Power  Co.,  of  St. 
Louis;  one  of  15.000-kw.  for  the  Indianap- 
olis Light  and  Heat  Co.,  one  of  the  same 
size  for  the  Omaha  Light  &  Power  Co.,  and 
still  another  for  the  Wichita  (Kan.)  Light 
and  Power  Co.,  also  one  10,000-kw.  unit 
each  for  the  Midwest  Utilities-  Co.  at  Tulsa, 
the  Tennessee  Light  and  Power  Co.  at 
Memphis,  and  the  Central  Illinois  Public 
Service  Co.  at  Harrisburg,  111. 


Irade  Catalogs 

The  Westingliouse  Electric  and  Mannfac. 
turing  Co.  of  Pittsburgh,  Pa.,  has  ready 
for  distribution  a  20-page  catalog  entitled 
"Watt-Hour  Meters,"  which  describes  and 
illustrates  its  line  of  watt-hour  meters. 
The  descriptiors  cover  operation,  distinc- 
tive features,  construction  and  applfcation. 
.A.   copy  will  be  sent  on   request. 

The  Page  Steel  and  Vi-ire  Co.,  Monessen, 
Pa.,  has  ready  for  distribution  a  new  31- 
page  catalog  entitled  "American  Ingot 
Iron  Wire."  The  booklet  contains,  in  con- 
venient form,  data  and  tables  pertaining  to 
the  properties  of  American  Ingot  Iron 
Wire,  of  interest  to  engineers,  superintend- 
ents, purchasing  agents,  etc.  A  copy  will 
be  sent  on  request. 

"Industrial  Buildings  at  Matagorda"  is 
the  title  of  a  folder  distributed  by  the  J. 
G.  White  Engineering  Corporation,  43  Ex- 
change Place,  New  York  City.  It  gives 
information  about,  and  illustrations  of,  the 
jiowor  plant,  warehouse,  machine  shop,  and 
model  homes  erected  for  the  housing  of 
workmen,  at  .the  sulphur  plant  of  the  Texas 
Gulf    Sulphur    Co.,    Matagorda,    Texas. 

".America's  Greatest  Dam,"  by  William 
Benjamin  West,  is  a  new  64-page  booklet 
describing  in  detail  the  Wilson  Dam,  which 
is  being  constructed  at  Muscle  Shoals, 
Nitrate  Plant  No.  2,  Alabama.  The  book 
is  written  for  the  layman  as  well  as  for 
the  technically  inclined  and  contains  a  su])- 
plement  on  "Our  Water  Power."  which  sets 
forth  the  hydroi)ower  possibilities  of  this 
country. 
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I  COAL   PRICES 


P 


Prices   of  steam    coals  both  anthracite  and  bitu- 
minous,  f.o.b.  rniiips,  unless  otherwise  stated,  arc  as 

follows: 

ALANTIC  SKABOAKI) 

Anthracite — Coals  supplying    New    ^ Ork,   I'hila- 
ilrlphia  and  Hoston: 

f.o.b.  mines 

rVa $5   30@.$5.75 

Huckwhoal 3.40fe  4.10 

Rice 2.75®   3.25 

Barley 2.25fe  2  50 

Boiler 2.50 

Bituminous   -Steam  sizes  supplying   Xew   ^■ork, 
Philadelphia  and  Boston: 

f.o.b.  mines 
Canibrias  and  Sonier-sets,  f.o.b.  mines 

net  ton $7.25fe$8.00 

Clearfields  f.o.b.  mines,  net  ton 6.  75®   8.25 

Pocahontas   \  on  cars  Providence  and     1 1 .  00®  1 4 .  50 
New  River    /  Boston;  gross  ton 11.00^/14.50 


BUFFALO 

Bituminous — fob.  mines: 

I'.ttsburgh  slack $6  OOf/  $8.  00 

.Mine-run 6   00(«'.    8  00 

Lump   6.00®    8.00 

Youghiogheny 6 .  CO®   8.  00 


CLEVELAND 

Bituminous — f.o.h.  mines: 

Xo.  6  slack $4  50® $6. 00 

No.  8  slack. -  4   50®   6.  00 

No.  8— J-in 4.50®    6  00 

No.  6  mine-run '. 4   50®    6   00 

No.  8  mine-run 4.50®    6.00 

Pocahontas   -Mine-run 4   50®    600 


ST.    LOUIS 

ritvminous — f.o  b.  mines: 

Williamson 

and  Mt.  Olive 

I'ranklin  and 

Counties  Staunton         Standard 

Mine  run...  $3.  00®  4  00  $3.00®3.50         $4,50 

Screenings...    3.00(a  4  00  $3  00@3.  50            5  00 

Lump                3  00{a4  00  3  00®3.50           5  00 

Williamson-f'ranklin    rate   to   St.    Louis    is    $1.10; 
Other  rates  95c. 


CHICAGO 

Biruminous — Prices  f.o. I,',  mines  as 
of  .ipril  I  are  as  follows:  Co.  prices  vary 
$1.25 

Illinois 

Southern  Illinois 

Franklin,    Saline    and  i 

Williamson  Counties 

Mine-Run $3 .  00®  $3.10 

Screenings 2.60®    2.75 

Central  Illinois 

Springfield  District 

Mine-Run $2  75®  $3 .  00 

Screenings 2.50®    2.60 

Northern  Illinois 

Mine-Run $3.  50® $3. 75 

Screenings 3 .  00®    3  .  25 

Indiana 

Clinton  and  Linton 

Fourth  Vein 

Mine-Run $2  75® $2.  90 

Screenings 2   50®   2 .  65 

Knox  County  Field 

Fifth  Vein 

Mine-Run $2 .  75@$2 .  90 

Screenings 2   50(a»    2 .  60 

Brazil  Block $4   25tfi  $4   50 


per  circular 
from  50c.  to 


Freight   rate 

Chicago 

$1    55 

I    55 


$1.32 
I    32 


$1    24 
1.24 


$1 

.27 

1 

27 

$1 

37 

1 

37 

1 

.27 

New  Construction 


PROl'OSKI)    WOKK 

Me.,  Portland — The  Construction  Division. 
War'Dept.,  Wash..  D.  C,  will  receive  bids 
until  Juno  21  for  generator  houses,  .iteel 
hangars  and  miscellaneous  construction  at 
the  coast   defenses    here. 

MaSH.,  Andover — Guy  Lowell,  Archt..  12 
VVest  St.,  Boston,  will  srjon  award  the  con- 
tract for  a  2  stor.\-.  lod  .\  20(1  ft.  memorial 
building,  including  a  steam  heatint  system, 
for  the  Philips  Andover  Academy.  About 
$250,000. 

Mass.,  Boston — The  Construction  Division, 
War  Dept.,  Wash..  D.  C,  will  receive  bids 
until  June  21  for  generator  houses,  steel 
hangars  and  miscellaneous  construction  at 
the  coast   defenses  here. 

Mass..  Chelsea — H.  H.  Atwood.  Archt..  61 
Alban  St..  Dorchestt-r.  will  soon  award  the 
contract  for  a  2  story.  .'!.'>  x  90  ft.  power 
plant  and  laundry  addition  to  present  build, 
ing  ai  the  Soldiers'  Home  here,  for  the 
Commonwealth  of  Massachusetts.  Boston. 
Estimated    cost.    $125,000. 

Conn.,  Bridgeport — The  Amer.  &  British 
Mfg.  Corp.  is  in  the  n'arket  for  an  air  com- 
pressor of  300  cu.ft.  c.ipacity,  to  be  2  stage 
type,  either  belt  or  motor  driven,  develop- 
ing at  least  100  lb.  air  pressure  and  also 
a  reservoir  tank  about  3  ft.  in  diameter  and 
8  ft.   high. 

Conn..  Bridgeport — S.  Z.  Poli  Co..  24 
Church  St..  New  Haven,  will  soon  award 
the  contract  for  two  221  x  223  ft.  theatres 
on  Main  and  Congress  Sts..  including  steam 
heating   systems.      About    $1,000,000. 

N.  v..  Brooklyn — The  Bd.  of  Welfare  re- 
ceived bids  for  rejiairs  to  boiler  settings  and 
new  boiler  'fronts  at  the  power  house  at  the 
Kings  County  Hospital  here,  from  the  Acme 
Furnace  Equipment  Co..  39  Cortland  St.. 
$15,052  :  Frederick  Page  Contg.  Co..  115 
B'way,    $18,200. 

X.  Y.,  Brooklyn— The  Brooklyn  Union 
Gas  Co..  176  Remsen  St..  is  in  the  market 
for  2  gas  pumi)s  and  several  generators  for 
the  station  at   12th   St.  and  Second  Ave. 

N.  Y.,  Brooklyn  —  Charles  L.  Fraser. 
Archt.  and  Engr..  103  Park  Ave..  New  York 
City,  will  soon  award  the  contract  for  a  4 
story  department  store  including  a  steam 
heating  system  on  B'way  between  Grove 
and  Linden  Sts..  for  the  Bucklev  Newhall 
Co..  5th  Ave.  and  125th  St.,  New  York  City. 
About   $250,000. 

N.  Y..  Buffalo — The  Buffalo  Wagon 
Works.  Ill  Carroll  St.,  is  in  the  market  for 
one   5   h)).,   500  d.c.   motor. 

N.  Y.,  Buffalo — The  Houde  Eng.  Corp.. 
1400  West  Ave.,  is  in  the  market  for  a  small 
air  compressor  about  4   in.   bore. 

N.  Y.,  Buffalo — Frank  Lanahan  &  Sons. 
174  Fulton  St..  is  in  the  market  for  a  12  x 
14    X    275   ft.    air   compressor  with    tank. 

N.  Y.,  lona  Island — The  Bureau  of  Yards 
&  Docks,  Navy  Dept..  Wash.,  D.  C.  plans  to 
improve  the  Naval  Magazine  power  plant 
here.     About   $27,000. 

N.  Y.,  ,Iamesto\vn — Lyman  P.  Hapgood. 
Supt.  of  Water  and  Lighting,  plans  to  in- 
stall at  the  Cassadago  station,  three  150 
hp.  water  tube  boilers  with  equipment,  2 
steam  dri^-en  centrifugal  pumps  normal  ca- 
pacity 5,000,000  iier  24  hours,  2  steam  air 
compressors,  comjioimd  2  stage,  capable  of 
delivering  sufficient  air  under  80  lb.  pres- 
sure to  equal  160  hp..  pumping  engines.  2 
motor  driven  volute  centrifugal  i)timps.  not 
to  exceed  1.200  r.p.m.,  440  volt.  60  cycle. 
3  phase  ;  2  directly  connected  steam  turbine 
generators  to  generate  current  at  440  volt. 
60  cycle.  3  phase,  capacity  378  turbine 
capacity  540  hp..  2  motor  driven.  2  stage 
air  compressors,  which  will  furnish  suffi- 
cient air  at  80  lb.  pressure  to  i)roduce  160  hp. 

N.  Y..  Long  Island  City — The  Horizontal 
Hydraulic  Hoist  Co..  35  25th  St..  Milwau- 
kee, Wis.,  plans  to  build  a  1  story.  100  x 
150  ft.   service   station. 

N.  Y.,  New  Yor'-- — The  Auditorium  Asso- 
ciation, c/o  Slee  &  PrysoTi..\rchts.  and  Engrs. 
154  Montague  St..  Brooklyn,  is  having  plans 
prepared  for  a  4  story.  75  x  150  ft.  club 
and  ofHce  building  including  a  steam  heat- 
ing system  at  250  West  25th  St.  About 
$250,000. 


v.  v..  \f  w  York — The  Construction  Divi- 
sion. War  r«pt.,  Wash..  f>.  C,  will  receive 
bids  until  June  21  for  generator  houses, 
steel  hangars  and  miscellaneous  construc- 
tion at  the  coast  defenses  here  and  at  Long 
Island   Sounfl. 

N.  Y.,  .New  York  —  Keeler  &  Fernald. 
^rchts..  203  West  13th  St..  will  soon  award 
the  contract  for  an  8  story  loft  building 
i/iclurling  a  steam  heating  system  at  251 
West  27th  St..  for  the  Herzig  Mercantile 
Co. 

N.  Y.,  New  York — The  New  York  Belle- 
vue  and  Allied  Hospitals.  26th  St.  and  1st 
Ave..  |>lans  to  construct  a  hospital  addition 
inclu<ling  a  steam  heating  system.  About 
$800,000.  McKim.  Mead  and  White,  1"1 
Park   Ave.,   Archls. 

N.  Y.,  Oakfield  —  Genesee  Light  &• 
Power  Co.  of  I5:navia  has  i)etitioned  th*- 
Pub.  Serv.  Comn.  for  authority  to  issue 
$56,700  in  preferred  and  $50,000  common 
stock  to  equip  their  i)lant  here  for  the  pur- 
l>ose  of  supiilying  additional  jjower  an  I 
lighting  here  and  to  extend  the  transmis- 
sion  lines  to    Byron.    Darien   and   Alexindei'. 

X.  Y..  Clean — The  Bd.  Educ,  Union  Fn-r- 
School  Dist.  1.  will  soon  award  the  con- 
tract for  installing  heating  and  ventilatinr: 
equipment  in  school  buildings  No.  1.  5.  I 
and  7.  E.  H.  Keeney.  elk.  Phegley  &  Szek- 
ley.  Merian  BIdg.,  Cleveland,  C.  Engrs. 
Noted    April    20. 

N.  J.,  Clinton — F.  H.  Bent,  State  Archt.. 
142  West  State  St..  will  receive  bids  until 
June  22  for  a  3  story.  68  x  131  ft.  mater- 
nity cottage  and  boiler  i)lant.   About  $100. (to  i 

N.  J.,  Lakehurst — The  Bureau  of  Yards 
&  Docks.  Navy  Dept..  Wash..  D.  C.  will  re- 
ceive bills  until  June  21  for  the  installation 
of  power  plant  equipment.  Estimated  cost. 
$400,000. 

Pa.,  Pliiladelphia  —  The  Abrasive  Co.. 
Fraley  and  James  Sts.,  plans  to  build  a  1 
story.  55  x  6o  ft.  power  house  including 
power  equiiiment.      Estimated   cost.    $25,000 

Pa.,  Pliiladelphia — The  General  Electric 
Co..  Witherspoon  Bldg..  jilans  to  build  a 
plant,  including  a  steam  heating  system,  ft 
68-70th  St.   and   Elmwood   Ave.     About  $10.. 

000,000. 

Md..  Baltimore — Samuel  T.  Williams.  223 
North  Calvert  St..  is  in  the  market  for  a  3 
phase.  25  cycle.  440  volt  winding  machine 
with  motor,  and  a  250  hp.  open  type  feed 
water  heater. 

Md.,  Laurel — The  Maryland  Motors  Corj).. 
631  Munsey  Bldg..  Baltimore,  will  receive 
bids  until  August  1  for  a  2  story,  30  x  5o 
ft.  hydro-electric  plant,  to  have  a  600  kw.. 
3  phase.  60  cycle,  a.c.  capacity.  Three  200 
hp.  steam  turbines,  two  500  hp.  boilers  and 
two  600  "lip.  waterwheels  will  be  installed 
in  same.  Estimated  cost.  $120,000.  T.  P.. 
Webster.  631  IVIunsey  Bldg..  Baltimore. 
Engr. 

I>.  <".,  Washington — The  Amer.  Security 
&  Trust  Co..  15th  St..  plans  to  build  a  bank 
and  office  building  including  a  steam  heat- 
ing system.  About  $1,000,000.  York  & 
Sawyer.  50  East  41st  St..  New  York  City. 
Archts.  and  Engrs. 

D.  C,  Wasiiington — The  General  Purchas- 
ing Officer  of  the  Panama  Canal  will  re- 
ceive bids  until  June  18  for  furnishing  20 
upright,  e.xtra  heavy,  galvanized,  riveted 
boilers,   etc. 

Va.,  Langle.v — The  Construction  Division. 
War  Dept..  Wash..  D.  C.  will  receive  V)lds 
about  June  20  for  several  buildings  includ- 
ing  a    power    house,    etc..    here.     Cost,    over 

$500,000. 

Va.,  Ricliniond — The  Odd  Fellows  Lodge 
plans  to  construct  a  temple  including  a 
steam  heating  system.  Herts  &  Robertson. 
331  Madison  .-\ve..  New  York  City.  Archts. 
and   Engrs.      .\bout   $600,000. 

S.  C.  Hartsville — The  cit>  plans  to  con- 
struct a  sewerage  pumping  plant.  .A.bout 
$15,000.  C.  C.  Wilson.  Columbia.  Consult. 
Engr. 

S.  C,  Paris  Island — The  Bureau  of  Yar<ls 
&  Docks.  Navy  Dept..  Wash..  D  C.  will  re. 
ceive  bids  until  June  21  for  power  plan' 
improvements.      Noted   June    1. 

.Ala.,  Gadsden — The  Alabama  Power  Co 
plans  to  build  a  transmission  Mne  from  here 
to  Lindale.  Ga..  a  distance  of  52  miles  and 
deliver  hydro-electric  power  to  the  sub- 
station there. 

.■\ln..  Muscle  Slioals — The  ConstructiP«j 
Qu;irtertnaster.    l'.    S.    Nitrate    Plant    No     2. 
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will  receive  bids  until  June  21  "for  a  trans- 
mission line  between  plants  1  and  2.  ap- 
proximately  a  distance  of  4   miles. 

O..  C'levelaiHl  —  The  Brandt  Co.,  .Sheriff 
St.  Market,  plans  to  build  a  6  story  cold 
storage  warehouse  including  a  refrigeration 
system.     About  $.'ino,noO. 

O.,  rieveland  —  The  Parish  &  Bingham 
Co..  AVest  10 6th  St.  and  Madison  Ave.,  is 
having  jilans  prepared  for  a  1  story,  30  x 
55  ft.  boiler  ])lant  at  1060(1  Madison  Ave. 
Two  500  hp.  boilers  with  stokers  will  be 
installed  in  same.  Estimated  cost.  $100,- 
000.  Ernest  McGeorge.  1900  Euclid  Ave.. 
Archt.   and  Engr. 

O.,  Cleveland — William  Taylor  Son  &  Co., 
Euclid  Ave.,  is  having  plans  prepared  for  a 
10  story,  69  x  200  ft,  department  store  addi- 
tion including  a  steam  heating  system  at 
614  Euclid  Ave.  About  $500,000.  D.  H. 
Burnham  &  Co.,  209  South  I.aSalle  St.. 
Chicago,   Archt. 

Ind..  KvansviUe — The  Indiana  Atomized 
Fuel  Co.  plans  to  build  a  1  story,  80  x 
100-ft..  350  to  400  hp.  electric  driven  plant 
to  reduce  coal  to  an  atomized  state.  Esti- 
mated cost,  from  $125,000  to  $150,000.  B. 
U.  Cain,  Secy. 

Iiid.,  Indianapolis  —  The  city  plans  an 
election  in  June  to  vote  on  $650,000  to  con- 
struct a  power  i)!ant  at  the  Arsenal  Tech- 
nical  high    school. 

Mirli.,  Detroit  —  Louis  Kamper.  Archt  , 
749  Book  Bldg,,  will  receive  bids  until  June 
21  for  a  10  story.  53  x  141  ft,  office  and 
loft  building  on  Woodward  Ave.,  including 
steam  heating  equipment,  for  Hugo  Scherer. 
About    $1,000,000,      Noted   April    20. 

Mich.,  Detroit — The  Manufacturers  Mu- 
tual Insurance  Co.,  484  Bast  Jefferson  Ave., 
is  having  plans  prepared  for  a  4  story,  45 
X  150  ft.  hosiiital  and  office  building  in- 
cluding a  steam  heating  system  on  East 
Jefferson  Ave,  About  $300,000.  Stratton 
Snyder  &  M.  R.  Burrowes,  Union  Trust 
Bldg,.   Archts. 

Mieh.,  Grand  Rapids — St.  Mary's  Catho- 
lic Congregation,  423  1st  St.,  N.W.,  is  hav- 
ing i>lans  i^repared  for  the  construction  of 
a  1  story  central  heating  plant,  E,  Briel- 
maier  &  Sons  Co.,  University  Bldg,.  Mil- 
waukee,  Wis.,   Archt.   and   Engr. 

111.,  riiioaBo  —  Albert  L.  Appleton  and 
Associates,  c/o  Walter  W.  Alshlager,  Archt,, 
111  West  Washington  St,,  are  having  plans 
prepared  for  a  21  story,  110  x  150  ft.  hotel 
on  Chicago  and  Michigan  Aves.,  including 
a  steam  heating  system.      About  $4,000,000. 

III.,  CliieaRo — Cahill  &  Douglas,  Engrs., 
217  West  Water  St.,  Milwaukee,  Wis,,  are 
receiving  bids  for  a  750  hp.  pocket  valve 
uniflow  engine  and  a  500  kw,  generator, 
also  a  195  ft.  stack,  for  the  Illinois  Mal- 
leable Iron  Co.,   1801   Diversey  Blvd. 

111.,  Chicago — The  Chicago,  Milwaukee  & 
St.  Paul  Ry.  Co.,  Office  of  the  Purchasing 
Agent,  is  in  tlie  market  for  1  locomotive 
hoist  consisting  of  six  50-ton  jacks  fitted 
with  a  Generi'.l  Electric  50  hp.  motor,  one 
5  hp.  motor  with  starting  box  and  switches 
for  running  hammer,  one  10  hp.  motor. 
Sliced  variable  from  550  to  1,100  r.p.m.  for 
running  boring  mill.  All  electric  equipment 
will  1)e   220  volt,  d.c. 

Wis.,  Kail  Claire — The  Industrial  Constr. 
Co.,  3  Soutli  Harstow  St.,  is  in  the  market 
for  1   link  belt  conveyor. 

Wis.,  Milwaukee  —  Cahill  &  Douglas, 
Engrs..  217  West  Water  St  ,  will  soon  aw.ard 
the  contract  for  the  furnishing  two  300  hp. 
boilers  for  Oeuder,  Paeschke  &  Frey,  St. 
Paul   Ave.   and    15th   St.      Noted    March    3. 

Wis.,  New  T.ondon  —  The  Little  Wolf 
Power  Co.,  has  obtained  iiermission  to  con- 
struct and  ojierate  a  dam  on  the  I.,ittle  Wolf 
River  in  Waupaca  County,  near  here. 

Wis.,  Sliebo.vean — The  city  will  soon  re- 
ceive bids  for  a  4  story,  150  x  250  ft,  high 
school  including  a  steam  heating  svstem. 
on  .Tefferson  and  9th  Sts.  About  $750,000, 
Childs  &  Smith,  64  East  Van  Buren  St,, 
Chicago,    Archts. 

AVis..  Wauwatosa  —  The  Milwaukee  Co. 
Bd.  of  Administrators,  Milwaukee,  will  soon 
award  the  contract  for  intercepting  sewers, 
pumping  station  and  force  main.  Two  250 
p.p.m.  motor  driven  centrifugal  sewage 
i>umps  will  be  installed  in  same.  W.  G. 
Kirchoffer,  31  Vroman  Bldg.,  Madison, 
AVis.,    Engr, 


Minn.,  Colerainc — A.  King,  Clk.,  will  re- 
ceive bids  until  July  15  for  a  2  story.  200 
x  200  ft.  high  school  including  a  steam  heat- 
ing svstem  for  the  Bd.  Educ.  Estimated 
cost,  "$350,000.  W.  T,  Bray.  616  Torrey 
Bldg.,   Duluth.  Archt.   and  Engr. 

Minn.,  Duliitli  —  The  Great  Northern 
Power  Co.  of  Duluth  plans  to  build  a  dam 
across  Boulder  Lake,  for  the  purjjose  of 
developing  50.000  hp.  in  order  to  supply 
additional  electric  power  to  this  town  and 
towns  on  the  JVlinnesota  iron  ranges. 

Minn.,  Duluth — The  Rev.  J.  T.  McNich- 
olas,  211  West  4th  St.,  will  receive  bids 
until  June  29  for  a  3  story,  100  x  150  ft. 
grade  school  including  a  steam  heating  and 
mechanical  ventilating  system,  on  28th  Ave, 
East,  and  4th  St.  About  $250.0(10.  Magin- 
nis  &  WaLsh,  100  Roylston  St.,  New  York 
City,   Archts.  and  Engrs. 

Minn.,  Hibbiiis — The  town  rejected  ;ill 
bids  for  a  2  story,  149  x  284  ft.  recreation 
building  on  1st  Ave.  and  Jackson  St.  Hal- 
stead  &  Sullivan.  Palladio  Bldg,,  Duluth. 
Archts,  and  En-rrs,  A\'ork  will  be  readver- 
tised.      Noted  May   10. 

>Iinn.,  Minneapolifs — The  State  ITniversity 
will  soon  receive  bids  for  a  3  story,  95  x 
160  ft,  music  building  including  a  steam 
heating  system,  C.  L,  Pillsbury  Co.,  805 
Metropolitan  Bank  Bldg.,  Engr.  C.  H. 
Johnston.  715  Capital  Bank  Bldg,,  St,  Paul, 
Archt.       About    $500,000. 

,  S.  D..  Sioux  Falls — Symms-Brownell  Mfg. 
Co.  is  in  the  market  for  one  28  to  34  x  12 
to  14  in,  milling  machine  and  one  150  lb, 
drive   air   compressor    (used). 

Mo.,  St.  Loui.s — The  city  will  receive  bids 
until  June  29  for  an  engine  house  to  have 
a  200  kw.  capacity,  and  for  the  installation 
of  one  220  hp.  horizontal  single  direct  con- 
nected side  crank  engine  to  be  connected 
to  a  200  kw.  generator  now  in  place,  at 
the  Citv  Sanitarium  Pumping  Station,  here. 
E.  E.  Wall,  City  Hall,  Water  Comr,  Esti- 
mated  cost,    $15,000,      Noted   May   25, 

Tex.,  Port  Arthur — J.  A.  Wetmore,  Su- 
))ervising  Archt..  Treasury  Dept,,  Wash., 
D.  C,  will  receive  bids  until  .lune  25  for 
furnishing  and  installing  a  heating  boiler 
in  the  United  States  Post  Office  and  Custom 
House,  here. 

Okla.,  Madii: — The  City  Clerk  will  receive 
bids  until  July  1  for  a  1  story,  30  x  40  ft. 
building,  distribution  system  for  water 
main,  dam  and  a  150,000  gal.  steel  tank, 
Pumiiing  equipment  consists  of  two  500 
S,P  M,  triplex  pumps,  each  driven  by  75 
B.H.P,  fuel  oil  engine,  Johnson  &  Brenham, 
Firestone    Bldg,,    Kansas    City,    Mo,.    Engrs. 

Ariz.,  Holbrook — The  city  plans  an  elec- 
tion to  vote  on  $100,000  bonds  to  construct 
a  water  system,  consisting  of  wells,  pump- 
ing 1  int  and  distribution  system,  Olmsted 
&  Gilliien,  Hollingsworth  Bld.g,,  Engrs, 

Wash.,  Pujjet  Sound — The  Construction 
Division,  War  Dept.,  Wash..  D.  C.  will  re- 
ceive bids  until  .June  21  for  steel  hangars, 
generator  houses  and  miscellaneous  con- 
struction a-    the  coast  defenses  here. 

Cal..  Glendale — The  Glendale  Sanitarium 
engaged  G,  B,  Larimer  Baker.  Detwiler 
Bldg..  Los  Angeles,  to  prepare  plans  for  a 
central  heating  plant  in  connection  with 
the  proi)osed  group  of  hospital  buildings  on 
B'way   and    Jackson    St. 

Cal.,  San  Franeisoo  —  The  Construction 
Division,  War  Dept.,  Wash..  D.  C,  will  re- 
receive  bids  until  .Tune  21  for  steel  hangars, 
generator  houses  and  miscellaneous  con- 
struction   at  the  coast   defenses   here. 

Que.,  Buckingliam  —  The  Town  Council 
has  appropriated  $75,000  for  550  hp,  elec- 
tric power  development  of  Aqueduct  Ave. 
and  is  in  the  market  for  equipment. 

Ont.,  Toronto' — The  Provincial  Power 
Schemes  will  cost  over  $17,000,000,  accord- 
ing to  tlie  supplementary  estimate  submit- 
ted to  the  I^ogislature.  The  great  propor- 
tion of  this.  $10,500,000.  is  on  the  big  de- 
velopment at  Chippaw.a  and  Queenston  :  for 
the  Niagara  system,  $1,250,000  ;  Severn  sys- 
tem. $50,000  :  Eugenia  and  Saugeen  systems, 
$475,000  ;  Muskoka  system,  $40,000  ;  Port 
Arthur  and  Thunder  Bay,  or  Superior  sys- 
tems, $2,500,000  :  Wasdell  system.  $90,000  ; 
St.  Lawence  system.  $500,000  ;  Rideau  sys- 
tem. $250,000  :  Central  Ontario  system. 
$750,000;  Nipissingi  system,  $175,000;  ex- 
penditures on  account  of  province,  $177,000  ; 
miscellaneous.    $500,000. 

B.  C,  Vancouver — The  British  Columbia 
Paramount     Theatres     Ltd..     963     Granville 


St.,  plans  to  build  a  4  story,  120  x  120  ft. 
moving  picture  theatre  on  Seymour  St..  in- 
cluding a  heating  system.  T.  Lamb,  644  8th 
Ave.,  New  York  City,  Archt. 

B.  C,  Vancouver — The  city  plans  to  es- 
tablish a  hydro-electric  i)lant  at  Heton 
Lake,  capable  of  generating  175,000  hp. 
Estimatd   cost,   $12,000,000. 


CONTRACTS    AWARDED 

^lass.,  Boston — The  Suffolk  Law  School, 
4  5  Mt.  Vernon  St.,  will  build  an  8  .story, 
87  X  110  ft.  law  school  on  Mt.  Vernon  St,, 
including  a  steam  heating  system.  About 
$300,000.     Work  will  be  done  by  day  labor. 

Mass.,  Cambridge — The  Massachusetts 
Institute  of  Technology,  Boylston  St.,  Bos- 
ton, has  awarded  the  contract  for  the  con- 
struction of  a  4  story.  60  x  180  ft.  college 
on  Massachusetts  Ave.,  to  the  General 
Building  Co..  522  Harrison  Ave.,  Boston, 
A  steam  heating  system  will  be  installed 
in    same.      Total  estimated   cost,    $600,000. 

Mass.,     Fall     River  — •  The     Laurel     Lake 

Mills.  484  Globe  St..  has  awarded  the  con- 
tract for  a  1  story,  40  x  52  ft.  transformer 
station  to  Beattie  &  Cornell,  33  North 
Quarry   St.,   at   $25,000. 

Conn.,  Manchester — The  Mutual  Heating 
Corp.  has  awarded  the  contract  for  a  1 
story  heating  plant  on  Main  St.  to  the  Flynt 
Bldg.     &     Constr.     Co..     Palmer,     Mass,     at 

$50,000. 

N.  v..  Brooklyn — The  Pub.  Market  of 
Flatlnish.  1210  Flatbush  Ave.,  has  awarded 
the  contract  for  the  construction  of  a  pub- 
lic market  on  Flatl)ush  Ave.,  Duryea  PI. 
and  Rast  22nd  St..  to  Richard  Von  Lehn 
Sons,  2701  Ave.  G.  A  steam  heating  sys- 
tem will  l)e  installed  in  same.  Total  esti- 
mated   cost,    $500,000. 

N.  Y.,  Brooklyn  —  Steven  Ranson.  401 
West  St.,  New  York  City,  has  awarded  the 
contract  for  a  1  story,  150  x  200  ft.  ma- 
chine shoii  and  transformer  station  at  518 
Hamilton  St,,  including  a  steam  heating 
system,  to  Wharton  Green,  37  West  39th 
St..   New  York  City,   at   $250,000. 

N.  Y.,  Rocky  Point — The  Radio  Corp., 
Woolworth  Bldg..  New  York  City,  has 
awarded  the  contract  for  a  wireless  station 
consisting  of  several  buildings  including  a 
power  house,  to  the  ,1.  G.  White  Eng.  Co.. 
43  Exch,  PI,,  New  York  City.  About  $10,- 
000.000.      Noted  June   8. 

N.  v.,  Yonkers — The  Yonkers  Electric 
Light  &  Power  Co.  has  awarded  the  con- 
tract for  a  2  story,  100  x  225  ft.  trans- 
former station  on  Columbus  PI.,  to  the 
Joseph  Canepi  Contg.  Corp.,  Inc.,  604  South 
B'way.      About    $200,000. 

Pa..  Philadelphia — L.  H.  Gilmer  Co..  Cott- 
man  and  Keystone  Sts.,  has  awarded  the 
contract  for  a  3  story,  95  x  150  ft.  power 
house  and  warehouse,  including  a  steam 
heating  system,  to  W,  D.  Lukins,  432  West 
Walnut     St.,    North     Wales,    at    $200,000. 

Pa.,  Philadelphia — The  Philadelphia  Elec- 
tric Co  ,  10th  and  Chestnut  Sts.,  has  award- 
ed the  contract  for  a  sub-station  at  52-54 
North  6th  St.,  to  John  R,  Wiggins  Co., 
Otis   Bldg.,  at   $137,500, 

Md.,  Baltimore  —  The  City  Council  has 
awarded  the  contract  of  a  3  story.  63  x  121 
ft.  school  including  a  saeam  heating  system. 
to  the  Standard  Constr.  Co.,  1713  Sansom 
St.,  Philadelphia,  at  $400,000. 

Tex.,  Fort  Worth — The  Bureau  of  Yards 
&  Docks.  Navy  Dept.,  Wash.,  D.  C,  has 
awarded  the  contract  for  the  installation 
of  deep  well  pumping  equipment,  to  the 
Lavne  &  Bowler  Co.,  Rand  Bldg.,  Mem- 
phis, at  $23,300.     Noted   April   27. 

Cal.,  Long:  Beach — The  city  has  awarded 
the  contract  for  a  sewerage  pumping  plant 
with  immiis.  motors,  flush  tanks,  etc..  to 
John  Cummings,  1200  Washington  Bldg., 
Los   Angeles,   at   $44,649.      Noted   June   8. 

Cal.,  I.,os  Angeles — The  Oil  Mining  Equip. 
ment  Co..  2026  Santa  Fe  Ave.,  will  build  a 
group  of  factory  buildings,  including  an 
80  X  547  ft.  main  factory  with  a  60  x  150 
ft,  wing,  boiler  house,  etc.  Motors,  etc.. 
will  be  installed  in  same.  Work  will  be 
done  by  day  labor. 

Cal.,  Santa  Rosa — The  Natl.  Ice  &  Cold 
Storage  Co.,  Postal  Telegraph  Bldg..  S'n 
Francisco,  has  awarded  the  contract  for  a 
1  story  cold  storage  building  addition,  to 
A.    M.    Hildt>brandt,   at   $100,000. 
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FINNEY    AVENUE   PLANT   OF   THE    MERCHANTS 
ICE  AND  COAL  CO. 


FIG.    2. 


THREE   200-HP.    STOKER-FIRED   BOILERS. 
FINNEY  AVENUE  PLANT 


Economy  at  the  Finney  Avenue  Ice 

Plant,  St.  Louis 

By  C.  WILKIE 

Engint'er,  Finney  Avenue  Plant,  Merchants  Ice  and  Coal  Co.,   St.  Louis,  Mis.souri 


A  refrigerating  plant  fourteen  years  old  with 
mediocre  equipment  is  operating  at  58.6  per  cent 
over  its  rated  capacity  and  is  delivering  on  the 
average  8.5  tons  of  ice  per  ton  of  10,000-B.t.u. 
coal.  Ingenuity  of  the  management,  co-operation 
of  the  operating  force  and  careful  manipulation 
of  the  equipment  are  the  reasons  advanced  for 
the  splendid  shovnng. 


THE  Finney  Avenue  Plant  of  the  Merchants  Ice 
and  Coal  Co.,  St.  Louis,  is  not  a  modern  steam- 
driven  plant.  There  are  no  boilers  with  80  per 
cent  efficiency,  no  uniflow  engines  using  12  lb.  of  steam 
per  indicated  horsepower-hour  and  no  superheated 
steam,  but  the  plant  ranks  with  a  number  of  others 
having  the  most  modern  equipment.  It  has  been  in 
operation  for  fourteen  years  and  was  one  of  the  first 
in  the  country  to  make  raw-water  ice  with  any  degree 
of  success. 

Its  capacity  up  to  1908  was  150  tons  of  ice  per  day 
plus  the  refrigeration  for  the  ice-storage  rooms.  Since 
that  '•■'Tie  the  capacity  has  been  increased  to  238  tons 
plus  the  ice  storage.  The  increase  was  obtained  with- 
out adding  to  the  boiler  equipm.ent  or  ice-making  ma- 
chinery, without  the  assistance  of  extra  coils  on  the 
freezing  system  or  additional  ammonia-condenser  sur- 
face. Efficient  and  careful  operation  of  the  equipment 
available,  improvements  where  possible  and  labor-sav- 
ing devices  are  the  reasons  back  of  the  higher  economy 
and  greater  capacity  obtained. 

Boiler,  engine  and  ice-storage  rooms  are  on  the 
ground  floor  of  the  plant.  The  steam-condrnser  cooling 
tower  is  located  on  the  engine-room  roof.  It  is  of  the 
open  flat  type,  with  the  breaks  on  16-in.  spacing.     The 


primary  ammonia  condensers  are  located  on  top  of  the 
tower  previously  mentioned,  and  the  freezing  tanks  are 
just  above  the  ice-storage  rooms.  The  secondary  am- 
monia condensers,  liquid-cooling  coils  and  ammonia- 
condenser  cooling  tower  are  on  the  roof  above  the  freez- 
ing-tank room. 

In  the  boiler  room  are  three  200-hp.  combination  fire- 
and  water-tube  boilers,  equipped  with  chain-grate 
stokers.  This  type  of  boiler  has  the  reputation  of  being 
troublesome,  owing  to  leaky  flues,  but  this  difficulty  has 
been  overcome  in  a  measure  by  careful  firing,  maintain- 
ing the  load  as  nearly  constant  as  possible  and  by  pro- 
tecting the  rear  flue  sheet. 

When  two  of  the  units  are  in  service,  the  boilers  are 
operated  at  high  capacity,  but  with  three  on  the  line 
the  load  on  each  is  below  rating.  From  the  daily  ice 
production  it  is,  evident  that  the  losses  sustained  are 
very  small. 

To  furnish  necessary  operating  data,  the  boilers  are 
equipped  with  draft  gages,  CO,  recorders  and  a  damper 
regulatoi-.  The  device  last  named  is  set  so  as  to  reduce 
the  draft  about  one-half  when  closed  and  at  the  same 
time  slow  down  the  stoker  engine  in  proportion  to  the 
reduction  in  draft.  Coal,  which  is  hauled  to  the  plant 
by  motor  trucks  and  dumped  in  the  alley,  is  conveyed 
into  the  boiler  room  by  a  bucket  conveyor. 

There  are  two  vertical  single-acting  ammonia  com- 
pressors, with  cylinders  20  x  30  in.  driven  by  tandem- 
compound  Corliss  engines,  the  latter  being  supplied  with 
steam  at  160  lb.  pressure  at  the  throttle  and  10  lb.  on 
the  receiver.  During  the  summer  months  the  machines 
are  operated  at  80  r.p.m.,  an  unusually  high  spaed  for 
their  size  and  type,  when  it  is  considered  that  65  to  70 
r.p.m.  is  the  usual  thing.  The  average  condenser  pres- 
:.ure  during  this  period  is  only  170  lb.,  as  compared  with 
215  lb.  in  other  plants  in  the  same  locality.     Under  the 
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conditions  enumerated,  the  horsepower  developed  in 
either  case  would  be  practically  equivalent,  but  with  the 
lower  condenser  pressure  and  higher  speed,  more  re- 
frigerating capacity  would  be  developed. 

The  generating  units  consist  of  two  870-ampere,  110- 
volt,  direct-current  machines,  one  a  reserve  unit,  directly 
connected  to  cross-compound  four-valve  engines.  All 
the  engines  exhaust  into  a  surface  condenser  on  which 
a  vacuum  of  from  23  to  26  in.  is  maintained.  The 
vacuum  pump  is  of  the  late  feather  valve  flywheel  type 
and  is  motor-driven. 

An  interesting  feature  of  the  plant  is  the  small  num- 
ber of  steam-driven  pumps  in  operation.  There  are 
only  four  in  the  plant,  two  51  x  4;]  x  5-in.  pumps  for 
supplying  distilled  water,  with  two  in  reserve  as  auxili- 
aries. For  supplying  air  to  the  raw-water  freezing 
tanks  there  is  a  low-pressure  rotary  blower  with  a  dis- 
placement of  900  cu.ft.  per  min.  at  2  lb.  pressure,  belted 
to  a  15-hp.  motor,  and  a  centrifugal  compressor  having 
a  capacity  of  1,600  cu.ft.  per  min.  at  2  lb.  pressure, 
directly  connected  to  a  20-hp.  motor.  The  latter  ma- 
chine is  of  the  high-speed  type,  making  3,400  r.p.m. ; 
the  speed  of  the  blower  is  550  r.p.m.  One  of  these 
units  is  held  in  reserve.  Air  for  general  purposes  and 
especially  for  the  ice  cranes  in  the  freezing-tank  room 
is  furnished  by  a  10^-in.  cross-compound  steam-driven 
air  compressor,  with  a  9-in.  compressor  of  the  same 
type  held  in  reserve.  The  exhaust  steam  from  the  two 
compressors  is  used  for  the  purpose  of  heating  the  bath 
water,  and  all  of  the  excess  goes  to  the  boiler-feed 
water  heater,  thus  utilizing  practically  all  of  the  heat. 


All  water  for  freezing  and  condenser  cooling  pur- 
poses is  supplied  from  the  city  mains  through  a  3-in. 
line.  Two  1,000-g.p.m.  centrifugal  pumps,  each  direct 
connected  to  a  40-hp.  motor,  circulate  the  cooling  water 
for  the  steam  condenser,  the  steam-condenser  tower 
and  the  primary  ammonia  condenser.  The  two  pumps 
are  located  in  the  engine  room  near  the  steam  condenser, 
and  with  a  supply  tank  located  on  a  balcony  directly 
above,  the  v^ater  flows  through  the  steam  condenser  to 
the  pump  and  is  forced  to  the  top  of  the  steam-condenser 
tower.  The  water  level  in  the  supply  tank  being  about 
14  ft.  above  the  pumps,  reduces  the  actual  head  against 
which  they  must  operate.  In  addition  the  suction  and 
discharge  lines  to  the  pumps  are  extra  large  to  reduce 
the  loss  due  to  pipe  friction. 

Cooling  water  for  the  secondary  ammonia  condenser 
Js  circulated  by  a  3,000-g.p.m.  centrifugal  pump,  also 
direct  connected  to  a  40-hp.  motor.  This  pump  is  located 
31  ft.  below  the  top  of  the  ammonia-condenser  coils  and 
a.  one  end  of  the  ammonia  condenser  tower.  The  water 
from  the  tower  flows  across  the  roof  to  a  supply  tank 
placed  three  feet  above  the  pump.  Although  suction 
and  discharge  connections  of  the  pump  are  12  and  10 
in.,  the  respective  pipe  lines  are  20  and  18  in.  in 
diameter. 

Metallic  packing  is  used  on  all  valve  stems,  as  well 
as  on  the  steam-piston  rods  and  ammonia-compressor 
rods,  so  that  rod  trouble  in  the  plant  is  reduced  to  a 
minimum. 

An  interesting  feature  is  the  arrangement  of  the 
three  freezing  tanks.     These  are  79  ft.  long  and  have 


FIG.   3.     TWO  VERTICAL  SINGLE-ACTING  AMMONIA  COMPRESSORS  DRIVEN  BY  TANDEM-COMPOUND  CORLISS  ENGINE 
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sufficient  width  for  eighteen  400-lb.  cans.  Each  tank 
contains  twenty  coils  of  1:1 -in.  pipe,  three  of  the  coils 
on  either  side  being  12  pipes  high  and  the  other  four- 
teen coils,  10  pipes  high.  The  total  number  of  cans  is 
1,818,  giving  an  allowance  of  7.6  cans  per  ton  of  ice. 


flG.  4. 


ICE  TANK  WITH  THREE  PROPELLERS  FOR  RAPID 
BRINE  CIRCULATION 


the  low  side  nor  forced  over  the  top  of  the  cans  on  the 
high  side. 

The  three-prope  ler  tank  is  so  arranged  that  each  side 
of  the  tank  has  high  brine,  but  on  opposite  sides  and 
ends.  The  two  motors  that  drive  the  three  propellers 
are  connected  to  the  same  starting  box,  so  that  if  a  fuse 
should  blow  or  there  should  be  any  mishap  to  the  box, 
all  three  propellers  would  stop,  for  the  simple  reason 
that  the  agitation  in  this  tank  is  much  more  rapid  than 
in  the  other  two  tanks.  The  one  propeller  in  ^he  front 
end  of  the  tank  is  designed  to  handle  as  much  brine  as 
the  twc  in  the  rear  end.  Since  the  third  agitator  waa 
put  into  operation,  it  is  easy  to  get  three  tons  of  ice 
more  per  day  than  on  either  of  the  other  two  tanks  with 
the  same  brine  temperature  and  the  same  number  of 
cans. 

For  agitating  the  raw  water  in  the  cans,  a  drcp-pipe 
system  is  employed.  A  4-in.  header  on  either  side  of 
the  tanks,  with  2-in.  headers  connected  at  right  angles. 


ya/ye-~.    ,'8"Heaa/er   ,'9''xa"0ak  Sill 


FIG.  5. 


DROP  PIPE  SYSTEM  FOR  AGITATING  RAW 
WATER  IN  CANS 


The  average  freezing  time  is  36  hr.  35  min.  Brine 
agitation  is  provided  for  by  two  horizontal  belted  pro- 
pellers in  the  rear  end  of  each  tank,  although  one  tank 
has  a  third  propeller  located  in  the  front  end  of  the 
tank.  The  brine  circulation  is  rapid,  4A  in.  of  agitation 
being  maintained  during  the  sUmmer  months  and 
amounting  to  one  inch  for  every  i\  cans. 

Particular  attention  is  called  to  the  manner  in  which 
the  tank  floor  is  arranged  so  as  to  keep  the  brine  from 
overflowing  into  the  ice  cans,  due  to  the  high  agitation. 
The  tank  is  divided  longitudinally,  the  brine  circulating 
down  one  side  and  returning  on  the  other  side  to  the 
propellers. 

Fig.  4  shows  the  general  arrangement,  but  in- 
cludes the  third  propeller^  and  the  false  flooring  on 
both  sides.  As  the  brine  leaves, the  propellers,  its  level, 
as  previously  mentioned,  is  raised' "4i.  in.  above  the 
stationary  level  of  the  brine,  and  '  gradually  recedes  to 
normal  as  the  flow  approaches  the  opposite  end  of  the 
tank;  consequently,  a  lalse  floor  has  been  provided  on 
the  outgoing  side  of  the  tank,  its  elevation  being  four 
inches  at  the  high  end  and  receding  to  zero  at  the  end 
of  the  tank  opposite  to  that  in  which  the  propellers  are 
located. 

Ai-  the  cans  are  60  in.  high  and  the  ice  blocks 
measure  53  in.,  there  is  sufficient  range  so  that  the 
brine  level  need  not  be  pulled  down  below  the  ice  on 
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FITTINGS    CONNECTING   DROP   PIPE   TO 
AIR  HEADER 
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FIG.   7.     DEVICE  FOR  UI»-ENnTNG  CAKES  OF  ICE 

serves  to  distribute  the  air  to  the  cans.  These  headers 
are  under  the  tank  covers  and  between  every  other  row, 
making  it  necessary  for  the  ice  pullers  to  siphon  ahead 
of  the  pulling  so  as  to  have  air  connections.  Brass 
fittings  j!  in.  in  diameter  are  screwed  into  the  headers, 
and  each  is  fitted  with  a  piece  of  hose  seven  inches 
long  with  a  special  coupling  at  the  far  end.  The  drop 
pipe,  which  is  made  up  of   .ij-in.  galvanized  pipe  and 
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extends  to  within  nine  inches  of  the  bottom  of  the  can, 
is  connected  to  the  hose  by  a  quarter  turn  on  the 
coupling. 

Owing  to  ihe  high  brine  agitation  the  cans  tend  to 
rise.  To  keep  them  down  in  the  brine,  slots  i  in.  wide 
and  «  in.  deep  have  been  made  in  the  deck  boards  or 
sills  and  a  1  x  2-in.  pine  stick,  beveled  at  either  end,  is 
placed  over  the  can.     The  stick  serves  also  as  a  support 


causes  it  to  pass  down  a  low  incline  to  the  floor  level. 
The  piston  is  actuated  by  means  of  rod  C,  which  opens 
the  valve  and  ullows  the  air  pressure  to  push  the  piston 
toward  the  top  of  the  cylinder,  pulling  the  quadrant  and 
the  cake  of  ice  on  its  upper  platform  through  an  angle 
of  90  degrees. 

An  adjustable  release  lug  on  the  ?-in.  pipe  connecting 
with  the  valve  lever  is  so  located  that  when  the  bar  of 
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for  the  drop  pipe.  There  is^  about  1  to  1^  per  cent  of 
white  ice  due  to  air  trouble.  During  the  winter  months 
exhaust  steam  passing  through  a  coil  in  the  air  receiver 
serves  to  heat  the  air  from  80  to  130  deg.  F. 

The  ice  cranes  are  of  the  pneumatic  bridge  type 
arranged  to  handle  three  cans  at  one  time.  Three  auto- 
matic  lowering   machines   with  the   necessary   chutes 


iron  on  the  ci^osshead  comes  in  contact  with  it,  the  valve 
lever  is  raised,  reversing  the  direction  of  the  piston 
and  allowing  it  and  the  quadrant  to  return  automatically 
to  the  normal  position  ready  for  another  cake  of  ice. 
When  the  ice  puller  dumps  the  ice  on  the  second  floor, 
the  automatic  lowering  machines,  with  the  aid  of  chutes, 
deliver  each  cake  of  the  238  tons  pulled  each  day  within 


.:' 

FIG.   9. 


STEAM  CONDENSER  COOLING  TOWER  AND 
PRIMARY  AMMONIA  CONDENSER 


FIG.   10. 


TOP  VIEW  OF  THE  SECONDARY 
AMMONIA   CONDENSER 


deliver  the  ice  from  the  dumps  to  any  location  in  the 
storage  rooms,  where  only  one  man  is  required  for  tak- 
ing care  of  the  ice  when  it  is  being  stored. 

A  machine  has  been  perfected  for  standing  the  blocks 
of  ice  on  end.  It  is  operated  by  air  and  takes  the  place 
of  one  man  on  each  shift.  The  device  consists  of  an  air 
cylinder  A,  Fig.  7,  which  by  means  of  a  cable  connec- 
tion to  the  quadrant  B,  up  ends  the  block  of  ice  and 


four  to  six  feet  of  this  machine,  except  when  the  per- 
manent ice  storage  is  being  filled.  At  the  plant  the 
ice-storage  capacity  is  only  3,500  tons,  but  other  storage 
houses  are  provided  in  various  residential  sections  of 
the  city,  which  are  filled  from  the  plant  during  the 
winter  months. 

When  this  machine  was  first  installed,  the  upper  end 
of  the  cylinder  was  open  to  the  atmosphere  and  the 
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piston  would  come  up  so  rapidly  and  with  such  force 
that  it  would  throw  the  cakes  of  ice  several  feet  away. 
This  trouble  was  overcome  by  connecting  the  discharge 
into  the  top  of  the  cylinder,  with  a  regulating  valve  on 
the  line  and  a  check  valve  near  the  top  of  the  cylinder. 


I — 


Abs.  Initial  lb. 
Abs.  Final  lb. 
Final  Volume 


Single  Di'scharge  \la\\i 
^\ 

Abs.  Initial  lb.  45 
Abs.  Final  lb.  79 
Final  Volume     6.5 


Multiple    Di'scharge  Voilves 

FIG.    11.      AMMONT  A -COMPRESSOR   DIAGRAMS 

Now  when  the  piston  makes  its  downward  stroke,  the 
air  is  discharged  into  the  top  end  of  the  cylinder  through 
the  check  valve  and  by  the  piston  on  its  upward  stroke 
is  discharged  through  a  A-in.  hole  in  the  disc  of  the 
check  valve.  This,  of  course,  serves  to  cushion  the 
piston  and  at  the  same  time  slows  down  the  machine  as 
the  cake  of  ice  is  nearing  its  vertical  position. 

The  ammonia  condensers  are  of  particular  interest. 
They  are  divided  into  two  sets,  as  shown  in  Fig.  8. 
The  primary  condenser, 
consisting  of  twelve 
stands,  eight  pipes  high, 
of  2-in.  pipe  20  ft.  long,  is 
located  on  top  of  the  steam 
condenser  tower.  During 
the  summer  months  the 
cooling  water  is  about  120 
deg.  F.  The  secondary 
condenser  is  located  on  top 
of  a  vertical-blade,  open- 
type  cooling  tower,  the 
blades  being  20  ft.  high 
and  one  under  each  coil. 
The  average  difference  in 
cooling-water  temperature 
on  and  off  the  coils  is  three 
degrees.  Just  over  the 
liquid  cooling  coils  is  a 
flat  open-type  cooling 
tower.  After  cooling  water 
has  passed  through  the 
vertical  blade  tower,  the 
quantity  necessary  for  the 
liquid  coils  passes  through 
this  tower  and  receives 
a    second    cooling    before 


FIG.    12.      CHART   FROM   CO,  RECORDER   INDICATING 
CAREFU'.    FIRING    ON   A    CONSTANT    LOAD 


going  over  the  coils.  In  this  way  a  ten-degree  drop  in 
the  liquid  between  the  receiver  and  the  expansion  valves 
is  obtained. 

A  feature  of  the  condenser  installation  is  the  ex- 
tremely low  pressure  maintained  during  the  winter 
months.  Fig.  11  shows  typical  ammonia-compressor  dia- 
grams. The  upper  diagram  shows  about  the  average 
conditions  under  which  the  compressors  operate  during 
the  winter  months,  and  at  times  when  the  weather  is 
favorable,  the  conditions  indicated  in  the  lower  diagram 
obtain.  To  maintain  this  low  condenser  pressure  re- 
quires considerable  attention.  The  water  leaving  the 
cooling  tower  must  be  a  few  degrees  above,  yet  as  near, 
the  freezing  point  as  possible,  so  that  ice  will  not  ac- 
cumulate in  the  tower.  The  water  temperature  is  regu- 
lated by  turning  water  on  or  off  the  coils,  depending 
upon  outside  temperature  of  the  water  leaving  the  tower. 

With  one  compressor  in  operation  170  tons  of  ice  per 
day  can  be  made  during  the  winter  months.  This  gives 
an  allov/ance  of  10.7  cans  per  ton  and  a  52-hour  freezing 
rare.  The  compressor  displacement  per  ton  per  minute 
during  the  summer  will  average  11,850  cu.in.,  while  in 
the  winter  it  is  as  low  as  8,500.  The  ice  production  per 
ton  of  coal  will  average  82  tons,  the  coal  used  being 
No.  3  washed  nut  with  a  heat  value  of  10,000  to  10,500 
B.t.u.  A  summary  of  ice-tank  performance  is  given  in 
the  accompanying  table: 

ICE-TANK  PERFORMANCE 

Number  of  cans,   400  lb 1,818 

Tons   of   ice   per   clay 238 

Average  can  allowance  per  ton 7.6 

Lineal  feet,   li-in.  pipe    57.000 

Lineal  feet,  IJ-in.   pipe  per  ton  of  ice 239 

Average  suction  pressure,  lb 20.5 

Average  brine  temperature,  deg.   F ; 12 

Temperature  corresponding  to  suction  pressure,  deg.  F.  7 

Temperature  difference,  deg.  F 5 

Surface  external  pipe,  sq.ft .  24,800 

Tons  refrigeration  per  24  liours 266.9 

B.t.u.  per  24  hours  ice  cooling  and  freezing 76,892,000 

B.t.u.  per  square  foot  pei'  hour 129 

K-heat  transmitted  per  deg.  temperature  difference  per 

square  foot  per  hour .  25.8 

All  the  data  used  in  this  article  were  gathered  by  the 
writer  during  the  season  of  1919  and  are  averages  for 

the  135  days  from  June  2 
to  Oct.  15. 

Seven  of  the  principal 
reasons  why  the  plant 
production  is  58.6  per  cent 
over  its  rated  capacity  are 
as  follows: 

Remarkable  ingenuity 
shown  by  E.  S.  Ormsby, 
vice-president  and  general 
manager,  and  A.  Gass. 
chief  engineer. 

Co-operation  of  the  em- 
ployees throughout  the 
plant. 

The  low  condenser  pres- 
sure maintained. 

The  excellent  ice-tank 
performance. 

The  increased  speed  of 
the  ammonia  compressors. 

Constant  operation  of 
the  plant  during  the  sum- 
mer months. 

The  small  amount  of  re- 
expansion  of  gas  in  ammo- 
nia-compressor cylinders. 
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Steam-Jet  Air  Pumps  for  Condensers 

The  Problem  of  Air  Removal  From  Condensers  and  the  Various  Methods  of  Solving  It — A 
Description  of  Various  Makes  of  Steam-Jet  Pumps  Designed  for  Condenser 
Work — Some  Points  Necessary  To  Observe  in  Their  Installa- 
tion and  Operation,  With  a  Few  of  Their  Advantages 

By  DE  WITT  M.  TAYLOR 


IF  NO  air  were  present  in  a  condenser,  the  vacuum 
would  be  limited  only  by  the  lowest  available  tem- 
perature in  the  condenser,  and  this,  in  turn,  would 
depend  on  the  temperature  of  the  cooling  water.  This 
vacuum  would  correspond  to  the  pressure  of  the  water 
vapor  alone,  but  with  air  present  the  actual  pressure 
will  equal  this  vapor  pressure  plus  that  which  the  air 
would  exert  if  it  were  present  alone. 

Now,  since  air  cannot  be  condensed  at  ordinary  tem- 
peratures, the  only  thing  to  do  is  to  pump  it  out.  This 
becomes  difficult  at  high  vacuums  owing  to  the  large 
increase  in  volume.  Assuming  that  the  amount  of  air 
to  be  removed  per  hour  remains  constant,  if  the  vacuum 
is  increased  from  26  in.  to  28  in.,  the  volume  is  more 
than  doubled.  If  the  vacuum  increases  from  28  in.  to 
29  in.,  the  volume  is  more  than  doubled  again. 

In  reciprocating-engine  plants,  where  26  in.  vacuum 
is  usually  the  maximum,  a  simple  pump  which  handles 


FIG.    1.      DIAGRAM   OF  HURLING-WATER   PUMP 

both  the  condensate  and  the  air  gives  satisfactory  re- 
sults. However,  with  the  demand  for  higher  vacuums 
for  turbines  some  other  means  became  necessary. 

The  commonest  method  was  the  use  of  a  "wet"  pump 
to  take  out  the  condensate  and  a  so-called  "dry-air" 
pump  to  take  care  of  the  air.  The  wet  pump,  or  removal 
pump,  may  be  a  displacement  pump  or  a  centrifugal 
pump. 


The  first  type  of  dry-air  pump  in  general  use  was 
simply  a  reciprocating  air  compressor.  The  troubles 
of  re-expansion  of  the  air  in  the  clearance,  which  in- 
creased even  faster  than  the  vacuum  increased,  led  to 
many  refinements  and  complicated  valve  gears.  This,  of 
course,  meant  high  first  cost  and  high  maintenance  cost, 


FIG.   2.     DIAGRAM  OF  PARSONS'  VACUUM  AUGMENTOR 

as  well  as  losses  due  to  interruption  of  service  for  re- 
pairs to  the  pump.  It  also  meant  the  additional  lubri- 
cation and  cooling  problems  which  are  present  in  all 
reciprocating  air  compressors.  A  number  of  pumps  of 
the  rotary  type  were  used  with  reasonable  success,  but 
these  also  were  subject  to  the  same  or  other  disad- 
vantages. 

These  difficulties  led  to  the  development  of  the  hydro- 
centrifugal  or  "hurling-water,"  pumps.  A  number  of 
these  pumps,  alike  in  principle  but  differing  greatly  in 
detail,  were  produced.  Fig.  1  shows,  diagrammatically, 
one  example  of  this  type.  Air  is  admitted  from  the 
condenser  at  A,  and  the  hurling  water  enters  at  the 
center  of  the  pump  to  the  chamber  B.  At  C  are  shown 
the  blades  of  a  centrifugal  pump  rotor.  As  each  blade 
passes  the  nozzle  shown  in  the  chamber  B,  it  cuts  off 
a  "slug"  of  water  and  throws  it  out  into  the  nozzle  D. 
The  air  is  trapped  between  these  slugs  and  cairied  out 
through  the  discharge  tube  E.  Other  hurling-water 
pumps  discharged  the  water  all  around  the  rotor  into  an 
annular  space  to  which  the  air  was  admitted.  Outside 
this  annular  space  were  a  numiber  of  passages  similar 
to  the  guide  passages  in  a  turbine  pump.  The  water 
trapped  the  air  and  carried  it  out  through  these  pas- 
sages to  the  pun.p  discharge. 

The  hurling-water  pumps  showed  a  marked  improve- 
nent  over  the  reciprocating  compressor,  both  in  sim- 
plicity and  in  capacity.  The  reciprocating  pump  shows 
a  decreasing  capacity  as  the  vacuum  increases,  and 
finally  reaches  a  point  where  the  capacity  becomes  zero. 
Owing  to  the  increased  water  velocity  at  high  vacuums, 
the  hurling-water  pump  increases  its  capacity  as  the 
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vacuum  increases.  On  the  other  hand,  the  hurling-water 
pump  uses  two  or  three  times  as  much  power  as  the 
reciprocating  pump  and  is  slow  in  starting,  by  reason 
of  its  low  capacity  at  low  vacuums. 

Charles  A.  Parsons  was  the  first  to  use  the  steam 
ejector  for  condenser  work,  in  connection  with  his 
"Vacuum  Augmentor,"  which  he  installed  in  turbine- 
driven  channel  boats.  In  this  case  the  steam  jet  simply 
increased  the  air  pressure  so  that  the  combined  water 
and  air  pump  could  handle  it.  A  diagram  of  the  ar- 
rangement is  shown  in  Fig.  2.  The  condensate  was 
drained  from  the  bottom  of  the  main  condenser  through 
pipe  A,  in  which  was  a  U-bend  to  form  a  water  seal.  Air 
was  drawn  out  through  the  pipe  B,  by  a  steam  ejector 
which  discharged  into  a  small  "Augmentor  Condenser," 
about  one-twentieth  the  size  of  the  main  condenser. 
This  augmentor  condenser  condensed  the  steam  from 
the  ejector  and  delivered  it,  with  the  air,  into  the  main 
condensate  pipe  at  C,  from  which  point  the  whole  mass 
passed  to  the  main  air  pump.  In  this  apparatus  the 
steam  ejector  increased  the  pressure  of  the  air  by  only 
one  or  two  inches,  so  that  with  a  vacuum  of  29  in.  in 
the  main  condenser,  the  vacuum  at  point  C  would  be 
about  27  or  28  in.  The  water  seal  in  the  pipe  A  pre- 
vented the  air  from  working  back  into  the  main  con- 
denser. 

Meanwhile,  Maurice  Leblanc,  in  France,  had  been  ex- 
perimenting with  steam  ejectors  to  produce  high  vac- 
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FIG.    3.      WHRELER    STEAM-JET   AIR   PUMP 


uums  for  refrigerating  work.  While  the  problems  of 
refrigeration  are  different  from  those  of  condenser  work, 
one  important  fact  wa?  established.  It  is  difficult  to 
produce  and  maintain  high  vacuums  by  one  ejector 
alone.  In  most  cases,  therefore,  two  ejectors  are  used 
in  series. 

Several  years  ago,  the  question  of  steam  ejectors  as 
condenser  air  pumps  was  seriously  taken  up  by  Amer- 
ican manufacturers.    Today  there  are  several  makes  of 


such  pumps  on  the  market,  and  they  seem  likely  to  prove 
a  decided  factor  in  the  business. 

Fig.  3  shows  the  general  design  of  the  Wheeler  Steam 
Jet  Air  Pump,  as  made  by  the  Wheeler  Ckjndenser  and 
Engineering  Co.,  Carteret,  N.  J.  Steam  at  125  lb.  pres- 
sure is  admitted  at  the  steam  inlet,  and  part  of  it  passes 
through  the  bent  pipe  to  the  primary,  or  first-stage, 
nozzle  A.    This  nozzle  is  practically  the  same  as  a  single- 
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FIG.     4.       CROLL-REYNOLDS    EVACTOR 

stage  steam-turbine  nozzle,  so  the  steam  leaves  it  with 
a  very  high  velocity.  As  it  leaves  the  nozzle,  the  steam 
picks  up,  or  ehtrains,  the  air  and  carries  it  on  through 
the  discharge  tube  B,  into  the  intercondenser.  Here  the 
steam  from  the  primary  nozzle  is  condensed  and  this 
condensate  is  drained,  through  a  U-tube  seal  (not 
shown)  into  the  bottom  of  the  main  condenser,  from 
which  it  is  pumped  by  the  main  condensate  pump.  The 
air  in  the  intercondenser  is  drawn  off  by  the  secondary, 
or  second-stage,  nozzle,  which  is  similar  to  the  one  just 
described. 

In  this  machine  the  condensate  from  the  main  con- 
denser is  used  as  cooling  water  in  the  intercondenser. 
This  reclaims  the  heat  in  the  exhaust  steam  from  the 
first  nozzle,  and  at  the  same  time  reduces  the  work  in 
the  second-stage  nozzle,  since  it  has  only  the  air  to 
handle.  The  tubes  at  the  right  of  the  partition,  in  the 
intercondenser,  may  be  supplied  with  raw  water  when 
starting,  or  when  the  load  is  so  light  that  there  is  not 
enough  condensate  from  the  main  condenser. 

At  Fig.  4  is  shown  the  general  appearance  of  the 
Croll-Reynolds  "Evactor,"  made  by  the  Croll-Reynolds 
Co.,  New  York  City,  and  by  the  Ross  Heater  and  Manu- 
facturing Co.,  Buffalo,  N.  Y.  The  first-stage  ejector  is 
shown  at  A  and  the  intercondenser  or  intercooler  at  B. 
This  intercooler  is  of  the  jet  condenser  type,  and  the 
boiler-feed  makeup  water  is  generally  used  as  cooling 
water.  For  the  second  stage,  two  ejectors,  marked  C, 
are  used  in  parallel,  thus  giving  greater  flexibility  as 
one  or  both  may  be  used  as  needed. 

The  Alberger  "Air  Occluder,"  made  by  the  Alberger 
Pump  and  Condenser  Co.,  New  York  City,  is  shown  at 
Fig.  5.  Air  enters  at  A  to  the  first-stage  ejector  B. 
The  second-stage  pump  is  at  C  and  the  jet-condenser 
type  intercooler  at  D.  Both  the  Croll-Reynolds  and 
Alberger  machines  may  be  equipped  with  surface  type 
intercoolers  if  necessary. 

Fig.  6  shows  a  section  of  the  "Radojet"  air  pump 
made  by  the  C.  H.  Wheeler  Manufacturing  Co.,  Philadel- 
phia,  Pa.     This   differs   from   the   previous  pumps   in 
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the  design  of  the  secondary  nozzle  and  in  that  it  is  usually 
built  without  an  intercooler.  Air  and  steam  are  admitted 
as  shown  and  part  of  the  steam  passes  up  through  the 
pipe  at  the  left,  to  the  chamber  above  the  first-stage 
nozzle  A.  The  steam  and  entrained  air  go  down  through 
the  discharge  tube  B,  to  the  second-stage  suction  cham- 
ber C.  Steam  for  the  second  stage  passes  through  thj 
annular  nozzle  formed  by  the  hollow  cone  D  and  th3 


FIG.    5.      ALBERGER  AIR  OCCLUDER 

conical  plate  E.  This  gives  a  jet  in  the  form  of  a  thin 
circular  sheet,  offering  a  very  large  surface  for  entrain- 
ment.  This  secondary  nozzle  handles  the  air  and  also 
the  steam  from  the  primary  nozzle  and  delivers  them 
through  the  discharge  diffuser  F  to  the  delivery  space 
G  and  then  to  the  discharge.  The  space  G  is  similar  to 
the  discharge  passage  in  a  centrifugal  pump. 

The  Elliott  Co.,  of  Pittsburgh,  Pa.,  manufacturer  of 
the  Elliott-Ehrhart  Ejector,  has  developed  a  single-stage 
outfit  which  it  claims  is  more  effective  than  the  two- 
stage  machine.  Referring  to  Fig.  7,  the  curve  A  shows 
the  variations  in  capacity  of  a  typical  two-stage  ejector, 
while  the  line  B  is  characteristic  of  a  single-stage  outfit. 
It  will  be  noted  that  the  two-stage  machine  will  give  a 
very  high  vacuum  at  zero  capacity — that  is,  with  the  air 
suction  blanked  off — but  that  the  vacuum  drops  off 
rapidly  as  the  capacity  increases.  On  the  other  hand, 
the  single-stage  ejector  will  not  give  so  high  a  vacuum 
at  zero  capacity,  but  the  vacuum  does  not  drop  off  so 
rapidly,  as  more  air  is  admitted.  It  is  reasonable  to 
assume  that  if  a  single-stage  outfit  could  be  so  con- 
structed as  to  give  substantially  the  same  vacuum  at 
zero  capacity  as  the  two-stage  outfit,  the  characteristic 
curve  would  have  the  same  shape  as  B  but  displaced 
upward  as  at  C.  The  Elliott  Co.'s  engineers  claim  to 
have  succeeded  in  designing  such  an  ejector,  which  gives 
about  one-tenth  inch  less  vacuum  than  the  two-stage 
machine  at  zero  capacity,  but  which  maintains  a  much 
better  vacuum  as  the  amount  of  air  handled  increases. 
The  curve  C  shows  the  characteristic  of  this  Elliott- 
Ehrhart  single-stage  outfit.  When  very  low  steam  con- 
sumption is  desired,  the  Elliott  Co.  arranges  an  ejector 
in  two  stages,  with  an  intercondenser. 

One  very  important  point  in  the  design  of  two-stage 
steam-jet  air  pumps  is  the  use  of  the  proper  ratio  of 
compressions,  or  in  other  words  the  proper  intermediate 
pressure.  It  must  be  remembered  that  these  pumps 
are  simply  two-stage  air  compressors.  Theoretically,  the 
best   intermediate  pressure   is  given   by   the  equation 


P  =  V  P,  X  ^2.  where  P  is  the  intermediate  pressure, 
P,  is  the  initial  pressure  or,  in  this  case,  the  condenser 
pressure,  and  P^  is  the  final  pressure.  This  equation 
applies  to  dry  air  m  piston  compressors  with  perfect 
intercooling,  so  it  will  not  give  accurate  results  for 
steam-jet  pumps.  However,  it  gives  an  approximate 
idea  of  what  the  intermediate  pressure  should  be.  As 
an  example,  assume  a  vacuum  of  29  in.  with  a  30-in. 
barometer.  Then  P,  =  1,  P^  ^  .30.  and  P  =  VI  X  30 
or  5.48  in.,  which  corresponds  to  a  vacuum  of  24.52  in. 
Of  course  the  exact  best  value  for  the  intermediate 
pressure  can  be  found  only  by  actual  tests  on  various 
pumps  and  under  various  conditions. 

The  conditions  for  each  individual  plant  should  settle 
the  question  of  the  use  or  non-use  of  an  intercooler.  Its 
use  is  mainly  to  cut  down  the  work  of  the  second-stage 
jet  and  thereby  lower  its  steam  consumption,  and  even 
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those  who  advocate  omitting  it  admit  that  it  will  lower 
the  steam  consumption  by  about  50  per  cent.  On  the 
other  hand,  if  the  discharge  from  the  pump  is  used  to 
heat  feed  water,  practically  all  the  heat  from  the  steam 
is  reclainied,  so  that  the  actual  amount  of  steam  used 
is  not  important.  If  there  is  plenty  of  exhaust  steam 
from  other  sources  for  the  needs  of  the  plant,  an  inter- 
cooler would  probably  be  desirable,  but  if  exhaust  steam 
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IS  scarce,  it  would  seem  to  be  an  unnecessary  complica- 
tion. In  any  case  the  heat  in  the  steam  from  the  second- 
stage  nozzles  should  be  reclaimed.  The  curves  of  Fig.  8 
show  a  copiparison  of  the  steam  consumptions  of  a 
hydraulic  or  hurling-water  pump  (curve  A)  of  a  non- 
condensing  ejector  (curve  B)  and  of  a  condensing 
ejector  (curve  C).  The  curve  A  for  the  hydraulic 
pump  is  based  on  a  steam  drive  taking  35  lb.  of  steam 
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FIG.   7.     VARIATIONS  IN  CAPACITY  WITH  VACUUM  OF 
SINGLE-   AND   TWO-STAGE   STEAM-JET  AIR   PUMPS 


per  horsepower  per  hour,  which  seems  to  be  a  fair  aver- 
age for  this  type  of  outfit. 

Fig.  9  shows  one  way  of  reclaiming  the  waste  heat. 
The  discharge  from  the  pump  is  led  into  the  condensing 
tank,  through  which  either  the  makeup  feed  water  or 
the  main  condensate  passes.  Here  all  the  steam  from 
the  jets  is  condensed  and  its  heat  taken  up  by  the  water. 
At  the  same  time  the  air  escapes  from  the  surface  of 
the  water  and  out  through  the  vent.  If  the  supply  of 
water  to  the  condensing  tank  is  stopped,  owing  to  shut- 
ting down  the  main  engine,  the  water  in  the  tank  would 
soon  become  too  hot  to  condense  the  steam.  To  prevent 
this,  a  pipe  is  sometimes  run  from  the  tank  to  the  main 
condenser.  In  this  pipe  is  a  valve  which  is  controlled 
by  a  thermostat  placed  in  the  condensing  tank.  When 
the  water  reaches  the  temperature  for  which  the  thermo- 
stat is  set,  the  valve  is  opened  and  water  is  drawn  from 
the  tank  into  the  main  condenser,  where  it  is  cooled,  and 
it  is  then  returned  to  the  tank  by  the  main  condensate 
pump.  This  device  has  been  found  especially  useful  in 
marine  work  in  connection  with  maneuvering  and  dur- 
ing stand-by  periods. 

Apparatus  using  steam  nozzles  requires  a  constant 
steam  pressure  for  efficient  operation.  The  variations 
in  boiler  pressure  found  in  the  average  plant  ars  too 
great  for  the  proper  operation  of  steam-jet  air  pumps. 
Therefore  a  reducing  valve  or  regulator  to  maintain  a 
constant  pressure  must  be  placed  in  the  steam  supply 
line  and  the  boiler  pressure  must  be  at  least  twenty-five 
pounds  higher  than  that  for  which  the  pump  is  designed. 
It  is  very  important,  also,  that  the  discharge  pressure 
should  be  kept  constant  and  very  little  if  any  above 
atmospheric  pressure.  The  dam  shown  in  tne  condens- 
ing tank  in  Fig.  9  keeps  a  constant  head  of  water  on 
the  discharge  pipe  and  should  be  adjusted  so  that  this 
head  is  no  more  than  enough  to  keep  the  steam  from 
blowing  out.  The  check  valve  shown  in  the  discharge 
pipe  is  necessary  to  prevent   water  being  drawn   into 


the  condenser  if  the  air  pump  is  shut  down  before 
breaking  the  vacuum. 

The  amount  of  air  brought  into  the  condenser  with 
the  feed  water,  as  well  as  that  in  the  injection  water 
when  jet  condensers  are  used,  can  be  estimated  in  ad- 
vance with  reasonable  accuracy.  The  amount  which 
leaks  in,  however,  is  very  uncertain  and  varies  from 
time  to  time  as  the  conditions  of  packing,  etc.,  change. 
Therefore,  enough  air-pump  capacity  must  be  provided 
to  take  care  of  the  worst  conditions.  The  amount  of 
steam  used  by  a  jet  pump  depends  on  the  pressure  and 
on  the  size  of  the  nozzles,  and  is  independent  of  the 
amount  of  air  handled.  On  this  account  it  is  usual  to 
install  two  or  more  pumps  instead  of  a  single  large 
one.  This  allows  the  operating  engineer  to  meet  changes 
in  lead  and  still  run  pumps  at  maximum  economy.  In 
starting,  all  the  pumps  may  be  used  to  exhaust  the  air 
from  the  condenser  quickly  and  then  only  enough  run 
to  handle  the  load.  If  an  extra  pump  for  use  as  a  spare 
is  desired,  the  cost  is  not  prohibitive,  although  the 
chances  of  trouble  are  so  small  that  a  spare  is  seldom 
thought  necessary. 

The  work  of  operating  steam-jet  pumps  consists 
simply  of  starting  and  stopping.  Before  starting,  the 
usual  precaution  of  draining  all  cold  apparatus  before 
admitting  steam  is,  of  course,  necessary.  The  steam 
valve  to  the  first-stage  nozzle  should  be  closed  and  then 
the  main  steam  valve  opened  a  little.  After  the  machine 
is  warmed  up,  close  the  drips  and  open  the  main  steam 
valve  wide,  making  sure  that  the  pressure  regulator 
maintains  the  proper  pressure  in  the  line.  When  the 
vacuum  gage  shows  about  25  in.,  open  the  valve  to  the 
first-stage  nozzle.  In  stopping,  first  close  the  valve  in 
the  air  line  between  the  condenser  and  the  pump  and 
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then  close  the  main  steam  valve  and  open  the  drips. 
When  several  steam-jet  pumps  are  installed,  run  only 
enough  to  carry  the  load,  but  see  that  these  are  run 
with  the  valves  wide  open  and  that  steam  is  supplied 
at  the  designated  pressure  so  that  the  nozzles  may  work 
under  their  designed  conditions. 

Some  interesting  data  regarding  air  ejectors  were 
given  in  a  paper  by  G.  L.  E.  Kothny,  read  before  the 
Society  of  Naval  Architects  and  Marine  Engineers  in 
New  York,  Nov.  14,  1919.     A  curve  was  shown,  giving 
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the  capacities  of  a  certain  machine  at  different  vacuums 
and  also  the  capacities  using  only  the  second-stage 
nozzle.  The  maximum  vacuum  obtained  with  the  com- 
plete machine  was  about  29.75  in.  of  mercury  and  with 
the  second-stage  nozzle  alone  about  27.5  in.  Both  these 
figures  were  obtained  with  the  air  inlet  blanked  off  so  as 
to  give  zero  capacity,  and  are  referred  to  a  30-in. 
barometer. 

As  the  vacuum  was  decreased,  the  capacities  increased, 
but  with  vacuums  below  25.5  in.  the  capacity  of  the 
second-stage  nozzle  alone  was  greater  than  that  of  the 
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entire  machine.  This  explains  the  desirability  of  using 
only  the  second-stage  nozzle  in  starting.  These  figures 
check  closely  with  those  shown  on  the  curves  at  Fig.  7, 
which  were  obtained  from  an  entirely  different  source 
and  from  tests  on  a  different  machine. 

Other  curves  showed  the  effect  of  a  back  pressure  (on 
the  discharge)  on  the  vacuum.  These  indicated  that 
for  back  pressures  below  a  given  amount  the  vacuum 
was  practically  constant,  but  above  this  "critical"  back 
pressure  the  vacuum  dropped  very  rapidly.  The  value 
of  the  back-pressure  limit  depends  on  the  steam  pres- 
sure used  and  was  about  2.5  in.  of  mercury  for  100  lb, 
gage,  5.0  in.  for  110  lb.  gage  and  8.5  in.  for  120  lb.  gage. 
It  must  be  remembered  that  all  the  values  given  in  Mr. 
Kothny's  curves  are  from  tests  on  a  certain  individual 
pump  and  would  not  be  true  for  every  pump.  However, 
they  are  of  value  as  giving  a  rough  guide  as  to  how  such 
pumps  would  operate. 

Another  paper  read  before  the  American  Society  of 
Mechanical  Engineers  at  the  annual  meeting  in  New 
York,  Dec.  2-5,  1919,  by  Frank  R.  Wheeler,  described 
the  various  methods  of  removing  air  and  covered  some 
of  the  ground  that  had  already  been  covered  in  prepara- 
tion of  the  present  article. 

Steam-jet  air  pumps  are  small  in  size  and  require  no 
foundations;  therefore  they  are  low  in  cost  and  easy 
to  install.  They  have  good  capacity,  even  at  high  vac- 
uums. By  using  several  small  pumps,  which  is  too 
expensive  with  other  types,  great  flexibility  can  be 
obtained.  While  their  steam  consumption  is  high,  most 
of  the  heat  can  be  reclaimed,  so  that  they  are  economical 
in  fuel  consumption  and  they  require  little  or  no  atten- 
tion during  operation. 


Supersaturated  Steam 

Supersaturated  steam  has  been  for  a  number  of 
years  only  a  thing  of  interest  to  .scientists,  but  with  the 
modern  development  of  the  steam  turbine  it  is  attract- 
ing more  or  less  attention  among  engineers.  It  has  been 
claimed  that  its  presence  offers  an  explanation  of  some 
of  the  otherwise  unexplainable  performances  of  steam 
in  turbines  and  in  turbine  nozzles. 

Supersatu'-ated  or  supercooled  steam  may  be  defined 
as  steam  which  exists  as  a  vapor  at  temperatures  below 
that  at  which  it  .should  condense  under  the  existing 
pressure.  It  is  possible,  under  laboratory  conditions,  to 
cool  pure  water  below  32  deg.  F.  without  the  formation 
of  ice.  This  condition  is  very  unstable,  however,  and 
the  slightest  disturbance  will  result  in  the  immediate 
freezing  of  some  of  the  liquid.  The  formation  of  ice  of 
course  results  in  the  liberation  of  heat,  which  will  raise 
the  temperature  of  the  mixture.  The  water  will  not 
freeze  above  32  F.,  so  the  process  will  stop  when  enough 
h°at  is  liberated  to  raise  the  temperature  to  that 
point  and  equilibrium  is  said  to  be  established. 

In  a  similar  way  superheated  or  dry  saturated  steam 
may,  under  certain  conditions,  be  cooled  below  the  con- 
densing temperature  and  still  remain  a  vapor.  As  in 
the  case  of  undercooled  water,  this  supersaturated  or 
"undercooled"  steam,  is  in  an  unstable  condition  and 
takes  the  first  opportunity  to  partly  condense  and  re- 
establish its  equilibrium.  As  soon  as  condensation 
begins,  heat  is  liberated,  which  tends  to  raise  the  tem- 
perature of  the  mixture,  and  this  will  go  on  until  the 
state  of  equilibrium  is  reached.  In  other  words,  con- 
densation will  continue  until  enough  steam  has  con- 
densed to  supply  the  heat  necessary  to  raise  the 
temperature  of  the  whole  mass  to  the  saturation 
temperature  corresponding  to  the  pressure. 

Behavior  of  Steam  in  an  Orifice 
OR  a  Nozzle 

When  steam  expands  in  an  orifice  or  a  nozzle,  as  it 
does  in  steam  turbines,  some  of  its  heat  is  given  up  to 
increase  the  velocity  of  the  steam  itself.  If  the  steam 
was  originally  dry  and  saturated,  the  loss  of  this  heat 
will  result  in  condensation.  From  the  known  properties 
of  steam  it  is  possible  to  calculate  the  quality,  specific 
volume  and  velocity  of  the  steam  leaving  the  nozzle  and 
hence  to  compute  the  weight  lowing  in  a  given  time.  It 
is  obvious  that  friction  will  decrease  this  amount  so 
that  the  theoretical  value  will  be  too  high.  Experiments 
by  a  number  of  investigators,  however,  have  shown, 
under  certain  conditions,  a  greater  discharge  than  is 
indicated  by  the  theoretical  formula.  To  explain  this 
condition,  it  has  been  suggested  that  the  steam  in  a 
turbine  is  not  in  a  state  of  equilibrium  and  that  it  is 
supersaturated  throughout  its  passage  through  the  ma- 
chine. In  support  of  this  theory  several  ideas  have  been 
brought  forward  by  various  engineers. 

It  is  pointed  out  that  a  thermometer  in  the  exhaust 
pipe  of  a  turbine  will  indicate  a  lower  temperature 
than  that  corresponding  to  the  observed  pressure, 
although  the  impact  of  the  particles  of  steam  against 
the  thermometer  bulb  would  tend  to  raise  the  tempera- 
ture i-eading.  This,  however,  might  easily  be  explained 
by  the  difl!iculty  of  accurately  measuring  the  pressure 
of  the  steam  at  high  velocities  and  by  the  fact  that  any 
air  in  the  steam  would  reduce  the  vapor  pressure  below 
the  observed  pressure  even  if  the  latter  could  be 
accurately  measured. 
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Aucther  argument  brought  forward  is  that  a  certain 
time  is  required  for  condensation.  This  is  undoubtedly 
true,  but  the  experiments  of  Dr.  Stodola  on  steam  dis- 
charging into  the  open  air  indicated  that  droplets  were 
formed  in  probably  about  one  ten-thousandth  of  a  sec- 
ond. The  conclusion  has  been  drawn,  however,  from  the 
experiments  of  C.  T.  R.  Wilson,  that  a  certain  amount 
of  undercooling  exists  at  least  over  a  period  of  time  of 
the  general  magnitude  of  jio  sec.  If  this  latter  time 
is  correct,  the  possibility  of  supersaturation  existing 
until  the  steam  has  passed  entirely  through  a  modern 
turbine  is  established  in  so  far  as  the  time  element  is 
concerned. 

The  experiments  of  Mr.  Wilson,  which  are  described 
by  him  in  the  "Transactions  of  the  Philosophical  So- 
ciety of  London,"  Vol.  189,  were  undertaken  to  investi- 
gate condensation  laws  under  sudden  expansion  of 
saturated  dust-free  air.  As  a  result  of  his  observations 
he  concludes  that  sudden  expansion  to  a  certain  point 
below  the  saturation  point  is  accompanied  by  super- 
saturation,  but  that  below  this  point  the  amount  of 
condensation  increases  very  rapidly.  Mr.  Wilson's 
results  have  received  extensive  recognition,  especially 
in  England.  It  has  been  pointed  out,  however,  that, 
although  starting  with  saturated  air,  his  process  of 
removing  all  the  dust  particles  would  result  in  con- 
densing some  of  the  moisture,  so  that  his  actual  experi- 
ments were  probably  conducted  with  non-saturated  or 
superheated  vapor. 

Considerable  discussion  has  been  brought  out  by  an 
r.rticle  entitled  "A  New  Theory  of  the  Steam  Turbine," 
by  H.  M.  Martin,  in  Engineering,  London,  Vol.  106.  Mr. 
Martin  claims  not  only  that  the  steam  in  a  turbine  is 
not  in  thermal  equilibrium  above  the  so-called  Wilson 
point,  but  that  thermal  equilibrium  is  never  attained 
during  the  entire  passage  through  the  machine.  In 
other  words,  the  steam,  after  being  cooled  to  the 
saturation  point,  is  always  supersaturated  or  under- 
cooled  even  though  some  condensation  may  have  taken 
place 

Wet  Steam  Really  a  Mixture 

One  of  the  difficulties  of  understanding  the  situation 
lies  in  the  conception  most  engineers  have  of  what  is 
really  meant  by  "wet  steam."  If  a  pound  of  Vv^ater  is 
at  the  boiling  point,  any  addition  of  heat  will  result  in 
the  formation  of  some  steam.  As  more  heat  is  added, 
more  of  the  water  is  converted  into  steam  and  we  call 
the  whole  mixture  wet  steam.  If  three-quarters  of  the 
pound  is  vaporized,  the  quality  of  the  mixture  is  said  to 
be  0.75,  and  most  men  think  of  it  as  a  uniform  mass 
having  certain  properties.  As  a  matter  of  fact,  there  is 
0.75  lb.  of  dry  steam  and  0.25  lb.  of  water  present,  and 
this  is  true  even  although  the  water  is  in  the  form  of 
fine  drops  thoroughly  mixed  with  the  steam.  Now, 
water  and  steam  have  different  properties,  and  while  the 
properties  of  a  mixtuie  of  the  two  can  very  conveniently 
be  computed  by  the  ordinary  conception  of  a  homogene- 
ous substance,  this  is  true  only  when  conditions  allow 
the  whole  mass  to  be  in  stable  equilibrium. 

A  study  of  the  well-known  temperature-entropy  dia- 
gram shows  that  the  expansion  of  dry  saturated  steam 
in  a  nozzle  results  in  some  condensation.  On  the  other 
hand,  if  water  at  the  boiling  point  for  the  existing 
pressure  is  allowed  to  expand  in  a  nozzle,  some  of  it  is 
vaporized.  Starting,  then,  with  dry  saturated  steam, 
the  moment  any  condensation  takes  place  we  have  a 
mixture  of  water  and  steam.     As  the  expansion  pro- 


ceeds, some  of  the  water  is  re-evaporated  and  some 
more  of  the  vapor  is  condensed.  Remembering  that  a 
certain  period  of  time  is  necessary  for  both  condensation 
and  evaporation  to  take  place,  it  seems  probable  that 
both  supersaturated  steam  and  superheated  water  may 
exist  together.  This  condition  is  furthered  by  the  rapid 
movement  of  the  mixture,  which  prevents  complete 
interchange  of  heat  between  the  various  particles.  This 
disturbance  of  the  mass  also  makes  the  accurate  meas- 
urement of  pressures,  temperatures,  etc.,  difficult  if  not 
impossible. 

It  must  be  remembered  that  the  conditions  described 
are  very  unstable  and  that  they  will  exist  only  until  a 
condition  of  equilibrium  can  be  re-established.  While 
this  unstable  condition  exists,  however,  the  properties 
and  proportions  of  the  liquid  and  vapor  are  dependent 
on  the  local  conditions,  which  in  themselves  are  con- 
stantly and  rapidly  changing.  From  this  viewpoint  any 
attempt  to  make  logical  formulas  for  the  behavior  of 
steain  in  a  turbine  promises  to  lead  to  excessive  compli- 
cation. It  would  seem  reasonable,  then,  that  the  present 
method  of  deducing  formulas  for  the  behavior  of  the 
steam  on  the  assumption  that  it  remains  in  thermal 
equilibrium  and  then  modifying  or  correcting  these 
formulas  by  factors  determined  by  actual  test  still 
offers  the  most  practical  method  of  solving  the  problems 
of  steam-turbine  design. 

In  other  words,  the  steam  in  a  turbine  is  not  in 
thermal  equilibrium.  It  is  probable  that  supersaturated 
steam  is  present  a  part  if  not  all  of  the  time.  The  num- 
ber of  uncertain  and  variable  factors,  however,  make 
the  deduction  of  logical  formulas  impractical. 

The  Miller  Steam  Trap 

This  trap,  known  as  the  Miller,  was  designed 
primarily  for  use  with  laundry  machinery  so  that  a 
constant  temperature  in  the  ironing  machine,  by 
thoroughly  draining  it 
of  condensation,  could 
be  maintained. 

In  the  illustration 
the  details  of  design 
of  the  trap,  which  is  a 
manufactured  by  the  0/ 
C.  J.  Miller  Co.,  1225 
Columbia  Avenue, 
Philadelphia,  Pa.,  are 
shown.  Condensation 
enters  through  the 
inlet  A.  The  float  B 
holds  the  lever  C 
down,  thus  pulling  the 
pilot  valve  D  from 
the    seat    E.      Steam 

and  air  then  flow  through  the  pilot  valve  disc  H,  and 
close  the  discharge  valve. 

As  the  water  rises  in  the  trap,  it  pushes  the  float  B 
upward  until  the  pilot  valve  D  is  closed,  which  action 
cuts  off  steam  from  the  cylinder  F.  An  air  vent  / 
releases  the  pressure  in  the  trap,  and  the  discharge 
valve  H  is  forced  wide  open  to  the  discharge  pipe  J. 

Below  the  discharge  valve  H  there  is  a  strainer  K  to 
protect  the  valve  from  sediment,  and  the  blowout  cock 
L  permits  of  blowing  out  such  sediment  as  collects  on 
the  outside  of  the  strainer.  Removing  the  seat  holder 
from  the  bottom  of  the  valve  permits  the  seat  and 
valve  to  be  removed  easily  for  regrinding  or  renewal. 


SECTION    THROU(iH    TRAP 
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Burning  Illinois  Coal  from 
Vein  No.  5 

By  T.  a.  Marsh 

Coal  from  the  fifth  vein  of  Illinois  is  produced  in  the 
Harrisburg  and  Springfield  districts.  That  produced  in 
the  Harrisburg  district  or  Saline  County,  is  by  far  the 
better  coal  A  comparison  of  screenings  from  the  two 
districts  by  analysis  is  as  follows : 
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11,900    2,179 

46.72 

13.04 

3  0 

11,493 

12,325     2,291 

Springfield  No.  5..  12.  2       33.2 
Harrisburg  No.  5.    6  75     33.49     46.72 


Of  all  the  coal  produced  in  Illinois  that  from  the  No. 
5  seam  in  Saline  and  Gallatin  Counties  is  among  the 
highest  in  heat  values  on  a  "unit  coal"  basis  that  is 
moisture  and  ash  free. 

The  Harrisburg,  or  Saline  County  No.  5,  has  a  high 
heat  value   and   relatively   high   fusion   point   for  ash, 
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FURNACE    IN"    W^HICH    THE    TESTS    WERE    MADE 

making  it  a  desirable  fuel  in  plants  having  limited 
boiler  capacity.  Some  recent  tests  with  this  fuel  may  be 
of  interest.  The  boiler  on  which  the  tests  were  conduc- 
ted is  of  the  Stirling  type,  having  15  tubes  per  section 
and  20  tubes  in  width,  with  a  total  steam-making  sur- 
face of  5,020  sq.ft.  The  furnace,  which  is  10  ft.  wide, 
is  equipped  with  a  chain  grate  9  ft.  6  in.  wide  by  11  ft. 
long,  giving  an  active  area  of  101.3  sq.ft.  and  a  ratio  to 
steam-making  surface  of  1  to  49.5. 

The  accompanying  drawing  shows  the  design  of  the 
furnace.  It  will  be  noticed  that  the  boiler  is  set  6  ft. 
from  the  center  line  of  the  mud  drum  to  the  floor  line 
and  that  there  is  a  furnace  projection  of  3  ft.  forward 
of  the  boiler  front.    These  proportions  and  the  general 


arrangement  were  determined  in  the  design  with  the 
idea  of  smokelessness  as  the  leading  feature.  The  entire 
grate  surface  has  a  furnace  roof  over  it. 

This  is  a  very  desirable  feature  where  smokelessness 
is  to  be  assured. 

From  the  test  result:?  given  in  the  table  it  will  be  seen 
that  while  the  furnace  was  designed  primarily  for 
smokelessness,  high  efficiencies  and  excellent  capacities 
were  obtained.  Some  of  these  tests  were  made  with 
coal  that  hai'  been  on  fire  in  storage,  rendering  it  more 
difficult  to  produce  results  than  with  coal  that  is  freshly 
mined. 

Daily  performance  of  the  plant  is  a  repetition  of  these 
results.  Capacities  of  200  per  cent  and  above  are  fre- 
quently reached  and  maintained,  while  the  maintenance 
and  labor  of  operation  are  unusually  low.  Relative  to 
the  item  of  main  interest  when  the  plant  was  designed — 
smokelessness — the  chimney  never  emits  more  than  the 
lightest  blue  haze,  even  when  all  boilers  are  being 
carried  at  high  ratings. 

Old  Engine  Dismantled,  Installed 
69  Years  Ago 

An  interesting  old  engine  owned  by  the  Taunton-New 
Bedford  Copper  Co.,  of  Taunton,  Mass.,  has  at  last  been 
dismantled.  George  A.  Corliss  off"ered  to  let  the  company 
have  this  engine  if  he  could  have  the  amount  saved  in 
coal  for  one  year,  but  the  management  at  that  time  was 
advised  not  to  accept  this  offer.  They  later  bought  the 
engine,  paying  him  much  less  than  he  would  have  made 
if  they  had  taken  it  when  he  offered  it  on  the  original 
terms. 

The  engine  was  a  walking-beam  type  33  x  72-in.  Cor- 
liss &  Nightingale,  installed  in  1851  for  the  purpose  of 
running  three  stands  of  rolls  for  rolling  sheet  brass  and 
copper.  It  was  originally  connected  to  the  roll  train 
by  a  train  of  gears,  but  was  taken  down  and  moved 
ahead  about  twenty-five  years  ago  at  which  time  it  was 
geared  directly  to  the  rolls. 

A  peculiar  feature  of  the  installation  was  the  lo- 
cation of  the  flywheel,  which  was  placed  on  the  end 
of  the  crankshaft  instead  of  between  the  bearings  as  is 
the  usual  method.  The  bearing  nearest  the  flywheel  is 
about  four  times  the  length  of  the  regular  bearings. 
The  governor  was  driven  >  y  l}-in.  diameter  braided 
cotton  rope.  The  speed  of  the  engine  was  30  r.p.m.  The 
steam  pressure  was  35  to  40  lb.,  being  maintained  by 
an  8-in.  Mason  reducing  valve  which  was  installed  about 
25  years  ago,  .■^fter  the  old  low-pressure  boilers  were 
condemned  and  dismantled  for  a  more  modern  high-pres- 
sure installation.  At  present  there  are  four  Corliss  en- 
gines ranging  from  135  to  750  hp.,  a'so  a  reversing 
blooming-mill  engine  of  1,000  hp.,  together  with  boiler 
room  and  the  usual  auxiliaries. 


RESULTS  OF  TESTS  ON  520-HP.  130II.KH  EQUIPPED  WITH  CHAIN  GRATE  STOKER 
.- Coal  Analysis  as  Fired 


Name  of  Coal 


Harrisburg,  111.,  No.  5 12  73 

Harrisburg,  111.,  No.  5 9.95 

Eldorado  screenings 12.1 

Harrisburg,  111.,  No.  5 12.98 

Harrisburg,  lU.,  No.  5 13.36 

Harrisburg,  111.,  No,  5 9  50 
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How  Three-Phase  Transformers  Operate 

By  J.  B.   GIBBS 

Engineer,    Transformer    Department,    Westinghouse    Electiic    and  Manufacturing  Company 


Comparison  is  made  betiveen  single-phase  trans- 
formers grouped  for  operation  on  a  three-phase 
circnit  and  a  three-phase  transformer.  It  is 
shown  that  the  three-phase  transform.er  is  prac- 
tically three  single-phase  transformers  combined 
into  one.  What  maij  be  done  to  operate  a  three- 
phase  transformer  ivhen  one  phase  become  dam- 
aged, is  explained. 


IN  BUILDING  transformers  for  three-phase  circuits, 
the  three  windings  can  be  combined  on  a  single  iron 
core.  This  makes  it  possible  to  take  advantage  of 
the  phase  difference  in  the  three  circuits  so  as  to  save 
a  part  of  the  material.  Fig.  1  represents  three  single- 
phase  core-type  transformers  of  the  same  size.  The  full 
lines  indicate  the  cores  and  the  dotted  lines  the  space 
occupied  by  the  coils.  Novi^  suppose  that  the  three  cores 
are  pushed  together  so  that  they  touch,  as  in  Fig.  2, 
and  that  the  shaded  portion  of  the  iron  is  cut  away. 
Also  take  the  unshaded  strip  at  the  right  of  C  and 
transfer  it  to  the  left  of  A,  as  shown  by  the  dotted  lines 
in  Fig.  2.  This  gives  the  iron  circuit  shown  in  Fig. 
3,  which  has  the  same  cross-section  of  iron  as  each 
circuit  in  Fig.  1,  and  has  also  an  increased  space  for 
coils  besides  saving  the  part  of  the  iron  shown  shaded, 
Fig.  2.  This  is  not  all  clear  gain,  however,  for  the 
total  cross-section  of  the  copper  in  the  coils  for  Fig.  3 
must  be  the  same  as  for  Fig.  1,  while  the  mean  turn 
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INTO    A    THREE-PHASE    UNIT 


will  be  greater  because  the  coils  will  be  thicker.  In 
practice  a  part  of  the  saving  is  taken  out  in  the  iron 
circuit  and  a  part  in  the  copper  circuit,  and  the  net 
result  is  that  the  active  material  in  a  three-phase  trans- 
former costs  about  10  per  cent  less  than  the  active 
material  in  three  equivalent  single-phase  transformers. 
The  active  material  may  be  something  like  one-half 
of  the  total  cost  of  the  transformer,  so  the  actual  dif- 
ference in  cost  between  a  three-phase  transformer  and 
a  banV  of  three  single-phase  transformers  may  depend 
as  much  on  the  mechanical  as  on  the  electrical  design. 


A  vector  diagram  of  the  fluxes  in  the  three  legs  of 
a  three-phase  core-type  transformer  is  given  in  Fig.  4, 
which  shows  that  the  resultant  of  the  flux  in  any  two 
legs,  as  indicated  by  the  dotted  lines,  is  just  equal  and 
opposite  to  that  in  the 
third  leg.  This  means 
that  at  any  instant  the 
sum  of  the  "up"  flux  in 
any  two  legs  is  just  equal 
to  the  "down"  flux  in  the 
third  leg.  In  a  similar 
way  three  single-phase 
shell-type  transformers 
can  be  combined  to  form 
a  three-phase  shell-type 
unit.  Figs,  5,  6  and  7 
correspond  respectively  to 
Figs,  1,  2  and  3.  Fig.  5 
shows  the  magnetic  circuit 

of  the  three  single-phase  shell-type  transformers;  Fig. 
6,  by  the  shaded  part,  indicates  the  iron  which  can  be 
saved  by  the  combination;  Fig.  7  represents  a  three- 
phase  shell-type  transformer's  core.  In  this  case  the 
single-phase  coils  might  be  used  without  change,  and 
the  total  saving  would  be  represented  by  the  shaded 
part  of  the  iron.  Fig.  6.  The  magnetic  flux  in  the  parts 
of  the  core  marked  D  and  E  will  evidently  be  one-half 
of  the  flux  in  the  cores  A  and  C  respectively.  Consider 
how  much  flux  there  will  be  in  the  other  parts  of  the 
iron.  Since  the  coils  are  connected  in  a  three-phase 
circuit,  the  fluxes  in  the  three  cores  must  be  120  deg. 
apart,  as  shown  hy  A,  B  and  C,  Fig.  8.  Suppose,  first, 
that  the  coils  are  connected  symmetrically  in  the  three 
circuits.  Then  the  flux  in  F  will  be  the  vector  sum  of 
one-half  the  flux  in  A,  minus  one-half  the  flux  in  B. 
The  construction  for  this  is  shown  in  Fig.  8  by  the 
dotted  lines,  and  the  resultant  is  a  flux  in  F  which  is 
0.866  of  the  flux  in  A  or  B. 
Similarly,  the  flux  in  G  will  be 
the  vector  sum  of  one-half  the 
flux  in  B  minus  one-half  the 
flux  in  C,  or  0.866  of  the  flux 
in  B  or  C.  This  would  necessi- 
tate having  the  iron  in  the 
parts  F  and  G  0.866  as  wide 
as  the  iron  in  the  cores  A,  B 
and  C,  and  would  result  in  very 
little  saving  of  the  material. 
Now  suppose  that  we  reverse 
the  connections  of  the  coils 
on  the  core  B,  so  that  the  direction  of  the  flux  is 
reversed  with  respect  to  the  flux  in  A  and  C.  The 
flux  in  F  will  now  be  the  vector  sum  of  one-half  the 
flux  in  A  plus  one-half  the  flux  in  B.  The  construction 
for  this  is  shown  in  Fig.  9,  and  the  resultant  is  found 
to  be  equal  to  one-half  the  flux  in  A  or  B.  Likewise 
the  flux  in  G  is  one-half  the  flux  in  B  or  C.  In  a 
shell-type  three-phase  transformer,  therefore,  the  wind- 
ings on  the  middle  leg  are  always  reversed,  and  the 
parts  D,  E,  F  and  G  of  the  iron  circuit  are  all  made 
one-half  as  wide  as  the  cores  A,  B  and  C. 
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The  choice  between  a  three-phase  transformer  and  a 
bank  of  single-phase  transformers  depends  largely  on 
the  judgment  of  the  engineer  who  is  purchasing  them, 
but  in  general,  three-phase  transformers  are  more 
popular  than  they  were  several  years  ago.  This  is  due 
partly  to  improvements  in  design  and  insulation,  but 
principally  to  the  better  acquaintance  of  operating  men 
with  the  three-phase  type.  The  chief  arguments  for 
and  against  three-phase  transformers  as  compared  with 
banks  of  single-phase  transform.ers  may  be  summarized 
thus: 

For:  (1)  Occupies  less  total  floor  space;  (2)  weighs 
less;  (3)  costs  less;  (4)  only  one  unit  to  handle  and 
connect. 

Against:  d)  Greater  weight  per  unit ;  (2)  the  aver- 
age line  man  is  more  familiar  with  single-phase 
transformers;  (3)  in  three-phase  core-type  trans- 
formers trouble  in  one  phase  may  be  communicated  to 
other  phases.  This  is  a  possibility  rather  than  a 
probability. 

The  last  objection  does  not  carry  much  weight,  for 
in  shell-type  three-phase  transformers  the  separation 
of  the  windings  is  almost  as  effective  as  in  three  single- 
phase  transformers,  while  even  in  the  core  type  heavy 
insulating  barriers  are  always  put  between  the  windings 
on  different  legs,  so  that  breakdowns  from  this  cause 
are  very  rare. 

It  is  the  usual  practice  to  make  the  connections 
between  phases  in  a  thr,ee-phase  transformer  at  a 
terminal  board  below  the  oil  level  inside  the  case.  This 
■makes  it  possible  to  bring  only  three  high-voltage  and 
three  low-voltage  leads  out  of  the  case  and  greatly 
simplifies  connection  to  the  line. 

There  are  four  principal  ways  of  connecting  the 
windings  of  three-phase  transformers — delta-delta,  star- 
delta,  delta-star,  and  star-star.  These  are  exactly 
the    same    as    the    corresponding   connections    between 


open-delta  connection  to  carry  58  per  cent  of  the  rating, 
if  the  transformer  connection  is  delta-delta.  This  is 
the  same  statement  that  can  be  made  concerning  a  bank 
of  single-phase  transformers.  To  make  this  change  in 
a  three-phase  transformer,  it  is  necessary  to  discon- 
nect both  high-  and  low-voltage  windings  of  the  dam- 
aged phase,  at  the  terminal  boards.  If  the  transformer 
is   of   the   core   type,   both    windings    of  the   damaged 
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phase  must  be  open-circuited.  If  the  transformer  is  of 
the  shell  type,  the  damaged  windings  may  be  open- 
circuited  or  short-circuited.  The  reason  for  this  will 
be  evident  from  a  consideration  of  the  shape  of  the 
magnetic  circuits.  Figs.  10  and  11  are  repetitions  of 
Figs.  3  and  7  respectively.  Suppose 
that  the  winding  B  is  damaged  in 
both  transformers,  if  phases  A  and  C 
are  to  run  in  open-delta  it  is  neces- 
sary that  the  fluxes  in  these  two  cores 
be  120  deg.  apart  and  that  the  resul- 
tant flux  have  a  return  path.  In  the 
core-type.  Fig.  10,  transformer  this 
return  p<tth  is  provided  by  the  third 
leg  B.  But  if  there  is  a  winding  on 
core  B,  the  flux  passing  through  it 
will  induce  a  voltage,  and  if  there  is 
a  closed  circuit  a  current  will  flow. 
This  will  increase  to  the  point  where 
the  coil  B  will  be  burned  out.  In  the 
shell-type  transformer  the  core  B 
does  not  provide  the  only  path  for 
the  resultant  flux,  and  if  the  coil  is 
short-circuited  it  will  merely  cause 
the  flux  to  take  the  other  path. 


FIG. 9 


three  single-phase  transformers  in  a  three-phase 
bank,  and  the  star-star  connection  is  generally  avoided 
for  the  same  season  that  it  is  avoided  in  single- 
phase  transformers;  although  if  the  three-phase  trans- 
former is  of  the  core  type,  the  shifting  of  the  neutral 
is  less  extreme  than  in  a  bank  of  single-phase  trans- 
formers. 

In  case  of  trouble   in   one  phase  of  a  three-phase 
transformer,  the  other  two  phases  may  be  operated  in 


Recommendation  that  steps  be  taken  to  relieve  the 
present  car  shortage  in  order  that  coal  may  be  obtained 
in  sufficient  quantities  to  build  up  a  reserve  for  New 
England  and  other  Eastern  industries  for  next  winter 
has  been  made  by  the  National  Association  of  Cotton 
Manufacturers,  according  to  Coal  Review.  Co-opera- 
tion of  chambers  of  commerce  in  securing  assignment 
of  a  reasonable  number  cf  coal  cars  to  the  Eastern 
territorv  has  been  asked. 
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FIG.  1.  A  REFRIGERATION-PLANT  SPRAY  COOLING  POND  ;  CONDENSERS  ON  ROOF  IN  THE  BACKGROUND  ' 


Refrigeration  Study  Course — XII.     Cooling  Water 


By  H.  J.  MACINTIRE 


REFRIGERATION  and  cooling  water  are  similar 
terms,  for  without  cooling  water  there  could  not 
be  refrigeration.  One  would  be  as  likely  to  try- 
to  operate  a  steam  engine  or  turbine  condensing  without 
condensing  water,  or  the  oil  engine  without  cooling 
water,  as  the  refrigerating  machine  without  the  neces- 
sary amount  of  water  at  the  temperature  of  the  air  or 
colder.  As  a  matter  of  fact  the  first  question  that  arises 
is,  "What  is  the  temperature  of  the  cooling  water?"  and 
the  second,  "What  is  its  cost?"  In  other  words,  it  is 
desired  to  find  out  how  fully  we  may  use  the  water  and 
what  is  its  initial  temperature. 

Occasion  has  been  taken  before  this  to  bring  out  the 
function  of  the  cooling  water  in  the  refrigerating  cycle. 
The  compressor  is  a  pump— a  temperature  pump  in  a 
way,  as  it  raises  the  temperature  level  of  the  refrigerant 
to  a  point  sufficiently  high  so  that  the  cooling  water  at 
hand  can  condense  the  ammonia  gas  satisfactorily.  In 
the  ammonia  condenser,  as  in  any  form  of  condenser, 
the  cooling  water  removes  the  heat  of  liquefaction 
(latent  heat)  and  in  addition  the  superheat  and  some 
of  the  heat  of  the  liquid.  In  consequence  of  this  the 
water  is  warmed  a  certain  amount,  depending  on  the 
relative  amounts  of  water  used.  In  general  it  may  be 
said  that  the  heat  removed  is  as  follows: 

The  compressed  ammonia  gas,  being  superheated,  has 
its  superheat  removed  first  and  then  the  latent  heat  of 
liquefaction.  Finally,  the  liquid  ammonia  is  precooled 
slightly  below  the  temperature  of  saturation.  The  cool- 
ing water  has  to  remove  all  this  heat,  and  it  passes  away 
from  the  condensers  carrying  this  amount  of  heat  away 
with  it  and  is  at  a  higher  temperature  in  proportion. 
An  example  will  show  the  conditions  which  prevail: 

A  compressor  operating  between  15.2  lb.  and  175  lb. 
gage,  has  a  temperature  of  discharge  of  234  deg.  F.  and 
the  temperature  at  the  liquid  expansion  is  80  cleg.  F.  The 
temperature  of  the  water  leaving  the  condenser  is  90 


and  the  entering  water  is  75  deg.  F.  Under  these  con- 
ditions there  would  be  92  B.t.u.  of  superheat  to  be  re- 
moved from  each  pound  of  ammonia,  and  490.8  B.t.u.  of 
cooling  to  condense  it  at  175  lb.  gage  pressure  and  a 
temperature  of  93.5  deg.  F.  Finally,  to  cool  the  liquid 
to  80  deg.  F.  requires  15.9  B.t.u.,  or  a  total  of  598.7 
B.t.u.  per  pound  of  ammonia.  The  useful  available 
refrigeration  from  this  same  pound  of  ammonia  is  484.9 
B.t.u.  and  the  difference,  598.7  —  484.9  =  113.8  B.t.u., 
is  the  work  done  by  the  compressor,  resulting  in  heating 
the  ammonia.    This  value  may  be  shown  in  another  way. 

Taking  a  case  where  one  pound  of  ammonia  is  com- 
pressed per  minute,  the  net  refrigerating  effect  is  484.9 
B.t.u.  or  at  the  rate  of  2.42  tons  of  refrigeration.  With 
these  conditions  of  operation  it  will  require  li  hp.  per 
ton  of  refrigeration,  or  1^  X  2.42  X  42.4  (the  heat  equiv- 
alent of  a  horsepower  per  minute)  =  154  B.t.u.  per  min. 
The  difference  between  154  B.t.u.  and  113.8  B.t.u.  is 
accounted  for  by  the  mechanical  efficiency  of  the  com- 
pressor, and  the  heat  removed  by  the  jacket  water  (this 
latter  being  about  18  B.t.u.).  It  is  clear  from  the  pre- 
ceding that  the  condenser  and  jacket  water  remove  prac- 
tically all  the  heat  equivalent  of  the  power  supplied  to 
the  compressor  by  the  engine  or  motor.  In  all  likelihood 
about  Ij  gal.  per  min.  of  cooling  water  will  be  used  for 
every  ton  of  refrigeration,  and  a  50-ton  plant  would 
require  75  gal.  per  min.  If  water  is  expensive  to  pump 
or  has  to  be  purchased,  a  method  of  cooling  would  be 
necessary  to  make  it  serve  a  second  or  a  number  of  times 
over  the  condenser.    The  methods  used  are  as  follows : 

In  general  there  are  three  ways  of  cooling  water 
where  re-use  of  cooling  water  is  required — cooling 
ponds,  spray  ponds  and  cooling  towers.  Each  of  these 
methods  has  its  advantages  in  special  cases. 

The  cooling  pond  can  be  used  in  locations  where  a 
natural  body  of  water  is  available  adjoining  the  plant. 
The  water  is  cooled  by  being  allowed  to  be  brought  in 
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surface  contact  with  the  air,  and  the  evaporation  (and 
cooling  of  the  water)  depends  on  the  relative  tempera- 
ture of  the  air  and  on  the  humidity.  The  tendency  would 
be  for  the  pond  to  assume  the  temperature  of  the  air, 
both  due  to  giving  up  heat  to  the  air  and  also  due  to 
the  difference  of  the  saturation  pressure  of  the  water 
and  saturation  pressure  of  the  water  vapor  in  the  air. 
Roughly,  the  amount  of  cooling  in  still  air  for  usual 
conditions  may  be  taken  at  from  60  to  80  B.t.u.  per  sq.ft. 
of  surface  per  hour,  or  about  225  sq.ft.  of  refrig- 
eration. As  the  surface  is  the  main  consideration,  it  is 
not  important  to  have  any  depth  unless  the  refrigerat- 
ing load  is  a  variable  amount,  as,  say,  in  the  case  of  the 
chill  rooms  in  a  packing  plant  or  the  pasteurizing  of 
milk  and  cream.  In  these  latter  cases  it  would  be  pos- 
sible to  use  a  smaller  pond,  but  of  some  depth  in  order 
to  store  up  enough  cooling  water.  Usually,  a  foot  or  two 
is  plenty. 

Spray  Ponds 

Spray  ponds  differ  from  cooling  ponds  in  the  attempt 
to  accelerate  the  rate  of  cooling.  By  forming  a  spray 
and  finely  dividing  the  particles  of  water,  the  air  may 
quickly  reach  all  the  water  immediately  instead  of  wait- 
ing until  each  particle  reaches  the  surface,  as  in  the 
case  of  the  cooling  pond. 

With  the  spray  nozzle.  Fig.  2,  the  water  is  pumped 
under  5  or  10  lb.  pressure  through  a  special  nozzle  de- 
signed to  create  a  whirling  spray  of  fine  water  particles. 
In  most  cases  a  cooling  of  20  to  30  deg.  F.  may  be 
obtained  with  a  single  spraying,  and  the  final  tempera- 
ture depends  on  the  fineness  of  the  spray  and  the 
humidity.  For  instance,  if  the  air  has  a  humidity  of 
70  per  cent  and  a  temperature  of  70  deg.  F.,  the  pres- 
sure of  the  water  vapor  in  the  air  is  0.70  times  0.36, 
or  0.25  lb.  per  sq.in.  It  is  usually  assumed  that  the 
cooling  water  may  be  reduced  to  a  temperature  cor- 


responding to  a  pressure  about  0.15  lb.  per  sq.in.  greater 
than  that  of  the  water  vapor  in  the  air,  or  (in  this 
case)  0.25  -\-  0.15  ^  0.40  lb.,  which  corresponds  to  73 
deg.  F.  Some  five  or  six  per  cent  of  the  water  is 
evaporated  in  the  process. 

A  good  rule  is  to  allow  one  square  foot  of  surface  for 
every  250  to  300  lb.  of  water  sprayed  per  hour,  which 


FIG.    2. 


GENERAL  ARRANGEMENT  OF  SPRAY  COOLING 
POND  AND  A  TYPICAL  SPRAY  NOZZLE 


reduces  to  about  4  sq.ft.  per  ton  of  refrigeration,  allow- 
ing a  temperature  range  of  the  water  of  15  deg.  F.  To 
prevent  excessive  loss  of  water,  the  pond  or  catch  basin 
should  have  the  embankment  at  least  15  ft.  outside  the 
row  of  spray  nozzles.  The  nozzles  should  be  about  8  to 
10  ft.  apart  to  secure  satisfactory  results.  The  spray 
nozzles  may  be  placed  on  the  roof  or  above  the  con- 
denser if  suitable  louvres  are  provided  to  prevent  ex- 
cessive loss  of  water  during  winds. 

The  cooling  tower  has  been  successful  and  popular  for 
many  years,  and  without  question  will  continue  to  be 
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FIG.  3.     MACHINE  ROOM  OF  100-TON»ICE  PLANT,  POLAR  WAVE  ICE  AND  FUEL  CO.,  ST.  LOUIS 
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used  indefinitely  with  equal  satisfaction.  It  lends  itself 
particularly  to  congested  quarters,  where  a  cooling  pond 
is  out  of  the  question  and  the  spray  nozzle  cannot  be 
easily  arranged.  As  its  name  would  indicate,  it  is 
built  in  the  form  of  a  tower,  usually  with  airtight  walls 
to  gain  the  advantages  of  the  chimney.  The  object  of 
the  tower  design  is  to  acquire  a  natural  or  forced  draft 
(or  both)  and  to  provide  a  means  of  securing  a  large 
amount  of  wetted  surface  kept  wet  by  the  condensing 
water  that  is  pumped  in  at  the  top. 

The  wetter  surface  may  be  secured  by  means  of  tile, 
but  the  usual  manner  is  to  form  a  wooden  checkerwork, 
arranged  as  in  Fig.  4,  to  prevent  undue  trouble  by  warp- 
ing and  so  that  the  wet  cross-sectional  area  will  be  suffi- 
cient to  allow  the  necessary  amount  of  air  to  pass 
through.  As  in  the  spray  nozzle,  which  requires  a  finely 
atomized  spray,  so  in  the  cooling  tower,  a  thin  film  of 
water  is  required  and  an  air  current  to  evaporate  some 
moisture  and  to  cool  the  water  by  the  heating  of  the 
air. 

Action  of  the  Cooling  Tower 

The  action  in  the  cooling  tower  is  as  follows:  The 
water  is  showered  over  the  top  grids  of  the  tower,  and 
it  descends,  dropping  from  checkerwork  grid  to  checker- 
work  grid  and  being  exposed  all  the  time  as  a  thin  film 
on  the  surfaces.  The  ascending  air  absorbs  moisture 
and  has  its  temperature  increased  and  finally  leaves  the 
tower  at  a  temperature  of  about  10  deg.  F.  below  the  en- 
tering warm  water  of  the  ammonia  condensers,  and 
with  a  humidity  at  the  exit  temperature  of  about  95 
percent.  During  the  passage  of  the  air  through 
the  tower  some  water  was   evaporated,  which   cooled 


FIG.    4.      THE   WOODEN  CHECKERWORK   IN   THE    COOLING 

TOWER    EXTENDS    THE   RITRKACE    OF   THE   WATER   AS 

IT  FALLS,  ALLOWING  THE  TTPCOMING  CURRENT 

OF  AIR  TO   COOL  JT  QUICKLY 


the    remaining    water    according    to    the    principles    of 
refrigeration. 

In  refrigeration  it  will  be  necessary,  usually,  to  cool 
the  water  about  15  to  2C  deg.  F.  Under  these  condi- 
tions the  tower  will  absorb  heat  from  the  water  at  the 
rate  of  300-400  B.t.u.  per  square  foot  of  tower  surface 
per  hour.  At  this  rate  60  to  45  sq.ft.  is  required  per 
ton  of  refrigeration.  An  air  velocity  of  about  10  ft. 
per  sec.  is  usually  required.    In  refrigeration  a  natural- 


draft  tower  is  generally  used,  and  either  the  necessary 
chimney  effect  is  relied  on  for  the  creation  of  a  draft, 
or  the  design  with  open  sides  is  used,  which  relies  on 
the  wind  to  do  the  business. 

It  will  thus  be  seen  what  the  function  of  the  cooling 
water  is  and  what  means  of  making  use  of  this  cooling 
water  again  is  possible.  As  a  means  of  visualizing  the 
problem  better  and  also  of  estimating  the  requirements 
of  new  plants,  the  diagram  is  added,  showing  the  heat 
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FIG.    5.      CHART  FOR   DETERMINING  QUANTITY   OF   COOL 

ING   AVATER    REQUIRED   FOR   VARIOUS    CONDITIONS 

OF  PRESSURES  AND  TEMPERATURES  OF 

WATER  AND  AMMONIA 


to  be  removed  by  the  condenser  per  ton  of  refrigera- 
tion, and  the  condenser  pressure  to  be  expected  in  this 
condition  for  each  temperature  range  of  the  cooling 
water. 

For  example,  if  2.45  gal.  of  water  is  used  per  ton 
per  minute  with  a  suction  pressure  of  15  lb.  gage, 
the  range  of  the  water  (the  temperature  rise  in  passing 
through  the  condenser)  will  be  12  deg.  F.,  the  heat 
removed  per  ton  per  minute  will  be  244.5  B.t.u.  and  the 
condenser  pressure  will  be  156  lb.  gage.  The  diagram 
is  laid  out  for  an  initial  temperature  of  the  water  of 
70  deg.  F.  and  no  liquid  cooling  after  condensation  of 
the  ammonia.  Also,  the  assumption  is  made  that  the 
gas  entering  the  compressor  is  just  dry  and  saturated — 
a  condition  that  prevails  only  with  careful  operation  of 
the  compressor  by  means  of  thermometers,  at  which  time 
the  maximum  efficiency  of  the  compressor  is  also  ob- 
tained. 

How  Two  Alternating-Current  Motors 
Were  Controlled  in  Parallel 

By  John  Grant 

A  large  starch  mangle  was  installed  to  pull  heavy 
cloth  slieeting  from  a  bin  located  one  hundred  feet  away 
from  the  machine,  wet,  starch  and  deliver  the  cloth 
on  a  set  of  dry  cans  located  on  a  floor  directly  over  the 
mangle.  In  order  to  accomplish  this,  both  machines 
wou)d  have  to  run  at  the  same  speed.  The  set  of  dry 
cans  were  already  in  operation,  and  were  driven  by  a 
10-hp.  slip-ring  type  induction  motor,  with  external  re- 
sistors and  drum  type  controller.  The  problem  then  was 
to  utilize  this  motor  and  have  it  operate  at  identically 
the  same  speed  as  a  50-hp.  motor  we  intended  installing 
on  the  mangle. 

At  first  thought  running  the  mangle  and  dry  cans  at 
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the  same  speed  looked  like  a  rather  difficult  undertaking. 
The  drawings  of  the  manufacturer  specified  a  50-hp. 
direct-current  motor  on  the  mangle  and  a  10-hp.  direct- 
current  motor  to  drive  the  dry  cans.    To  have  accomp- 
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FIG.    1.      ARRANGEMENT    OF    MOTOR   AND    CONTROLLER 
EQUIPMENT 


lished  this  successfully  would  have  required  the  pur- 
chase of  an  alternating-current  motor,  direct-current 
generator  set,  since  the  power  supplied  to  the  plant  was 
two-phase  60-cycle  alternating  current.  This  would  also 
have  necessitated  the  removal  of 
the  alternating-current  apparatus 
from  the  dry  cans,  and  altogether 
would  have  been  an  expensive  ar- 
rangement. After  careful  consid- 
eration it  was  decided  to  use  alter- 
nating-current equipment  arranged 
as  illustrated.  In  Fig.  1  is  shown 
a  75-hp.  oil  switch  S  with  a  time- 
limit  overload  relay,  d,nd  a  no-volt- 
age attachment  N.  The  motor  and 
control  equipment  is  clearly  indi- 
cated. A  set  of  push-button 
switches  was  located  at  convenient 
stations  on  the  machines  to  trip 
the  no-voltage  magnet  on  the  main 
oil  switch  if  necessity  demanded  it. 
Bells  were  installed  so  that  the 
operators  could  signal  when  ready 
to  start  up  or  shut  down  the  ma- 
chines. This  comprised  the  elec- 
trical part  of  the  equipment.  The 
controller  handles  were  taken  off, 
gears  put  on  the  controller-cylinder 
shafts  and  the  handles  replaced. 
Then  a  1-in.  shaft  was  installed 
which  extends  from  the  50-hp.  con- 
troller, as  indicated  in  Fig.  2,  with 
a  gear  on  each  end  of  the  shaft  to 
mesh  with  a  gear  on  each  controller. 
About  one  foot  from  the  50-hp.  con- 
troller the  shaft  was  cut  in  two  and  a  coupling  in- 
stalled, A  tapered  hole  was  drilled  through  the  coup- 
ling and  shaft  in  the  upper  portion,  and  a  dowel  pin 
was  used  to  prevent  the  shaft  from  turning  in  the 
coupling.    This  arrangement  is  clearly  shown  in  Fig.  2. 


To  begin  operation  the  cloth  must  be  drawn  from  the 
bin  and  passed  through  the  rolls  of  the  mangle,  which 
of  course  must  operate  as  a  single  unit.  In  order  to 
accomplish  this,  the  main  oil  switch  is  closed  and  then 
the  dowel  pin  is  removed  from  the  coupling  and  shaft. 
This  will  allow  the  50-hp.  motor  to  he  operated  as  a 
single  unit.  When  enough  cloth  has  been  passed  through 
the  mangle,  it  is  taken  up  and  passed  over  the  first  drum 
on  the  dry  cans;  then  the  50-hp.  motor  is  shut  down 
and  the  dowel  pin  in.serted  in  the  coupling  and  shaft. 
A  signal  is  given  the  operator  on  the  dry  cans  that  all 
is  ready,  the  50-hp.  controller  is  then  clo.sed  in  on  the 
first  notch,  and  by  means  of  the  shaft  and  gears  will 
also  cut  in  the  10-hp.  controller  on  the  first  notch,  in 
the  same  operation.  Enough  resistance  is  inserted  in 
the  secondary  circuits  of  the  motors  to  make  each 
machine's  speed  identical  and  .so  on  until  the  controllers 
are  on  the  last  step  and  the  secondary  resistors  are 
entirely  cut  out,  when  the  two  machines  run  at  prac- 
tically the  same  speed. 

Considerable  difficulty  was  experienced  at  the  initial 
starting  of  this  drive,  owing  to  the  wide  variations  of 
the  motor  speeds  and  the  difference  in  horsepower,  as 
much  as  twenty-five  ft.  of  cloth  piling  up  in  front  of 
the  mangle.  After  many  attempts  at  resistor  adjust- 
ments, which  were  especially  arranged  for  this  drive,  the 
proper  values  were  obtained. 

The  dry  cans  are  equipped  witn  compensating  rolls 
which  take  up  two  feet  of  cloth  or  let  it  out,  but  so  fine 
are  the  resistors  adjusted  that  these  rolls  do  not  vary 
three  inches  at  any  time  either  at  starting  the  machines 
or  after  they  are  in   full  operation.     It   is  worthy  of 


Resistor 


FIG. 


2.      TWO    CONTROLLERS    GEARED   TOGETHER 

mention  that  this  installation  was  severely  criticized  by 
technical  experts  when  first  drawn  on  paper.  Each  motor 
has  been  carefully  checked  and  tested,  when  operating 
as  a  single  unit,  and  the  same  test  results  prevail  when 
they  are  coupled  together. 
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Prof.  G.  F.  Gebhardt 

Armour  Institute  of 
Technology 


An  educator  who  takes  a  father's  interest  in 
developing  green  boys  into  successful  en- 
gineers. A  genius  in  devising  mechanical 
means  for  laboratory  testing.  An  authority 
in  power-plant  engineering. 


SUMMARIZED  in  brief,  these  are  the  outstanding 
characteristics  of  G.  F.  Gebhardt,  who  has  been  a 
teacher  of  Mechanical  Engineering  at  Armour  In- 
stitute of  Technology  for  nearly  all  of  his  working  life — a 
period  of  about  twenty  years.  Close  personal  touch  with 
his  students,  a  direct  interest  in  each  and  every  one,  has 
been  the  secret  of  his  success  as  an  educator.  He  has 
no  regular  office  hours.  His  door  is  always  open  to  the 
boys,  and  they  feel  just  as  free  in  coming  to  him  with 
their  personal  difficulties  as  with  their  regular  technical 
studies.  Many  a  time  he  has  gone  to  a  backward 
student  and  at  the  psychological  moment,  by  a  little  of 
that  personal  sympathy  so  sadly  lacking  in  larger 
institutions,  has  turned  him  into  the  ways  of  success. 
Out  of  classes  he  is  a  boy  with  his  students,  goes  fish- 
ing and  duck  hunting  with  them,  gains  their  confidence 
and  their  loyalty,  and  with  it  a  return  in  honest,  faithful 
work  in  their  studies.  It  is  an  ideal  relation  for  a  man 
in  love  with  his  profession  and  one  which  only  a  teacher 
can  enjoy. 

In  1874  Professor  Gehbardt  was  born  in  the  Mormon 
country  at  Salt  Lake  City.  As  public  schools  of  merit 
were  nonexistent  at  this  time,  his  early  education  was 
obtained  at  the  Collegiate  Institute,  a  sectarian  school 
of  Presbyterian  origin.  At  the  age  of  sixteen  young 
Gebhardt  entered  Knox  college  to  take  the  regular 
literary  course.  Two  years  later  he  went  to  Cornell  to 
study  mechanical  engineering.  At  the  end  of  the  usual 
period  he  not  only  secured  his  M.  E.  degree,  but,  by 
making  up  all  his  literary  subjects,  was  enabled  to  take 
the  A.  B.  degree  at  Knox.  Three  years  later  he  secured 
an  M.  S.  from  the  same  college.  Contrary  to  the 
average  opinion  of  the  young  engineer,  he  realized  the 
need  for  something  more  than  bare  engineering.  A 
broader  outlook  upon  life,  proper  diction  in  which  to 
express  his  engineering  thoughts  and  language  to  clothe 
his  engineering  reports  were  the  primary  reasons  for 
the  literary  course,  and  it  is  his  constant  endeavor  to 
impress  these  same  ideas  upon  his  students  at  Armour. 
This  is  why  the  professor  has  become  a  stickler  for 
written  reports,  as  they  are  means  toward  a  desir- 
able end. 

After  his  college  days  were  over,  a  choice  of  profes- 
sions was  to  be  made.    Oddlv  enough,  he  had  an  abhor- 


rence for  teaching  and  the  spiritual  longing  for  the 
ministry  was  lacking.  He  decided  to  become  a  mining 
engineer  and  to  be  a  good  one — to  start  from  the  bottom. 
Back  to  the  mountains  of  Utah  he  went  and  worked  in 
the  mines  in  various  capacities.  For  a  time  he  was  an 
ordinary  mucker,  with  the  exception  that  the  hardest 
and  most  disagreeable  tasks  were  given  to  the  college 
student.  It  was  a  real  test  of  his  manhood  which  he 
passed  with  credit  and  stuck  to  with  determination  for 
over  a  year.  The  hard  times  of  '97  and  '98  overtook 
him,  however,  and  in  looking  around  for  a  new  position 
he  finally  secured  an  appointment  at  Armour  as  instruc- 
tor in  machine  design,  thus  being  forced  by  circum- 
stances to  take  up  teaching. 

It  was  his  thought  to  make  this  place  a  temporary 
haven  until  things  on  the  practical  side  opened  up,  but 
almost  immediately,  in  spite  of  his  former  prejudices, 
he  found  that  teaching  was  the  pi'Ofession  that  appealed 
to-  him. '  Seeing  the  green,  raw  freshmen  come  in  and 
develop  into  competent  engineers  was  a  fascinating 
study,  and  the  repetition  year  after  year  never  chilled 
his  interest.  It  was  only  natural  that  a  series  of  rapid 
advances 'came  to  him.  It.  was  not  "long  before  he  was 
made  assistant  professer  in  'machine  design,  then 
associate  professor,  and  within  three  years,  professor  of 
mechanical  engineering.  The  date  was  1903,  and  with 
the  one  exception  of  the  job  in  the  mountains  it  has 
been  his  life  work. 

At  this'  time  Armour  was  a  regular  polytechnic  school. 
The  original  idea  of  tho  late  P.  D.  Armour,  the  founder 
of  the  institute,  was  to  provide  a  place  for  the  poor  boy 
or  girl  to  learn  a  trade.  For  the  latter  there  were 
courses  in  cooking,  dressmaking,  typewriting,  etc.  For 
the  boys  there  were  the  preparatory  academy  and  the 
engineering  courses.  It  was  rather  a  polyglot  mess  with 
indifferent  facilities,  and  the  school  was  getting 
nowhere.  Professor  Gebhardt  saw  the  possibilities  of 
building  up  a  great  technical  institution,  and  it  was  in 
these  early  days  that  all  side  issues  were  dropped  and 
Armour  became  strictly  a  technical  college  of  engineer- 
ing. It  has  been  his  constant  endeavor  to  improve  the 
curriculum  and  the  mechanical  equipment  until  now  the 
institute  ranks  with  the  best  technical  schools  in  the 
country. 
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To  build  up  the  proverbial  slender  income  from  teach- 
ing, the  professor  has  done  a  great  deal  of  consulting 
and  testing  work,  never  taking  a  retainer  from  a  com- 
mercial concern,  but  always  acting  as  a  free  lance  on  a 
specific  job.  In  this  way  he  has  always  maintained  a 
neutral  position  in  commercial  work,  and  is  frequently 
selected  as  the  mechanical  expert  in  court  actions  or  in 
controversies  outside  the  law.  This  business  has 
increased  to  such  a  point  that  he  has  encouraged  each 
and  every  one  of  his  instructors  to  specialize  on  a  par- 
ticular subject,  so  that  he  might  turn  over  to  them  the 
practice  in  their  line.  It  is  his  opinion  that  it  makes 
them  much  better  instructors.  All  the  new  ideas  from 
the  commercial  field  come  to  them,  and  the  influence  is 
to  supplant  abstract  consideration  with  the  latest  and 
newest  thoughts  in  the  field.  Incidentally,  this  work 
gives  them  prestige  with  the  students,  adds  to  the 
remuneration  of  the  instructor  and,  up  to  the  limit  of 
interfering  with  classes,  is  considered  an  excellent  form 
of  training. 

Power-plant  engineering  is  Professor  Gebhardt's 
specialty.  His  book  on  this  subject  has  been  in  great 
demand.  It  has  passed  through  many  editions,  the 
number  of  copies  sold  exceeding  26,000.  Much  of  his 
work  recently  has  been  on  combustion,  and  naturally 
enough,  as  it  is  the  field  where  the  dollars  may  be 
spent  or  saved.  When  he  has  a  big  job  of  any  kind,  the 
boys  are  always  called  in  on  it.  It  gives  them  a  chance 
to  get  practical  experience,  to  gain  confidence  and  meet 
men  in  the  profession.  TheTaoys  are  paid  a  small  wage, 
always  by  check.  It  is  amusing  to  relate  that  many  of 
these  checks  are  slow  in  returning.  The  boys  frame 
them  as  the  first  money  earned,  but  as  they  get  out  in 
the  field,  the  novelty  of  earning  money  wears  away,  and 
perhaps  the  need  of  it  forces  a  change  of  sentiment. 
The  checks  are  cashed  and  come  creeping  back  to  the 
fountain  head,  thus  performing  the  double  service  of 
furnishing  cash  and  reviving  memories. 

Professor  Gebhardt  has  done  a  great  deal  of  research 
work,  including  the  construction  of  the  machines  on 
which  to  do  the  testing.  Among  the  subjects  may  be 
mentioned  belt  transmission,  ball-bearing  friction,  tire- 
shock  absorption  and  flow  of  fluids.  The  Gebhardt  steam 
meter  was  designed  by  him,  and  there  have  been  numer- 
ous laboratory  machines  for  testing  materials  of  engi- 
neering and  special  appliances  for  power-plant  testing. 
His  contributions  to  the  technical  press  have  been 
numerous.  In  addition  to  the  book  already  mentioned, 
he  has  prepared  pamphlets  for  school  use  on  governorr, 
and  on  the  dynamics  of  the  steam  engine.  He  is  a  mem- 
ber of  the  American  Society  of  Mechanical  Engineers, 
the  Western  Society  of  Engineers  and  the  National 
Association  of  Stationaiy  Engineers.  In  fraternal  life 
he  belongs  to  the  University  Club,  is  a  Phi  Delta  Theta 
and  a  Tau  Beta  Pi. 

As  to  hobbies,  the  professor  claims  he  is  just  an 
ordinary  individual  and  does  nothing  distinctive.  We 
know  he  appreciates  a  good  cigar,  and  according  to  his 
own  statement  he  would  rather  sit  out  in  the  swamp 
and  shiver  shooting  ducks  than  do  anything  in  the 
educational  line.  Smce  the  age  of  nine  it  has  been  an 
annual  pastime.  He  has  discovered  the  fountain  of 
youth.  He  does  not  feel  like  forty-six,  nor  does  he 
look  it.  Association  with  his  boys  keeps  him  young.  As 
the  older  depart,  new  arrivals  hold  the  average  per- 
petually the  same,  so  a  boy  he  must  always  remain,  with 
the  enthusiasm  and  vitality  of  youth  combined  with  the 
judgment  of  maturer  years. 


International  "Hot-Flow"  Softener 

The  important  difference  between  hot-  and  cold-water 
.softeners  lies  in  the  provision  for  .sedimentation.  Con- 
vection currents  are  set  up  in  hot  water  by  slight 
differences  in  temperature,  the  hot  water  tending  to 
ri.se  and  the  cooler  water  to  fall.  To  obtain  the  best 
results  in  the  hot-water  softener  tank,  the.se  currents 
must  be  worked  with  rather  than  against.  This  prin- 
ciple has  bten  given  attention  by  the  International 
Filter  Co.,  of  Chicago,  in  the  design  of  a  new  hot- 
water  softener  described  herewith. 

In  Fig.  1  the  general  arrangement  of  the  softener 
is  shown  diagrammatically,  with  two  chambers,  A  and 
B,  of  equal  holding  capacity.  On  top  of  the  softener 
is  an  open-type  exhaust-steam  feed-water  heater,  in 
which  the  entering  water  goes  to  a  distributing  trough 
at  the  top  and  then  passes  over  and  through  a  series 
of  inclined  cast-iron  trays.  Steam  enters  the  heater 
through  an  oil  separator  and  comes  into  contact  with 
tie  finely  divided  water  in  the  usual  manner. 

From  the  heater  the  hot  water  enters  the  softener 
through  the  turned  inlet  C  above  the  baffle  plate  F,  the 
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softening  chemicals  being  delivered  to  the  incoming 
water  at  this  point.  The  turned  inlet  and  baffle  plate 
cause  the  incoming  water  to  flow  in  a  horizontal  direc- 
tion around  and  downward  to  the  outer  annular  cham- 
ber A,  automatically  providing  the  agitation  thai  brings 
the  softening  chemicals  and  the  water  irto  contact.  At 
the  bottom  the  water  flows  through  the  inverted  V- 
shaped  openings  from  the  outer  chamber  A  into  the 
inner  chamber  B.  The  water  is  drawn  off  through 
the  outlet  pipe  E  from  a  point  near  the  tcp  of  this 
chamber. 

Although  but  t.venty  to  thirty  minutes  are  neces- 
sary for  the  chemical  reactions  and  sedimentation,  the 
softening   tank   has   a   oHe-hour   holding    capacity. 

The  outer  chamber  A  provides  for  the  mixture  of 
the  incoming  water  and  the  chemicals.  All  the  con- 
motion  set  up  is  restricted  to  the  water  in  this  cham- 
ber, ana  the  outer  chamber  of  water  serves  as  a 
blanket  of  insulation  for  the  inner  or  uptake  chamber, 
permitting  no  cooling  of  water  in  the  uptake  or  the 
setting  up  of  convection  currents. 
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In  the  chamber  B  the  water  rises  slowly,  permitting 
the  separation  of  the  sludge  from  the  water  to  become 
completed,  although  some  of  the  sedimentation  takes 
place  in  the  outer  chamber. 

A  standard  part  of  the  softener  is  a  filter.  The 
softener  supplies  hot  water  to  wash  it,  and  provision 
is  made  for  its  return  to  the  outer  chamber  of  the 
softener,  where  it  is  allowed  to  resettle  and  pass 
through  the  usual  process,  the  heat  in  the  water  being 
.saved.  The  circulation  for  washing  is  set  up  by  an 
auxiliary  pump,  the  flow  being  upward  through  the 
filter  bed  instead  of  downward  as  when  filtering.  Nei- 
ther the  softener  operations  nor  the  boiler-feed  supply 
is  interrupted  while  the  filter  is  being  washed. 

Softening  of  the  water  is  effected  by  treating  it 
with  hydrated  lime  and  soda  ash  supplied  from  a  chemi- 
cal mixing  tank  and  feeder. 

Hard  water  enters  the  softener  through  the  head 
chamber  above  the  heater,  the  flow  being  regulated  auto- 
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matically  by  a  float  valve  in  the  supply  line.  The 
water  flows  into  the  heater  and  is  divided  into  two  pro- 
portionate streams;  the  larger  stream  flows  into  the 
heater  and  the  smaller  quantity  flows  into  the  hy- 
draulic link  pipe  shown  in  Fig.  2.  As  the  head  or 
pressure  of  the  incoming  water  governs  the  flow  of 
both,  the  two  streams  always  flow  in  proportion  to 
euch  other.  If  more  water  flows  into  the  heater,  pro- 
portionately more  water  flows  into  the  hydraulic  link 
pipe;  if  less  water  flows  into  the  heater,  a  corre- 
;;pondingly  smaller  amount  flows  into  the  hydraulic  link. 
This  liydraulic  link  conveys  a  small  stream  of  water 
to  the  chemical  float  control  independent  of  the  back 
pressure  in  the  heater  and  head  chamber,  and  as  the 
rate  of  flow  of  the  water  in  the  hydraulic  link  is 
always   in  proportion  to  the  main   flow  of  water   into 


the  heater,  the  smaller  stream  of  water  is  used  to 
control  the  chemical  feed. 

From  the  float  control  the  discharge  is  a  modulated 
orifice  tube  that  keeps  the  level  of  the  water  in  the 
float  control  in  relation  to  the  main  flow  of  water 
into  the  heater.  A  greater  flow  of  water  into  tlie 
heater  causes  a  higher  water  level  in  the  float  control 
and  a  lesser  flow  a  correspondingly  lower  level.  A 
float  which  rises  or  falls  with  these  changes  in  water 
level  in  the  float  control  moves  the  cutoff  shield  over 
the  collector  funnel  in  the  chemical  tank.  If  the  soft- 
ener is  operating  at  half  capacity,  the  cutoff  shield 
covers  half  of  the  mixture  picked  up  by  the  revolving 
cups.  Thus,  at  any  rate  of  operation,  the  cutoff  shield 
deflects  from  the  collector  funnel  all  or  part  of  the 
chemical  mixture  except  that  required. 

The  chemicals  for  twelve  to  twenty-four  hours  opera- 
tion are  weighed  and  put  into  the  chemical  tank,  which 
is  then  filled  with  water.  The  mixture  is  then  agitated 
to  keep  it  circulating  in  an  up  and  down  motion  in 
all  parts  of  the  tank  and  maintain  a  chemical  mixture 
of  uniform  strength. 

The  greater  proportion  of  the  sediment  or  sludge 
formed  settles  to  the  bottom  of  the  main  tank  and 
is  blown  off  through  the  pick-up  pipes  and  the  main 
sludge  blowoff  valve,  which  is  opened  two  or  three 
times  each  day. 

The  hot-flow  softeners  are  built  in  graduated  stand- 
ard sizes  with  capacities  per  hour  ranging  from  900  to 
18,000  gal.  In  boiler  horsepower  based  on  30  lb.  of 
water  per  hour  the  listed  capacities  range  from  250 
to  5,200  gal.  Special  sizes  up  to  10,000  boiler  horse- 
power are  built,  using  the  same  principles  of  construc- 
tion and  operation. 


Denmark  is  at  present  supplied  from  497  central 
stations  having  a  total  output  of  108,000,000  kw.-hi'.  per 
annum.  The  net  sale  to  205,000  consumers  is  30,800,000 
units  for  light  .xnd  54,700,000  units  for  power.  The 
average  net  cost  per  unit  in  73  towns  is  42d.,  in  387 
villages  7Jd.,  and  in  37  agricultural  districts  3|d,  The 
high  cost  in  the  villages  is  chiefly  due  to  the  load  factor, 
which  seldom  reaches  0.10,  and  in  a  smaller  degree  to 
the  high  cost  of  fuel.  With  regard  to  future  develop- 
ments, it  appears,  according  to  the  Technical  Review, 
that  a  scheme  is  being  considered  which  will  enable  a 
supplementary  supply  of  electrical  energy  to  be  obtained 
from  Norwegian  waterfalls.  The  distance  from  the 
nearest  suitable  falls  to  Copenhagen  is  about  75  miles, 
and  it  is  proposed  to  send  26,000  kw.  at  a  pressure  of 
50,000  volts  by  an  overhead  transmission  line  running 
through  Sweden  to  Malmo,  and  thence  by  submarine 
cable  across  the  Sound  to  Copenhagen.  The  engineering 
difficulties  in  connection  with  this  proposal  are  easily 
overcome,  but  the  economic  question  presents  some  diflli- 
culty,  as  a  low  load  factor  would  require  a  very  expen- 
sive transmission  line,  and  necessitate  high  prices  to 
consumers.  The  estimated  requirements  of  the  country, 
provided  cheap  energy  can  be  supplied,  are  about  450 
million  kilowatt-hours  per  annum. 


The  proposed  extension  of  hydro-electric  projects  in 
Japan  will  involve  the  building  of  about  one  thousand 
miles  of  high-pressure  transmission  lines  within  the 
next  two  years.  The  u.se  of  aluminum  instead  of  coppei 
for  the  transmission  cables  is  considered. 


June  22,  1920 
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Efficient  Utilization  of  Water 
Powers  Already  Developed 

ACCORDING  to  the  United  States  Geological  Survey's 
L  estimate  of  1915,  seventy-five  per  cent  of  the 
maximum  potential  water  power  of  the  New  England 
States  is  developed.  This  figure  was  also  used  in  the 
National  Electric  Light  Association's  Water-Power 
Development  Committee's  report  submitted  at  the  Pasa- 
dena convention  in  May  of  this  year.  Taking  these 
figures  at  their  face  value,  it  is  apparent  that  little 
additional  water-power  development  may  be  expected  in 
this  district.  However,  when  the  way  that  many  of 
these  developments  are  made  is  considered,  especially  in 
the  industrial  centers,  it  is  evident  there  are  still  large 
possibilities  of  future  water-power  development  in  New 
England,  and  the  committee's  statement  regarding  this 
district  that  "future  development  will  consist  chiefly  in 
a  more  efficient  utilization  of  the  water  powers  already 
developed"  has  a  real  significance, 

A  large  percentage  of  the  water-power  developments 
in  New  England  have  just  grown,  without  any  con- 
sideration being  given  to  efficient  operation.  The  first 
manufacturer  on  the  site  built  a  dam  and  utilized  a 
head  that  best  suited  his  needs.  The  next  manufacturer 
did  likewise  or  entered  into  the  same  agreement  with 
the  party  having  prior  water  rights.  This  process  con- 
tinued until  all  available  water  power  at  a  given  site 
was  utilized,  after  which  further  power,  if  needed,  was 
developed  from  fuel.  Water-power  development  of  this 
kind  has  resulted  in  a  very  inefficient  use  of  the  avail- 
able energy  in  the  water.  Not  infrequently  is  it  found 
that  water  powers  have  been  developed  in  three  or  four 
low-head  projects,  with  a  large  number  of  small  ineffi- 
cient waterwheels,  with  the  result  that  probably  not 
more  than  twenty-five  per  cent  of  the  power  is  obtained, 
that  would  be  possible  if  the  total  head  were  utilized  in  a 
modern  development.  Another  source  of  large  loss  is 
in  the  gears,  lineshafting  and  belts  used  to  transmit  the 
power  from  the  waterwheels  to  the  manufacturing 
machinery.  The  co-ordination  and  unification  of  these 
numerous  inefl[iciently  developed  water  powers  into  a 
comprehensive  system  would  have  a  far-reaching  effect 
in  the  solution  of  New  England's  power  problems. 
Nobody  is  to  blame  for  the  inefficient  way  many  of  these 
water  powers  have  been  developed;  it  is  a  case  where 
industrial  expansion  has  outgrown  the  methods  that 
were  perfectly  satisfactory  forty  or  fifty  years  ago,  and 
an  adjustment  must  be  made  to  meet  the  new  condition. 
^There  are  many  problems  to  be  solved  in  the 
redevelopment  of  these  water  powers,  and  probably  none 
is  more  serious  than  the  location  of  some  of  the  plants 
that  utilize  large  quantities  of  water  in  their  manufac- 
turing processes.  Unless  these  plants  are  located  above 
the  dam  or  below  the  power  plant,  large  quantities  of 
water  will  have  to  be  used  for  industrial  purposes  that 
should  be  available  for  power  development.  This  prob- 
lem also  would  exist  with  steam  plants  operating  con- 
densing. However,  water  that  is  available  for  manufac- 
turing processes  under  a  natural  head  would  not  require 


power  for  pumping,  and  if  thi.^;  water  afterward  could  be 
used  for  power  purposes  under  part  of  the  total  head, 
its  efficiency  of  utilization  would  be  comparatively  high. 
There  is  also  the  possibility  of  taking  the  water  directly 
from  and  returning  it  to  the  penstock  where  a  closed 
system  is  used,  such  as  in  a  condensing  equipment.  Be 
these  problems  what  they  may,  the  high  price  of  coal 
will  in  no  distant  future  cause  them  to  be  given  serious 
consideration.  Furthermore,  before  we  as  a  nation  can 
say  that  we  are  making  an  honest  effort  to  conserve  our 
natural  resources,  many  of  our  water  oowers  must  be 
redeveloped  for  a  much  higher  eflficiency  than  at  present 
obtained.  When  it  is  possible  to  obtain  ninety  to  ninety- 
three  per  cent  of  the  total  energy  in  the  water,  we  should 
not  be  satisfield  with  twenty-five  or  thirty  per  cent. 

Conventions  and  What 
We  Can  Get  Out  of  Them 

MAY  and  June  are  convention  months.  We  have  had 
the  joint  meeting  of  the  American  Societies  of 
Mechanical,  of  Refrigerating  and  of  Heating  and  Ven- 
tilating Engineers  at  St.  Louis.  We  have  had  the  Organ- 
ization Conference  resulting  in  the  launching  of  the 
American  Federated  Engineers  Societies  at  Washington. 
We  have  had  the  American  Federation  of  Labor  meeting 
at  Montreal.  The  list  might  be  extended  almost  indef- 
initely. Of  course  we  must  not  forget  the  two  big 
political  conventions  for  the  nomination  of  Presidential 
candidates,  but  the  daily  press  has  given  all  kinds  of 
information  (?)  about  them. 

The  conventions  that  the  readers  of  Power  are  most 
interested  in  are  those  of  the  various  engineering  organ- 
izations. The  custom  of  presenting  and  discussing 
technical  papers  at  such  meetings  produces  a  large 
amount  of  high-grade  engineering  literature  each  year, 
and  there  are  few  of  the  technical-society  programs  that 
do  not  have  at  least  one  pa^^er  of  use  to  anyone  engaged 
in  the  production  or  use  of  power. 

It  is  unfortunate  that  every  man  cannot  attend  such 
conventions.  A  large  part  of  their  value  lies  in  the 
personal  contact  with  other  men  from  other  parts  of  the 
country.  When  you  hear  first  hand  of  the  ether  fel- 
low's troubles,  problems  and  successes,  your  own 
troubles  seem  less,  your  problems  easier  to  solve  and 
your  success  nearer. 

The  men  who  stay  at  home,  however,  can  and  should 
get  a  great  deal  out  of  these  meetings.  Every  technical 
journal  tells,  in  its  news  columns,  of  the  general  hap- 
penings at  those  gatherings  in  which  its  readers  will 
probably  have  an  interest.  More  important,  however, 
are  the  abstracts  of  the  papers  and  discussions.  In  this 
connection  the  stay-at-home  has  perhaps  an  advantage. 
He  has  the  story  boiled  down  so  that  he  gets  the  impor- 
tant points  with  a  minimum  amount  of  time  spent. 

One  big  feature  of  the  engineering-society  conven- 
tions, however,  is  that  there  the  newest  ideas  are  usually 
presented.  The  easiest  way  to  keep  just  a  little  ahead 
of  engineering  practice  is  to  watch  carefully  what   is 
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Offered  at  suck  meetings.  Ti^ue,  papers  are  often  pre- 
sented which  are  so  far  ahead  of  good  practice  that 
practice  never  catches  up  with  them,  but  the  man  who 
is  never  ahead  is  always  behind.  It  is  also  true  that 
many  of  the  papers  are  presented  by  representatives  of 
manufacturers  and  are  really  presented  as  part  of  ad- 
vertising campaigns.  On  the  other  hand,  it  is  equally 
true  that  such  so-called  advertising  papers  describe 
some  new  apparatus,  process  or  idea  and  so  are  of  value 
to  the  reader.  They  must  also  be  reliable  and  accurate, 
for  each  manufacturer  knows  that  his  competitors  will 
read  his  paper  and  present  discussions  which  will  expose 
any  false  statements  or  mistakes. 

It  is  well  worth  your  while,  then,  to  read  and  study 
the  abstracts  of  such  papers  and  get  your  share  of  the 
benefits  from  meetings  that  are  held  mainly  to  help  the 
engineers  and,  through  them,  the  public. 

Fuel  Economy  Still  Vital 

DESPITE  the  urgent  need  for  it  at  this  time,  one 
does  not  hear  much  about  fuel  economy,  particu- 
larly in  power  plants.  It  may  be  that  power-plant  men 
are  so  busy  practicing  it  that  they  have  no  time  to  talk 
about  it.  This  is,  of  course,  true  in  many  cases,  but  the 
quality  of  the  fuel  that  many  plants  now  get  causes  the 
engineers  no  little  worry  to  burn  it  at  all,  to  say  nothmg 
of  burning  it  efficiently.  We  must  not  lose  sight  of  the 
seriousness  of  the  fuel  situation.  Coal  is  too  costly 
these  days  to  warrant  neglect  in  its  use  no  matter  who 
pays  for  it.  It  is  every  bit  as  necessary  to  fire  intel- 
ligently, to  stop  preventable  losses  in  the  boiler  room, 
to  consume  power  savingly,  as  at  any  time  during 
the  war. 

In  the  large  modern  station,  coal  economy  is,  in 
greatest  part,  a  matter  of  design — design  that  reduces 
to  a  minimum  the  human  equation.  But  in  the  far 
greater  number  of  plants  in  the  country  the  men  in 
the  power  plant,  the  engineers  and  firemen,  determine 
ultimately  whether  fuel  shall  be  used  economically  or 
woefully  wasted.  Upon  these  men  there  rests  a  truly 
great  responsibility.  They  owe  it  to  themselves,  to  their 
country  and  to  their  employers  to  make  every  pound  of 
fuel  do  its  utmost. 


Steam-Turbine  Development 

WE  FREQUENTLY  hear  comments  on  the  very 
rapid  development  of  the  steam  turbine  as  com- 
pared with  the  early  progress  of  the  reciprocating  steam 
engine.  The  latter  machine  began  as,  to  modern  eyes, 
a  very  crude  piece  of  apparatus  and  was  improved  only 
by  slow  and  tedious  steps.  While  the  first  steam  tur- 
bines were  built  long  before  reciprocating  engines,  no 
real  commercial  use  was  made  of  them  until  within  very 
recent  years.  When  engineers  finally  did  turn  their 
attention  to  turbines,  progress  was  so  rapid  as  to  be 
almost  bewildering. 

There  are  a  number  of  reasons  for  this  difference. 
The  engine  could  develop  no  faster  than  the  steam 
boiler  and  the  various  auxiliaries.  The  turbine  designer 
found  boilers,  piping,  condensers,  etc.,  already  at  hand 
and  could  focus  his  attention  on  a  single  problem. 
Modern  methods  of  machine-shop  practice  and  modern 
steels,  bronzes,  etc.,  were  not  available  to  the  early 
engine  builders  as  they  were  to  the  turbine  builders  who 
came  so  much  later. 


Probably  one  of  the  greatest  factors  in  the  rapidity 
of  turbine  progress  is  to  be  found  in  the  knowledge 
possessed  by  modern  engineers  of  the  properties  of 
steam  and  the  theory  of  the  production  of  power  by 
means  of  heat.  The  first  steam  engines  were  built 
almost  by  guesswork  and  had  been  in  use  some  time 
when  Sadi  Carnot  laid  the  foundations  of  the  theory  of 
thermodynamics.  After  him  came  a  long  line  of  men 
who  labored  in  the  physical  laboratories  and  solved  com- 
plicated mathematical  problems.  A  great  deal  of  their 
work  was  looked  upon  as  purely  theoretical  and  of  little 
or  no  value  to  the  man  who  had  to  build  or  operate 
steam  enj^ines.  Without  this  work,  however,  we  would 
today  probably  be  using  engines  not  much  better  than 
those  of  Watt. 

The  turbine  designers  found  much  of  this  work 
already  done  for  them,  but  there  are  still  many  unsolved 
problems.  The  article  in  another  column  under  the 
title  "Supersaturated  Steam"  suggests  some  of  these 
problems.  Is  the  steam  in  a  turbine  in  a  state  of 
unstable  equilibrium?  If  this  is  the  case,  can  a  rational 
workable  theory  be  developed?  Scientific  papers  already 
published  show  that  the  "theorists"  are  at  work  on  these 
problems,  and  judging  by  the  past  the  solutions  will 
probably  be  found.  Wonderful  progress  in  development 
has  been  made,  but  who  can  tell  what  will  yet  be  accom- 
plished as  one  by  one  these  problems  are  solved?  Mean- 
while, the  engineer,  operator  or  designer  who  wants  to 
make  good  must  take  an  interest  in  such  things  as  are 
often  spoken  of  as  "highbrow," 


Storage-Battery  Development 

SOMETIMES  the  development  of  a  special  branch  of 
an  industry  takes  place  so  quietly  that  other  branches 
of  the  same  industry  fail  to  observe  the  change.  Often 
even  those  in  the  special  branch  that  is  changing  are  to 
a  large  extent  unconscious  of  what  is  happening.  All 
engineers  remember  that  only  a  short  time  ago  a  storage 
battery  was  considered  a  delicate  and  complicated  part 
of  the  equipment  of  the  power  plant  where  there  was 
such  equipment  at  all.  Today  they  are  operated  success- 
fully by  thousands  of  people  who  know'  nothing  about  en- 
gineering. No  doubt  further  applications  of  the  storage 
battery  in  power  stations  will  develop  as  the  demand 
for  reliability  of  operation  increases,  and  it  would  be 
well  for  those  interested  in  power-plant  operation  to 
keep  in  mind  the  possibilities  of  this  form,  of  equipment. 


A  headline  reading  "Airplanes  for  Mine  Rescue 
Work"  was  rather  startling  until  we  read  further  and 
learned  that  the  Bureau  of  Mines  is  planning  the  use 
of  flying  machines  to  carry  rescue  workers  and  appa- 
ratus from  the  various  stations  of  the  Bureau  to  the 
mines  -vhere  they  may  be  needed.  The  element  of  time 
is  a  big  item  in  mine-rescue  work,  and  this  new  use  for 
airplanes  promises  another  advance  in  the  conservation 
of  human  life. 


The  recent  orders  of  the  Interstate  Commerce  Com- 
mission calling  on  various  Western  railroads  to  return 
stated  numbers  of  open-top  cars  to  the  Eastern  roads 
promises  some  help  in  the  coal  situation.  If  more  coal 
cars  come  to  the  mines  and  if  the  assigned  car  problem 
can  be  solved,  we  may  all  be  able  to  get  at  least  a  part 
of  next  winter's  coal  into  the  storage  yards  before  cold 
weather  comes. 
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Comparison  of  Pulverized-Coal  Tests 

Of  the  numerous  comments  made  on  the  pulverized- 
cofll  tests  at  the  Milwaukee  Electric  Railway  and  Light 
Co.'s  plant,  that  by  Paul  W.  Thompson  is,  to  my  mind, 
the  most  interesting  and  instructive. 

In  all  cases  an  analysis  of  such  an  installation  involves 
the  element  of  comparison,  which  in  turn  necessitates 
the  use  of  a  standard  for  the  purposes  of  such  com- 
parison. If  the  standard  of  comparison  is  a  poor  one, 
naturally  the  test  being  compared  will  show  better  than 
if  the  standard  of  comparison  is  a  good  one.  To  me,  the 
entire  matter  of  these  pulverized-fuel  tests  hinges  upon 
the  standard  of  comparison  u'sed  and  the  deductions  that 
are  drawn  from  such  comparison. 

In  this  case  the  underfeed  stoker  is  that  used  as  the 
basis,  and  therein  lies  a  possible  opportunity  for  a  com- 
plete revision  of  engineering  opinion. 

As  Mr.  Thompson  rightly  says,  there  are  certain 
"losses  that  are  inherent  in  stoker  practice,  such  as 
breakdowns  in  the  stoker  itself,  breaking  up  clinkers, 
loosening  clinkers,  continually  watching  the  fire  to 
maintain  correct  and  uniform  thickness,  watching  the 
gas  passes  of  the  boiler  for  large  sparks  indicating  the 
carrying  away  of  combustible,  dumping,  and  many  other 
operations  are  necessai-y  to  stoker  practice." 

The  trouble  with  the  engineer  of  today  is  that  he 
assumes  that  the  underfeed  stoker,  with  all  these 
inherent  defects,  is  the  proper  and  sole  basis  of  com- 
parison. I  have  more  than  once  stated  that  any  stoker 
that  possessed  the  defects  of  clinker  formation,  periodic 
dumping,  uneven  thickness  of  fire,  fuel-bed  disturbance, 
etc.,  was  fundamentally  wrong  and  could  not  endure 
under  the  fierce  light  of  the  competition  of  today.  Under 
no  conceivable  circumstances  can  any  stoker,  whose 
fundamental  design  involves  these  things,  operate  at 
such  high  rates  of  combustion  as  to  produce  melting 
temperatures  in  the  furnace  or  fuel  bed  and  give  satis- 
factory results.  Modern  practice  demands  rates  of  com- 
bustion much  higher  than  can  be  secured  without  the 
formation  of  clinkers  in  the  underfeed  stoker,  and  inci- 
dentally much  higher  capacities  than  the  test  at  Oneida 
Street  proves  is  possible  without  the  production  of 
destructive  furnace  temperatures. 

With  the  prices  of  power-plant  equipment  as  they  are 
today,  boiler-heating  surface  must  be  worked  to  a  veiy 
much  higher  degree  than  ever  before,  and  rates  of 
steaming  corresponding  to  150  per  cent  of  rated  capac- 
ity are  going  to  be  considered  as  a  thing  of  the  past. 
Without  any  doubt  the  modern  boiler  will  continuously, 
safely,  and  economically  generate  a  boiler  horsepower 
from  3 A  sq.ft.  of  heating  surface,  and  furnace  tempera- 


tures up  to  2,700  or  2,800  deg.  F,  must  be  endured  if 
the  right  efficiency  is  obtained.  Any  coal-firing  system 
which  will  not  stand  up  under  these  requirements  is 
wrong  and  cannot  last. 

Instead  of  comparing  the  Oneida  Street  tests  with  an 
underfeed  stoker  producing  a  gross  efficiency  of  76  per 
cent,  it  will  be  necessary  in  the  future  to  compare  it 
with  a  method  of  stoking  which  will  produce  a  gross 
efficiency  of  80  per  cent  and  without  the  interruptions 
to  efficiency  resulting  from  the  before-mentioned  inher- 
ent stoker  losses.  Someone  will  then  have  to  do  some 
figuring  to  justify  the  additional  cost  of  $20  per  boiler- 
horsepower. 

I  suggest  that  before  long  we  will  have  an  opportunity 
of  making  a  comparison  of  these  tests  with  a  stoker 
that  can  produce  continuously  300  per  cent  of  rating 
without  clinker  formation,  periodic  dumping,  break- 
downs, or  the  attendance  of  highly-skilled  operating 
help.  Joseph  H.\rrington. 

Chicago,  111. 


California  Boiler-Law  Recjuirements 

On  page  697,  of  the  May  4  issue  of  Power,  there  is 
shown  a  drawing  of  California  boiler-law  specifications 
in  which  the  lower  connection  to  the  water  column  is 
shown  entering  the  shell  at  the  second  row  of  tubes 
from  the  bottom.  I  have  yet  to  see  a  water  column  so 
connected  or  to  meet  an  encineer  who  would  advocate 
such  a  connection. 

We  keep  the  lower  connection  as  high  as  between  the 
first  and  second  rows  of  tubes  from  the  top  in  order 
to  make  the  columns  of  water  that  balance  each  other 
on  the  inside  and  outside  of  the  boiler  as  short  as 
possible. 

Increasing  the  length  of  these  balancing  columns  by 
lowering  the  bottom  connection  increases  the  inaccuracy 
of  the  water  level  shown  by  the  glass,  because  the 
boiling  column  of  water  inside  the  boiler  is  lightened 
by  its  content  of  steam  and  will  stand  higher  than  the 
outside  column,  In  the  connections  and  mounting,  which 
is  solid  water. 

If  at  a  certain  state  of  intensity  of  ebullition,  13  in. 
of  water  inside  the  boilei  balances  12  in.  of  water  in 
the  outside  connection,  then  it  would  require  26  in.  to 
balance  24  in.  and  39  in.  to  balance  36  in. 

Thus,  by  lowering  the  bottom  connection  until  a  1-ft. 
column  was  lengthened  to  a  3-ft.  column,  we  have 
increased  the  inaccuracy  of  the  water  level  showing  in 
the  glass  from  1  inch  to  3  inches.  R.  Manly  Orr. 

Vancouver,  C.  C. 
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Plugs  in  Water-Column  Connections 

In  the  article,  "Three  Fower  Plant  Kinks,"  page  820 
af  the  May  18  issue  of  Power,  Mr.  Little  says  that  he 
would  apply  two  long  brass  plugs  to  the  water-column 
connection. 

If  the  A.S.M.E.  Code  and  other  codes  are  consulted,  it 
will  be  found  that  the  lower  water-column  pipe  must 
be  provided  with  a  drain  cock  or  valve,  with  a  suitable 
connection  to  the  ashpit  or  other  safe  point  of  waste. 


Ao/ygi  Plugs 


I'LiUGS   IN   WATKR-COL,UMN   CONNECTION 

The  water-column  blowoff  pipe  should  be  at  least  i'  in. 
The  object  of  this  valve  is  to  drain  the  water  column 
as  more  or  less  sediment  is  bound  to  collect  in  the  bot- 
tom and,  if  it  is  not  drained  off,  will  plug  the  water- 
column  pipe.  Charles  W.  Carter,  Jr. 
Olean,  N.  Y. 

Why  the  Piston  Would  Not  Come  Out 

Several  years  ago  it  was  my  experience  to  wonder 
why  we  could  not  remove  the  piston  of  30  in.  diameter 
low-pressure  cylinder.  From  the  start  this  engine  ran 
poorly  and  the  cylinder  began  to  cut  and  score.  We 
laid  the  trouble  at  first  to  poor  lubrication,  but  later 
came  to  the  conclusion  that  the  two  metals  of  the  piston 
and  cylinder  were  not  hom.ogeneous.  It  was  a  case  of 
take  the  piston  out  at  least  twice  a  week,  and  oil  by 
the  quart  had  to  be  pumped  into  the  cylinder  at  starting 
and  stopping. 

Finally,  it  was  decided  to  rebore  the  cylinder  and  put 
a  dovetailed  ring  of  babbitt  metal  around  the  piston. 
The  load  was  transferred  and  the  low-pressure  head  was 
removed.  The  locknut  on  the  crosshead  end  of  the 
piston  rod  was  loosened,  and  a  socket  wrench  was  fitted 
to  the  nut  on  the  piston  rod,  at  the  piston  end,  but  the 
piston  rod  would  not  unscrew.  We  made  a  clamp  for 
the  rod  and  used  the  trolley  falls  on  this  clamp  and 


pulled  at  the  same  time  on  the  socket  wrench,  but  with- 
out avail;  the  piston  rod  still  refused  to  budge.  Up  to 
this  time  we  had  probably  removed  that  rod  at  least 
twenty  times  without  trouble. 

Some  wisehead  in  the  crowd  suggested  that  we  turn 
the  engine  just  as  slowly  as  possible  by  means  of  water 
power  (of  which  we  were  well  supplied)  and  try  to 
unscrew  the  rod  during  this  performance.  This  worked 
successfully  for  a  short  period.  The  piston  and  rod 
turned  easily  until  we  got  the  piston  almost  out  to  the 
counterbore.  Then  the  man  doing  the  turning  was  told 
to  stop,  but  he  gave  just  one  more  pull  for  good  measure 
and  the  r'ng  dropped  over  the  counterbore.  The  piston 
kept  right  on  going  and,  consequently,  a  portion  of  the 
outside  ring  groove  was  broken  off. 

We  could  not  unscrew  the  rod  any  more,  and  so  after 
measuring  the  amount  already  gained,  we  decided  to 
saw  the  rod  off  close  to  the  crosshead.  With  the  rod 
clear  from  the  crosshead  it  was  only  a  few  minutes' 
work  to  get  the  piston  out,  and  then  we  found  the  cause 
of  our  trouble. 

As  the  rings  rattled  at  times,  we  had  concluded  that 
they  turned  and  that  when  the  opening  came  next  to 
the  steam  port,  the  steam  got  in  the  ring  opening  and 
caused  them  to  slam.  We  had,  therefore,  put  a  block  in 
the  ring  groove  at  the  bottom  of  the  piston  to  keep  the 
ring  from  turning. 

As  this  stopped  the  noise,  we  concluded  that  our 
theory  had  been  right,  but  this  block  in  the  bottom  of 
the  piston  was  what  caused  our  trouble. 

The  ring  next  to  the  crosshead  had  broken  and  when 
we  tried  to  turn  the  piston  the  ring  rode  upon  itself 


Broken     Piston 


IJKOlvKN  PISTON,  BABBITT  HINC,    BKOKEN   RING  AND 
WOOD  BLOCK 


and  formed  a  grip  on  the  cylinder.  The  scores  in  the 
cylinder  engaged  the  broken  ring,  and  so  we  could  not 
turn  the  piston.  After  the  cylinder  was  rebored  and  the 
dovetailed  ring  of  babbitt  metal  was  in  place,  everything 
worked  well.  The  illustration  shows  the  defects 
mentioned. 

The  piston  rod  v/as  a  trifle  short,  but  as  it  had  been 
fully  long  enough,  we  concluded  to  use  it  and  it  worked 
all  right.     We  welded  the  broken  piston. 

New  York  City.  C.  W.  Peters. 
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Fitting  Crank-Rod  Brasses 

A  smooth  running:  enpfine,  operating  with  maximum 
efficiency  and  at  a  minimum  cost  requires  that  all  repairs 
and  adjustments  made  to  the  wearing  parts  be  skill- 
fully carried  out  and  with  due  consideration  to  the 
alignment  of  the  various  parts,  which,  if  neglected,  may 
result  in  a  heated  bearing,  heating  and  pounding  of  the 
crankpin  journal,  or  possibly  a  knocking  in  the  cylinder. 
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FIG.  1.   PATH  OF  CRANK- 
PIN  TRAVEL 


FIG.  2.   DROP  OF  CRANK 
SHAFT 


Suppose  that  a  knock  developed  in  the  main  bear- 
ing of  the  engine  and  the  engineer  adjusted  the  brasses 
to  take  up  lost  motion  without  consideration  being  given 
to  the  alignment  of  the  crankshaft.  If  the  bearing  had 
worn  low  enough  to  cause  the  crankshaft  to  drop  to  the 
position  of  A,  Fig.  2,  there  would  be  trouble  in  time 
with  the  crankpin  brasses.  The  effect  of  such  a  drop  will 
be  seen  by  referring  to  Fig.  1,  where  BC  represents  a 
line  through  the  center  of  the  crosshead  pin.  The  line 
DD  represents  the  center  line  of  the  shaft,  which  is  out 
of  the  parallel  with  the  line  BC,  due  to  a  worn  crank- 
shaft bearing.  The  line  EF  represents  the  center  Tine  of 
the  crankpin  when  in  its  top  and  bottom  or  half-stroke 
position.  Line  LL  is  a  line  at  right  angle  to  the  crosshead 
pin  represented  by  the  line  BC.  The  line  LL  being  at 
right  angle  to  the  line  BC  would  represent  the  path  of 
rotation  of  the  crankpin  were  the  crankshaft  in  hori- 
zontal alignment,  but  as  the  crankshaft  is  not  in  align- 
ment, that  is,  DD  and  LL  are  not  at  a  right  angle  one  to 
the  other,  the  path  of  rotation  of  the  crankpin  is  from 
F  to  E.  The  center  point  F  of  the  crank  thus  falls  on 
one  side  of  the  line  LL  at  the  too  position  and  on  the 
opposite  side  of  the  line  LL  in  its  bottom  position,  as 
represented  by  the  point  E.  If  we  couple  up  the  crank 
rod  to  the  crosshead  pin  and  put  the  crankpin  brasses 
in  the  rod  end,  but  not  coupled  up  to  the  pin,  and  lower 
the  end  of  the  rod  onto  the  crankpin,  it  will  be  found 
that  the  flanges  of  the  brasses  will  fall  to  one  side  of  the 
crankpin  when  the  crank  is  in  its  top  position,  as  shown 
in  Fig.  3,  and  will  fall  on  the  opposite  side  end  of  the 
crankpin  when  the  crank  is  in  its  bottom  position,  as 
shown  in  Fig.  4. 

Suppose  the  foregoing  conditions  actually  exist  and 
the  connecting  rod  is  connected  up,  then  the  rod  would 
be  twisted  twice  for  each  revolution  of  the  crankshaft. 
On  rotating  the  engine  the  straining  would  gradually 
diminish  as  the  dead  center  was  reached  and  then  in- 
crease again  on  passing  the  dead  center.  This  binding 
of  the  brasses  would  cause  heating  of  the  crankpin 
brasses,  and  if  there  were  side  play  pounding  would 
result. 

Suppose  that  in  making  the  vertical  adjustment  to 
the  crankshaft  the  engineer  had  inadvertently  disturbed 
the  horizontal  alignment  of  the  shaft,  throwing  it  out  of 


its  original  or  normal  position  G,  into  the  position  shown 
by  H,  Fig.  5,  heating  of  the  crankpin  bras.ses  would  be 
the  result.  This  will  be  understood  by  referring  to  the  il- 
lustration, where  //  represents  a  true  line  through  the 
cylinder  bore  and  guide,  G  represents  the  normal  posi- 
tion of  the  crankshaft  and  //  the  position  of  the  shaft 
which  is  not  at  a  right  angle  with  the  line  //.  The  line  J 
represents  a  line  through  the  center  of  the  crosshead  pin 
which  is  in  alignment  or  at  right  angle  to  the  line  //.  K 
is  a  point  central  to  the  length  of  the  crosshead  pin.  If 
the  crosshead  end  of  the  connecting  rod  is  uncoupled,  the 
rod  will  spring  to  the  position  shown  by  the  line  M 
when  the  crank  is  on  the  dead  center.  If  the  crank  end 
of  the  connecting  rod  is  uncoupled  from  the  crank  pin 
and  then  lowered,  the  rod  will  fall  to  one  end  of  the 
crankpin  as  shown  in  Fig.  6  and  on  the  other  end  of  the 
pin  as  shown  in  Fig.  7  when  tried  with  the  crank  on  the 
other  dead  center  with  the  crankshaft  out  of  alignment, 
as  shown  by  the  lines  A  and  B.  With  the  connecting 
rod  coupled  up  under  the  foregoing  conditions,  the  rod 
v'ould  be  bent  or  sprung,  and  as  a  result  heating  of  the 
connecting-rod  brasses  would  be  sure  to  follow. 

Serious  trouble  may  be  caused  by  the  faulty  fitting 
in  of  new  connecting-rod  brasses  or  owing  to  faulty  re- 
pairs to  the  existing  brasses.  Suppose  that  a  pair  of  new 
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brasses  are  to  be  fitted  to  the  crank  end  of  the  connect- 
ing rod,  the  side  and  inside  faces  of  the  rod  should  first 
be  lightly  smeared  over  with  red  lead.  The  brass  should 
then  be  fitted  in  the  rod,  interposing  a  piece  of  hard  wood 
so  as  not  to  damage  the  brass  by  the  blows  of  the  ham- 
mer when  knocking  the  brass  in  and  out  of  the  rod  end. 
When  the  brass  has  been  partly  fitted  in,  it  should  be 
tested  M'ith  a  try  square  S,  as  shown  in  Fig.  8,  to  ascer- 
tain if  tne  fitting  is  being  done  true  and  square  with 
the  point  face.  It  should  also  be  tested  with  calipers 
at  0  and  P  for  parallelism,  as  it  is  possible  that  in  fit- 
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ting  the  brass  it  may  be  too  loose  on  the  inside  face  of 
the  rod,  as  shown  at  Q,  Fig.  9.  An  additional  blow  with 
the  hammer,  however,  may  cause  the  brass  to  tilt  over 
to  the  side  and  the  red  lead  marking  may  thus  give  a 
false  indication  of  the  fit.  The  brass  must  also  1  ave  a 
true  bed  at  the  bottom  of  the  rod,  for  if  the  fit  at  this 
point  is  neglected  and  is  as  shown  at  R,  Fig.  10,  then, 
when  the  wedge  is  adjusted  the  brasses  will  spring  in 


side  adjustmen.t  of  the  main  bearing  brasses  until  the 
rod  falls  true  between  the  collars  of  the  crankpin  wher 
tried  on  both  dead  centers. 

The  method  suggested  for  aligning  in  case  of  repairs 
to  the  main  bearing  must  not  be  taken  as  the  correct 
method  of  aligning,  bu^  as  a  temporary  measure,  the 
correct  and  true  aligning  of  the  engine  being  left  to  a 
more  convenient  time  when  the  engine  is  shut  down  for 
general  repairs.  Thomas  W.  Aircy. 

Lincolnshire,  England. 
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at  the  point  S  thus  gripping  the  crankpin  and  causing 
it  to  heat.  When  properly  fitted  both  brasses  must  come 
together  true  and  square  with  the  point  faces.  After 
the  brasses  are  bedded  to  the  crankpin  and  the  rod  has 
been  adjusted  to  the  crankpin  it  should  be  tested  for 
alignment  with  the  crosshead,  and  if  the  rod  end  falls 
true  and  square  in  the  jaws  of  the  crosshead  the  rod  is 
in  alignment. 

In  making  repairs  to  the  existing  crank  brasses  the 
rod  may  be  throvni  out  of  alignment.  Suppose  the  en- 
gineer finds,  on  examination  of  the  brasses,  that  the 
bearing  faces  are  cut  or  scored  and  then  proceeds  to 
file  out  the  cuts,  but  in  so  doing  he  may  not  keep  the 
bearing  face  true  with  the  original  base,  or  true  with  the 
side  faces  of  the  brass. 

Should  this  occur  and  the  rod  be  coupled  to  the  crank- 
pin, the  other  end  of  the  rod  would  not  fall  true  in  the 
jaws  of  the  crosshead,  and  if  the  rod  is  coupled  to  its 
bearings  heating  of  the  brasses  will  result. 

A  knocking  may  also  develop  through  faulty  work  on 
the  crank-end  brasses.  It  sometimes  happens  that  a 
ridge  has  formed  at  the  end  of  the  crosshead  travel  and 
also  in  the  cylinder  at  the  end  cf  the  piston  travel.  When 
reducing  the  brasses  to  take  up  the  play,  the  engineer 
may  find  it  necessary  to  lire  up  the  brasses,  and  if  due 
consideration  is  not  given  the  length  of  the  connecting- 
rod  may  be  altered,  thus  causing  the  crosshead  and  pis- 
ton to  travel  farther  at  one  end  of  the  stroke,  striking 
the  ridge  and  setting  up  a  knocking.  It  thus  becomes 
obvious  that  repairs  to  the  existing  plant  should  be 
skillfully  executed  and  the  alignment  of  the  various 
parts  kept  intact. 

When  making  repairs  to  the  main  bearing  the  fol- 
lowing method  may  be  used  for  testing  the  horizontal 
alignment:  Take  an  adjustable  spirit  level  and  lay  it 
on  the  guide  path  if  it  be  a  flat  face  or  on  a  machined 
part  on  the  cylinder  top  and  adjust  the  level  until  the 
bubble  stands  in  the  center.  Then  lay  the  level  on  the 
crankshaft  and  adjust  the  bearing  until  the  two  levels 
coincide.  For  testing  the  horizontal  alignment  the  con- 
necting rod  may  be  used  if  it  is  known  that  the  bore  of 
both  end  bi'asses  are  parallel  with  each  other. 

l^ncouple  the  large  end  from  the  crankpin  putting 
back  the  brasses  in  the  rod,  and  tighten  up  the  crosshead 
end  adjustment  so  that  the  rod  can  just  be  moved  and 
lower  the  rod  end  on  the  crankpin  with  the  crank  on 
the  dead'  center.  Then  try  the  rod  in  the  same  manner 
with  the  crank  on  the  other  dead  center  and  make  the 


Organized  Power-Plaiit  Employees 

I  have  read  some  good  articles  on  power-plant  organ- 
ization, but  I  think  something  more  might  be  said  along 
such  lines.  Having  gotten  the  plant  force  on  the  job, 
they  all  start  in  on  their  individual  work,  each  trying 
to  do  his  best  until  someone  starts  doing  things.  The 
word  is  passed  along,  and  soon  there  is  bad  feeling 
between  this  and  that  one. 

This  is  one  of  the  worst  things  that  can  get  into  an 
organization  of  any  kind,  especially  in  power  or  indus- 
trial plants.  Co-operation  between  the  men  on  the  job 
and  the  chief  engineer,  chief  electrician  and  master 
mechanic  is  of  the  first  importance,  because  without  it 
the  strongest  organization  will  eventually  break  down. 
If  the  chief  and  the  master  mechanic  are  not  pulling 
together,  the  men  soon  realize  it  and  things  go  from 
bad  to  worse. 

Som.etirnes  a  man  who  has  had  a  limited  am.ount  of 
actual  experience  is  placed  in  charge  of  a  plant,  and  he 
is  sure  to  have  his  troubles  unless  he  has  the  co-opera- 
tion of  the  heads  of  his  several  departments.  He  should 
take  them  into  his  confidence  regarding  the  working  of 
the  plant. 

Any  man  who  has  worked  himself  up  from  fireman  to     W 
the  position  that  enables  him  to  obtain  his  "Gold  Seal"      ^ 
from  the  Massachusetts  District  Police,  giving  him  the 
right  to  have  charge  of  any  steam  plant  in  the  state, 
has  a  right  to  expect  some  degree  of  confidence  from 
his  superior. 

I  am  sure  that  if  the  one  in  authority  were  to  discuss 
with  his  men  the  changes  that  he  expects  to  make  and 
how  they  might  affect  the  operation  of  the  plant,  thus 
giving  his  men  a  part  in  a  real  man's  job,  he  would  find 
that  it  would  enhance  the  good  feeling  of  all  concerned, 
if  nothing  more. 

I  know  that  most  engineers  and  power-plant  workers 
are  students  and  that  they  are  right  with  the  work  all 
day  and  all  night  seven  days  a  week,  and  furthermore, 
they  are  close  observers  of  cause  and  effect  and  their 
good  will  is  worth  having.  A  chief  engineer  is  in  charge 
of  a  plant  and  is  expected  to  produce  results,  therefore, 
he  should  be  consulted  regarding  changes  that  are  to  be 
made.  We  all  like  to  say  "I  did  it,"  but  it  is  much  bet- 
ter to  have  the  conditions  such  that  the  men  can  say 
"we,"  for  one  man  cannot  accomplish  much  alone.  It 
takes  all  the  fellows  from  the  coal  passer  to  the  man- 
ager to  keep  things  going  right.  It  does  not  matter 
what  your  rating  is,  it  is  what  you  can  put  into  the 
plant  organization  that  counts.  One  weak  link  in  the 
chain  has  caused  the  failure  of  many  strong  organiza- 
tions, but  when  all  pull  together,  each  in  his  place,  and 
each  one  is  made  to  feel  that  he  is  a  part  of  the  whoh 
organization,  there  will  be   ideal  conditions. 

Webster,  Mass.  M.  W.  Cartel. 


June  22,  1920 
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Relative  Length  of  Pump  Cylinders — Why  is,  the  water 
cylinder  of  a  pump  made  longer  than  the  steam  cylinder? 

J.  P. 

The  water  cylinder  of  a  direct  steam  Y>ump  needs  to  be 
longer  than  the  steam  cylinder  so  there  may  be  ample 
space  for  the  water  passages  without  obstruction  by  the 
water  piston  when  the  steam  piston  is  at  either  extreme 
end  of  its  cylinder. 


Size  of  Flue  for  Return-Tubular  Boilers — What  should  be 
the  size  of  a  circular  steel  flue  chimney  connection  60  ft 
long  for  two  72  in.  diameter'x  18  ft.  return-tubular  boilers? 

W.  N.  F. 

A  safe  rule  to  follow  in  figuring  flue  areas  is  to  allow 
5  sqTin.  of  cross-sectional  area  per  boiler  horsepower,  and 
assuming  that  300  boiler  horsepower  is  to  be  provided  for, 
the  cross-sectional  area  should  be  1,500  sq.in.,  or  practically 
44  in.  diameter. 


Gallons  per  Inch  Depth  of  Vertical  Sided  Tank — What 
number  of  gallons  is  contained  per  inch  depth  of  an  oil  tank 
10  ft.  I  in.  in  diameter  with  vertical  sides,  and  what  should 
be  the  diameter  to  contain  50  gallons  per  incli  of  depth  ? 

J.  L.  P. 

One  U.  S.  gallon  is  231  cu.in.,  and  the  tank  10  ft.  h  m., 
or  120.5  in.  in  diameter  would  contain  120.5  X  120.5  X 
0.7854  -.-  231  =  49.37  gal.  per  inch  of  depth.  To  contain 
50  gal.  per  inch  of  depth  the  diameter  would  need  to  be 
V231  X  50  ^  0.7854  =  121.26  in.,  or  practically  10  ft.  14  in. 


Rotary  Converters  in  Parallel — In  our  plant  we  have  two 
rotary  converters;  one  machine  is  a  six-phase  and  the  other 
a  three-phase  unit,  operating  at  600  volts  on  ths  direct 
current  side.  Can  these  two  machines  be  connected  in 
parallel?  C.  T. 

There  is  no  reason  why  these  machines  cannot  be  con- 
nected in  parallel.  Of  course  the  connection  will  depenrt 
somewhat  upon  their  type  and  method  of  voltage  regulation. 
It  will  also  be  necessary  to  provide  protection  to  prevent 
cne  machin':'  from  motorizing  the  other.  This  is  generally 
accomplished  by  equipping  the  circuit  breakers  so  they  can 
be  tripped  by  reverse-current  relays. 


Advantages  cf  Diagonal  Over  Head-to-Head  Stays — What 
are  the  advantages  of  diagonal  stays  over  head-to-head 
stays  in  a  return-tubular  boiler?  W.  N.  E. 

The  shell  has  sufficient  strength  to  resist  all  the  pressure 
'  n  the  areas  of  the  heads  required  to  be  stayed  above  and 
below  the  tubes,  and  that  strength  can  be  utilized  by  the 
employment  of  diagonal  stays  with  the  advantage  of  occupy- 
ing comparatively  little  space  in  the  steam  room,  thus  per- 
mitting easier  inspection  and  cleaning  than  when  through 
bolts  are  used;  and  diagonal  stays  being  shorter  than 
through  stays,  there  is  less  effect  from  unequal  expansion. 


Noisy  Exhaust  Valves^ — When  our  16  x  36-in.  Coi-liss 
engine  is  lightly  loaded,  there  is  a  slapping  noise  from  the 
exhaust  valves.     How  can  the  trouble  be  prevented  ? 

T.  N.  B. 

Undoubtedly,  steam-engine  indicator  diagrams  would  shou 
that  when  carrying  the  light  load,  the  cutoff  is  very  short 


with  expansion  carried  to  a  pressure  below  the  atmosphere. 
When  this  occurs,  the  exhaust  valves  are  forced  from  their 
seats  by  pressure  of  the  atmosphere  causing  a  slapping  or 
clattering  noise,  as  when  an  engine  is  being  shut  down. 
The  remedy  is  to  throttle  the  steam,  or  lower  the  boile  • 
pressure,  and  obtain  cutoff  so  late  in  the  stroke  that  the 
steam  will  not  be  expanded  below  atmospheric  pressure. 


Induction-Motor  Rotor  Ccmiecticns — I  have  rewound  the 
rotors  of  a  numlaer  of  wound-rotor-type  induction  motors 
and  in  each  case  the  winding  was  connected  star.  Can  the 
delta  connection  be  used  in  grouping  these  windings?  If 
so.  why  is  it  not  used  more  generally?  M.  T.  R. 

Either  conrrection  may  be  used,  but  in  small  and  mediuri 
motors  the  star  connection  gives  a  more  satisfactory  wind- 
ing design.  The  star  connection  gives  a  terminal  voltage  73 
per  cent  hig"her  at  the  slip  rings  than  the  delta  connection. 
This  is  very  desirable  where  the  rotor  is  bar  wound,  sine 
with  this  type  of  winding  the  voltage  is  comparatively  low, 
and  the  current  relatively  high  value.  With  the  star  con- 
nection the  current  will  be  58  per  cent  of  that  obtained  with 
the  delta  connection.  Consequently,  the  starting  resistance 
is  much  cheaper  to  construct.  In  some  large-sized  motors, 
however,  the  voltage  produced  in  the  rotor  winding  with  a 
star  connection  may  be  so  high  as  to  be  difllicult  to  insulate 
and  also  require  specially  designed  central  equipment  to 
make  them  safe  for  an  operator  to  handle.  In  such  cases 
the  i-otor  is  connected  del:3,  as  this  grouping  generally  gives 
a  voltage  at  the  slip  rings  that  is  of  a  safe  value. 


Pull  and  Power  Required  to  Draw  Car  Up  Ii1::lVie — In  a 

balanced  monitor  incline  system  it  is  required  to  raise  a 
load  of  7,500  lb.  up  an  incline  750  ft.  long,  a  total  elevation 
of  150  ft.  The  speed  of  rope  carrying  the  load  is  600  ft. 
per  min.  There  will  be  two  cars,  one  being  pulled  up  the 
incline  loaded,  while  the  other  returns  empty.  Neglecting 
frictiort,  air  resistance  and  weight  of  cars,  what  will  be  the 
pull  ott  the  rope  and  what«horsepow^er  will  be  required  ? 

A.  F. 
When  the  car  is  held  at  rest  rr  is  being  drawn  up  the 
incline  at  a  uniform  speed,  the  pull  on  the  rope  would 
amount  to  !:';„  of  7,500  lb.  ir  1,500  lb.,  and  while  drawn  up 
the  incline  at  the  uniform  speed  of  600  ft.  per  .nin..  the 
power  required  would  be  600  x  1,500  -^  33,000  =  27.27  hp. 
For  moving  the  car  up  the  incline  fron.  a  state  of  I'est, 
there  would  be  an  additional  pull  on  the  rope,  depending  on 
the  acceleration.  If  the  time  allowed  for  increasing  the 
speed  from  0  to  600  ft.  per  min.,  or  10  ft.  per  sec,  was  15 
sec,  with  uniform  acceleration,  then  the  acceler.'.tion  would 
be  10  -:  15  1=  ji  ft.  pc-  sec.  Forces  are  to  each  other  as 
the  accelerations  produced.  The  acceleration  due  to  gravity 
is  32.16  ft.  per  sec,  and  therefore  the  force  required  to 
produce  the  acceleration  only  would  be  7,500  x  if  h-  32.16 
=  155.4  lb.  and  the  whole  pull  on  the  rope  while  raising  the 
speed  of  the  car  to  600  ft.  per  min.  would  be  1,500  +  155.4 
=  1,655.4  lb. 


[Correspondents  sending  us  inquiries  should  sign  their 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
niUiiications. — Editor.] 
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Interpretations  of  the  A.  S.  M.  E.  Boiler  Code 


The  following  answers  to  requests  for  interpretations 
cf  the  Boiler  Code  have  been  prepared  by  the  Boiler 
Code  Committee  and  approved  by  the  Council  of  the 
American  Society  of  Mechanical  Engineers.  The  formal 
inquiry  and  reply  are  given  together  with  explanatory 
references  to  the  Code  and  illustrations  where  necessary 
for  a  better  understanding  of  the  interpretations  as 
issued. 

Case  No.  273— Inquiry:  Does  Par.  296  of  the  Boiler  Code 
require  that  the  tee  or  lever-handled  cock  be  placed  im- 
dediately  under  the  steam  gage  where  a  long  connecting 
pipe  is  used  and  the  locked  open  valve  is  permitted  close 
to  the  boiler? 

Par.  296  provides  that  the  connection  of  the  steam  gage  shall 
be  so  arranged  that  the  gage  cannot  be  shut  off  from  the  boiler 
except  by  a  cock  placed  near  the  gage  and  provided  with  a  tee 
or  lever  handle  arranged  to  be  parallel  to  the  pipe  in  which  it 
is  located  when  the  cock  is  open.  When  the  use  of  a  long  pipe 
Ijecomes  necessary,  an  exception  to  this  rule  is  provided  so  that  a 
shutoff  valve  or  cock  may  be  used  near  the  boiler  if  arranged  so 
that  it  can  be  locked   or  sealed  open. 

Reply:  It  is  the  intent  of  the  requirement  in  Par.  296 
that  the  tee  or  lever-handled  valve  shall  be  located  near  to 
the  steam  gage  so  that  it  will  be  readily  evident  to  any- 
one observing  the  gage,  even  though  the  locked-open  valve 
is  used  at  or  near  the  boiler. 


CASE     273— TYPICAL    LONG 

PIPE   CONNECTION 

TO  GAGE 


CASE        274  — EXTENDED 

NOZZLE  FOR  USE  WITH 

TOP  PASS  SETTING 


Case  No.  274 — Inquiry:  Is  it  permissible  to  use  upon 
horizontal  return  tubular  boilers  with  the  top  pass  type  of 
setting,  extended  nozzles  formed  of  a  short  length  of  pipe 
screwed  into  flanged  fittings  at  the  boiler  connection  and 
the  outer  end,  in  order  that  it  may  reach  well  above  the 
boiler  brickwork  ? 

Reply:  The  construction  proposed  will  not  meet  the  Code 
requirements,  where  the  pipes  are  over  3  in.  pipe  size  and 
the  working  pressure  exceeds  100  lb.  per  sq.in.  A  double- 
flanged  nozzle  riveted  to  the  boiler  shell  should  be  pro- 
vided, and  such  a  nozzle,  when  used,  should  be  protected 
by  insulation. 

Case  No.  276 — Inquiry:  In  the  design  of  a  cast-steel 
water  box  to  be  set  in  the  side  walls  of  furnaces  and  to  be 
subjected  to  full  boiler  pressure,  is  it  necessary  to  apply  to 
the  sections  containing  flat  surfaces,  the  formula  in  Par. 
199  of  the  Boiler  Code,  using  C  =  120,  or  is  it  necessary  to 
use  this  formula  with  the  value  of  C  =  156? 

Reply:  It  is  the  opinion  of  the  committee  that  the  con- 
struction of  pressure  parts  of  the  type  referred  to  is  pro- 
vided for  by  Pars.  9  and  247.  If  the  secretary  of  the  Boiler 
Code  Committee  can  be  notified  when  the  specimen  is  ready 
for  test,  steps  will  be  taken  to  have  a  representative  of  the 
committee  present. 

Pai-.  9  provides  for  the  use  of  wrought  .steel  or  cast  steel  of 
Class  B  grade  as  designated  in  the  Speciflloations  for  Steel  Cast- 
ings for  water  boxes  when  the  pressure  exceeds  160  lb.  per  sq.in. 
Par.  24  7  provides  that  where  it  is  impossible  to  calculate  with 
reasonable  accuracy  the  strength  of  any  part  of  a  boiler  struc- 
ture the  manufacturer  shall  build  a  full-sized  sample  which  shall 
be  tested  to  destruction  in  the  presence  of  the  Boiler  Code  Com- 
mittee or  one  or  more  of  its  representatives. 

Case  No.  277 — Inquiry:  (a)  An  interpretation  is  re- 
quested of  the  application  of  Par.  212a  of  the  Boiler  Code 
with  reference  to  any  curved  stayed  surface  subject  to  in- 


ternal  pressure.     Does   this   refer   to  both   the   outer   and 

furnace  sheets  of  vertical  tubular  boilers? 

(6)    If  under  the  requirements  of  Par.  239  of  the  Boiler 

Code   relative   to  furnaces   under   36   in.   in   diameter,   the 

design  of  the  furnace  does  not  permit  of  operation  without 

staying,  is  there  any  rule  in  the  Code  for  the  staying  in 

this   case,   or  must  the   furnace   sheets   be   stayed   as   flat 

surfaces,  in  accordance  with  Table  4  of  maximum  allowable 

pitch  of  screwed  and  riveted  stay  bolts? 

Par.  212a  provides  for  computing  the  working  pressure  of  a 
curved  stayed  surface  by  making  the  proper  deductions  for  the 
weakening  effect  of  the  staybolt  holes.  To  this  is  to  be  added 
the  pressure  allowed  for  a  flat  stayed  surface,  computed  both 
from  the  stiffness  of  the  plate  and  from  the  strength  of  the  stays, 
the  minimum  value  being  used. 

(c)   Is  it  the  intent  of  Par.  212c  of  the  Boiler  Code  that 

the    increased    pitch    allowed,    may   be    used    for    the    same 

working  pressure   and   thickness   of   plate  as   indicated   in 

Table  4?     It  is  the  understanding  that  Table  4  is  based 

on  the  formula  given  in  Par.  199. 

A  formula  for  the  allowable  pressures  on  stayed  surfaces 
based  on  the  thickness  of  the  plate  and  pitch  of  the  stays  is  given 
in  Par.  199,  and  values  of  the  maximum  allowable  pitch  of  screwed 
stays  for  various  pr-essures  and  plate  thicknesses  as  computted 
by  this  formula  are  given  in  Table  4.  Par.  212c  provides  for  an 
increase  in  the  allowable  pitch  for  cylindrical  furnaces  over  that 
indicated  by  Table  4,  this  increase  to  be  determined  by  a  formula 
based  on  the  pressure,  radius  of  the  furnace  and  thickness  of 
the  plate. 

Reply:  (a)  The  term  "curved  stayed  surface  subjected 
to  internal  pressure"  in  Par.  212a  of  the  Code  is  intended 
to  refer  to  any  surface  in  a  boiler  structure  that  is  subjected 
to  pressure  on  the  concave  side.  It  therefore  refers  only 
to  that  part  of  the  outer  shell  of  a  vertical  boiler  which 
is  stayed. 

(6)  Where  a  furnace  under  36  in.  in  diameter  requires 
taying,  it  should  be  stayed  as  a  flat  surface  as  provided 
or  in  Table  4,  except  that  the  pitch  may  be  increased  as 
indicated  in  Par.  212c. 

(c)  It  is  the  intent  of  Par.  212c  that  the  increased  pitch 
there  permitted,  may  be  used  for  the  same  steam  pressure 
and  thickness  of  plate  as  specified  in  Table  4. 

Case  No.  279 — Inquiry:  Is  it  permissible  under  the  re- 
quirements of  the  Boiler  Code  to  construct  steel  heating 
boilers  in  diameters  up  to  72  and  78  in.  with  shell  plates 
\  in.  in  thickness?  Is  it  the  opinion  of  the  committee  that 
boilers  of  the  h.r.t.  type  so  constructed  have  sufficient  shell 
plate  strength  to  permit  of  proper  lug  attachments  for 
support  of  the  shell? 

Reply:  The  section  of  the  code  on  Heating  Boilers  is 
incomplete  in  not  specifying  the  minimum  plate  thickness 
to  be  used  in  the  shells  and  tube  sheets,  and  below  which 
the  thickness  shall  not  be  made  in  any  case.  The  Boiler 
Code  Committee  recommends  that  until  a  revision  be  made 
to  cover  this  class  of  boiler  construction,  the  minimum 
thickness  of  shells  and  heads  for  various  shell  diameters 
of  steel  plate  heating  boilers,  shall  be  as  follows: 

Diameter  of  Siiell,  Tube  Minimum  Thickness  Allowable  under  Rules 

Sheet  or  Head.  Shell,  in.       Tube  Sheet  or  Head,  in.^ 

42  ill.  or  under 1/4  5/16 

Over  42  in.  to  60  in 5/16  3/81 

Over  60  in.  to  78  in... 3/8  7/16 

Over  78  in 7/16  1/2  . 

Case  No.  280 — Inquiry:  (a)  Is  it  permissbile  under  the 
requirements  of  the  Boiler  Code  to  use  a  blowoff  valve  of 
the  type  used  on  locomotive  boilers,  operated  by  a  lever 
lift,   for   stationary   boilers? 

(6)  Is  it  considered  safe  to  use  superheated  steam  of  125 
lb.  pressure  and  125  deg.  of  -:uperheat,  or  total  nominal 
temperature  of  478  deg.,  with  a  piping  system  having  extra- 
heavy  cast-iron  fittings  and  medium-weight  cast-iron  valves? 

Reply:  (a)  It  is  the  opinion  of  the  committee  that  the 
blow-off  valves  required  by  Par.  311  for  stationary  boilers, 
may  be  of  the  lever-lift  type,  provided  they  are  of  extra- 
heavy  construction,  and  so  designed  that  they  may  be  oper- 
ated without  shock  to  the  boiler. 

Par.  311  provides  that  all  boilers,  except  those  used  for  traction 
or  portable  purposes,  when  the  maximum  allowable  working  pres- 
sure exceeds  }25  lb.  p^r  sq.in.,  each  bottom  blowoff  pipe  shall  have 
two  valves  or  a  valve  and  a  cock,  both  of  which  shall  be  extra- 
heavy. 
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(/))  Attention  is  called  to  Par.  12  of  the  Code,  which 
states  that  "cast  iron  shall  not  be  used  for  nozzles  or 
flaiifjcs  attached  directly  to  the  boiler  for  any  pressure  or 
temperature,  nor  for  boiler  and  superheater  mountinj^s  such 
as  connecting  pipes,  fittinf^s,  valves  and  their  bonnets,  for 
steam  temperatures  of  over  450  deg.  F."  While  the  Code 
only  covers  the  parts  therein  specifically  mentioned,  this 
paragraph  clearly  indicates  the  judgment  of  the  committee 
as  to  the  safety  of  the  construction  in  question. 

Case  No.  281 — Inquiry:  Is  it  the  intent  of  Par.  306  of 
the  Boiler  Code  that  every  superheater  shall  be  so  fitted 
with  a  drain  that  it  can  actually  be  completely  drained? 
Many  superheaters  are  fitted  with  drains  which  are,  how- 
ever, unable,  on  account  of  their  positions,  to  completely 
drain  the  apparatus. 

I'ar.    306 — Bach  .superheater   shall   be   fitted   with  a  drain. 

Reply:  It  is  the  opinion  of  the  committee  that  every 
superheater  should  be  so  fitted  with  a  drain  as  to  substan- 
tially free  the  superheater  from  water  when  the  drain  is 
opened. 

Case  No.  282 — Inquiry:  Is  it  the  intent  of  the  Boiler 
Code  Committee  that  the  diameter  at  the  base  of  the  threads 
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on  the  threaded  ends  of  through  rods  or  braces  for  h.r.t. 
boilers,  shall  be  equal  to  or  greater  than  the  nominal  diame- 
ter of  the  rod?  Fig.  14  and  Pars.  208  and  211  would  seem 
to  infer  that  it  should  be  at  least  equal,  but  isn't  it  prefer- 
able to  make  it  greater,  so  that  the  point  of  greatest 
weakness  in  the  rod  may  not  be  in  the  threaded  portion 
where  permanent  set  due  to  strain  would  tend  toward 
fracture? 

Reply:  It  is  the  opinion  of  the  committee  that  it  will 
be  desirable  that  the  threaded  ends  of  through  rods  or 
braces  for  h.r.t.  boilers,  shall  be  sufficiently  upset  so  that 
the  minimum  diameter  at  the  base  of  the  threads  is  in 
excess  of  the  nominal  diameter  of  the  rod. 

Case  No.  284 — Inquiry:  Is  it  the  intent  of  Pars.  269  and 
270  of  the  Boiler  Code  that  a  boiler  requirir.?:  safety-valve 
relieving  capacity  greater  than  2,000  lb.  per  hour  shall  have 
two  safety  valves,  each  one  of  which  alone  will  properly 
discharge  the  steam,  or  does  it  require  two  safety  valves, 
the  combined  capacity  of  which  will  properly  discharge 
the  steam? 

Par.  269  provides  that  each  boiler  sliall  have  two  or  more  safety 
valveH,  except  a  boiler  for  which  one  .safety  valve  having  a 
relieving  caitacity  of  2,000  lb.   per  hour  or  less,   is  required. 

Par.  270  provides  that  the  safety-valve  capacity  for  each  lioiler 
.sball  be  sufficient  to  diseharg-e  all  tlie  steam  that  can  bo  g-enerated 
l)y  the  boiler  without  a  ri.se  in  i)ressure  of  more  than  6  per  cent 
above  the  maximum  allowable  working  pressure  or  more  than  6 
per  cent  al)ove  the  highest  pressure   to  wliich   any  valve   is  set. 

Reply:  For  capacities  greater  than  2,000  lb.  per  hour,  the 
Code  requires  two  or  more  safety  valves  on  each  boiler,  the 
combined  capacity  of  which  shall  meet  the  requirements  of 
Par.  270. 

Case  No.  285 — Inquiry:  Is  it  permissible  under  the  rules 
of  the  Boiler  Code  to  use  standard  extra-heavy  cast-iron 
flanges  and  fittings  on  pipe  connections  between  boilers  and 


atUchod-type  superheaters,  and  on  the  ends  of  superhcatcr- 
.nlet  headers  for  pressures  up  to  250  lb.  per  sq.in.?  It  is 
pointed  out  that  neither  the  inlet-pipe  (onnections  nor  the 
superheater-inlet  flanges  would  be  subjected  to  other  than 
saturated  steam  temperatures. 

Reply:  It  is  the  opinion  of  the  committee  that  the  flanges 
referred  to  may  be  made  of  cast  iron,  provided  the  tem- 
perature of  the  steam  does  not  exceed  450  deg.  F.,  as  speci- 
fied in  Par,  12. 

Case  No.  286— Inquiry:  Does  Par.  321  of  the  Boiler  Code 
require  that  all  water-column  connections  to  boilers  must 
be  fitted  witn  crosses  for  cleanout  purposes,  or  is  it  per- 
missible in  a  connection  of  a  water  column  to  a  steam  drum 
to  omit  the  crosses,  provided  provision  for  cleanout  is 
afforded  by  the  gage-glass  connection  on  the  opposite  side 
of  the  water  column? 

Par.  321  provides  that  the  water  connections  to  the  water 
(olunin  of  a  boiler  shall  be  provided  with  a  cross  to  facilitate 
cleaning. 

Reply:  It  is  the  intent  of  Par.  321  that  a  cross  be  applied 
at  a  right-angle  turn  in  the  water  connection  to  a  column 
for  purposes  of  cleaning.  Where  an  easily  accessible 
straight  pipe  connection  is  used  without  a  turn,  the  cross 
?s  obviously  not  needed. 

Case  No.  289  (Revision  of  Case  No.  254) — Inquiry:  Does 
the  reply  to  Case  No.  254  apply  only  to  flat  plates  or  also 
to  the  holes  in  the  shells  of  drums? 

The  reply  in  case  No.  254  provided  that  burninipr  might  be  sub- 
stituted for  punching  and  shearing  of  rivet  holes  and  plate  edges, 
provided  the  holes  were  burned  J  in.  less  diameter  than  the 
finished  hole  and  that  the  burned  surfaces  of  caulking  edges  be 
planed,   milled   or  chipped   for  a   depth  of  not  less  than   i   in. 

Reply:  This  case  applies  to  flat  sheets.  It  is  not  per- 
missible to  burn  tube  or  other  holes  into  the  shells  of  drums 
unless  such  holes  are  strengthened  with  flange  or  other 
reinforcements. 

Case  No.  290 — Inquiry:  In  determining  the  ratios  o" 
lengths  between  supports  to  diameter  per  Table  5,  page  ^y'J 
of  the  code  giving  "Maximum  Allowable  Stress  for  Stays 
and  Staybolts,"  is  the  diameter  at  the  root  of  the  thread 
to  be  used,  or  the  diameter  of  the  body  of  the  stay? 

Reply:  It  is  the  opinion  of  the  committee  that  the  diame- 
ter of  the  body  of  the  stay  is  to  be  used  in  determining 
this  ratio. 

Communication 

An  inquiry  was  received  relative  to  the  permissibility  of 
forming  individual  or  sectional  headers  of  pressed  channel- 
shaped  sections,  welded  together  at  the  edges  to  form  rec- 


rROPv>SEP.    KOK.M    OK    WELDED 
IliOADER   NOT   APPROVEI> 


tangular-shaped  headers.  It  was  stated  that  the  minimum 
thickness  of  metal  was  J  in.,  and  the  maximum  cross-section 
6  in.  in  depth  by  7  in.  in  width,  and  it  was  pointed  out  that 
the  United  States  Steamboat  Inspection  Service  approves 
this  construction  when  the  two  halves  of  steel  plate  are 
electrically  welded,  no  staybolts  being  required. 

The  Boiler  Code  Committee  decided   that  this  construc- 
tion does  not  conform   to  the  requirements   of   the   Boiler 
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Code  and  directed  especial  attention  to  Par.  186,  which 
stipulates  that  "autogenous  welding  may  be  used  in  boilers 
in  cases  where  the  strain  is  carried  by  other  construction 
which  conforms  to  the  requirements  of  the  code  and  where 
the  safety  of  the  structure  is  not  dependent  upon  the 
strength  of  the  weld." 


Water-Power  Development  in  the 
United  States* 

Taking  the  eleven  Far  Western  States,  we  find  by  care- 
ful survey  an  unusual  situation.  Due  to  delay  of  the  con- 
struction program  in  power  development  while  the  nation 
was  at  war,  this  section  of  the  country  (the  Pacific  Coast) 
finds  itself  today  facing  a  serious  situation,  ranging  from 
;;n  actual  shortage  of  power  to  meet  demands,  as  in  Cali- 
fornia, to  an  impending  shortage  to  meet  growing  demands 
in  Oregon  and  Washington.  With  increasing  possibilities  of 
coal  shortage,  the  continual  rise  of  the  price  of  oil  and  the 
economic  desirability  for  early  electrification  of  steam  rail- 
loads,  the  urge  for  increased  water-power  development  in 
the  Far  West  becomes  imperative.  Not  only  are  industries 
already  existing  dependent  upon  electrical  development,  but 
it  is  believed  that  industrial  growth  on  the  Pacific  Coast 
and  electrical  development  are  interdependent.  This  is  true 
in  agriculture  as  well  as  industry.  Vast  areas  of  arid  and 
semi-arid  Western  lands  have  been  converted  into  fei'tile 
districts  under  electrical  pumping  of  water  that  would  be 
impossible  without  its  use. 

Federal  legislation  governing  the  use  of  public  lands  and 
reservations  is  of  primary  importance  to  the  Western 
States,  in  which  lie  nearly  all  the  public  lands  and  in  which 
approximately  70  per  cent  of  the  undeveloped  water  power 
of  the  nation  is  found. 

Statistics  of  Potential  Water  Powers  and  Importance 
OF  Those  Under  Federal  Control 

The  report  discusses  present  and  potential  water  powers 
of  the  United  States  from  a  statistical  standpoint.  The 
latest  authentic  estimate  shows  that  there  are  approxi- 
mately 59,360,000  hp.  of  potential  undeveloped  water  power 
in  the  United  States  and  only  9,823,540  hp.  of  developed 
water  power.  Of  the  potential  maximum  horsepower  of  tha 
United  States  68.6  per  cent  lies  in  California,  Oregon,  Wash- 
ington, Arizona,  Colorado,  Idaho,  Montana,  Nevada,  New 
Mexico,  Utah  and  Wyoming.  Of  the  total  maximum  .poten- 
tial water  power  of  the  United  States  74.3  per  cent  repre- 
sents undeveloped  horsepower  coming  under  Federal  juris- 
diction, that  is,  lying  on  Federal  reserve  lands  or  on 
navigable  streams  wherein  Federal  permits  are  required, 
.'n  the  Western  States  94  per  cent  of  the  maximum  poten- 
tial water  power  is  in  this  class.  In  other  words,  prac- 
tically all  of  the  future  development  of  water  power  in 
the  Western  States,  covering  approximately  70  per  cent  of 
the  total  potential  water  power  of  the  country,  will  be 
dependent  upon  Federal  action  in  the  matter  of  issuance  of 
workable  permits  for  the  development  of  these  projects. 
Also  it  is  of  considerable  note  that  only  16.6  per  cent  of  the 
maximum  potent^a^  water  power  has  been  developed  up  to 
the  present  time.  For  the  Western  States  this  proportion 
is  only  6.5  per  cent. 

In  the  case  of  the  Central  and  Eastern  States,  particu- 
larly New  England,  it  is  shown  that  a  comparatively  large 
portion  of  the  potential  water  power  has  been  already 
developed.  In  the  case  of  the  New  England  States  the  high 
percentage  of  77.2  per  cent  already  developed  shows  that 
little  additional  water-power  development  is  to  be  expected 
in  this  district. 

While  compared  with  the  potential  possibilities,  the 
development  in  the  Western  States  has  been  comparatively 
small,  attention  is  directed  to  the  present  development  of 
water  power  in  these  Western  States.     For  instance,  Cali- 

♦Abstfact  fi'oni  the  ropoil  of  the  N.E.Ij.A.  Committpo  on  Water- 
Power  Development,  pi'esented  before  the  forty-third  eonvention, 
held  at  Pasadena,  Cal..  May  18-22.  1920,  by  Franklin  T.  Orifflth, 
chairman  of  the  committee,  and  president  of  the  Poi'tland  Rail- 
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fornia  is  shown  well  in  the  lead  with  a  present  development 
of  942,000  hp.,  which  is  10  per  cent  of  the  entire  developed 
water  horsepower  of  the  United  States.  It  is,  however,  only 
10.2  per  cent  of  the  maximum  potential  water  power  pos- 
sibilities of  that  State.  Washington  shows  the  largest 
maximum  potential  water  horsepower  of  any  state  in  the 
Union,  but  it  ranks  among  the  Western  States  below  both 
California  and  Montana  in  the  amount  of  developed  water 
♦lorsepower,  showing  a  development  of  but  3.8  per  cent  of 
its  potential  maximum  possibilities  and  only  3.7  per  cent  of 
the  total  developed  water  horsepower  of  the  country.  Ore- 
gon also  shows  wonderful  potential  waterpower  possibilities, 
but  up  to  the  present  time  only  a  very  low  pei'centage  is 
developed,  3.5  per  cent  of  the  maximum  possibilities  of  the 
•itate.  These  figures  clearly  show  that  although  the  West 
has  already  developed  some  remarkable  waterpower  projects 
and  is  well  up  in  the  lead  of  the  development  of  large  inter- 
connecting networks  of  transmission  systems,  the  water- 
power  development  in  this  section  is  liut  begun. 

Discussion  of  Power  Consumption  by  the  United  Statb.s 
Compared  With  That  in  the  West 

A  table  is  shown  giving  population-,  kilowatt-hours,  con- 
sumption, gross  revenue,  kilowatt-hours  per  capita,  cost  per 
kilowatt -hour,  revenue  per  capita.  The  total  for  the  United 
States  shows  a  population  of  109,843,000.  The  consump- 
tion in  millions  of  kilowatt-hours  is  36,734.7.  The  gross 
revenue  in  millions  of  dollars  is  773.  The  kilowatt-hours 
per  capita  is  334.  The  cost  per  kilowatt-hour  is  $0.0212. 
The  revenue  per  capita  is  $7.05.  The  figures  given  by  dis- 
tricts show  that  the  per  capita  use  of  electricity  in  the  Far 
Western  States  is  2.21  times  that  of  the  remainder  of  the 
nation.  Here  again  it  is  interesting  to  note  that,  while  dis- 
tances are  vast,  the  development  of  long-distance  hydro- 
electric transmission  has  made  possible  electric-power  rates 
that  are  extremely  low,  averaging  1.655  per  kilowatt-houi' 
as  compared  with  2.19c.  obtained  elsewhere  in  the  country. 

In  potential  water  power,  the  State  of  Washington  stands 
first,  with  9,500,000  hp.,  or  16  per  cent  of  the  total  potential 
water  power  of  the  United  States.  California  is  a  close 
second,  with  9,250,000  hp.,  or  15.6  per  cent  of  the  total 
United  States.  Oregon  ranks  third,  with  7,100,000  poten- 
tial hp.  The  coast  states  together  represent  43.6  per  cent 
of  the  total  potential  maximum  horsepower  of  the  United 
States.  Including  Idaho  and  Montana,  these  five  typically 
Western  States  represent  61  per  cent  of  the  total  potential 
maximum  water  power  of  the  United  States  with  a  total 
of  36,210,000  horsepower. 

Reference  Made  to  Contemplated  Developments 
in  Eastern  States 

Over  1,000,000  hp.  is  contemplated  in  the  states  of  Ala- 
bama, North  Carolina,  Georgia  and  Maryland. 

Data  obtained  from  52  power  companies  of  the  Far  West- 
ern States,  showing  their  loads  during  the  past  ten  years 
and  also  their  estimated  loads  up  to  and  including  1928,  has 
been  obtained  and  compiled  and  presented  in  the  report  in 
connection  with  graphic  charts.  They  show  that  during  the 
next  ten  years  the  expected  development  of  power  in  the 
West  will  rise  to  the  vast  total  of  1,776,260  kw.,  which,  at 
present-day  prices  for  material  and  labor,  will  involve  an 
investment  of  over  $700,000,000. 

The  importance  of  conservation  of  fuel  oil  in  the  Western 
States  is  emphasized  in  that  the  Pacific-Coast  supply  of  fuel 
oil  and  of  petroleum  is  rapidly  approaching  exhaustion. 
S'nce  May  1,  1915,  crude-oil  stocks  in  California  have  de- 
creased from  over  60,000,000  bbl.  to  28,738,921  bbl.  on 
March  1,  1920.  The  available  supply  of  crude  oil  in  stock 
today  is  less  than  13,000,000  bbl.  At  the  present  rate  of  con- 
sumption and  of  production  the  available  stock  will  be  ex- 
hausted in  about  twelve  months,  at  which  time  consumers  of 
California  fuel  oil  will  be  cut  off  from  between  25,000  to 
30,000  bbl.  per  day.  In  California  during  the  year  1918-19 
there  were  two  sets  of  interconnected  networks  in  the  state, 
one  in  the  northern  the  other  in  the  southern  portion.  The 
control  of  each  system  was  under  the  management  of  a 
power  supervisor.  As  a  result  of  this  arrangement  there 
was  effected  a  saving  of  300,000  bbl.  of  oil  in  1919,  rep- 
resenting $450,000. 
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1021 


THE  eminent  British  engineer  and  scientist,  Sir  Charles 
A.  Parsons,  perfecter  of  the  reaction  steam  turbine, 
has  been  honored  by  America,  receiving  the  Franklin 
Medal.  The  other  recipient  also  is  a  European,  Svante 
Arrhenius,  of  Sweden. 

Sir  Charles  Parsons  was  born  June  13,  1854,  as  the  fourth 
son  of  the  third  Earl  of  Rosse,  who  was  a  president  of  the 
Royal  Society,  and  built  that  famous  telescope  which  is  still 
the  largest  instrument  of  its  kind. 

The  son  received  his  early  education  entir'^ly  by  private 
tuition,  and  later  attended  Dublin  University  and  Cambridge. 
At  that  time  (about  1877)  he  made  models  of  his  epicycloidal 
engine,  and  while  serving  a  four  years'  apprenticeship  in 
the  Elswick  Works  of  Sir  William  Armstrong  he  constructed 
the  first  engine  of  this  type.  It  was  a  four-cylinder  revolv- 
ing engine  in  which  the  cylinders  rotated  around  the  revolv- 
ing crankshaft. 

Mr.  Parsons  then  turned  his  attention  to  the  development 
of  the  steam  turbine.  He  conceived  the  idea  of  splitting  up 
the  fall  in  pressure  over  a  great  number  of  turbines  in 
series,  that  the  aggregate  of  these  simple  turbines,  constitut- 
ing a  complete  machine,  would  give  an  efficiency  approx- 
imating that  of  water  turbines.  In  1884  he  patented  his  first 
steam  turbine.  This,  of  10  hp.,  at  18,000  r.p.m.,  was  used 
for  driving  a  high-speed  dynamo.  It  marked  the  beginning 
of  turbo-generator  development  for  electric  drive.     During 


the  next  five  years  he  constructed  many  improved  forms  of 
turbo-dynamos.     In  1889  he  organized  the  works  at  Heaton. 

The  first  compound  turbine  was  built  in  1887  and  the  first 
condensing  turbine  in  1892,  when  there  was  at  once  a  great 
advance  in  efficiency,  the  steam  consumption  being  reduced 
from  55  lb.  to  27  lb.  per  kw.-hr.  In  1895  the  steam  turbine 
was  first  applied  to  marine  work,  and  two  yeai's  later  the 
experimental  steamer  "Turbinia,"  driven  entirely  by  turbines, 
was  completed.  She  had  a  length  of  100  ft.,  9  ft.  beam,  44 
tons  displacement;  speed  attained  on  her  trial  trip,  34  knots. 
In  1905  the  "Amethyst,"  driven  by  turbines,  beat  her  sister 
ship,  the  "Topaz,"  driven  by  reciprocating  engines.  From 
this  time  on  the  construction  of  turbine-driven  vessels  ad- 
vanced by  leaps  and  bounds,  until  the  present  time,  when  the 
turbine  nas  not  only  completely  supplanted  the  reciprocat- 
ing engine  in  war  vessels,  but  to  a  great  extent  also,  either 
wholly  or  partly,  in  the  great  ocean  liners  and  mercantile 
steamers.  By  connecting  the  turbines  to  the  propeller  by 
gearing,  he  has  made  possible  another  great  stride  in  tur- 
bine propulsion. 

Sir  Charles  Parsons  has  made  valuable  contributions  and 
inventions  along  other  lines  in  physical  science,  among  them 
improven  ents  in  gramophones  and  investigations  on  the 
formation  of  diamonds. 

Sir  Auckland  Geddes,  British  .Embassador,  received  the 
Franklin  Medal  for  Sir  Charles. 
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The  Flow  of  Air  Through  Small 
Brass  Tubes* 

By  T.  S.  Taylor 

The  investigations  discussed  in  this  paper  were  under- 
taken as  a  preliminary  study  of  the  general  ventilation 
problem,  dealing  in  particular  with  the  flow  of  air  through 
tubes  of  various  sizes  and  shapes.  Information  was  sought 
as  to  the  variations  in  the  velocity  of  air  at  different  points 
in   the  cross-section   of  the   tube  and  at  different  distances 


0&         04  0  04  08  1.2 

Oi&tance  from  Center  of  Tube  in  Centimeter& 

VELOCITY    DISTRIBUTION    AT    THREE    POINTS    IN 
A  11-IN.  TUBE  8  FT.  LONG 


from  the  fan.     The  effect  of  dirt  on  the  inside  walls  of  the 
tubes   was   also   investigated. 

The  tubes  thus  far  tested  were  of  seamless  brass  having 
internal  diameters  cf  R  in.,  I  in.  and  1^  in.,  respectively. 
Velocity  measurements  were  made  by  means  of  pilot  tubes, 
those  for  preliminary  study  being  A  in.  external  diameter 
and  those  for  study  of  the  velocity  distribution  being 
about  4I,,  in.  external  diameter.  Velocity  pressures  were 
measured  by  means  of  inclined  oil  gages,  and  the  velocity 
calculated  by  the  usual  formula, 


^V 


2g  hd 

d' 


in  which 


V  =  Velocity  of  air  in  feet  per  second; 

g   —  Acceleration  due  to  gravity; 

/(   =  Difference  in  level  in  the  gage; 

d   =  Density  of  the  liquid  in  the  gage; 

(/'  =  Density  of  the  air. 

The  air  current  was  furnished  by  a  No.  BV  blower  made 
by  the  American  Blower  Co.,  and  driven  by  a  direct-current 
motor  that  could  be  run  so  as  to  give  any  desired  speed 
to  the  blower.  To  prevent  vibration  being  transmitted  to 
the  tube  from  the  motor  and  blower,  a  short  rubber  hose 
connected  the  blower  and  the  tube  under  test. 

A  study  of  the  velocity  distribution  at  various  positions 
along  a  IJ-in.  tube  243.6  cm.  (8  ft.)  long  was  made,  and  the 
curves  in  Fig.  1  show  this  distribution  at  three  points, 
78.6  cm.  (31  in.),  154..5  cm.  (61  in.)  and  230.7  cm.  (91  in.) 
from  the  end  nearest  the  blower.  The  velocity  at  the 
center  of  the  tubes  is  seen  to  increase  as  the  distance 
from  the  blower  increases,  being  6,000,  6,200  and  6,270  ft. 
per  min.  at  the  first,  second  and  third  points  shown, 
respectively. 

The  average  velocity  at  a  given  cross-section  in  the 
tube,  obtained  by  multiplying  the  velocity  in  each  con- 
centric zone  by  the  area  of  the  zone  and  dividing  the  sum 
of  these  products  by  the  cross-sectional  area  )f  the  tube, 
was  found  to  be  the  same,  5,300  ft.  per  min.,  for  all  cases. 
These  results  show  that  the  velocity  distribution  of  air 
flowing  through  tubes  does  not  reach  a  steady  state 
at  ten  times  its  diameter  from  the  entrance  as  is  usu- 
ally assumed.  To  obtain  further  information  on  this 
point,  a  second  tube  407  cm.  (about  13.3  ft.)  long  and 
IV  in.  in  diameter  was  used.    It  was  found  that  the  velocity 

*Froiii  a  paper  presented  at  the  Spring  Meeting',  St.  T.,ouis. 
IVIay,   IlilM),  of  the  American  Society   of  Mechanic. il   IC.igineeis. 


distribution  was  the  same  for  all  points  more  than  200  cm. 
(about  79  in.)  from  the  blower  end  of  the  tube. 

Another  interesting  point  was  that  the  ratio  of  average 
velocity  to  maximum  velocity  for  various  velocities  was 
practically  constant  with  a  general  mean  value  of  0.847. 
The  velocity  measurements  used  in  determining  these 
values  were  taken  at  a  point  240  cm.  (about  95  in.)  from 
the  blower  end  of  the  li-in.  tube.  Similar  observations 
were  made  on  the  smaller  tubes,  which  resulted  in  a  general 
mean  of  0.8;i0   in.   in  the   ;-in.  tube   and  0.870  in  the   S-in. 
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COMP.ARI.SD.NT  OF  VELOCITY    ItAriOS  IN 
CLEAN  AND  DIRTY  TIJBE.S. 


Dia.  of 

'I'ube  In. 

L", 


Clean  Tubo: 

Ratio  of  .Average 

to  .Maxiiiuan  X'clocily 

0.832 

0  833 

0.825 


Dirty  Tubo: 

Ratio  of  .\\  erago 

to  .Maxinmiii  X'elocity 

0.749 

0.648 

0.795 


.Vpproximate 

'i"hicknes-<  of 

Dirt  Film,  In. 

0  006 

U   016 

0  008 


TVRI.E  II.  .'^  PATIC  PRE.S.'^URE  IN  INCHE.S  OF  WATER  TO  MAINTAIN 
AN  AVER.'VOE  VELOCITY  OF  3,000  FT.  PER  MIN.  IN  TUBE  5  FT.  LONG. 

Dia.  of  Clean  Tabo  Dirty  Tube 
Tube  In. 

I',  0  37  0.94 

'■  0.80  3  20 

>  1 . 00  5  00 

tube  for  this  ratio.  These  results  indicate  that  the  velocity 
distribution  for  steady  state,  across  smooth  brass  tubes, 
is  practically  the  same  for  all  the  tubes  and  for  all  aver- 
age velocities  from  0  to  6,000  ft.  per  minute. 

Having  obtained  the  foregoing  data  on  the  air  flow 
through  smooth  tubes,  oil  was  poured  through  tubes  of  IJ, 
i  and  S  in.  diameter,  each  being  a  little  over  5  ft.  long.  Coal 
dust  was  then  sifted  through  the  tube  and  only  that  allowed 
to  remain  which  was  not  readily  jarred  out.  After  measure- 
ments were  taken,  the  oil  and  dust  were  wiped  out  of  the 
tubes  and  the  thickness  of  the  layer  was  determined  from 
its  mass  and  density.  The  value  of  the  thickness  thus  deter- 
mined is  only  approximate  as  the  dirt  is  not  uniformly  dis- 
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tributed,  but  gathers  in  small  clusters.  The  velocity  across 
each  tube  was  measured  for  various  air  velocities  and  the 
results  obtained  summarized   in   Table  I. 

The  static  pressure  necessary  to  force  air  through  the 
IJ-in.  tube  at  various  velocities  was  measui'ed  for  the  clear, 
and  dirty  tubes,  and  the  results  are  plotted  in  Fig.  2.  A 
study  of  these  curves  and  of  Table  I  indicates  that  a  very 
small  but  irregular  distribution  of  dirt  will  have  a  decided 
effect  upon  the  amount  of  air  that  will  pass  through  the 
tube.  The  effect  is  not  due  merely  to  a  diminution  of  area, 
but  also  to  turbulency  due  to  the  presence  of  the  dust. 
Table  II  shows  the  values  of  static  pressure  necessary  to 
force  air  at  3,000  ft.  per  min.  through  clean  and  dirty  tube  ■ 
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Coal  Industry  Profits 

Charges  and  countercharges  as  to  the  profits  being  made 
in  the  coal  industry,  along  with  rumors  of  a  pending  return 
of  price  control  and  of  the  re-establishment  of  the  coal 
zones,  recently  made  Washington  the  center  of  interest  in 
the  coal  situation.  Senator  Walsh  of  Massachusetts,  in 
the  course  of  a  speech  on  the  floor  of  the  Senate,  accused 
coal  operators  of  having  made  enormous  profits.  His  posi- 
tion was  backed  up  by  Senator  Kenyon  of  Iowa.  Senator 
Smoot  of  Utah  attacked  that  portion  of  Senator  Walsh's 
charges  which  were  based  upon  a  report  as  to  coal  profits 
that  had  been  submitted  by  W.  G.  McAdoo  while  he  was 
Secretary  of  the  Treasury.  Senator  Smoot  pointed  out 
that  many  of  the  deductions  as  to  profits  which  were  made 
in  that  report  were  unfair.  The  discussion  of  the  matter 
of  coal  operators'  profits  on  the  floor  of  the  Senate  led  J. 
D.  A.  Morrow,  the  vice-president  of  the  National  Coal 
Association,  to  issue  a  formal  statement  going  extensively 
into  the  matter  of  coal  operators'  profits.  He  used  in  his 
calculation  the  figures  furnished  by  the  Bureau  of  Internal 
Revenue  to  the  President's  Bituminous  Coal  Commission 
to  show  that  profits,  which  averaged  less  than  11  per 
cent,  were  justified  in  a  business  so  hazardous  as  the  min- 
ing of  bituminous  coal. 

In  addition  W.  Jett  Lauck  appeai-ed  before  the  Railroad 
Labor  Board  and  made  charges  to  the  effect  that  whole- 
sale profiteering  is  taking  place  in  the  coal  industry.  In 
that  connection,  however,  it  may  be  pointed  out  that  the 
statistics  of  the  Federal  Trade  Commission,  which  are 
being  fought  so  strenuously  by  the  coal  operators,  are  just 
at  this  time  standing  them  in  good  stead.  Despite  the  fact 
that  an  injunction  has  been  granted  restraining  the  Fed- 
eral Trade  Commission  from  demanding  cost  sheets  from 
coal  operators,  most  operatois  continue  to  file  their  costs 
with  the  commission,  from  which  certain  generalizations 
are  made  public.  The  returns  for  February  show  that  the 
average  margin  per  ton  throughout  the  United  States  was 
only  31c.  This  does  not  represent  profit,  as  selling  ex- 
pense, interest  on  investment  and  Federal  taxes  still  must 
be  deducted.  In  the  Central  Competitive  Coal  Fields  the 
average  margin  per  ton  was  28c. 

With  the  Interstate  Commerce  Commission's  action  in 
an  effort  to  relieve  the  traffic  congestion  came  the  word 
that  price  control  is  to  be  restored  and  the  coal  zones  re- 
established. No  credence  is  given  either  of  the  rumors  by 
those  in  close  touch  with  the  situation.  So  far  as  re-estab- 
lishing the  zones  is  concerned,  it  is  believed  that  an  in- 
junction could  be  secured  which  would  prevent  such  an 
order  going  into  effect,  even  if  it  were  attempted. 


Analysis  of  the  Central  Electric  Station 
Industry  in  Canada 

The  Dominion  Water-Power  Branch,  Department  of  the 
Interior,  in  co-operation  with  the  Dominion  Bureau  of 
Statistics,  is  publishing  an  analysis  of  the  results  of  the 
second  census  of  central  electric  stations  in  Canada,  show- 
ing the  status  at  Jan.  1,  1919.  The  report  includes  statis- 
tics relative  to  central  electric  stations  only,  as  defined  for 
census  purposes;  that  is,  stations  that  sell  or  distribute  elec- 
trical energy  for  lighting,  heating  or  general  power  pur- 
poses, other  than  that  generated  by  industrial  organizationr. 
for  their  ovm  direct  use  in  the  operation  of  some  other 
industry. 

The  principal  items  reported,  together  with  a  compari- 
son between  the  totals  for  commercial  or  privately  owned 
and  municipal  or  publicly  owned  stations,  are  summarized 
in  a  table.  The  total  number  of  stations  reporting  is  795, 
of  which  515,  or  64.8  per  cent,  generate  their  own  power, 
and  280,  or  35.2  per  cent,  are  of  the  non-generating  type. 
The  commercial  stations  numbered  377,  and  the  municipal 
stations  418.  Of  the  generating  stations  332  are  commer- 
cial and  183  municipal,  vjhile  of  the  non-generating  stations 
45  are  commercial  and  235  municipal. 

The  aggregate  capacity  of  all  primary  power  machines 
repoi-ted  is  1,958,642  hp.,  of  which  1,841,114  hp.  is  installed 


in  main  plants  and  117,528  hp.  in  auxiliary  or  stand-by 
plants.  Of  the  total  for  the  main  plants  1,434,196  hp.,  oi 
77.9  per  cent,  was  reported  by  commercial  stations,  and 
406,918  hp.,  or  22.1  per  cent,  by  municipal  statons,  while 
of  the  auxiliary  plant  equipment  the  former  accounted  for 
110,853  hp.  and  the  latter  6,675  hp.  The  figures  are  also 
given  separately  for  main  plants  and  for  auxiliary  or  stand- 
by plants.  According  to  source  of  power  the  total  for  all 
prime  movers  is  divided  as  follows:  From  water,  1,682,- 
191  hp.;  from  steam,  262,562  hp.;  from  gas  and  fuel  oil, 
13,889  horseoower. 

The  average  primary  power  installation  of  the  main 
plants  per  thousand  population  for  the  Dominion  is  209 
horsepower.  Of  the  aggregate  capacity  of  all  prime  movers 
installed  in  the  main  plants,  1,682,191  hp.,  or  91.4  per  cent, 
is  derived  from  water,  and  including  the  prime  movers  of 
auxiliary  or  stand-by  fuel  plants  the  hydraulic  installa- 
tion represents  85.0  per  cent  of  the  total.  Saskatchewan 
derives  100  per  cent  of  its  central-station  energy  from  fuel. 

For  the  Dominion  the  total  capital  invested  in  the  indus- 
try was  reported  as  $401,942,402,  of  which  $356,547,217 
represents  the  investment  in  power  development  and  trans- 
mission and  distribution  systems  and  $45,395,185  repre- 
sents miscellaneous  supplies  and  working  capital.  The 
commercial  stations  reported  71.7  per  cent  of  the  total 
capital  and  the  municipal  station  28.3  per  cent. 

For  the  Dominion  the  total  capital  invested  in  hydro- 
electi-ic  stations  is  $364,479,961,  representing  a  total  invest- 
ment of  $218  per  installed  turbine  horsepower  and  account- 
ing for  90.7  per  cent  of  the  total  capital  invested  in  all 
central  electric  stations  in  Canada.  As  this  capital  in- 
cludes investments  in  fuel  power  plants,  which  are  oper- 
ated as  auxiliaries  to  hydro-plants,  the  capacity  of  the 
primary  power  machines  of  these  plants  added  to  the  capa- 
city of  the  hydraulic  turbines  gives  a  more  logical  basis 
for  this  analysis  and,  reduces  the  capital  investment  per 
installed  primary  horsepower  for  the  hydro-stations  to  $203. 
In  connection  with  enlargements  of  existing  plants  the 
hydro  generating  stations  reported  new  installations  con- 
templated for  the  immediate  future  amounting  to  135,755 
horsepower.  The  ultimate  designed  capacity  of  existiup^ 
hydro-electric  central  stations  is  2,115,043  horsepower 

Technical  Advisory  Committee  To 
Continue  Work 

The  Technical  Advisoiy  Committee,  who  were  chiefly  in- 
strumental in  the  settling  of  more  than  $3,000,000,000 
worth  of  war  contract  claims  for  the  War  Claims  Board, 
have  decided  to  offer  their  services  to  the  industries  of  this 
country  and  have  opened  headquai-ters  at  132  Nassau  St., 
New  York  City. 

In  the  course  of  their  war  claims  work  they  touched  every 
branch  of  American  industry,  as  the  claims  ran  from  small 
ammunition  to  the  greatest  power  developments  ever  made. 

Members  of  the  Technical  Advisory  Committee  who  have 
completed  their  war  contract  work  and  are  engaged  in 
strictly  peace  work  are:  Campbell  Scott,  New  York,  presi- 
dent of  the  new  corporation,  who  is  an  industrial  executive 
and  manufacturing  specialist;  Ernest  P.  Goodrich,  of  New 
York,  vice-president  and  treasure!-,  a  specialist  in  watei-ways 
and  the  designer  of  the  Bush  Terminal;  William  D.  Ennis. 
of  New  York,  vice-president  and  secretary,  specialist  in  fuel, 
power  and  manufacturing;  Col.  Frank  B.  Maltby,  of  Phila- 
delphia, who  built  the  railways,  docks,  terminals  and  ware- 
houses of  St.  Nazaire,  France,  for  the  A.  E.  F.  and  was 
formerly  chief  assistant  engineer  of  the  Panama  Canal; 
Walter  Rautenstrauch,  of  New  York,  a  specialist  in  man- 
ufacture of  machinery  and  steel  products;  George  B.  Frank- 
forter,  of  Minneapolis,  chemical  specialist  and  dye  expert; 
Arthur  W.  Hixson,  of  New  York,  specialist  on  fuels,  heavy 
chemicals,  plant  design  and  general  manufacturing;  Fred 
E.  Rodgers,  of  New  York,  expert  machinery  designer;  anc 
Rumsey  W.  Scott,  of  New  York,  who  has  had  Icng  experi 
ence  in  industrial  transportation  and  the  handling  of  equip- 
ment. All  will  continue  to  serve  the  Government  in  an  ad- 
visory capacity  and  will  go  to  Washington  whenever  needed. 
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Hayana  Central  Station  to  Double 
Power-Plant  Capacity 

On  account  of  a  rapid  increase  of  load  and  the  possibility 
of  a  still  further  growth  in  the  next  few  years,  the  Havana 
;Cuba)  Electric  Railway,  Light  and  Power  Co.  has  ordered 
two  25,000-kw.  Westinghouse  steam  turbine-generators  to 
double  its  plant  rating.  At  present  there  are,  in  this  plant, 
three  12,500-kw.  generators  supplying  a  combined  railway 
and  power  load.  In  the  original  installation  space  had  been 
provided  for  only  one  additional  unit,  but  now  that  the  load 
has  become  so  great  it  was  thought  necessary  to  increase 
the  capacity  still  more.  Consequently,  the  two  25,000-kw. 
units  wei-e  ordered,  one  to  be  installed  in  the  space  avail- 
able, and  the  other  to  replace  one  of  the  12,500-kw.  units. 
By  this  means  it  is  unnecessary  to  extend  the  power-plant 
buildings.  However,  the  12,500-kw.  unit  is  in  excellent 
operating  condition  and  will  probably  be  utilized  elsewhere. 

The  first  unit  will  be  installed  and  will  be  in  operation 
in  1921  and  the  second  one  will  be  on  the  line  in  1922.  They 
are  to  be  designed  to  operate  at  185  lb.  pressure,  150  deg. 
superheat  and  a  28-in.  vacuum.  In  addition,  arrangements 
have  been  made  to  operate  this  equipment  at  higher  pres- 
sures and  superheats  if  desired  at  a  later  time.  To  go 
with  these  turbine-generators,  Le  Blanc  56,000-sq.ft.  sur- 
face condensers  and  Le  Blanc  air  and  circulating-water 
pumps  have  also  been  ordered.  Each  condenser  will  have 
two  circulating  pumps  and  divided  water  boxes,  so  that 
one-half  of  the  condenser  may  be  cleaned  while  the  other 
half  is  in  operation. 

This  station,  which  is  the  largest  in  Cuba,  is  modera  in 
every  respect  and  has  an  operating  economy  comparable 
with  that  of  some  of  the  best  plants  in  the  United  States. 
The  average  fuel  consumption  is  less  than  two  pounds  of 
coal  per  kilowatt-hour,  notwithstanding  that  the  plant  has 
a  low  load  factor.  This  economy  is  due  to  the  excellent 
operation  and  maintenance  afforded  by  the  management 
and  operating  engineers  of  the  plant. 


Convention  of  the  American  Order 
of  Steam  Engineers 

The  thirty-fourth  annual  convention  of  the  American 
Order  of  Steam  Engineers  was  held  at  Baltimore,  Md., 
during  the  week  beginning  Monday,  June  7,  with  head- 
quarters at  the  Stafford  Hotel. 

There  were  seventy  delegates  in  attendance,  representing 
the  various  local  councils  of  the  association.  The  several 
sessions  of  the  Engineers  were  held  in  Lehmann  Hall,  in 
close  proximity  to  the  headquarters;  for  this  convenience, 
the  local  committee  of  arrangements  is  to  be  congratulated. 
Many  important  resolutions  were  brought  before  the  body 
for  discussion,  and  harmony  was  the  prevailing  keynote 
throughout  the  meetings  of  the  delegates  in  their  delibera- 
tions. 

The  main  hall  of  the  building,  which  immediately  adjoined 
the  meeting  room  of  the  delegates,,  was  tastefully  decorated 
and  arranged  for  the  American  Supplymen's  Association 
for  the  display  of  power-plant  machinery  and  equipment. 

The  exhibition  was  officially  opened  on  Monday  evening 
at  eight  o'clock.  Porter  C.  Jones,  of  the  Dearborn  Chemical 
Co.,  president  of  the  Supplymen's  Association,  officiated, 
and  in  an  appreciated  speech  told  of  the  aims  and  objects 
of  the  American  Order  of  Steam  Engineers  and  the  close 
friendship  that  has  always  existed  between  that  organiza- 
t'on  and  supplymen.  Mr.  Jones  then  introduced  A.  S.  Golds- 
borough,  director  of  the  civic  and  industrial  bureau  of  the 
Merchants  and  Manufacturers  Association  of  Baltimore, 
who  cordially  welcomed  the  convention  to  the  city.  He 
spoke  of  the  beauties  of  Baltimore  and  its  great  number 
of  industrial  and  manufacturing  plants  and  invited  the 
visitors  to  inspect  some  of  them.  He  dwelt  on  the  increase 
of  the  merchant  marine  service  of  the  city,  which  has  risen 
fi'om  twenty-three  steamship  lines  two  years  ago  to  more 
than  fifty  lines  at  the  present  time  sailing  to  all  ports  of 
the  globe.  Mr.  Goldsborough  closed  by  inviting  the  con- 
vention  to   visit  the   offices   of   his   association.     W.    Scott 


Price,    president   of   the   American   Order   of    Steam    Engi 
neers,  then  declared  the  exhibit  hall  officially  opened. 

On  Tuesday  evening,  at  the  exhibition  hall,  an  enjoyable 
vaudeville  performance  was  given  under  the  auspices  of 
the  supplymen. 

On  Wednesday  afternoon  special  cars  were  boarded  for 
a  crab  feast  at  Liberty  Park.  The  event  was  made  pleasant 
by  a  baseball  game  and  other  outdoor  sports  and  dancing. 

On  Thursday  afternoon,  by  invitation  of  the  American 
Order  of  Steam  Engineers,  a  large  number  of  the  wounded 
soldiers,  who  are  being  trained  in  engineering  and  mechanics 
at  the  Maryland  Institute  under  the  direction  of  the  Fed- 
eral Vocational  Commission,  visited  the  exhibition.  After 
inspecting  the  display  they  entered  the  meeting  hall  of  the 
Engineers,  where  they  were  warmly  welcomed  and  enter- 
tained. 

On  Thursday  evening  at  nine  o'clock  there  was  an  enter- 
tainment by  home  talent  In  the  exhibition  hall. 

At  the  closing  session  the  following  supreme  offlteers  were 
elected  for  the  ensuing  year:  W.  Scott  Price,  chief  engi- 
neer; Geoflrge  T.  Crum,  first  assistant  engineer;  Harry  J. 
Ehinn,  recording  engineer;  W,  S.  Wetzler,  corresponding 
engineer;  W.  R.  Smith,  treasurer;  Thomas  H.  Higgins, 
senior  master  mechanic;  Harry  Oler,  junior  master  me- 
chanic; William  Stabler,  outside  sentinel;  John  Crean, 
inside  sentinel;  N.  J.  Feely,  chaplain;  George  W.  Goodwin, 
trustee. 

The  election  of  the  oflfcers  of  the  American  Supplymen's 
Association  resulted  as  follows:  William  Lindenfelser,  Jr., 
Texas  Co.,  president;  Roy  C.  Downs,  Lord's  Boiler  Com- 
pound, vice  president;  Andrew  Lauterbach,  Lunkenheimer 
Co.,  secretary;  John  W.  Armour,  Power,  treasurer;  Maurice 
L.  Willets,  Joseph  Dixon  Crucible  Co.,  director  of  exhibits. 


Convention  of  the  New  York  State 
Association  N.  A.  S.  E, 

The  twenty-fifth  annual  convention  of  the  New  York  State 
Association  of  the  National  Association  of  Stationary  En- 
gineers was  heid  at  Niagara  Falls,  on  Friday  and  Saturday, 
June  11  and  12,  with  headquarters  at  the  Temperance  House. 

Chairman  Robert  Craig  and  his  committee  are  to  be 
congratulated  upon  the  excellence  of  the  arrangements. 
The  large  lobby  was  suitably  decorated  for  the  use  of  the 
supply  men  in  the  display  of  their  various  supplies  for 
the  engine  room  and  power  plant.  In  the  large  tea  room, 
immediately  adjoining,  the  meetings  of  the  delegates 
were  held.  Forty  engineering  supply  firms  occupied  booths, 
and  much  interest  was  shown  in  the  exhibit. 

At  the  opening  session  of  the  delegates  the  Credential 
Committee  reported  that  there  were  54  delegates  present. 
Several  important  measures  were  brought  before  the  body, 
and  great  interest  was  shown  by  the  delegates  in  every 
discussion.  It  was  decided  to  start  a  big  drive  immediate- 
ly to  boost  the  membership  of  the  N.  A.  S.  E.  in  New 
York  State,  and  for  this  purpose  an  Eastern  and  a  Western 
propaganda  committee  were  appointed  and  a  fund  was  set 
aside  to  cover  the  expenses  of  this  campaign.  The  busi- 
ness of  the  convention  was  conducted  with  harmony  and 
dispatch.  The  treasurer's  report  places  the  organization 
in  a  sound  financial  condition. 

The  opening  ceremonies  took  place  on  Friday  moi'ning. 
Robert  Craig,  chaii'man  of  the  local  committee,  presided 
and  introduced  Rev.  C.  W.  Walker,  who  gave  the  invocation. 
Maxwell  M.  Thompson,  Mayor  of  Niagara  Falls,  cordially 
welcomed  the  delegates  and  guests.  He  expressed  the  de- 
sire that  their  visit  be  profitable  and  pleasurable,  and  the 
hope  that  they  would  come  again  in  the  near  future.  Past 
National  President  William  J.  Reynolds  responded  in  a  fit- 
ting manner  to  the  hearty  welcome  of  the  Mayor.  The  gavel 
was  then  passed  over  to  State  President  Robert  Tobin,  who 
appointed  the  necessary  committees,  after  which  the  meet- 
ing adjourned  until  the  afternoon  session. 

During  the  two  days  there  were  auto  sightseeing  drives 
for  the  ladies  to  places  of  interest  in  the  city.  On  Friday 
afternoon  the  delegates  inspected  the  hydro-electric  plants. 
On   Friday  evening  there  was  a  banquet  at  which  covers 
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weie  laid  for  150  delegates  and  guests.  Past  National 
President  Royal  D.  Tomlinson  acted  as  toastmaster.  Short 
addresses  were  made  by  Robert  Tobin,  W.  J.  Reynolds, 
Robert  Craig,  J.  N.  Gregory  and  John  J.  Reddy.  The  en- 
tertainment was  furnished  by  Billy  McKay,  Frank  Howard, 
William  Eagan,  Dearborn  Chemical  Co.;  Bob  Jones,  France 
Packing  Co.;  and  Jack  Armour,  Poicer. 

At  the  Saturday  afternoon  session  the  following  state 
officers  were  elected:  Robert  Tobin,  past  president;  Arthur 
E.  Dowd,  president;  S,  Hackaberry,  vice  president;  William 
Roberts,  secretary;  William  Downes,  treasurer;  Herbert  E. 
Hall,  conductor;  Charles  F.  Eider,  doorkeeper;  Edward  Lee, 
chaplain;  Warren  E.  Lewis,  state  deputy.  The  propaganda 
committee  for  the  Eastern  District  comprised  P.  J.  Cassidy, 
William  W.  Downey  and  John  Mclnnis.  The  Western  Dis- 
trict propaganda  committee  included  H.  G.  Patrick,  George 
Sterling  and  Charles  F.  Eider.  P.  J.  Cassidy,  George  Van 
Vechten  and  Robert  Craig  were  appointed  on  the  License 
Law  Committee.     W.  J.  Reynolds  was  the  installing  officer. 

In  the  evening  an  interesting  and  instnictive  illustrated 
lectui'e  was  given  by  C.  C.  Trump,  of  the  Fuller  Engineer- 
ing Co.,  on  "The  Operating  Merits  of  Pulverized  Coal." 
Following  the  lecture  a  number  of  slides  were  shown  of  the 
F  alls  and  rapids,  dating  back  from  1871  to  the  present  time. 

Retiring  State  President  Robert  Tobin  was  presented 
a  handsome  mahogany  clock,  and  a  silver  service  was 
given  to  Mrs.  Robert  Tobin,  the  gifts  of  the  Engineers 
and  Supplymen. 

New  York  was  selected  as  tbe  next  convention  city. 

Fire  Hazard  in  Transformers* 

In  considering  the  hazard  of  oil-immersed  and  of  air-blest 
transformers,  the  number  of  units  of  each  type  involved 
must  not  be  overlooked,  or,  false  conclusions  will  be  drawn. 
In  sizes  of  about  200  kva.  there  are  probably  at  least  100 
oil-insulated  transformers  installed  to  each  air  blast. 

In  the  installation  of  air-blast  transformers,  generally 
one  or  more  banks — that  is,  units  of  three  single-phase  or 
one  three-phase  transformer — are  installed,  ventilated  by  a 
single  blower.  In  case  of  fire  in  any  unit,  either  the  blower 
must  be  shut  down  and  the  other  units  jeopardized,  if  their 
operation  is  continued,  or  the  blower  continues  to  operate 
and  the  defective  transformer  burns  itself  out  unless  ex- 
tinguished by  some  special  means.  Probably  not  more  than 
a  dozen  fires  have  occurred  in  air-blast  transformers,  and 
all  of  these  in  older  types,  and  seldom  has  the  fire  been 
communicated  to  other  apparatus. 

Transformer  construction  of  the  oil-immersed  type,  as 
funiished  by  the  various  manufacturers  in  the  earlier  years, 
was  not  always  as  immune  against  spread  of  fire  originating 
within  the  transformer  as  are  present-day  designs.  The 
principal  improvements  to  eliminate  the  possibility  of  ex- 
plosions and  fires  have  been  the  removal  from  above  the  oil 
surface  of  unshielded  conductors  with  their  corona  hazard, 
and  the  discontinued  use  below  the  oil  level  in"  tank  con- 
struction of  solder  or  other  materials  of  low  melting  point. 

In  case  a  transformer  proves  defective  and  an  external 
short-circuit  results,  it  is  the  opinion  of  the  subcommittee 
that  fire  is  tiow  a  very  remote  possibility.  Oil  will  not 
support  combustion  until  its  temperature  has  been  raised  to 
the  vaporizing  point,  which  is  relatively  high,  and  not  even 
in  this  case  unless  oxygen  is  present.  In  case  fire  should 
start,  experience  indicates  that  it  would  be  localized  to  the 
transformers. 

While  fires  have  been  known  to  occur  in  oil-insulated 
transformers,  any  assumption  that  the  use  of  oil  in  modern 
transformers  creates  a  fire  hazard  is  not  correct,  since 
explosions  have  occurred  inside  of  such  transformers  with 
no  further  damage  than  the  breaking  of  the  cover  or  the 
distortion  of  the  tank. 

The  liability  of  explosions  in  good  present-day  construc- 
tion is  further  lessened  by  the  fact  that  the  atmosphere 
above  the  oil  is  maintained  at  ground  potential  and  free 
from  any  static  stress.    This  is  accomplished  by  having  the 

♦Abstract  from  N.  E.  L.  A.  Electrical  Apparatus  Committee's 
report,  presented  at  its  Forty-Third  Annual  Convention,  Pasadena, 
Cal.,   May    18-22.   1920. 


metai  supporting  the-  leads,  or  bushing,  extend  down  below 
the  oil  level,  so  that  any  overvoltage  creating  a  possible 
discharge  must  occur  under  the  nil  and  consequently  be 
smothered,  instead  of,  as  in  the  pa.st,  occurring  in  the 
gaseous  atmosphere  above  the  oil. 

Further  precautionary  .steps  have  been  taken  recently  by 
at  least  one  large  manufacturer  in  the  development  of  tank 
construction,  in  which  the  tank  is  completely  filled  with  oil. 
A  small  auxiliary  tank  is  provided  above  the  main  tank  to 
which  it  is  connected.  The  oil  extends  up  into  this  smaller 
tank  and  thereby  prevents  the  effect  of  varying  level  due  to 
temperatu'-e  changes  from  reaching  the  transformer. 

In  large  units,  such  as  are  generally  used  in  indoor 
installations,  the  oil-insulated  transformers  are  commonly 
water-cooled,  the  oil  then  operating  at  a  lower  temperature 
than  in  the  self-cooled  units.  Such  water-cooled  units  are 
obviously  less  likely  to  be  damaged  by  fire  from  the  outside. 
In  present-day  practice  large  self-cooled  units  are  generally 
installed  out  of  doors,  where  communicating  damage  from 
an  external  source  is  very  remote. 

Several  years  ago  one  of  the  large  manufacturers  of  trans- 
formers made  some  experiments  to  determine  what  was 
necessary  to  set  a  tank  of  oil  on  fire,  and  after  it  was  on 
fire,  how  difficult  it  would  be  to  put  the  fire  out.  For  this 
purpose  about  200  gal.  of  oil  was  placed  in  a  tank  that  had 
welded  corrugated  sheet-iron  sides,  cast  solidly  into  a  cast- 
iron  top  and  bottom.  The  fire  was  placed  under  and  around 
the  tank,  but  the  oil  could  not  be  ignited  until  burning  waste 
had  been  thrown  into  the  tank.  When  the  oil  was  burning, 
the  flame  was  extinguished  without  much  trouble  by  the 
use  of  a  Pyrene  extinguisher.  The  oil  was  finally  allowed  to 
burn  itself  out  and  the  tank  was  found  to  be  still  intact  and 
oiltight.  The  oil  did  not  boil  over,  but  simply  burned  up 
from  the  fire  on  the  surface.  The  manufacturers  state  that 
it  is  their  belief  that  with  a  tank  of  this  type,  or  with  a 
boiler-iron  tank,  if  the  oil  becomes  ignited  it  will  in  all 
probability  be  confined  to  the  tank  and  will  not  boil  over  or 
spread  oil  in  the  space  adjacent  thereto.  It  seems  estab- 
lished, therefore,  that  no  unusual  fire  hazard  attends  the  use 
of  oil-filled  electrical   equipment. 

Larkin  Fund  to  David  Ranken  School 

The  David  Ranken,  Jr.,  School  of  Mechanical  Trades,  St. 
Louis,  has  been  left  an  endowment  fund  estimated  to  range 
in  value  from  $500,000  to  $1,000,000  by  E.  H.  Larkin,  vice 
president  of  the  National  Ammonia  Co.,  of  the  same'  city. 
The  gift  consists  of  Mr.  Larkin's  stock  in  the  National 
Ammonia  Co.,  and  the  fund  is  to  be  known  as  the  Larkin 
Foundation.  The  income  is  to  be  used  for  the  benefit  of 
the  school  in  any  way  the  trustees  decide  best,  but  prefer- 
ably for  three  things:  First,  instruction  in  power-plant 
operation,  heating  and  ventilation,  refrigeration  and  kin- 
dred subjects;  second,  lectures  to  mechanics,  prospective 
mechanics  and  the  genera,  public  on  mechanical  subjects; 
third,  as  an  aid  to  worthy  students  who  would  otherwise  be 
unable  to  pursue  their  studies. 

Under  an  endowment  approximating  $3,000,0000  fr»  m 
David  Ranken,  Jr.,  the  school  was  founded  in  1907  and  i 
opened  its  doors  to  students  in  1909.  Two-year  courses  are 
given  carpenters,  plumbers,  painters  and  decorators,  machin- 
ists, patternmakers,  ?^lectricians,  auto  mechanics  and  sta- 
tionary engineers.  The  school  has  an  active  attendance  of 
300  day  and  1,000  night  pupils.  It  is  expected  that  the 
Larkin  fund  will  he  available  in  about  a  year's  time. 


In  connection  with  its  latest  statistical  report  covering 
data  as  to  the  cost  of  coal  production,  the  Federal  Trade 
Commission  makes  the  following  statement:  "The  commis- 
sion has  collected  considerable  inforniiUion  on  the  invest- 
ment necessary  for  operation  in  the  various  districts, 
derived  in  part  from  balance  sheets  required  fi-om  operators 
and  in  part  from  information  previously  reported  by  them 
or  obtained  direct  from  their  books.  When  such  investment 
figures  are  available,  it  then  will  be  possible,  after  deduction 
of  any  sales  expense,  and  income  and  excess-profits  taxes 
paid,  to  show  the  relation  which  the  remainder  of  the 
margin  bears  to  the  investment." 
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Notes  on  the  Coal  Situation 

Many  replies  have  been  received  by  the  United  States 
Geological  Survey  in  its  census  of  stocks  of  coal  on  hand 
and  anticipated  needs.  The  final  date  for  these  reports 
was  indicated  in  the  call  as  June  12,  but  the  Survey  urges 
that  all  who  have  received  forms  reply,  even  though  they 
were  not  able  to  do  so  before  this  date.  Co-operation  in 
this  is  very  important  for  all  coal  interests. 


Coal-land  leasing  regulations,  which  were  drafted  by  the 
conference  at  the  Interior  Department  about  a  month  ago, 
have  been  sent  out  for  examination  by  various  engineers 
and  institutions  concerned.  Reports  are  due  on  June  15, 
but  it  is  expected  that  several  weeks  will  elapse  before  the 
rules  are  adopted  and  promulgated. 


Export  embargoes  both  overseas  and  on  Canadian  coal 
and  the  re-establishment  of  a  fuel-distribution  agency  of 
the  Government  are  the  two  major  proposals  which  have 
been  made  recently  in  the  effort  to  correct  coal-supply  and 
coal-traffic  evils.  Several  legislative  proposals  of  export 
embargo  were  made  during  the  closing  days  of  the  last  Con- 
gressional session,  but  none  of  these  prevail,  in  a  number 
of  cases  the  defeat  of  such  measures  being  successfully 
accomplished  by  the  legislators  from  the  coal-producing 
states. 


The  Walsh  resolution  calling  upon  the  Interstate  Com- 
merce Commission  for  information  regarding  shipments  of 
bituminous  coal  to  tidewater  and  for  other  information 
affecting  New  England  and  seaboard  supply  is  being 
handled  by  Commissioner  Daniels,  of  the  Interstate  Com- 
merce Commission.  It  is  believed  that  most  of  the  informa- 
tion required  as  to  production  and  traffic  is  already  available 
from  records  of  the  Geological  Survey  and  the  Interstate 
Commerce  Commission.     An  early  repoi't  is  anticipated. 


Alaskan  coal  supply  for  the  Navy  may  become  available 
before  many  months  have  passed,  if  conditions  are  found 
to  be  favorable  to  the  necessary  development  work.  Com- 
mander Darling  and  other  naval  officers  are  now  investi- 
gating the  niatter  in  Alaska  preliminary  to  the  decision 
as  to  what  the  Navy  will  do  under  the  authorization  given 
recently.  This  authorization  provides  an  appropriation  of 
a  million  dollars  for  mine  development  and  a  quarter  of  a 
million  dollars  for  a  coal-cleaning  plant. 


The  Interstate  Commerce  Commission  has  given  pref- 
erence and  priority  to  pool  coal  over  non-pool  coal,  both  for 
cargo  and  bunker  fuel,  with  reference  to  all  movements  to 
the  lower  Lake  ports.  The  service  order  Number  5,  issued 
June  9  to  this  effect,  is  intended  to  arrange  for  much  needed 
relief  with  respect  to  the  supply  of  bituminous  coal  for  the 
Northwest,  which  is  supplied  via  tjje  Lakes. 


New  Publications 
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ENGINEERING  INDEX 
The  "Eiig-inefcringr  Index"  for  191  !t  has 
just  been  published  by  the  American  Society 
of  Mechanical  Engineers.  The  volume  con- 
tains over  12,000  references  to  nearly  700 
eng-ineering  and  allied  technical  associa- 
tions. It  is  an  i.ivaluable  gT^iide  to  engineer- 
ing- literature  of  1919  and  should  prove  of 
value   to  membens  of  the  profession. 

OPPORTUNITIES   FOR  TUK  COM- 
BUSTION  ENGINEER 

"Opportunities  for  the  Combustion  Ex- 
pfit"  has  just  been  prepared  by  the  Hay.s 
School  of  Combustion  Engineering,  of  Chi- 
cago. It  relates  in  story  form  the  experi- 
i-nce  of  an  engineer,  pointing  out  hi.«  weak- 
nesses in  the  first  place  and  then  showing 
how  those  weaknesses  were  overcome 
through  a  more  definite  knowledge  of  the 
work   he   is  doing  ever.v   day. 

Considerable  attention  has  been  paid  to 
the  installation  of  mechanical  apparatus  to 
check  the  amount  of  fuel  used  and  to  pre- 
vent as  much  waste  as  possible.  It  is  only 
within  the  last  few  years  that  steps  have 
been  taken  to  lay  before  the  men  them- 
Sflves,  who  handle  the  fuel,  an  opportunity 
to  realize  what  gri'at  op])ortunities  there 
arc  for  the  men  wlio  know  the  essential 
elements  of  combustion  (engineering,  and  to 
bt-  able  to  apply  them  from  a  fuel-saving 
standpoint.  The  combustion  engin(>er  today 
lias  a  real  oi>portunity. 

COPit'S  of  this  new  book  will  he  sent 
free  oy  the  Hays  Ki-hool  of  Combustion. 
1412  South  Michigan  Ave.,  Chicago,  upon 
request. 


of  the  Mechanical  Engineering  Department 
of  the  Government  Institute  of  Technology 
at  Shanghai,  China. 

J.  A.  Housel,  who  has  been  associated 
with  the  Northern  Bolt,  Screw  and  Wire 
Co.,  Ltd.,  of  Owen  Sound,  Ont.,  Canada,  as 
engineer,  for  the  past  eight  years,  is  now 
afflliated  with  the  Ewing  Bolt  and  Screw 
Co.,  of  Detroit,  Mich.,  in  the  same  capacity. 

William  R.  Mar.sliall  has  been  appointed 
manager  of  the  industrial  division.  New 
■York  office  of  the  Westinghouse  Electric 
and  Manufacturing  Co.  to  succeed  Harlan 
A.  Pratt,  who  has  resigned  to  become  sales 
manager  of  the  Atlantic  Elevator  Co..  of 
New  York. 


Personals 


R.  V.  Meikle  ha«  been  ai>pointid  chief 
engineer  in  charge  of  construction  of  the 
Don  Pedro  (Cal.)  dam  and  power  plant  for 
the  Turlock  Irrigation  District  of  California. 

.1.  K.  Alliiie,  formerly  of  the  Electric  ap- 
pliance Co.,  of  Cliioago,  111.,  is  now  Iowa 
representative  for  the  Packard  I'Mectric  Co.. 
of  Warren,  Ohio,  manufacturer  of  trans- 
formers  and    automotive   cable. 

O.  Ricliurd  Ward  has  resigned  the  posi- 
tion as  chief  engineer  with  the  N«'W  York 
and  Pennsylvania  Co.,  Willsboro.  N.  Y.,  to 
become  mechanical  supc^rintendcsnt  of  the 
Bellman  Brook  Ble;ichery  (;o..  Eairview. 
N.  .1. 

Kenitetli  «.  Millett  has  resigned  as  as- 
sistant general  engineer  of  the  American 
Thread  Co.,  New  York  ('ily.  to  join  the 
•rganization  of  the  Griscom-Hussell  Co.. 
New  York  City,  in  the  caoncity  of  develop- 
mert  engineer. 

Prof.  H.  S.  DieUt^rHon.  for  four  years 
professor  of  mechanical  engineering  at  the 
CTniversity    of    Mis.<i0uri.    is    to    take    charge 


Society  Affairs 


iiiiiiiiitiiiiiiiii; 


The      Electrical      Manufacturers      Council 

has  opened  an  office  in  the  Fifth  Avenue 
Guarantv  Building,  522  Fifth  Ave..  New 
York  City.  Tliis  office  will  serve  as  a  head- 
(juarters  for  the  Council  and  its  work. 

The  American  Society  of  Mechanical 
Engineers,  Boston  Section,  will  hold  its 
.Tune  outing  at  the  Ocean  House,  Swamp- 
scott,  Mass.,  Friday,  June  2.';.  An  inter- 
earing  program  featuring  fat  and  lean  men's 
races  and  including  tennis,  dancing,  etc.. 
has  been'  arranged  by  the  committee  on 
entertainment. 

The  Association  of  Iron  and  Steel  Elec- 
trical Kngineers,  Pittsburgh  and  Cleveland 
District  Sessions,  will  meet  in  joint  tech- 
nical session,  at  the  Country  Club.  Warren. 
Ohio,  .Tune  26.  Included  in  the  program  is 
a  trip  to  the  Trumbull  Steel  Co.,  Warren. 
A  i)aper  on  "Electric  Drives  for  Steel  Strip 
Mills."  bv  W.  P.  Rese  and  A.  "\V.  Mohran. 
of  the  Trumbull  Steel  Co..  will  bf^  read. 

The  Eastern  Oeosrrajdiic  Section  Meetiiis: 
of  the  Pennsylvania  Electric  Association 
will  meet  at  the  Adelphi  Hotel.  Philadel- 
phia, Pa.,  on  July  2.  Tlie  morning  session 
will  oiien  at  10  o'clock.  The  topic  of  this 
session  will  be  "Power  Factor."  Several 
interesting  ))apers  will  be  presented,  fol- 
lowed by  fi\'e-minute  talks  on  various 
phases  of  i^ower  factor  by  operatitig  com- 
panies' representatives.  The  morning  ses- 
sion will  be  followed  by  a  luncheon  presided 
over  by  .Tohn  E.  Zimmerman,  who  will  in- 
troduce the  speakers.  The  subject  Of  the 
afternoon  session  is  to  be  "Effect  of  ITn- 
balanced  Load  on  the  System."  Short  talks 
by  operating  companies'  reiiresentatives 
will  also  be  included  in  this  session.  These 
lalks  will  cover  methods  of  regulating  volt- 
age on  unbalanced  phases,  v.arious  methods 
of  ))hase  balancing,  balancing  large  single- 
pliase  loads  and  concrete  examples  of  phase 
balancing,  results  obtained  and  equiinnf^nt 
used. 

jtMIIIIIIIMIIIIMIIIIIIIIIIII iiliiliiiiiiiiiiiiiiiiiliii I1I111IMIIMIIIIIIIIIMIIMIIIIIII4 
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I  Miscellaneous  News  I 

Constrnction  of  a  Hydro-TClectric  Plant  on 

the   White    Rlvor.    Cotter,    Ark.,    which    will 


involve  an  expenditure  of  $15,000,000,  is 
under  way  by  the  Dixie  Power  Co.  The 
plans  provide  for  an  initial  development  of 
100,000  hp. 

Tlie  Mas.saclnisetts  Institute  of  Tech- 
nology and  the  General  Electric  Co.  have 
opened  a  five  year  course  in  Co-operative 
Electrical  Engineering.  The  course  will  fit 
students  to  take  leading'  positions  as  engi- 
neers, scientific  experts,  and  teachers  or  in- 
vestigators of  electrical  science. 

The  Department  of  Commerce  of  tlu- 
Bureau  of  Foreign  and  Domestic  Commerce. 
Washington,  in  its  monthly  statement  show.*^ 
the  total  value  of  the  following  exports  dur- 
ing April:  Pumps  and  pumping  machinery, 
$1,098,020  ;  refrigerating  machinery.  $326.- 
828  :   air-compressing  machinery,    $512,765. 

The  American  Chamber  of  Commerce  in 
I'^ance  has  inaugurated  an  extensive  cata- 
log system  for  the  purpose  of  assisting 
French  jiurchasers  seeking  American  goods 
and  of  assisting  the  American  export  trade 
in  general.  Information  can  be  obtained 
from  Frank  Boole,  secretary,  American 
Chamber  of   Commerce,   Paris,    France. 

Tlie  Oil  Belt  Power  Ce.  is  planning  ex- 
penditures of  more  than  $4,000,000  for  the 
construction  of  a  hydro-electric  plant  neaj 
Eastland,  Tex.  One  of  the  chief  purpose.'- 
of  the  plant  will  be  to  furnish  electric  power 
for  drilling  and  pumjiin.g  oil  wells  in  the 
central  west  Texas  fields.  It  will  also  pro- 
vide industries  and  towns  with  electrica' 
energy. 


Business  Items 


HIIIUllllllUlltUUIUilHIIIIII 


The     Easton     <'ar     and     CtMistriiction     Co., 

i¥ew  York  City,  has  removed  its  general 
offices  from  30  Church  St.  to  larger  quar- 
ters at  50  Church   St. 

The  Merrill  Co..  San  l-'rancisci).  Cal..  has 
.staVilished  a  branch  oftiee  in  the  .Monad- 
nock  Building,  Chicago.  Tlie  company  also 
announces  that  it  is  now  manufacturing  the 
Merco  Nordstrom  Plug  Valve  at  the  plant 
of  the  Swenson  Evaporator  Co.,  .\ngola.  Ind. 


Trade  Catalogs 


The  Cooper  Hewitt  Electric  Co.,  Hobo- 
ken  N.  J.,  has  published  a  new  booklet  il- 
lustrating proper  methods  of  industrial  il- 
lumination by  means  of  |)hotograi)hs  of 
systems   actually   installed    and    in   use. 

"M'ellman     :\leclmni«'al     (Jus     Producer"    is 

the  titU-  of  bulletin  Xo.  51,  just  i.ssued  by 
llie  Wellman-Seaver-Morgan  Co..  Cleveland, 
Ohio.  The  bulletin  is  in  the  'form  of  a 
text  book  on  gas  producers  and  contains 
some  valuable  information.  A  copy  will  1>e 
sent    to   any   one    hiterested.    on    request. 
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I  COAL   PRICES 

Prices  of  steam  coals  both  iinthraciti;  uiid  bitu- 
miriouB,  f.o.b.  mines,  iinl(«K  ottierwiso  stated,  areas 
follows: 


VLANTIC;  SEABOARD 

Anthracite — C^oaLs  supplying   New 
deipliia  and  Hf)-iton: 


Buck  when  I 
Ftiee 
Barley 
Boii.T 


\  ork,    Phila- 

f.O.l).    IM^III■^ 

$5   85("$6.25 

4.00('i.   4.  10 

3  00(<i,  3.50 

2.25(iv   2.50 

2.50 


Bituminous — Steam  nir.eu  Kupplyini>    New  York, 
Philadelphia  and  Boston: 

f.o.b.  mines 
C'anihrias  and  ."-\)nier.s<-*,s,  f.o.b.  mines 

net  ton $7.25fa.$8.  00 

Clearficlds,  f.o.b.  mine.s,  net  ton 6.75(q;    8.25 

Pocahontas  \  on  cars  Providence  and     1 1 .  00@  14.  50 
New  River    /  Boston ;  gross  ton II.  00(a>  14.50 


BUFFALO 

Biluminous — f.o.b.  mines: 

Pittsburgh  aUick 56.00(a>$8.  00 

•Mirn-mn 6.00(a\    8.00 

Xuiup 6.00fe   8.00 

Youghiogheny 6.00@   8  00 

CLKVKLANI) 

Bituminous — Retail  prices  of  coal  per  jiet  t(m  are 

a.s  follows:  ' 

No.  6  .slack $8.25 

No.  8  slack 8.25 

No.  8— J-in 8 .  25(o;  8   30 

-No.  6  mine-run 8. 25 

No.  8  mine-run 8. 25 

Pocahontas — Mine-run 9.25 


SI.    LOUIS 
Bituminous — f.o.b.  mines: 


Williamson 

and 

Franklin 

Counties 


Mt.  Olive 

and 
Staunton 


Mine-run. 
Screenings. 


$3. 00(3' 4.  00  $3  0P("  3  50 
3,00@4.00  $3  00("  3.50 


bump 3.00@4.00     3  00((/ 3  50 

Williamson-Franklin   rate   t^   .St.    ].o 
Other  rates  95c. 


(Standard 

.$4.50 

5.00 

5   00 

IS    is     $1.10; 


chi(:ac;<» 

Bituminous — Prices  f.o.b.  miiur    as    per   (ui<uil;ir 

of  April  I  are  as  follows:  Co.  prices  vary  from  50n.  to 

$1.25 

Illinois  ' 

Soutliern  Illinoi-. 

Franklin,    Saline    and  Freifjlil    rate 

Williamson  f'ounties  Chicago 

Mine-Run $3.00Co$3    10  $1.55 

Screenings 2.60(0    2  75  I    55 

Central  Illinois 

Springfield  District 

Mine-Run $2.75^'$3  00  $1  .32 

Scn^enings 2 .  50(ai    2  60  1.32 

Northern  Illinois 

Mine-Run $3.50@$3.75  $1.24 

Screenings 3.00("'    3.25  1.24 

Indiana 

Clinton  and  Linton 

Fourth  Vein 

Mine- Run $2.  75C</'$2.90  $1.27 

Screenings 2 .  SOta    2 .  65  1 .  27 

Knox  County  Field 

Fifth  Vein 

Mine-Run $2.  75(a>$2.90  $1.37 

S<!reenings  2 .  50@   2  60  137 

Brazil  Block $4  25(a$4  50  127 


rKOIM)S|.;i)     WOKK 

Ma8M„  Kvt'rett — The  Maiden  Electric  Co., 
Maiden,  plans  to  build  a  local  substation 
here,  to  cost  about  ?65,0OO,  including  $25,- 
(100  for  equipment.  Charles  Tenney,  201 
IJovonshire  St..    I'.oston,    lOngr. 

MuHH.,  I'itehburK — The  FitcliburK  Giw  & 
Klectric  Co.  plans  to  build  an  addition  to 
power  house  which  will  hav.'  a  4.5oo  kw.. 
;!  phase,  60  cycle,  a.c.  cai)acity  and  include 
a  5,000  kw.  steam  turbine  and  one  7.')0  hj). 
Bigelow  &  Hornsby  boiler,  etc.  About  $60(i,- 
000.  Charles  Tenney,  201  Devonshire  St., 
Boston.  Engr. 

Mass.,  Balem — The  Sahin  lOlectric  l^ight 
Co.  plans  to  build  an  addition  to  its  existing 
power  plant  on  Lafayette  St.  and  install 
equipment  including  om-  T.'.o  hi),  nigelow- 
Hornshy  boiler,  etc.  .\bout  $650,000. 
Charles  Tenney,  2'>1  Dfvonshire  St.,  Bo.>«ton, 
Engr. 

Conn.,  Hartford  -  The  Slate  Highway 
Dept.  plans  to  install  an  electrical  unit  in 
place  of  steam  plant  which  will  ))e  removed, 
in  connection  with  the  elecl-ification  of  the 
Thames  River  Highway   Bridge. 

Corns.,  New  Britain — The  Amer.  Hard- 
ware Corp.  will  build  a  transformer  station 
at    its   plant. 

C^onn.,  Norwich — The  W.  S.  Finishing  Co. 
is  having  plans  prepared  for  the  reconstruc- 
tion of  a  boiler  plant  here.  About  J.'iOO,- 
000.  Day  &  Zimmerman.  611  Chestnut  St., 
Philadelphia,    Pa.,    Archts.    and    Engrs. 

>.  Y.,  Brooklyn — The  Dept.  of  Pub.  Wel- 
fare, Municipal  Bldg.,  New  York  City,  re- 
jected all  bids  for  a  hospital  including  a 
steam  heating  system,  on  Cumberland  St. 
Estimated  cost.  $600,000. 

N.  Y.,  Brooklyn — The  Packard  Motor  Car 
Co..  B'way  and  61st  St..  is  having  plans 
prepared  for  a  3  story,  200  x  200  ft.  service 
station  and  auto  showroom  including  a 
steam  heating  system,  on  Bedford  .\ve.  and 
Empire   Blvd.      About   $250,000. 

N.  Y.,  Bulfalo — The  Buffalo  General  Elec- 
tric Co.,  Genesee  and  "\^''ashington  Sts..  had 
plans  iirepared  for  an  addition  to  its  power 
station  on  Baboock  and  Hannah  Sts.  .About 
$25,000. 

N.  Y.,  Buffalo— The  Niagara  Machine 
Tool  Works,  683  Northland  Ave.,  is  in  the 
market  for  a  50  kw..  115  volt  belted  direct 
generator. 

N.  Y.,  Buffalo — James  Storer,  Secy,  of 
the  Bd.  Educ.  New  York  Telephone  Bldg., 
will  receive  bids  until  .Tune  25  for  furnish- 
ing and  installing  boilers,  boiler  equipment, 
pumps,  piping,  heat  control  regulators,  fans, 
motors,  etc.,  in  primary  school  21,  Amherst 
St.  and  Park  Lake  Ave.,  elementary  school 
21,  Hertel  Ave.  and  Camden  St..  elementarv 
.'School  9,  Polar  Ave.  and  Doat  St..  Asso- 
ciated Buffalo  Architects,  Inc..  250  Dela- 
ware Ave..   Archts. 

N.  Y.,  Dunkirk  —  The  Niagara  &  Erie 
Power  Co.,  Marine  Bank  Bldg.,  Buffalo,  has 
made  application  to  the  Pub.  Serv.  Comn.. 
for  permission  to  build  an  addition  to  its 
power  plant  here. 

N.  v..  New  York — A.  L.  Erlanger.  214 
West  42nd  St..  plans  to  construct  two  3 
story  theatres  including  a  steam  heating 
system  on  West  44th  St.  About  .^850,000. 
F.  R.  Anderson,  214  West  42nd  St.  Archt. 
and    Engr. 

X.  v..  New  York — Th  •  New  York  Edison 
Co..  Irving  PI.  and  13th  St..  is  having  plans 
prepared  for  a  substation  on  Elizabeth, 
near  Canal  St. 

N.  Y.,  New  York — The  New  York  Tele- 
))hone  Co..  15  Dey  St..  plans  to  build  an 
addition  ;md  make  alterations  to  the  pres- 
ent telephone  exchange  building  including 
a  steam  heating  system,  on  146th  St.  ana 
Convent   Ave.     About  $500,000. 


N.  Y..  .Surinitville — E.  B.  Kuhn.  Sicy  of 
the  Bd.  Educ.  of  the  Griffith  Institute,  will 
soon  awanl  the  contract  for  furnishing  ma- 
terial and  installing  a  steam  heating  plant 
in    the    school    hero. 


N.  4;  Dotrr — The  Ordnance  Dept.  has  re- 
ceived bids  for  a  power  house  for  the  gen- 
<ral  oi)erating  service  at  the  Picatinny  Ar- 
senal, here. 

N.  J..  Netvurk — The  Bd.  Educ,  City  Hall, 
received  bids  for  installing  a  steam  heating 
system  in  the  proposed  school  addition  on 
Alexander  St..  from  J.  H.  Cooney.  210 
North  4th  St..  $^6,542  ;  Fred  P.  Merhle,  533 
Central  Ave..  $35,972,  and  in  the  vocational 
school  on  1st  and  2nd  Aves.,  from  J.  H 
Cooney.  210  North  4th  St.,  $173,840;  J.  H 
Nellis,  884  Sanford  Ave.,  Trenton,  $174,360 
Noted   May   25. 


.\.  ■!.,  Newark — M.  Straus  &  Son.s  508 
Frelinghuysen  Ave.,  had  jdans  i)repared  for 
a  power  house  at  Its  leather  works  here. 
Two  boiler  unit.s  will  t<e  installed  in  con- 
nection with  other  equipment  .\bout 
$30,0011. 

N.  .L,  IVrtli  .\niboy — The  Perth  Amboy 
Dry  Dock  Co.,  Broad  St.,  plans  to  install 
electrically  operated  pumiiing  machinerv. 
valves,  etc.  for  the  operation  of  the  new  drv 
dock   at    its   i»lant    here. 

N.  .1.,  Kahway — The  Middlesex  Water  Co 
has  been  ordered  by  the  Pub.  Utility  Comn. 
to  install  equipment  by  .July  15  at  its  plant 
here,  which  will  provide  for  a  daily  capac- 
ity  of    4.000.00(1   f^al. 

N.  J.,  U'eHtfield — Runyon  &  Caruy.  Engrs.. 
845  Broad  St..  Newark,  will  soon  award  the 
contract  for  a  heating  and  ventilating  sys- 
tem. 2  cast  iron  boilers,  ventilating  fans 
and  units,  etc.,  in  the  Wa.shington  School 
here,  for  the  Bd.  Educ. 

Pa.,  Philadelphia  —  Tlie  Enterprise  Mfg 
Co.,  3rd  and  Daui)hin  Sts.,  had  plans  pre- 
pared for  the  construction  of  a  power  house 
at  its  hardware  manufacturing  plant  on 
Rodine    St.      .\bout   $2S.ono. 


Pa.,  Philadelphia — The  Hale  &  Kllbourhe 
Corp..  18th  and  Lehigh  Sts.,  manufacturer 
of  iron  and  steel  i)roducts.  had  plans  pre- 
pared for  an  addition  to  its  power  plant 
here.  Boilers,  stokers  and  auxiliar\'  equio- 
ment  will  be  installed  in  same.  About  *R0  - 
000. 


Pa.,  Pittsl)ur>;li  —  The  Pivst-O-Lite  Co.. 
5528  Baum  Blvd..  is  receiving  bids  for  a 
30  .v  36  ft.  compressor  building,  a  15  x  33 
ft.  boiler  house  addition,  etc..  on  Lincoln 
and    Tabor    Sts. 

Pa.,  Pittsbnrirh — The  West  Penn  Power 
Co.  plans  to  extend  its  transmission  svs- 
tem. 

Md..  Baltimore  —  Haskell  &  Barnes. 
Archts..  301  North  Charles  St..  will  receive 
bids  until  .Tune  30  for  an  8  story.  100  x  186 
ft.  warehouse  including  o  steam  heating 
system  on  Guilford  .Ave..  Saratoga  and 
David  Sts..  for  the  Whitaker  Paper  Co.. 
nr,-37    Guilford    .\ve.       About    $500,000 


Md.,  Bnltin  "re — Samuel  T.  Williams.  223 
North  Talvert  St..  is  in  the  market  for  a 
stiff-hgged  or  guyed  derrick,  about  35  ft 
boom,  to  lift  1J  tons  (used),  a  steam  driven. 
2  drimi  hoist  to  operatt>  derrick  fused)  and 
a  house-heating  boiler  and  radiation  for 
ho.-tting  2.500   sq.ft.   floor  space,  etc. 

Aid.,   Kastoii — The   Borough   Coimcil  plan.^ 

to  install  new  electric  operated  cent'lfugal 
pumiis  at  the  waterworks  here  witli  caiiac- 
ity  varying  from  150  to  600  gal.  per  minute. 

I>.  ("..  WaNliiiiRton — The  Bureau  of  Yards 
.t  Docks,  Navy  Dept..  plans  to  install  a  new 
boiler.  t>tc..  in  the  heating  plant  at  the 
Naval    Obs.'^rxatory  here,      .\bout    $10,000. 

Va..  LortiHi — ^  The  Dist.  of  Columbia 
Comrs..  50  District  Bldg..  Wash..  D.  C.  will 
receive  bids  imtil  .Tuly  5  for  electric  gen  ■ 
er..ting  ."^ct.  exciter,  switchboard,  etc..  for 
the  central  power  plant  at  the  D.  C.  in- 
stitutions here. 


\n..  Richmond-— The  .\rrow  T.aundry  Co.. 
117  lOast  Main  St..  is  in  the  market  for  a 
100  hp  steam  engine,  -sh.afting  and  belting. 
etc. 

Va..  Ki<-linioud — The  Virginia  Carolina 
Rubber  (^o..  Real  Estate  Exch.  Bldg..  is  in 
the  market  for  all  machines  used  in  the 
manufacture  of  auto  tires  and  accessories 
including  an  engine,  holler,  shafting  and 
belting.  Mr.   Bell.  Pres. 
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O.,  Cleveland — The  Bd.  Kduc.  plans  to 
build  a  1  story  school  for  crippled  children 
including-  a  steam  heating  system.  About 
$350,000.  F.  Hogan.  Dir.  W.  R.  McCor- 
mack,  East  6th  St.  and  Rockwell  Ave., 
Archt.  A  bond  issue  will  be  voted  upon 
for  the  project. 

O.,  Cleveland — The  Bd.  Educ.  plans  to 
build  a  3  story  school  including  a  steam 
heating  system  on  Diana  and  Darley  Aves. 
About  $600,000.  W.  R.  McCormack.  East 
6th   St.    and   Rockwell   Ave.,    Archt. 

O.,  Cleveland — The  Bd.  Educ,  East  6th 
St.  and  Rockwell  Ave ,  plans  to  construct 
a  school  addition  to  the  Rickoff  School  on 
Kinsman  Rd.,  cost,  $350,000  ;  and  a  school 
on  Spring  Rd..  cost.  $1,000,000.  Plans  in- 
clude .steam  heating  systems.  W.  R.  Mc- 
Cormack, Archt. 

C,  Cleveland — The  city  received  bids  for 
furnishing  and  installing  2  pressure  booster 
pumps  and  23  hydraulic  operated  sluice 
gates  from  the  Coffin  Valve  Co.,  Wade 
Bldg.,  $34,140  ;  J.  Iv.  Skeldon  Eng.  Co., 
Rockefeller  Bldg..    $68,136. 


O.,  Cleveland — The  city  is  having  plans 
prepared  for  two  8.000,000  and  one  4,000,000 
gal.  pumps.  About  $25,000.  R.  Shattuck, 
Clerk.  ;   G.   B.   Gascoyne.   Engr. 

O.,  Ravenna — The  McBlrath  Tire  &  Rub- 
ber Co.,  1836  Euclid  Ave.,  Cleveland,  had 
plans  prepared  for  the  construction  of  a 
3  story,  100  x  300  ft.  factory  and  a  30  x 
50  ft.  boiler  house.  About  $125,000.  Donald 
C.  Smith,  4500  Euclid  Ave..  Cleveland. 
Archt.    and    Engr.      Noted   May   3. 


C,  Toledo — The  city  will  soon  award  the 
contract  for  a  30  x  116  ft.  pumping  station. 
Equipment  including  switchboard,  electric 
crane,  four  300  hp.  motors,  one  200  hp. 
mouor,  two  vacuum  pumps,  five  centrifugal 
pumps,  etc.,  will  be  installed  in  same.  Pul- 
ler &  McClintock,  B'way,  New  York  City. 
Archts.    and   Engrs. 

Mich..  Bay  City — The  Wildman  Rubber 
Co.,  816  Book  Bldg.,  Detroit,  has  purchased 
a  site  along  the  Saginaw  River  and  plans 
to  build  a  tire  plant  on  same.  Plans  in- 
clude a  power  plant.     About   $1,000,000. 


Wis.,  PlatteviUe  —  The  Peacock  Cheese 
Co..  South  12th  and  Jefferson  Sts.,  She- 
boygan, has  purchased  a  site  and  plans  to 
construct  a  cheese  warehouse  and  cold 
storage  plant  on  same. 

Kaji.,  Mt.  Hope — The  Borough  Council 
will  build  a  new  electric  power  plant.    About 

$15,000. 

Kan.,  Paola — The  City  (Meri<  will  soon 
award  the  contract  for  repairing  the  pres- 
ent pumping  station,  water  mains,  etc. 
Black  &  Veatch,  Interstate  Bldg.,  Kansas 
City.  Mo.,  Engrs. 


Mo..  St.  Louis — The  Majestic  Mfg.  Co., 
2014  Morgan  St.,  is  having  plans  prepared 
for  a  2  story  factory,  including  several 
electric  motors.  About  $30,000.  J.  H.  Lynch 
&   Son,    Dolph   Bldg.,    Archt.    and   Engr. 

Ore.,  Burns — The  city  has  retained  Louis 
('.  Kelsey,  Consult.  Kngr.,  Portland,  to  pre- 
pare plans  and  supervise  the  construction 
of  a  lighting  plant. 

Ore.,  Corvallis  —  Edmund  Bergholtz, 
Archt.,  Spalding  Bldg.,  Portland,  will  re- 
ceive bids  until  Sept.  1  for  a  4  story,  75  x 
100  ft.  hotel.  About  $330,000.  Heating  con- 
tract will  be  sublet.  Owner's  name  with- 
held. 

O.e.,  Knierprise — The  Enterprise  Mercan- 
tile &  Milling  Co.  plans  to  construct  a  small 
electric  lighting  plant  at  its  flouring  mill 
ere,  which  will  be  operated  bv  water  power. 
G.  W.  Hyatt,  Pres. 

Ore..  Portland — Houghtaling  &  Dougan. 
Archts.,  329  Stark  St.,  will  receive  bids 
vmtil  October  1  for  a  5  story.  100  x  150  ft. 
tfmi)le  on  11th  and  .\lder  Sts.,  for  the  Elks 
Lodge.  Contract  for  heating,  etc..  will  be 
sublet.     About   $700,000. 


Cal..  Berkeley — The  Bd.  Educ,  2133  Alls- 
ton  Way,  will  receive  bids  until  .Tune  29 
for  furnishing  deep  well  pumping  head. 
mctiT,  pipe  electric  power  connections, 
belt.s.  foundations,  etc.  at  each  of  3  schools. 


CaL,  San  Francisco  —  The  Bureau  of 
Yards  &  Docks,  Navy  Dept.,  Wash.,  D.  C. 
will  receive  bids  until  June  30  for  furnish- 
ing and  installing  refrigeration  equipment 
in  the  Industrial  Bldg.,  here.    About  $50,000. 

CaL,  Stockton — The  Bd.  Supervs.  plans 
to  construct  bviildings  and  improvements 
for  the  Agricultural  Park  here.  Complete 
scheme  to  include  machinery  hall,  auto  ex- 
hibit building,  electric  light  and  power  plant, 
etc.  About  $1,000,000.  "V\''right  &  Satter- 
lee,  Archts. 

Que,,  Grosse  Isle — The  Dept.  of  I'ub. 
Wks.,  Ottawa,  will  soon  receive  bids  for 
new  boilers  for  the  Quarantine  station  here, 
at  $29,882. 

Que.,  >lontreal — The  city  plans  to  indtall 
an  electrically  driven  pumping  plant,  pro- 
vide for  the  initial  installation,  of  five  30,- 
000,000  gal.  pumps  and  space  for  3  addi- 
tional pumping  units.  Two  of  these  pumps 
have  been  ordered  and  are  already  in  oper- 
ation.     About   $850,000. 

Ont.,  Toronto  —  The  Bd.  Educ,  College 
St.,  plan.s  to  construct  a  3 -story  technical 
school,  including  a  vacuum  steam  heating 
system  with  an  electric  driven  mechanical 
ventilating  system.  About  $400,000.  Ad- 
dress Dr.  McKav.  Central  Technical  School. 
College   St. 

Ont.,  Toronto  —  The  Canada  Creosoting 
Co.,  1006  Canadian  Pacific  R.R.  Bldg.,  pl^ns 
to  construct  a  plant  and  is  in  the  market 
for  tanks,  cylinders,  pumps,  boilers,  motor 
generators,   etc. 

Ont.,  Toronto — The  Muskoka  Quarries, 
Ltd.,  271  Macpherson  Ave.,  plans  to  install 
a  complete  stone  crushing  plant  with  elec- 
trical motors   and  equipment. 

Ont.,  Woodstock  —  The  town  has  pur- 
chased a  site  on  Ingersoll  Ave.,  and  plans 
to  construct  a  substation  on  same.  Electric 
supplies,  including  switching  apparatus, 
transformers,  etc.,  will  be  installed  in 
same.  About  $35,000.  Mr.  Archibald. 
Engr. 


CONTRACTS    AWARDED 

Vt.,  Brattleboro — The  C.  F.  Church  Mfg. 
Co.,  Willimansett,  Mass.,  has  awarded  the 
contract  for  a  1  story  main  building,  1 
story  boiler  house,  etc.,  to  E.  F.  Carlson 
Co.,  244  Main  St.,  Springfield,  Mass..  at 
$80,000. 

Conn.,  Hartford — The  Hartford  Fire  In- 
surance Co.,  125  Trumbull  St.,  has  awarded 
the  contract  for  a  1  story,  90  x  120  ft. 
boiler  house  on  Asylum  St.,  to  Marc.  Eid- 
litz  &  Sons  Co.,  30  East  42nd  St.,  New  York 
City.     About  $150,000. 

Conn.,  Waterbur.v — The  Connecticut  Light 
&  Power  Co.,  Ill  West  Main  St.,  has 
awarded  the  contract  for  a  2  story  addi- 
tion to  its  power  station  on  Freight  St.,  to 
D.  Wooster,  39  Harvard  St.     About  $10,000. 

N.  Y.,  Long  Island  City — The  Atlantic 
Macaroni  Co.,  Inc.,  295  Vernon  Ave.,  has 
awarded  the  contract  for  a  93  x  400  ft. 
factory  including  a  steam  heating  system 
on  Vernon  Ave.  and  14th  St.,  to  the  White 
Constr.  Co..  Inc.  95  Madison  Ave..  New 
York  City.     About   $1,000,000. 

N.  Y.,  New  York  (Bronx  Borough) — V. 
Vivadou  Perfumery,  Inc.,  Times  Bldg.,  has 
awarded  the  contract  for  a  group  of  fac- 
tory buildings,  including  a  steam  heating 
system,  on  the  Southern  Blvd.  and  Leggett 
Ave.,  to  J.  M.  Brady,  103  Park  Ave.,  at 
$1,000,000. 

N.  Y..  New  York — The  562  5th  Ave.  Corp., 
1552  B'way.  will  build  an  11  story  office 
building  including  a  steam  heating  system, 
on  4  6th  St.  and  5th  Ave.  Work  will  be 
done  by  day  labor. 

N.  J.,  Atlantic  Cit.v  — The  Ritz  Carlton 
Llnnard  Co.,  c/o  Warren  &  Wetmore, 
Archts.  and  Engrs.,  10  East  47th  St..  New 
York  City,  has  awarded  the  contract  for  a 
130  X  310  ft.  hotel,  including  a  sti  um  heat- 
ing system,  on  Illinois  Ave.  and  the  Board 
Walk,  to  Thompson  &  Starrett,  49  Wall  St.. 
New  York  City.      About  $2,000,000. 

N.  J.,  Newark — Samuel  Jones  &  Co..  37 
McClellan  St.,  has  awarded  the  contract 
for  a  1  story,  30  x  80  ft.  factory  and  a 
40  X  40  ft.  boiler  house,  to  Charles  R  Hed- 
don  Co.,   763   Broad   St..   at   $25,000. 


N.    J.,     Newark — Thu     Scholield     Oil     c 
Ave.   R,  has  awarded  the  contract  for  ;i    i 
story,  31  x  92  ft.  power  house  on  Railroad 
Ave.    and    Passaic    St,    to    B.    M.    Waldron 
Co..   885   Broad  St.     About  $30,000. 


N.  J.,  Trenton — The  Bergounan  Rubber 
Corp.  of  Trenton  has  awarded  the  contract 
for  three  factory  buildings  including  a 
steam  heating  system,  on  Whitehead  Rd.. 
to  the  Farrall  Constr,  Co.,  53  West  39th 
St.,  New  York  City,  at  $250,000. 

Md.,  Baltimore — The  Mayor  and  tne  Citv 
Council.  City  Hall,  has  awarded  the  con- 
tract for  a  3  story,  64  x  121  ft.  public 
school  including  a  steam  heating  system, 
on  Poplar  Grove  St.,  to  the  Standard 
Constr.  Co.,  1713  Saneoroe  St.,  Philadelphia. 
Pa.,    at    $399,000. 


Ala.,  Florence  —  The  U.  S.  Engineer's 
Office,  Wash.,  D.  C,  has  awarded  the  con- 
tract for  4  hydraulic  turbines  to  William 
Cramp  &  Sons,  Ship  &  Engine  Bldg.,  Phila- 
delphia,  Pa.      $519,600. 

O.,  Akron — The  Akron  Theatre  Co  C/O 
Frank,  Wagner  &  Mitchell,  Archts..  602 
Penn  Title  &  Trust  Bldg.,  has  awarded  the 
contract  for  a  3  to  6  story,  13  x  16ii  ft. 
theatre,  arcade  ajid  commercial  building  in- 
cluding a  steam  heating  system,  on  South 
Main  St.,  to  the  Carmichael  Constr.  Co.,  .t24 
Hamilton   Rldg.,  at   $500,(^00. 

O.,  Cleveland — The  Cleveland  Rv.  (  ,,.. 
Leader-News  Bldg.,  has  awarded  the  con- 
tract for  a  1  story,  47  x  64  ft.  electric  sub- 
station on  East  99th  St.  and  St.  Clair  Ave. 
to  the  Gaylord  W.  Peaga  Co.,  Citizens  Bldg.. 
and  for  the  installation  of  two  1500  kw. 
rotary  converters  with  blowers  and  genera- 
tor sets  and  other  .equipment  to  the  West- 
inghouse  Mfg.  Co.,  Swetland  Bldg.  Not<^ 
May  25. 

O.,  Middletown — The  Colin  Gardner  Paper 
Co.  has  awarded  the  contract  for  a  1  story. 
50  X  80  ft.  turbine  power  plant,  to  the  Ferfo 
Concrete  Constr.  Co..  Richmond  and  Har- 
riet  Sts.,   Cincinnati.      $45,000. 


O.,  WilloHKhby — The  Zenith  Tire  &  Rub- 
ber Co.,  450  Leader-News  Bldg.,  Cleveland 
has  awarded  the  contract  for  a  1  and  3 
story,  100  X  620  ft.  warehouse,  factory  and 
boiler  house  on  Main  St.,  to  William*  Dun- 
bar Co.,  8201  Cedar  Ave.^  Cleveland.  Two 
300  hp.  boilers  will  be  installed  in  same. 
About    $750,000.      Noted   Oct.    28. 


Mich.,  Detroit — The  Detroit  Graph  it.  Co.. 
12th  and  Fort  Sts.,  has  awarded  the  con- 
tract for  a  5  story,  61  x  92  ft.  office  build- 
ing including  a  steam  heating  system,  on 
12th  St..  to  the  Max  Batholomaei  Son  \- 
Co..  466  East  Warren  Ave. 


Ark.,  .4lrkadelphia — Quichita  College  has 
awarded  the  contract  for  three  3  story 
school  buildings  including  a  steam  heating 
system,  to  J.  D.  Brock,  at  $250,000. 


Kan..  Norton: — The  city  has  awarded  iht 
contract  for  a  commissary  building,  power 
house  addition,  concrete  coal  bunker,  dam 
and  addition  to  sewage  treatment  plant,  to 
Green  &  Rickey,  Norton,  for  a  100  hp. 
boiler,  hot  water  tank,  water  mains,  hy- 
drants and  other  miscellaricous  heating  and 
plumbing  work,  to  Patterson  &  Co.,  Toi)eka. , 
and  for  an  engine  and  generator,  etc.  to  | 
tho   Machinist  &  Electric  Co.,   Topeka. 

AIo.,  St.  Louis — D.  R.  Francis.  214  North 
4th  St.,  has  awarded  the  contract  for  in- 
stalling a  steam  heating  system  in  the  pro- 
posed mercantile  building  at  1529-3.")  Wash- 
ington Ave.,  to  the  Biohler  Heating  Co.. 
Railway  Exch.   Bldg. 

Te.x..  Galveston — The  Galveston  Wharf 
Co.  has  awarded  the  contract  for  the  in- 
stallation of  6  high  density  cotton  com- 
presses with  overhead  monorail  conveyance 
machinery  for  serving  all  piers  along  the 
Galveston  Wharf  front  from  Pier  10  to  41. 
to  J.  H.  W.  Steele  Co..  220  21st  St.  About 
$500,000. 

CaL.  Los  Angelen — The  Bd.  Educ.  731 
Security  Bldg.,  has  awarded  the  contract 
for  the  installation  of  a  steam  heating  sys- 
tem and  boiler  plant  in  the  proposed  1  and 
2  story,  132  x  220  ft  school  on  East  7tn 
St.,  to  Thomas  Haverty  Co.,  ath  St.  ami 
Maple   Ave.,  at   $12,585.      Noted   June   8. 


POWER 


/c-^'J 


Volume  51  NcW   York,   June  29,    1920  Suyaher  26 


The  Big  Stick 

By  Rufus  T.  Strohm 


Back  in  the  days  when  I  wore  knee  pants 
And  garden  work  was  a  circumstance, 
If  father  told  me  to  hoe  the  beans, 
Or  pick  the  bugs  from  the  growing  greens. 
Or  make  a  bed  for  the  humble  squash, 
Or  train  the  cucumber  vines,  b'gosh, 
I  went  and  did  it,  the  best  I  could. 
And  that,  believe  me,  was  pretty  good! 

Though  toil  is  a  thing  most  boys  dislike, 
It  never  entered  my  head  to  strike. 
Nor  was  I  tempted  to  slight  or  shirk 
Or  practice  soldiering  in  my  v/ork ; 
For  well  I  knew  I'd  be  playing  hob 
If  I  made  a  botch  of  that  garden  job, 
Since  there' d  be  a  conference  of  three — 
My  dad,  and  a  barrel  stave,  and  me! 

Now,  I'm  not  keen  on  the  sort  of  thing 
Like  a  kaiser,  emperor,  or  king; 
A  bit  of  them  is  a  quantum  suf. — 
Or  what  we  commonly  call  "enough"; 
For  though  a  few  may  be  good,  egad. 
The  common  run  of  the  lot  is  bad. 
Still,  what  we  need  in  the  present  hour 
Is  an  autocrat  with  a  big-stick  power. 

And  they  who  hindered  the  nation's  life 
By  brewing  trouble  and  stirring  strife 
Would  all  be  haled  to  the  autocrat 
With  the  iron  arm  and  the  cordwood  bat. 
And  brought  to  the  proper  frame  of  mind 
To  toil  for  the  good  of  humankind; 
For  work's  the  thing  that  the  countiy  needs- 
We're  long  on  talking  and  short  on  deeds! 


1030 


POWER 


Vol.  51,  No.  26 


Electrically  Driven  Steel  Reversing  Mills 


By  FRASER  JEFFREY 

Electrical   Engineer,   Allis-Clialmers 
Mfg.    Co.,    Milwaukee 


Tonnage  output  per  cost  of  operation  and  main- 
tenance rather  than  first  cost  is  the  basis  on 
which  electricity  is  efficiently  replacing  steam  as 
a  mill  drive.  Features  of  an  interesting  in^taU 
lation  in  which  a  reversing  motor  and  its  neces- 
sary complements  replaced  an  engine  unit. 


ONE  of  the  prime  points  of  consideration  outside 
of  the  "cost  per  ton"  in  any  steel-mill  installa- 
tion, is  the  "tonnage  output  per  cost  of  operation 
and  maintenance"  rather  than  the  "tonnage  output  per 
first  cost."  This  may  seem  somewhat  paradoxical  but 
is  evidenced  more  or  less  all  the  time  by  the  large 
number  of  mills  that  are  constantly  changing  over  from 
low-first-cost  units  to  equipment  of  higher  first  cost; 
namely,  steam  to  electric  drive.  Higher  first  cost  means 
little  if  in  a  reasonable  length  of  time  the  saving  in  cost 
of  operation  and  of  maintenance  will  more  than  offset  it 
to  the  extent  of  showing  appreciable  gains.  For  this 
reason  electric  drive  in  the  steel  mill,  in  view  of  its 
higher  efficiency  than  the  steam  drive,  is  more  than 
making  up  the  difference  due  to  its  higher  first  cost. 

In  the  older  type  of  steam-driven  mill  of  today,  the 
buildings  have  been  built  up  around  the  equipment  in 
such  a  manner  that  no  radical  changes  can  readily  be 
made  in  the  mill  layout.  In  many  cases  the  mill  property 
is  limited  in  size  such  as  would  prohibit  any  radical 
expansions  in  the  new  building  layouts,  and  in  general 
the  whole  sequence  of  operation  is  dependent  and 
radiates  from  the  two-high  steam-driven  reversing 
blooming  mill. 

/Competition  has  become  keen  of  late  years,  with  the 
result  that  the  different  mills  are  desirous  of  reducing 
the  cost  per  ton  of  their  product  in  every  way  reasonably 
possible.  It  is  usually  only  a  question  of  time  when  the 
reversing  engine  will  reach  the  state  where  practically 
complete  renewal  is  needed.  This  may  not  occur  for  a 
long  period,  many  of  those  faithful  old  engines  having 
seen  more  than  twenty  years'  service;  nevertheless, 
they  do  wear  out  just  as  any  piece  of  machinery  will. 
When  this  point  is  reached  there  are  several  courses 
open  to  the  mill  owner;  First,  the  old  engine  can  be 
renewed;    second,    the    engine   can    be    replaced    by    a 


reversing  electric  motor  and  its  necessary  complements ; 
third,  the  engine,  mill,  buildings,  etc.,  can  be  replaced  by 
a  continuous-running  electrically  driven  mill. 

If  the  engine  is  renewed,  the  cost  per  ton  of  product 
and  the  total  tonnage  will  remain  practically  the  same 
as  before.  If  the  engine  is  replaced  by  a  reversing  elec- 
tric motor  with  auxiliaries,  the  cost  per  ton  of  product 
will  be  reduced,  but  the  first  cost  versus  that  of  the 
engine  will  be  greater,  the  total  tonnage  remaining  prac- 
tically the  same  as  before,  provided  the  mill  has  already 
been  worked  to  its  full  capacity. 

The  replacing  of  the  engine,  mill,  buildings,  etc.,  by 
a  continuous-running  electrically  driven  mill  is 
obviously  prohibitive  and  not  to  be  considered. 

This  is,  then,  the  problem  facing  the  older  type  of 
steam-driven  mill — a  question  of  still  adhering  to  the 
steam,  or  one  of  electrification.  As  a  natural  con- 
sequence it  is  the  electrification  of  these  kinds  of  mills 
that  is  largely  responsible  for  the  reversing  motor  of 
today.  When  considering  an  entirely  new  electrically 
driven  blooming  mill,  the  continuous-running  type  is 
seldom  selected  (only  one  mill  of  this  kind  being  in 
existence  in  this  country  today)  because  it  can  be  con- 
sidered only  for  mills  turning  out  an  extremely  large 
tonnage  and  usually  of  one  particular  product.  The  first 
cost,  not  only  of  the  electrical  equipment,  but  of  the  mill 
equipment,  buildings,  etc.,  is  so  large  as  to  practically 
limit  its  use  to  this  kind  of  mill.  The  selection,  however, 
is  governed  more  or  less  by  local  conditions  and  such 
things  as  first  cost,  material  to  be  rolled,  conditions  of 
rolling,  tonnage,  etc.  The  continuous  mill  is  naturally 
more  efficient  than  the  reversing  type,  and  it  is  also  a 
proved  fact  that  the  reversing  motor  is  more  efficient 
than  the  reversing  engine.  Giving  the  engine  due 
credit,  it  may  be  stated  that  on  any  given  mill  it  can 
be  made  to  turn  out  as  much  tonnage  as  the  electric 
motor.  In  bfficiency,  however,  it  loses  out  considerably, 
and  this  is  the  potent  item  in  these  days  of  keen  com- 
mercial rivalry.  Within  recent  years  there  have  been 
erected  several  entirely  new  plants  in  which  steam  drive 
has  been  used,  but  this  U  largely  on  account  of  special 
prevailing  conditions  and  is  more  the  exception  than 
the  rule. 

Electrification  may  be  carried  to  the  extent  of  instal- 
ling a  complete  plant  from  prime  movers  to  motors  and 
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the  necessary  auxiliaries,  or  it  may  mean  only  the 
installation  of  the  large  main-drive  motors  and  their 
auxiliary  equipment.  A  great  deal  depends  on  the  size 
of  the  mill  and  the  local  conditions,  as  to  whether  or 
not  power  should  be  generated  at  the  mill  or  advan- 
tageously bought  from  some  one  of  the  local  power  com- 
panies. It  is  a  matter  of  record  that  in  most  of  the  older 
steam-driven  mills,  electricity  is  used  for  the  operation 
of  the  screw-downs,  tables,  cold  saws,  etc. 

At  one  steel  plant  the  reversing  engine  on  the  main 
plate-mill   drive   reached   the   point   where   one   of   the 


D.C.Cenerafor 


•Reversina  Motor 


FIG.    1.      ELECTRIOAI.    CONNECTIONS    OF    REVERSING 
MOTOR   AND  AUXILIARY  EQUIPMENT 


three  courses  of  procedure  previously  given  had  to  be 
considered,  with  the  result  that  the  second  one  was 
ultimately  decided  upon.  The  equipment  that  replaced 
the  steam  engine  has  now  been  in  operation  for  nearly 
a  year  and  has  shown  results  fully  sub.stantiating  the 
original  contention  that  it  would  be  better  to  electrify 
the  old  mill  even  at  a  higher  first  cost  than  it  would  be 
to  replaced  the  engine. 

The  installation  has  some  unique  features  that  may 
be  of  general  interest.  It  consists  of  a  direct-current 
reversible  motor  direct  connected  to  a  two-high,  two- 
stand  mill.  A  flywheel  motor-generator  set  transforms 
alternating  current  to  direct  current,  the  commutator 
of  the  direct-current  generator  on  the  set  being  elec- 
trically connected  through  an  automatic  reclosing  cir- 
cuit breaker  to  the  commutator  of  the  direct-current 
reversing  motor.  An  automatic  liquid  slip  regulator 
with  a  special  torque  motor  controls  the  line  peaks  by 
allowing  the  flywheel  to  give  up  its  energy  at  certain 
predetermined  points,  while  a  small  exciter  motor- 
generator  set,  under  control  of  a  master  switch  operat- 
ing in  conjunction  with  full  magnetic-type  control 
panels,  governs  the  fields  of  both  the  generator  and  the 
motor.  In  this  manner  a  speed  range  from  zero  to  70 
r.p.m.  is  possible  and  is  required  on  account  of  the  high- 
grade  alloy  steel  that  is  rolled  in  one  heat  from  the  bloom 
to  the  finished  product  in  passes  varying  from  15  to  25, 
depending  on  the  size  and  nature  of  the  material  being 
rolled.  The  sequence  of  operation  is  such  that  under 
certain  rolling  conditions  a  10  x  12-in.,  800-lb.  bloom  of 
hard,  tough  alloy  steel  is  rolled  to  a  final  product  16  in. 
wide  and  h  in.  thick.  The  roughing  and  edging  is  done 
on  the  first  roll  stand,  the  passes  being  short  and  at  low 


.speed.  The  material  without  reheating  is  then  trans- 
ferred by  an  electrically  driven  table  to  the  second  roll 
stand,  where  the  passes  are  of  long  duration  and 
accomplished  at  fairly  high  speed.  To  meet  the  varjing 
conditions  required,  the  master  controller  is  so 
arranged  that  23  speeds  forward  and  23  speeds  reverse 
are  obtainable.  A  simplified  wiring  diagram  of  the 
connections  is  shown  in  Fig.  1. 

A  complete  oiling  system  of  sufficient  capacity  to 
lubricate  the  bearings  of  the  reversing  motor  and  the 
flywheel  bea^-ings  of  the  flywheel  set  is  provided.  This 
includes  a  motor-driven  oil  pump  supplemented  by  a 
steam-driven  oil  pump  for  use  in  case  of  failure  of  the 
main  supply  line.  This  insures  a  constant  flow  of  oil 
to  the  bearings,  as  the  flywheel  set,  owing  to  its  own 
inertia,  will  not  come  to  rest  for  \\  hours  after  the 
main-line  switch  is  opened. 

The  speed  and  torque  control  is  governed  through  a 
master  switch  and  two  contactor  panels  shown  by  Fig.  2. 
On  one  panel  are  mounted  a  circuit-breaker  switch,  a 
set  of  reversing  switches,  accelerating  switches  or 
speed  points  and  a  current  and  voltage  relay.  Instead  of 
opening  the  main  circuit,  the  circuit-breaker  switch 
opens  the  field  circuit  of  the  generator,  thereby  making 
it  unnecessary  to  handle  large  currents  at  high  voltage. 
The  current  relay  governs  the  strength  of  the  motor 
field  relative  to  the  generator  field,  and  the  voltage  relay 
prevents  reclosing  of  the  circuit  breaker  until  the 
generator  voltage  has  dropped  to  zero,  and  the  master 
switch  is  returned  to  the  off  position. 

On  the  other  panel  are  a  number  of  switches  for  weak- 
ening the  field  of  the  motor  for  speeds  above  normal  and 
relays  and  switches  for  controlling  this  operation.  The 
switches  for  weakening  the  motor  field  are  selected  by 
the  master  and  will  insert  or  cut  out  the  resistance, 
corresponding  to  the  position  of  the  master  switch,  the 
latter  providing  a  means  of  selecting  the  direction  of 
rotation  and  the  speeds  desired. 

The  headpiece  shows  the  four-bearing  flywheel 
motor-generator    set    comprising    a    900-hp.    2200-volt 


FIG.  2. 


MixSTER  SWITCH  AND  AUTOMATIC 
CONTROL  PANELS 


three-phase  60-cycle  720  synchronous  r.p.m.  induction 
motor;  a  9.5-ft.  diameter,  45,000-lb.  machined  plate-type 
flywheel  fully  inclosed  in  a  sheet-metal  casing  and  a 
700-kw.  525-volt  direct-current  generator.  As  the 
stator  of  the  induction  motor  can  be  moved  axially, 
thus  exposing  the  rotor  and  stator  for  inspection  and 
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repairs,    it   is   unnecessary  to   disturb    the    shaft   and 
integral  flywheel  in  any  way  whatever. 

Including  windings,  slip  rings,  etc.,  the  rotor  is  made 
suitable  mechanically  and  electrically  to  withstand  the 
shock  of  "plugging"  and  is  used  principally  for  bring- 
ing the  rotating  parts  to  rest  when  shutting  down  the 
set.    Some  idea  as  to  the  inertia  of  the  moving  parts  is 


1'"1G.    3. 


LIQUID   STARTER   AND   AUTOMATIC    SLIP 
REGULATOR 


obtained  from  the  fact  that  it  takes  the  set  about  II 

hours  to  come  to  rest  from  full  speed,  the  retarding 
effort  being  its  own  windage  and  friction  only.  By 
tying  in  the  mill  motor  and  mill,  stopping  can  be  effected 
in  some  twenty  minutes,  while  by  full  "plugging"  the 
set  can  be  brought  to  rest  in  approximately  3}  minutes. 
The    direct-current    generator    is    of   the    shunt-wound 


ture  current  and  accomplishing  the  reversal  of  the  main 
mill  motor  v/henever  desired. 

The  starter  and  automatic  slip  regulator  of  the 
liquid  type,  Fig.  3,  consists  of  an  iron  tank  containing 
the  electrodes  and  electrolyte,  a  motor-driven  centrif- 
ugal circulating  pump,  a  torque  motor  operating  a  set 
of  weirs  controlling  the  electrolyte  level  and  the  neces- 
sary operating  accessories  such  as  no-voltage  release, 
plugging  valves,  accelerating  valves,  etc.  It  is  designed 
not  only  for  "plugging"  conditions,  but  to  start  the 
motor-generator  flywheel  set  from  rest  and  bring  it  up 
to  speed,  and  then  automatically  vary  the  speed  in  order 
to  increase  the  slip  so  as  to  permit  the  flywheel  to 
deliver  part  of  its  stored  energy  when  the  demand  for 
power  is  in  excess  of  the  amount  for  which  the  regulator 
is  set.  It  will  take  care  of  a  maximum  slip  of  approx- 
imately 20  per  cent,  thus  allowing  a  speed  variation  on 
the  fljnvheel  set  down  to  80  per  cent  of  full-load  speed. 

When  the  current  required  by  the  induction  motor  of 
the  flywheel  set  exceeds  the  amount  for  which  the 
regulator  is  set,  the  torque  motor  operates  the  weirs, 
thus  introducing  resistance  in  the  secondary  circuit  of 
the  induction  motor  and  permitting  the  flywheel  to  give 
up  some  of  its  stored  energy.  When  the  current  demand 
decreases  again,  the  reverse  operation  takes  place  and 
the  set  is  automatically  brought  to  its  normal  speed. 

The  iron  tank  of  the  regulator  is  divided  into  an 
upper  and  lower  compartment,  there  being  interposed 
between  the  two  a  large  butterfly  valve.  When  the  main- 
line switch  to  the  motor  of  the  flywheel  set  is  closed, 
the  electrolyte  in  the  regulator  is  at  its  lowest  level, 
and  consquently,  full  resistance  is  in  the  rotor  circuit. 
Closing  the  butterfly  valve,  which  is  then  held  in  posi- 
tion by  a  mLgnet  coil  and  catch,  starts  the  circulating 
pump  motor  and  causes  the  electrolyte  level  to  rise  and 
bring  the  induction  motor  to  speed.  Another  butterfly 
valve  located  in  the  discharge  pipe  of  the  circulating 
pump  can  be  given  various  adjustments  so  that  the  rate 
of  acceleration  can  be  varied  at  will.  The  magnet  coil 
and  catch  on  the  large  butterfly  valve  serves  as  a  no- 
voltage  release  and  also  acts  in  conjunction  with  the 
"plugging"  switch,  dumping  the  electrolyte  from  the 
upper  to  the  lower  compartment,  thus  inserting  full 
resistance  in  the  rotor  circuit  of  the  induction  motor. 
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FIG.  4.  J>()AI)  CHART  TAKEN  ON  LINE  SIDE  OF  INDUCTION  MOTOR  OF  FLYWHEEL  SET,  W^TH  REVERSING  -\toTOR 

UNDER  HEAVY  PEAK-LOAD  CONDITIONS 


interpole  compensated  type,  especially  designed  for 
"black"  commutation  of  heavy  overloads  in  current  up 
to  3,870  amperes.  The  :>hunt  fields  are  wound  for  250 
volts  and  are  controlled  by  means  of  the  master  switch 
operating  in  conjunction  with  a  25-kw.  induction-motor- 
driven  exciter  set.  In  this  manner  not  only  varying 
field  strengths  are  obtained,  but  the  polarity  can  be 
reversed  also,  thus  changing  the  direction  of  the  arma- 


Rogardless  of  the  heavy  peak-load  conditions  imposed 
on  the  reversing  motor,  the  automatic  regulator  smooths 
out  and  equalizes  the  power  from  the  line,  as  shown  in 
Fig.  4.  This  is  an  actual  load  chart  taken  on  the  line 
side  of  the  induction  motor  of  the  flywheel  set  when 
the  reversing  motor  was  working  under  heavy  peak  load. 

Reading  from  right  to  left  the  chart  shows  the  load 
conditions  from  12  o'clock  noon  until  7  o'clock  at  night. 
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The  final  setting  of  the  regulator  was  not  made  until 
6:10  o'clock  in  the  evening,  so  that  from  12  o'clock 
until  6  o'clock  different  settings  were  made  during  the 
intervals  at  1  :  15,  3  :  20,  4  :  50  and  6  :  10  p.m.  to  allow 
the  flywheel  to  carry  more  and  more  of  the  load.  For  this 
reason  a  gradual  reduction  in  the  peaks  on  the  induc- 
tion motor  is  quite  noticeable.  It  should  be  noted  that 
the  same  condition  of  rolling  prevailed  throughout  the 
entire  period  of  time  shown,  and  the  chart .  gives  a 
good  idea  as  to  what  can  be  accomplished  with  a  regula- 


FIG.    5. 


COMMUTATOR    END    OF    REVERSING    PLATE- 
MILL,  MOTOR  - 


this  kind  is  given  a  certain  definite  guarantee  as  to 
temperature  rises  for  various  loads,  it  is  much  more 
important  that  the  commutation  will  be  such  as  to  be 
consistent  with  long  life  and  continuity  of  service.  It 
is  inconsistent  to  set  a  limit  of  35  deg.  C.  rise  and 
sparkless  commutation  for  average  load  conditions,  if 
at  peak  loads  the  commutation  becomes  dangerous. 

From  the  smaller  type  of  steel  mill  there  is  usually 
a  demand  for  quite  a  varied  product  as  to  length, 
width,  thickness,  shape,  etc.,  that  has  to  be  accomplished 
by  being  able  to  meet  these  different  requirements  with 
the  one  available  equipment.  This  sometimes  involves 
apparatus  capable  of  varied  speed  ranges,  and  as  the 
conditions  of  one  mill  are  oftentimes  totally  different 
from  those  of  another  mill,  it  is  seldom  that  any  two 
are  alike.  This  involves  a  specialized  study  of  each 
condition  to  be  met  in  order  that  the  proper  equipment 
can  be  selected. 

On  the  other  hand,  in  some  of  the  larger  mills  rolling 
u  more  or  less  standardized  product,  such  as  rails,  rods, 
plate,  etc.,  the  power  requirements  are  fairly  well  known 
and  the  equipment  more  or  less  standardized.  There- 
fore, owing  to  the  already  numerous  installations  on 
which  data  are  available,  and  in  being  able  to  closely 
estimate  the  power  required  for  rolling  steel,  there  is 
at  this  time  no  difficulty  in  determining  within  close 
limits  the  power  required  to  drive  any  given  mill  work- 
ing under  any  given  condition. 


tor  of  this  kind  acting  in  conjunction  with  a  flywheel. 
In  the  final  setting,  from  6  to  7  p.m.,  the  regulator  was 
adjusted  for  a  current  load  on  the  induction  motor 
corresponding  to  the  dotted  line  shown. 

The  main  reversing  motor,  Fig.  5,  is  provided  with 
a  compensated  winding  in  the  faces  of  the  poles,  in 
addition  to  the  shunt-field  and  interpole  windings.  Its 
bearings  are  of  the  pedestal  type,  self-aligning,  ring- 
oiling  and  water-cooled,  the  pedestal  next  to  the  mill 
being  suitable  to  take  the  thrust  from  the  mill  in  case 
of  a  spindle  break. 

The  motor  has  a  normal  rating  of  800  hp.  and  2,500 
hp.  maximum  at  37  r.p.m.  It  is  capable  of  exerting  a 
maximum,  repeating  torque  of  400,000  lb.  at  1  ft.  radius 
from  zero  to  37  r.p.m.  and  a  maximum  emergency  torque 
of  425,000  lb.  at  1  ft.  radius.  It  is  capable  of  deliver- 
ing 1,200  hp.  continuously  without  injury;  constant 
torque  from  zero  to  37  r.p.m.  and  slightly  decreasing 
horsepower  from  37  to  70  r.p.m. 

From  full  speed  of  37  r.p.m.  to  the  same  speed  in  the 
reverse  direction  of  rotation  can  be  accomplished  in 
much  quicker  time  than  the  bloom  can  be  handled  for 
the  succeeding  pass.  As  the  entering  is  done  at 
comparatively  low  speed,  the  actual  period  of  reversal 
is  even  shorter  than  from  full  speed  in  one  direction 
to  full  speed  in  the  opposite  direction.  The  time  element 
of  reversal  is  therefore  more  than  enough  to  meet  the 
prevailing  rolling  condition  for  both  the  reduction  of 
the  bloom  as  accomplished  on  the  first  stand  of  rolls  and 
for  the  finishing  of  the  plate  on  the  second  stand  of  rolls. 

A  motor-driven  blower,  located  in  the  room  with  the 
flywheel  motor-generator  set,  draws  fresh  air  from  out- 
side of  the  building,  discharging  it  through  a  concrete 
duct  to  the  lower  back  end  of  the  reversing  motor.  Part 
cf  the  air  goes  into  the  rotor  spider  and  out  through 
the  ventilating  ducts  and  commutator  necks  past  the 
commutator  and  the  balance  past  the  field  coils  out 
above  the  commutator.     While  a  reversing   motoi    of 


Don'ts  for  the  Diesel  Engineer 

Don't  neglect  to  filter  all  your  fuel  oil. 

Don't  delay  regrinding  the  valves  until  the  engine 
stops  from  lack  of  compression. 

Don't  fail  to  clean  the  fuel-oil  filters  at  stated  inter- 
vals. 

Don't  try  to  put  the  cylinder-head  nuts  on  the  wrong 
studs.    Mark  both  stud  bolt  and  nut. 

Don't  forget  to  examine  the  main  bearings  at  every 
opportunity. 

Don't  neglect  the  bleeder  or  drain  on  the  air-com- 
pressor discharge  line.  IMoisture  in  the  air  makes  the 
engine  hard  to  start. 

Don't  allow  the  air-compressor  discharge  to  reach  a 
high  temperature;  a  plentiful  supply  of  lubricating  oil 
and  a  high  air  temperature  .ave  exploded  moi-e  than  one 
air  bottle. 

Don't  use  too  much  compound  iia  grinding  the  fuel 
valves.     Use  it  sparingly  and  so  avoid  grooving 

Don't  forget  to  examina  the  needle-valve  seat  when 
grinding  the  needle.  A  pocket  flashlight  will  lighten  up 
the  interior  of  the  valve  cage. 

Don't  think  the  air-compressor  inter- jooler  will  oper- 
ate forever  without  cleaning. 

Don't  allow  the  fuel  needle-valve  spring  to  become 
weak.  High-injection  air  pressure  mav,  in  such  event, 
cause  ^^he  needle  to  wedge  open. 

Don't  neglect  to  drop  a  little  kerosene  on  the  exhaust 
valve  stem  ej.ch  day.  This  will  prevent  gumming  where 
a  heavy  fuel  is  used. 

Don't  flood  the  air  compressor  with  oil.  Two  or  three 
drops  per  minute  per  cylinder  is  ample. 

Don't  neglect  leaks  around  the  fuel  pump  plunger. 
When  repacking,  remo\e  all  the  old  packing,  filling  the 
stuflSng  box  with  new  material. 

Don't  attempt  to  tighten  a  leaky  air-line  joint  under 
pressure. 
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Correct  Height  of  Return-Tubular  Boiler 

Above  the  Grate 


By   henry  MISOSTOW 

Enginoei-,   Smoke  Depaitmpnt.   City   of  Chicago 


For  best  results  with  bituminous  coal  the  shell 
of  a  return-tubular  boiler  should  be  set  as  near 
the  fire  as  possible  and  still  provide  ample  room 
for  the  gases.  The  result  is  not  oyihj  better  heat 
o.bsorption,  but  also  better  vombu>itlon,  due  to 
the  lower  furnace  temperature  and  the  less- 
violent  distillation  of  the  volatile. 


tions  in  practice  which  determine  this  distance,  and 
reduce  these  to  measureable  quantities  as  far  as  pos- 
sible. The  distance  from  the  shell  of  the  boiler  to  the 
grate  which  makes  possible  the  use  of  the  greatest 
amount  of  heat  generated  in  the  furnace  is  to  be  fav- 
ored, provided  such  a  setting  does  not  interfere  with 
making  available  the  maximum  amount  of  the  potential 
heat  in  the  fuel.  To  satisfy  these  conditions,  we  must 
set  the  boiler  as  close  to  the  source  of  heat,  which  is 


TO  MAKE  his  argument  in  favor  of  higher  set- 
tings for  return-tubular  boilers  impressive,  John 
A.  Stevens  in  the  March  30  issue  of  Poiver  claims 
it  to  be  in  accord  with  "modern  practice."  Whether  a 
particular  distance  from  the  grate  to  the  shell  is,  or  is 
not,  modern  practice,  is  of  small  importance.  A  me- 
chanical efficiency  of  90  per  cent  and  a  thermal  effi- 
ciency of  10  per  cent  surely  indicate  that  there  are  still 
possibilities  before  u.s. 

As  to  "gratifying  results"  from  modern  practice,  an 
actual  incident  of  recent  occurrence  may  be  illuminat- 
ing. Recently,  the  writer  designed  a  furnace  intended 
for  high  capacity  and,  incidentally,  better  economy.  A 
78-in.  by  20-ft.  return-tubular  boiler  was  equipped  with 
n  device  to  promote  circulation  and  was  to  be  equipped 
with  forced  draft  r.nd  special  grates.  With  these  im- 
provements installed,  the  combination  on  test  developed 
333  per  cent  of  rating  and  a  little  better  than  75  per 
cent  efficiency.  The  coal  man,  forced-draft  man  and 
the  man  who  equipped  the  boiler  with  the  circulating 


FIG.  1.     RETin<X-TUBUI.AR  BOILER  SETTING  WITH  LONG 
DITTCH-OVRN    ARCH 


device,  each  claimed  ciedit  for  the  boiler  performance, 
forgcttirg  cr  ignoring  the  part  played  by  others. 

Boiler  performance  is  the  combined  result  of  many 
factors  entering  into  or  contributing  to  the  operation 
and  cannot  be  claimed  or  attributed  to  the  height  of  a 
boiler  setting.  In  fact,  if  any  one  factor  should  be 
given  credit,  it  should  be  the  men  who  operate — the 
engineer  and  fireman. 

To  (icterrnine  the  best  distance  from  the  shell  of  the 
boiler  to  the  grate,  try  to  visualize  factors  and  condi- 


FIG.  2.     DUTCTH-OVEN  ARCH  CUT  AWAY  ABOVE  THE  FIRE 
AND  DEFLECTION   ARCH   ADDED 


the  fire,  as  possible,  and  still  have  a  furnace  which  will 
allow  perfect  commercial  combustion  in  the  presence  of 
the  boiler  at  the  predetermined  distance. 

Taking  for  granted  that  the  importance  of  draft  and 
its  utilization  is  fully  appreciated,  consider  the  combus- 
tion of  bituminous  coal.  The  characteristics  of  this 
coal  in  the  process  of  combustion  are  unlike  those  of 
any  other  form  of  fuel,  and  yet  it  presents  the  combined 
characteristics  of  all  other  principal  fuels,  such  as 
anthracite,  coke,  oil  and  gas.  Part  of  it  burns  on  the 
grates,  part  is  liberated  as  heavy  hydrocarbons  in  the 
form  of  oil  vapor  to  be  broken  up  into  gas  above  the 
fuel  bed,  and  CO  and  light  hydrocarbons  are  in  the 
form  of  gas  nearly  ready  for  combustion.  The  pre- 
paratory process  before  actual  combustion  takes  place, 
often  termed  distillation  of  the  volatile,  has  an  im- 
portant bearing  on  the  results  to  be  obtained.  The 
more  violent  the  process  of  distillation  the  harder  it 
is  to  obtain  complete  combustion.  There  is  less  fixed 
carbon  and  more  and  heavier  hydrocarbons  carrying 
a  greater  amount  of  free  carbon  than  with  anthracite. 
The  less  violent  the  process  the  less  hydrocarbons  of 
the  heavy  composition  containing  little  or  no  free  car- 
bort>  These  lighter  gases  are  easy  to  break  up  and 
burn.  The  rate  of  distillation,  or  rather,  violence  of 
distillation,  is  directly  proportional  to  the  temperature 
at  which  distillation  occurs. 

This  characteristic  of  bituminous  :oal  being  well  Sip- 
preciated  by  most  of  the  stoker  manufacturers,  each 
claims  that  his  stoker  is  the  best  means  to  obtain 
progressive  combustion;  that  is,  coal  is  being  slowly 
moved  into  the  zone  of  high  temperature,  making  pos- 
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sible  slow  distillation  at  low  temperature  and  a  high- 
temperature  zone  for  burning  the  remaining  coke  or 
fixed  carbon..  So-called  perfect  mechanical  firemen 
(^stokers)  that  flip  the  coal  have  failed  in  competition 
with  stokers  that  make  progressive  combustion  possible 
because  in  their  design  the  importance  of  slow  distilla- 
tion at  relatively  low  temperature  was  not  considered. 

The   foregoing    being   correct,   then    close   proximity 
of  the   boiler   is   desirable,    not   only   to   obtain    better 
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absorption,  but  also  to  obtain  better  combustion  Ijy 
reducing  the  furnace  temperature  and  at  the  same  time 
reducing  the  violence  of  distillation,  thereby  minimizing 
the  difficulty  of  handling  the  volatile  part  of  the  coal. 
The  time  required  for  distillation  in  practice  varies 
from  three  to  ten  minutes,  depending  upon  the  quantity 
charged  and  the  furnace  temperature,  but  on  an  average 
in  hand-fired  furnaces  six  minutes  is  ample.  During 
combustion  air  admitted  is  heated  to  the  furnace  tem- 
perature, and  naturally  its  volume  increases  as  the  tem- 
perature increases.  Any  restriction  to  this  expansion 
would  delay  combustion  and  interfere  with  the  mixing 
of  air  and  combustible  gases.  So  ample  room  must  be 
provided  for  the  gases  rising  from  the  fuel  bed. 

Gases  on  leaving  the  fuel  bed,  if  the  firedoors  are 
closed,  tend  to  rise  vertically  until  they  are  affected 
by  the  force  of  the  draft;  then  they  bend  slowly  toward 
the  exit  and,  when  in  line  with  or  above  the  bridge  wall, 
are  entirely  under  the  control  of  the  draft  and  take  a 
straight  line  to  the  rear  of  the  boiler.  Flames,  indi- 
cating the  direction  of  the  gases,  seldom  impinge  against 
the  boiler  at  right  angles,  but  travel  parallel  to  it.  In 
fact,  they  do  not  ascend  so  as  to  hug  the  curvature  of 
the  boiler,  indicating  that  the  force  of  the  draft  gets 
full  control  of  the  gas  travel  near,  and  a  little  above, 
the  bridge  wall.  The  chilling  effect  of  the  shell,  then, 
cannot  have  any  material '  effect  on  combustion,  as  the 
flames  travel  parallel  to  the  shell,  scarcely  toucning  it, 
for  there  is  a  gas  strata  or  film  covering  the  boiler  shell 
that  moves  at  comparatively  low  velocity,  being  impeded 
by  the  roughness  of  the  metal.  Therefore,  the  space 
required  for  combustion  will  be  that  space  necessary  to 
accommodate  the  gases  rising  from  the  fuel  bed  at  the 
furnace  temperature.  Combustion  will  be  carried  out 
ward  and  completed  in  the  combustion  chamber  without 
ill  eflfect  from  the  boiler  shell,  as  anyone  can  become 
convinced  by  observation  of  the  facts  in  every-day 
practice. 

The  amount  of  gas  per  pound  of  coal  in  the  furnace 
seldom  exceeds  20  lb.  This  is  augmented  by  infiltra- 
tion until  at  the  stack,  in  some  cases,  it  runs  as  high 
as  35  lb.  But  in  considering  the  furnace  space  above 
the  grate,  an  allowance  of  20  lb.  of  gas  per  pound  of 


coal  should  be  ample.  With  the  boiler  set  above  the 
fire  and  free  to  absorb  heat,  the  temperature  in  a  hand- 
fired  furnace  seldom  exceeds  1,800  deg.  F. ;  for  prac- 
tical purposes,  say  there  are  52  cu.ft.  of  gas  to  a  pound 
of  coal.  The  maximum  rate  of  combustion  for  a  hand- 
fired  furnace  can  be  taken  as  25  lb.  of  coal  per  square 
foot  of  grate  per  hour.  Gases  rising  from  each  succes- 
sive foot  longitudinally  of  the  grate,  traveling  toward 
a  common  point  and  in  a  straight  line,  are  bound  to 
coincide  or  join  together,  forming  one  mass  at  or  beyond 
the  last  unit  area  at  the  front  face  of  the  bridge  wall. 
The  gases  rising  from  the  front  end  as  they  pass  over 
the  second  square  foot  will  be  doubled,  and  the  gases 
over  the  last  foot  of  grate  will  be  as  many  times  greater 
as  the  distance  traveled  by  the  gases  rising  from  the 
first  square  foot  of  grate,  granting  that  all  grate  surface 
is  uniformly  active. 

The  maximum  rate  of  combustion  being  25  lb.  of  coal 
per  square  foot  of  grate  per  hour,  and  20  lb.  of  gas 
per  pound  of  coal  at  1,800  deg.  F.,  or  52  cu.ft.  of  gas 
jer  pound  of  coal,  the  required  height  to  accommodate 
the  gases  will  depend  on  the  velocity.  The  velocity  of 
the  gases  in  the  furnace  is  at  first  indefinite,  then 
gradually  accelerates  as  they  move  toward  the  bridge 
wall,  and  can  be  taken  conservatively  as  20  ft.  per 
second.  At  the  front,  where  the  velocity  is  less,  the 
gas  body  is  smaller,  so  natural  conditions  almost  com- 
pensate each  other.  The  area  required  to  allow  the 
gases    from    a    .strip    of    grate    1    ft.    wide    and    G    fl. 
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long   tc    pass   at    a   velocity    of    20    ft.    per   second    is 


—  2.17  sq.ft.     As  the  unit 


25_>(J0  X_52_X_0  _  13 

60  X  60  X  20  6 

width  is  1  ft.,  the  height  required  will  be  2.17  ft.,  or 
26  in.  Taking  the  space  requirement  for  the  fuel  bed 
f.nd  the  pitch  of  the  boiler  as  12  in.,  the  required 
distance  that  the  boiler  must  be  set  from  the  grate 
to  provide  a  space  for  the  change  of  direction  of  the 
gases  from  the  vertical  to  the  horizontal  will  be  26  + 
12  --  38  in. 
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From  this  it  can  be  seen  that  the  38-in.  setting  will 
take  care  of  the  combustion  requirements  provided  the 
rate  of  combustion  does  not  exceed  25  lb.  per  sq.ft.  of 
grote  per  hour.  Where  the  ratio  of  the  grate  area 
to  the  heating  surface  of  the  boiler  is  such  as  not  to 
require  this  rate  of  combustion,  the  distance  may  be 
reduced  accordingly. 

In  ordinary  practice  boilers  should  be  set  at  a  height 
above  the  dead  plate  not  less  than  0.25  of  the  grate 
length  plus  the  height  of  the  bridge  wall.  In  this  case 
25  per  cent  of  the  gi^ate  length  is  6  X  0-25  =  1.5  ft, 
or  18  in.  The  bridge  wall  being  18  in.  high,  then 
18  -\-  18  =  36.  Wherever  the  space  is  available,  to 
this  is  added  2  in.  to  take  care  of  the  required  boiler 
slope,  making  38  in.  from  the  dead  plate  to  the  shell 
of  the  boiler.  Any  variation  from  this  may  be  an 
expensive  luxury  or  an  expensive  economy. 

As  to  the  betterment  in  performance  by  reducing  a 
48-in.,  or  higher,  setting  to  38  in.,  it  is  difficult  to  draw 
a  comparison,  as  most  of  the  changes  from  higher  to 
lower  settings  have  been  made  simultaneously  with 
other  changes,  such  as  redesign  of  the  brickwork,  and 
while  the  results  obtained  in  each  case  were  worth 
while,  it  would  difficult  to  ascertain  the  gain  contributed 
by  reduced  height.  However,  the  writer  knows  of  one 
case  that  may  be  of  interest  in  more  ways  than  one, 
and  it  may  help  incidentally  to  clarify  some  of  the 
hazy  ideas  which  have  been,  and  are  now  being  fol- 
lowed by  some  of  the  so-called  combustion  experts  who 
persistently  harp  about  the  importance  of  high  tem- 
perature, the  chilling  effect  of  the  boiler  and  the  horrible 
results  following  the  contact  of  the  flame  and  the  boiler 
shell. 

The  sketches  submitted  are  setting  designs  for  the 
same  boiler  and  can  be  considered  as  an  index  to  the 
evolution  of  hand-fired  furnaces  for  return-tubular 
boilers,  each  representing  the  prevailing;  idea  at  the 
time  the  change  was  made.  Fig.  1  shows  a  full  dutch- 
oven  arch  9  in.  thick  extending  26  in.  beyond  the  bridge 
wall.  The  arch  is  8  ft.  6  in.  long,  and  there  is  a  3-in. 
space  between  it  and  the  shell  of  the  boiler.  The  boiler 
is  set  4  ft.  at  the  front  and  53  in.  at  the  bridge  wall 
from  the  shell  to  the  grate. 

In  May,  1908,  the  furnace  replaced  a  Hartford  setting 
to  prevent  smoke  and  to  improve  economy.  The  results 
were  not  as  anticipated.  A  boiler  test  showed  an  evapor- 
ation of  only  3.84  lb.  of  water  per  pound  of  coal,  high 
initial  and  final  furnace  temperatures  and  dense  smoke 
after  each  firing  for  from  one  to  two  minutes.  The 
capacity  was  but  little  over  one-half  of  the  rating.  About 
six  months  later  the  furnace  was  modified  as  shown  in 
Fig.  2,  the  significant  features  of  modification  being 
the  addition  of  a  deflection  arch  at  the  end  of  the  dutch- 
oven  arch,  and  the  exposure  of  the  boiler  shell  above 
the  fire  by  removing  4  ft.  from  the  front  of  the  dutch- 
oven  arch.  The  changes  improved  the  smoke  condition, 
but  not  to  a  degree  to  be  considered  satisfactory.  The 
initial  and  final  furnace  temperatures  were  reduced 
moderately.  The  capacity  approached  rating,  and  an 
evaporation  test  showed  4.25  lb.  of  water  per  pound  of 
coal  of  the  same  quality  as  before.    . 

In  1914  this  furnace  was  replaced  by  the  fancy  fur- 
nace shown  in  Fig.  3.  A  test  showed  an  evaporation  of 
5.05  lb.  of  water  per  pound  of  coal,  and  the  smoke  con- 
dition was  improved  somewhat.  Not  being  satisfied, 
the  engineer  kept  on  changing  and  another  commercial 
furnace  was  installed  which  showed  on  test  an  evapora- 
tion of  5.17  lb,  of  water  per  pound  of  coal. 


During  the  same  year,  on  the  writer's  advice,  the 
setting  was  changed  from  practically  53  in.  from  the 
grate  to  the  shell  at  the  bridge  wall  to  38  in.  and  the 
brickwork  was  redesigned,  as  shown  in  Fig.  4.  A  test 
with  the  same  quality  of  coal  used  with  the  other  fur- 
naces showed  an  evaporation  of  7.78  lb.  of  water  per 
pound  of  coal.  In  a  seven-day  test  the  evaporation  was 
7.07  lb.  of  water  per  pound  of  coal.  The  chimney  never 
shows  dense  smoke  if  the  boiler  is  properly  fired. 

In  this  case  it  is  difficult  to  say  how  much  credit 
^or  the  improvement  in  evaporation  is  due  to  decreas- 
ing the  distance  from  the  shell  of  the  boiler  to  the 
grate  or  how  much  is  due  to  the  brickwork  rearrange- 
ment, but  there  is  no  question  that  it  made  a  tangible 
contribution  to  the  final  results. 

The  Solid  Injection  Oil  Engine 

The  air  compressor,  be  it  a  direct-connected  or  a 
separate  unit,  furnishes  a  large  percentage  of  the 
Diesel-engine  troubles.  The  pressures  and  conditions 
under  which  it  operates  are  such  that  lubrication  i.s 
difficult;  valves  often  leak  and  packing  troubles  are 
always  present.  Furthermore,  since  considerable  quan- 
tities of  air  are  employed  in  the  injection  of  the  fuel 
charge,  the  power  demands  of  the  compressor  range  from 
6  to  10  per  cent  of  the  horsepower  developed  in  the 
engine.  Many  Diesel  designers  have  attempted  to  elimi- 
nate the  compressor,  but  with  little  success.  Where 
the  engine  is  operating  on  the  Diesel  cycle,  the  injec- 
tion of  oil  occurs  over  a  considerable  period  of  the  power 
stroke,  and  it  is  necessary  to  have  some  means  whereby 
the  pressure  in  the  fuel-oil  lines  can  be  kept  constant 
during  the  period  of  injection. 

The  Vickers  Co.,  of  England,  several  years  ago  aban- 
doned the  air  blast  on  their  Diesels  and  now  make  use 
of  a  fuel-injection  system  having  a  flattened  steel  tube 
to  maintain  the  oil  pressure.  This  design  apparently 
is  verj'  successful  since  many  Vickers  Diesels  are  in 
daily  service  in  the  British  navy  and  in  the  merchant 
marine. 

The  explosive,  or  constant-volume,  oil  engine  does  not 
require  a  constant  oil-line  pressure  nor  the  somewhat 
complicated  fuel-valve  mechanism  of  the  Diesel,  and 
it  is  to  this  type  of  engine  that  the  solid  injection  prin- 
ciple is  most  adaptable.  The  one  feature  with  the  solid 
injection  engine  that  requires  the  most  careful  design- 
ing is  the  atomizer,  or  injection  nozzle.  Since  there  is 
no  air  blast  to  break  up  the  fuel,  the  atomizer  must  do 
this  mechanically.  In  fact,  the  oil  must  be  atomized 
in  a  more  perfect  manner  than  necessary  with  the  air- 
injection  engine.  Furthermore,  the  nozzle  must  handle 
the  oil  without  the  dribbling  effect  so  prevalent  in  hot- 
bulb  designs. 

In  the  Diesel  engine  it  has  been  customary  to  employ 
a  compression  pressure  ranging  from  450  to  600  lb.  per 
sq.in.  Those  engineers  accustomed  to  these  pressures 
are  under  the  impression  that  with  the  lower  pressures 
encountered  in  the  explosive  engine  the  temperature 
will  be  entirely  too  low  to  cause  auto-ignition.  It  then 
appears  unreasonable  to  operate  an  engine  having  a 
compression  pressure  of  200  to  300  lb.  without  a  hot- 
bulb  or  other  ignition  device.  The  following  explana- 
tion is  given  with  the  idea  of  clearing  up  this  question. 

It  has  been  proved  that  a  fuel  will  ignite  at  a  tem- 
perature well  below  800  deg  F.  provided  it  is  atomized 
or  broken  up  to  allow  each  minute  oil  particle  to  be 
in  contact  with  the  necessary  amount  of  air.     It  is  ap- 
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parent  that  two  things  are  required — thorough  atomiza- 
tion  and  proper  temperature.  Fig.  1  is  a  curve  showing 
the  relation  of  temperature  and  pressure  where  the  com- 
pression is  adiabatic.  This  curve  is  based  on  the  equa- 
tion, 


Ti      \Pi) 


T„  the  temperature  at  the  beginning  of  compression,  is 
here  assumed  to  be  212  deg.  F.  When  the  engine  is 
warmed  up,  this  value  is  about  correct,  although  on 
starting  cold,  T,  will  be  somewhat  lower.  The  exponent 
n  is  assumed  to  be  1.35  instead  of  1.41,  with  the  inten- 
tion of  making  allowance  for  the  loss  to  the  cylinder 
walls  during  compression. 

The  temperature  with  300  lb.  final  compression  pres- 
sure is  approximately  1,050  deg.  F.  This  is  amply  high 
to  ignite  any  of  the  fuel  oils.     The  Diesel  engine,  with 
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FIG.    1.      CURVE    SHOWING    RELATION    OF   TEMPERATURE 
AND   PRESSURE  WHERE   COMPRESSION  IS   .\DIABATIC 


its  large  radiating  surface  relative  to  its  compression 
volume,  experiences  a  loss  of  temperature  that  is  much 
greater  than  in  the  case  of  the  solid-injection  engine 
having  a  combustion  chamber  with  a  large  volume  and 
a  small  radiating  surface.  It  is  quite  likely  that  the 
chilling  effect  of  the  expanding  air  blast  in  the  Die.sel 
causes  a  drop  of  at  least  150  deg.  F.  in  the  temperature 
of  the  air  and  oil.  As  a  practical  example  of  the  abil- 
ity to  operate  at  300  lb.,  many  operators  are  running 
old  Diesels  with  a  still  lower  compression. 

As  has  been  stated,  the  curve  in  Fig.  1  is  based  on 
an  initial  air  temperature  of  212  deg.  F.  On  starting 
a  cold  engine,  this  value  is  much  too  high;  if  there  is 
no  throttling  of  the  air,  it  should  be  around  70  deg.  F. 
This  would  give  a  final  temperature  of  about  725  deg.  F.. 
which  is  sufficient  to  ignite  a  well-atomized  fuel  charge, 
although  the  first  few  explosions  will  probably  smoke 
badly.  To  secure  thorough  atomization  and  ignition,  it 
is  necessary  that  the  oil  be  broken  up  without  any  part 
striking   the    relatively   cold   walls    of    the    combustion 


chamber.  This  has  led  to  various  designs  of  combus- 
tion chambers  as  well  as  atomizing  devices. 

In  this  discussion  no  consideration  has  been  given 
to  the  effect  the  injected  oil  has  on  increasing  the  pres- 
sure and  temperature  of  the  mixture  in  the  combustion 
chamber  or  to  the  time  element  as  applied  to  the  period 
of  vaporization  of  the  oil.  There  is  no  doubt  that  both 
these  factors  have  marked  influences  on  the  action  of 
the  engine. 

The  timi  ""g  of  the  injection  of  the  fuel  varies  in 
different  makes  of  engines  from  40  deg.  to  6  deg.  ahead 
of  outer  dead  center.  The  operator  of  a  Diesel  knows 
from  experience  that  an  injection  point  much  over  7 
deg.  ahead  of  dead  center  will  produce  marked  preigni- 
tion;  in  the  hot-bulb  engine  an  injection  point  of  30  deg. 
will  cause  severe  pounding  unless  water  injection  is  em- 
ployed. In  the  solid-injection  oil  engine  it  has  been 
found  that  the  timing  is  largely  dependent  on  the  com- 
pression carried.  If  the  compression  is  as  low  as  200  lb., 
as  in  the  Price  engine,  the  injection  must  be  earlier 
than  30  deg.  to  give  ample  time  for  the  vaporization  of 
the  oil,  while  with  300  lb.  pressure,  as  with  the  De  La 
Vergne  S.  I.  engine,  the  injection  is  not  over  6  deg. 
To  avoid  danger  of  preignition  at  early  injection  periods, 
a  combustion  chamber  is  placed  in  the  head.  The  oil 
is  injected  into  this  space  where  it  mixes  with  the  air. 
Since  the  major  part  of  the  air  charge  is  contained 
within  the  cylinder,  the  amount  of  air  in  the  combus- 
tion chamber  is  not  sufficient  to  produce  ignition  even 
with  a  sufficiently  high  temperature.  Ignition  can  occur 
only  when  the  moving  piston  forces  the  main  air  charge 
into  the  combustion  space. 

The  fuel  consumption  per  brake  horsepower  is  low; 
in  many  cases  it  equals  the  best  Diesel  results.  Since 
the  compression  is  much  lower  than  with  the  Diesel 
engine,  the  thermal  efficiency  based  on  indicated  horse- 
power is  not  as  good  as  with  the  latter  engine.  The 
extremely  high  mechanical  efficiency,  due  to  elimination 
of  the  air  compressor  and  lower  frictional  loss,  is  re- 
sponsible for  the  excellent  fuel  economy. 


Some  Boiler  Statistics  from 
"The  Locomotive" 

SUMMARY  OF   INSPECTORS   WORK  FOR   1919 

Total  number  of  boilers  examined P)71,28.^ 

Number  inspected   internally 160,84  7 

.Number  inspected  by  hydrostatic  pressure 9,0-l.'; 

Number  of  l)oilers  found  to  be  uninsurable 1,04  2 

Summary  of  Defkpts  Dt.<!covered 
Nature  of  Defect  Wbole      Danper- 

Number  ous 

Cases  of  sedimen.  or  loose  scale :!1..">99  1.78S 

Cases  of  adhering  scale 47,284  1,907 

Cases    of  grooving 2.393  271 

Cases  of  internal  corrosion 21,201  817 

Cases  of  external  corrosion 11,260  955 

Cases  of  defective  bracing 1.173  230 

Cases  of  defective  staybolting 2.428  493 

Settings  defective 9,423  836 

Fractured    plates   and   heads 3.473  487 

Burned    plates 4,836  518 

Laminated   plates 338  27 

Cases  of  defective  riveting 1.443  324 

Cases  of  leakage  ii.round  tubes .      13.ol8  1,226 

Cases  ot  defective  tubes  o.-  flues 19.700  6,353 

Cases  of  leakage  at  seams 5,738  413 

Water   gages   defecti.e 4.158  789 

Blowoffs    defective 5,325  1.488 

Cases  of  low  water 421  149 

Safety  vahes  overloaded 1,134  289 

Safety    valves    defective 2.077  374 

Pressure   gages   defective 7.332  628 

Rollers  without  pressure   gages 634  82 

Miscellaneous    defects 5,588  664 

Total     202. '^76  20.603 

Note  that  more  than  a  thousand  boilers  were  found  so 
dangerous  as  to  be  considered  too  great  a  risk — and  this  is 
the  number  foun.l  by  but  one  company. 
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Electric  Elevator  Machinery — Brake  Adjustments 


Precautions  To  Be  Observed  in  Coupling  Motor  to  Elevator  Machine 
To  Make  Brake  Adjustments  Properly — How  To  Reline  Brake 
Shoes  and  Get  the  Leather  To  Make  a  Good  Fit 


How 


By  M.  A.  MYERS 

]i;ietlri(.:il   Knginct-r,   Tlie    Maintenance   Co.,   Nvw   York   City 


THE  connecting  link  between  the 
motor  and  a  modern  elevator  ma- 
chine is  the  coupling,  which  is  actu- 
ally a  combined  coupling  and  brake  pulley. 
Fig.  2  shows  a  section  through  a  typical 
coupling.  The  fit  of  the  shafts  in  the 
coupling  must  be  excellent,  the  keyways 
well  cut  and  the  keys  a  tight  fit.  Owing  to 
the  constant  reversals,  starts  and  stops, 
loose  keys  and  keyways  will  be  so  battered 
in  a  comparatively  short  time  that  a  shop 
job  will  be  required  to  repair  the  damage. 

The  brake  on  electric  elevators  may  be 
either  a  leather-lined  band  of  sheet  steel, 
or  as  is  now  more  generally  practiced, 
two  leather-lined  cast-iron  shoes.  Occa- 
sionally, in  some  of  the  older  machines  wood  lagging 
is  found  instead  of  leather.  The  brake  is  opened  and 
held  open  by  an  electric  solenoid  or  magnet  and  is  set 
against  the  brake  pulley  when  the  current  is  switched 
off,  by  means  of  a  spiral  spring  or  springs,  although 
occasionally  a  weight-and-lever  device  is  used. 

One  modern  type  of  brake,  as  used  on  a  Wheeler 
McDowell  elevator  machine,  is  shown  in  Fig.  1.  When 
the  solenoid  F  is  energized,  the  plunger  G  is  pulled  up 
and  raises  lever  H.  This  action  lifts  the  top  shoe  and 
lowers  the  bottom  one  by  means  of  the  links  K  and  K, 
which  are  made  adjustable  by  turnbuckles.  Side  move- 
ment of  the  shoes  S  and  S  is  prevented  by  the  guides 
E  and  E  which  are  an  integral  part  of  the  supporting 
frame.  When  the  solenoid  is  de-energized,  the  shoes  are 
forced  against  the  pulley  by  the  spiral  springs  J  and  J, 
the  tension  of  which  is  adjusted  by  the  nuts  N  on  the 
through-rod. 

The  adjustments  of  elevator  brakes  may  be  easily  and 
quickly  made  or 
may  be  a  slow 
and  tedious  job, 
according  to  the 
style  of  brake 
and  the  local 
conditions.  An 
improperly 
counterweighted 
car  adds  to 
the  difficulties 
of  brake  setting^ 
and  this  is  par- 
ticularly true 
where  the  car  is 
heavier  than  the 
weights.  The 
prerequisite  for 
satis  factory 
brake  adjust- 
ment is  to  have 
the     shoes    to 


open  as  little  as  possible  without  rubbing 
the  brake  wheels  when  the  brake  is  re- 
leased. An  opening  that  will  permit  the 
insertion  of  an  ordinary  sheet  of  writing 
paper  between  the  shoes  and  brake  wheel 
is  sufficient.  This  will  allow  the  shoes  to 
set  quickly  and  smoothly  and  minimize 
any  tendency  to  rebound.  The  remaining 
adjustment  may  be  then  made  by  means 
of  adjusting  spring  tension  or  weight 
leverage. 

A  properly  counterweighted  equipment 
is  one  that  is  over-counterweighted  by 
about  one-third  the  full-load  capacity  of 
the  car.  Then  as  the  car  is  loaded,  it 
approaches  an  even  balance  and  ordinarily 
makes  the  majority  of  its  runs  under  this  approximately 
balanced  condition ;  therefore,  strain  on  the  brake  is 
evenly  divided  on  the  up  and  down  motion.  When  the 
car  is  loaded  up  to  two-thirds  of  the  capacity,  the  original 
no-load  condition  is  simply  reversed  in  that  the  one- 
third  overbalance  is  in  the  car  instead  of  the  counter- 
weights. Then  there  is  only  a  one-third  additional  load 
on  the  car  over  the  counterweights  to  provide  for,  mak- 
ing it  possible  in  the  ordinary  brake  setting,  as  already 
described,  to  insure  a  reasonably  easy  stop  under  all  con- 
ditions of  loading. 

When  the  car  is  heavier  than  the  counterweights  to 
start  with,  the  brake  will  have  more  work  to  perform 
on  the  down  motion  than  on  the  up,  and  this  condition 
never  reverses.  As  the  load  on  the  car  is  increased,  the 
work  for  the  brake  on  the  down  motion  is  increased, 
while  on  the  up  motion  it  is  practically  zero,  except  to 
prevent  the  car  from  starting  downward  again  after  it 
comes   to   a   stop.      If  the  brake   is   adjusted   to   work 

smoothly  on  the 
down  motion,  it 
will  very  likely 
cause  a  severe 
jar  to  the  car 
and  machinery 
on  the  up  mo- 
tion. About  the 
best  that  can  be 
done  in  some 
cases  is  to  strike 
a  compromise. 
However,  where 
the  construction 
of  the  brake  will 
allow,  adjusting 
one  shoe  closer 
to  the  pulley 
than  the  other 
or  giving  one 
shoe  greater 
tension  than  the 
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other,  or  both,  will  help  materially  in  making  a  smooth 
stop.  The  explanation  for  this  will  be  found  in  Fig.  3. 
With  the  brake  pulley  running  clockwise,  as  shown  by 
the  curved  arrow,  in  which  case  most  cars  will  be 
on  the  up  motion,  the  rotation  of  the  pulley  when  the 
brake  sets  will  tend  to  make  the  top  shoe  grip  tighter 
and  will  tend  to  throw  off  the  bottom  shoe,  as  indicated 
by    the    short    arrows.      Reverse    the    motion    and    the 


Brake  PulleU 


Motor  fT^^T"'       \         ^s:^\< 

Shaft " "' V     ^  wZyy.-y:///^'///^-,s: .  '.x^:^^ 


'^orm  Shaft 


Fro. 


BRAKE    AVHEEL    AND    COUPLING 


opposite  is  true.  The  top  shoe,  therefore,  may  bs  said 
to  be  primarily  the  up-motion  shoe  and  the  bottom 
the  down-motion  shoe.  In  the  difficult  case  just  de- 
scribed, surprising  results  may  sometimes  be  obtained 
by  adjusting  the  bottom  or  down-motion  shoe  to  do 
most  of  thb  work.  Where  the  brake  has  vertical  shoes, 
merely  figure  out  the  up-  and  the  down-motion  shoes 
from  the  direction  of  rotation  and  the  location  of  the 
hinge  pins,  ^his  principle  of  adjustment  need  not 
necessarily  be  applied  to  exceptional  cases  only. 

Dynamic  Braking  for  Elevators 

Some  types  of  brakes  have  adjustable  stops  to  govern 
the  amount  of  opening  of  one  or  both  shoes.  In  all  cases 
a  few  moments'  study  will  show  the  similarity  of  action 
but  with  different  details.  The  foregoing  discussion 
takes  no  account  of  dynamic  braking,  which  is  now 
considerably  used,  especially  for  high-speed  cars,  to 
assist  the  mechanical  brake.  Dynamic  braking  consists 
of  connecting  a  resistance  across  the  armature  terminals 
the  instant  the  operating  current  is  switched  off,  with 
the  fields  ift  a  greater  or  less  state  of  excitation.  The 
motor  then  becomes  a  generator  sending  current  for  an 
instant,  of  approximately  the  initial  starting  inrush 
value,  and  dying  down  to  zero  as  the  car  comes  to  rest, 
through  the  resistance.  This  dynamic  load  on  the  motor 
acts  to  bring  it  to  a  stop  and  is  of  great  assistance  to 
the  mechanical  brake.  The  amount  of  dynamic  braking 
can  be  adjusted  by  adjusting  the  dynamic  resistance 
and  also,  where  the  system  of  control  permits,  by  adjust- 
ing the  field  strength.  On  some  types  of  controllers  two 
or  three  dynamic  braking  switches  are  used  to  reduce 
the  dynamic  resistance  as  the  motor  comes  to  a  stop. 

If  for  any  reason  the  brake  must  be  removed,  take  the 
precaution  to  land  the  weights  in  the  pit  by  placing  a 
timber  under  them  and  inching  the  car  up  until  the 
weights  land.  If  it  happens  that  the  car  is  heavier 
than  the  weights,  it  must  of  course  be  landed  instead  of 
the  latter.    This  condition  can  usually  be  determined  by 


holding  the  brake  open  so  that  it  can  be  quickly  applied 
and  then  turning  the  brake  pulley  and  noting  the  direc- 
tion in  which  it  tends  to  continue  to  rotate.  Where  con- 
venient, the  drum  is  sometimes  blocked  instead  of  land- 
ing the  weights  or  car.  These  precautions  are  to  pre- 
vent runaways,  which  sometimes  result  in  disa.ster. 

Oil  Sometimes  Causes  Trouble 

Trouble  with  brakes  may  arise  from  oil  creeping  from 
the  motor  bearing  or  gear-case  stuffing  box  to  the  brake 
pulley  and  -mpregnating  the  leathers.  When  the  brake 
is  cold,  this  oil  will  be  gummy  and  the  braking  action 
likely  to  be  harsh.  As  the  brake  warms  up,  the  oil  will 
become  thin,  and  sliding  may  ensue.  The  remedy  •"'il  be 
to  remove  the  shoes,  wash  the  leathers  thoroughly  with 
gasoline  or  scrape  with  glass,  or  apply  both  remedies. 
Sometimes  fuller's  earth  or  whiting  is  rubbed  into  the 
leathers  to  absorb  the  oil,  after  w^hich  they  are  scraped. 
On  the  other  hand,  when  the  leathers  become  drj'  and 
brittle,  they  should  be  treated  with  a  good  leather  dress- 
ing such  as  neatsfoot  oil.  Wearing  of  the  hinge  pins, 
'ink  pins  and  bores  will  increase  brake-adjustment  diffi- 
culties. When  this  occurs,  the  holes  can  be  rebored  and 
bushed  and  new  pins  substituted. 

The  brake  leathers  are  fastened  to  the  shoes  or 
bands  by  means  of  copper  rivets,  the  heads  of  which 
are  countersunk  into  the  leather.  Before  the  leather 
is  worn  so  thin  as  to  allow  the  rivet  heads  to  rub,  the 
brake  should  be  relined.  The  leather  is  usually  about 
one-quarter  inch  in  thickness;  the  proper  thickness  for 
any  case  can  be  determined  by  measuring  the  brake- 
pulley  diameter  and  the  diameter  to  which  the  shoes  are 
bored. 

To  renew  the  leathers  withoui  special  equipment, 
remove  the  old  leather  and  rivets,  cut  the  new  lining 
to  size  and  clamp  it  to  the  shoes  at  each  end  by  means 


FIG.  :<. 


IXniCWTKS    THE   ACTION"    liETWEEN    BRAKE 
SHOES   A. VI-)   rri-LEY 


of  "C"  clamps.  Since  the  leather  is  quite  stiff,  it  should 
be  bowed  outward  and  the  edges  hammered  in  without 
loosening  the  clamps  to  force  it  to  lie  perfectly  flat 
against  the  shoe.  By  repeating  this  operation  several 
times  a  good  fit  will  be  obtained,  after  which  an  ordinary 
twist  dr  M  of  the  proper  size  should  be  run  through 
the  holes  in  the  shoe  and  at  the  same  time  chrough  the 
leather,   holding   the   latter   against    a   wood   block.      A 


1040 


POWER 


Vol.  51,  No.  26 


special,  flat-ground  countersink  drill  the  size  of  the 
rivet  heads,  with  a  center  guide,  is  then  used  to  counter- 
sink the  holes  in  the  leather  to  at  least  one-half  the 
thickness  of  the  lining.  The  riveting  is  then  simple; 
No.  7  rivets  are  usually  employed.  Care  must  be  taken 
that  the  leather  hugs  the  shoe  the  entire  surface  to  make 
sure.   Sometimes  it  is  desirable  to  place  a  leather  lining 


on  an  old  wood-lagged  brake.  The  wood  lagging  should 
be  bored  to  the  correct  diameter,  after  which  the  leather 
may  be  fastened  either  by  shoemaker's  wooden  pegs, 
or  by  flat-head  wood  screws,  countersinking  the  heads 
similarly  to  the  rivets.  In  either  case  it  is  well  to 
fasten  the  ends  of  the  leather  with  flat-head  stove  bolts, 
extending  through  the  old  lagging  and  the  iron  shoe. 


Our  Water  Powers— Fallacies,  Facts  and  Possibilities 

Rebuilding  Small  Plants  as  Desirable  as  Making  New  Developments 


By  earl  STAFFORD 

With  John  P.   Vaughn,  Engineers,  Boston 


HOW  many  of  us  have  a  clear  understanding  of 
the  future  of  our  water  nowers,  their  extent,  the 
expenditure  necessary  before  their  energy  may 
be  utilized  and  their  value  to  the  country  when 
developed?  Extravagant  statements  by  enthusiasts 
have  added  to  a  popular  belief  that  water  power  is  prac- 
tically inexhaustible  and  virtually  free,  while  repeated 
use  of  the  term  "white  coal"  has  created  the  impression 
that  when  coal  and  other  natural  fuel  supplies  are  gone, 
hydro-electric  developments  will  furnish  the  greater  part 
of  our  Ught,  heat  and  power.  It  is  the  purpose  of  this 
article  to  show  the  error  in  such  beliefs  by  giving  a 
better  general  idea  of  the  limits  and  possibilities  of 
water  power,  and  also  to  show  how  the  manufacturer 
owning  a  water-power  plant  may,  with  profit  to  him- 
self help  to  conserve  the  fast  disappearing  fuel  of  the 
United  States. 

Water  power  can  never  be  exhausted  by  use  because 
it  comes  from  the  rain-water  which,  when  evaporated 
from  the  ocean,  runs  back  over  the  falls  and  rapids  of 
the  rivers.  On  the  other  hand,  the  amount  available  in 
any  one  year  has  definite  limits  which  may  be 
determined  by  engineering  investigation,  and  although 
the  supply  is  continuous  the  volume  of  power  is  surely 
far  from  unlimited.  One  of  our  leading  engineers.  Dr. 
Steinmetz,  of  the  General  Electric  Co.,  in  a  comprehen- 
sive analysis  of  the  water  resources  of  the  United  States, 
has  shown  that  if  all  rivers  could  be  dammed  throughout 
their  length  and  developed  for  power,  we  would  not  get 
the  power  equivalent  of  the  coal  m.ined  annually  in  thir 
country.  The  impossibilit\  of  completely  substituting 
water  power  for  coal  will  thus  be  seen,  and  as  the 
requirements  of  our  industries  are  increasing  at  an 
enormous  rate,  the  discrepancy  between  the  demand  and 
this  supply  will  be  even  more  apparent  as  the  years 
go  on. 

Water-Power  Development  Costs  Money 

Another  idea  often  put  forth  is  that  water  power  is 
unlimited  and  that  vast  amounts  may  be  had  for  prac- 
tically nothing.  This  is  far  from  true,  for  although 
water,  the  raw  material,  is  free,  plants  built  to  produce 
hydro-electric  power  involve  heavy  expenditures. 
Modern  large-scale  developments  require  investment  for 
power  houses  and  equipment,  and  for  the  cost  of  land 
inundated  by  dams,  with  resulting  interest  charges  that 
are  equal  to  a  large  part  of  the  fuel  bill  of  a  steam- 
power  station  doing  the  same  work.  In  most  sections 
of  the  country,  however,  there  are  still  many  untouched 
water-power  sites  that  may  be  developed  to  produce 
power  cheaper  than  it  can  be  obtained  from  coal.     As 


demonstrated  by  early  ventures,  however,  success  in 
water-power  development  of  any  magnitude  can  come 
only  through  sound  financing  and  careful  engineering. 
At  present  we  can  choose  those  most  advantageous,  but 
the  time  will  come  when  almost  all  water-power  pos- 
sibilities must  be  developed,  even  at  great  cost,  in  order 
to  conserve  fuel  for  human  needs. 

It  has  been  well  said  that  the  most  daring  experiment 
ever  attempted  by  the  human  race  occurred  when  man 
left  the  torrid  zone  for  climates  where  fuel  is  an  absolute 
necessity  for  preserving  human  life.  Cheap  and  abun- 
dant fuel  has  so  far  made  the  experiment  a  success. 
That  it  may  continue  to  be  so  in  the  face  of  the  deple- 
tion of  fuel  resources  is  a  problem  that  gives  much  con- 
cern. The  solution  undoubtedly  lies  in  securing  addi- 
tional sources  of  heat  supply.  In  this  connection  some  of 
us  have  the  hazy  notion  that  we  can  use  electricity  from 
water  power  lor  heating  our  homes.  This  is  indeed  a 
fallacy.  Electricity  for  heating  a  home  would  cost  at 
least  ten  times  as  much  as  coal  for  the  same  purposes, 
and  the  demand  would  exceed  the  supply  long  before 
even  those  who  could  afford  to  pay  for  it  could  be  pro- 
vided for.  We  must,  therefore,  continue  to  use  fuel  for 
heat,  but  can  employ  water  power  for  lighting  and  indus- 
trial use,  assisted  when  necessary  by  power  from  steam 
stations.  It  is  a  patriotic  duty,  then,  to  be  saving  of 
^atural  fuel  resources  for  coming  generations,  that  they 
may  not  be  able  to  convict  this  generation  of  robbing 
tfiem. 

Conservation  Generally  Recognized  as  Necessary 

Attempts  to  adopt  a  general  conservation  policy  have 
already  been  made  by  some  nations.  In  England  the 
government  is  studying  schemes  for  mammoth  steam 
plants  located  by  districts  so  that  power  may  be  dis- 
tributed electrically  and  thus  eliminate  the  waste  of 
scattered  small  producers.  Canada  is  alert,  and  through 
commissions,  the  various  provinces  are  not  only  map- 
ping out  a  progressive  po'icy  but  also  have  built  large 
hydraulic  plants  and  ti-ansmission  systems.  In  this 
country  also,  schemes  have  been  proposed  for  private 
capital  to  build  steam  plants  at  the  mouths  of  the  mines, 
connected  through  a  network  of  transmission  lines  with 
power  developments  on  the  large  rivers.  These  pro- 
posals are  not  visionary  and  are  sure  to  materialize 
within  the  lives  of  the  present  generation. 

One  of  the  more  economical  ways  of  obtaining  power 
is  by  rebuilding  the  obsolete  under-developed  or  poorly 
planned  hydraulic  plants  that  were  constinicted  years  ago 
to  meet  the  moderate  demands  of  our  early  manufactur- 
ers    A  small  water-power  plant,  for  instc";  ce,  may  be  so 
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outgrown  by  the  mill  of  which  it  is  a  part  that  its  value 
seems  insignificant.  While  the  rest  of  the  manufac- 
turing plant  has  become  modernized,  the  water-power 
equipment,  except  for  the  occasional  replacement  of 
worn  parts,  has  been  left  as  originally  built.  Perhaps 
the  amount  of  power  obtained  from  it  is  uiiknown,  and 
very  likely  thought  to  be  several  times  as  great  as  tests 
would  show.  Possibilities  for  revamping  or  redevelop- 
ment in  such  cases  are  comparatively  great,  and  fre- 
quently 100  per  cent  more  power  is  obtainable.  The 
owner  of  such  a  plant  may  reason  that  the  gain  by 
rebuilding  is  insignificant  when  compared  with  the  rest 
of  his  manufacturing  costs.  This  may  be  true,  but  the 
saving  in  power  cost  that  is  possible  by  increasing  the 
output  of  even  a  small  hydraulic  plant  may  be  an 
appreciable  part  of  the  net  earnings  of  the  entire  fac- 
tory which  it  serves.  In  general  it  may  be  stated  that 
every  ten  horsepower  that  can  be  added  to  the  output 
of  the  plant  by  the  use  of  water  power  will  save  annually 
the  mining  and  transporting  of  a  car  of  coal. 

How  Reconstruction  May  Increase  Output 

As  illustrations  of  the  ways  in  which  more  power  may 
be  secured  through  reconstruction  of  an  old  plant,  the 
following  may  be  mentioned: 

1.  New   waterwheels    of   modern   type   will   deliver 

more  power  from  the  same  water. 

2.  Elimination    of    gears    and    countershafting    by 

direct-connected  electrical  generators,  from 
which  the  power  is  distributed  electrically,  will 
often  add  to  the  power  previously  obtained. 
'■).  By  enlarging  and  changing  the  water  passages  to 
and  from  the  wheel  case,  according  to  our  better 
knowledge  of  hydraulics,  the  power  losses  caused 
by  friction  in  the  flowing  water  will  be  mate- 
I'ially  reduced. 

4.  By  general  improvements  of  the  entire  hydraulic 

layout  through  stopping  leaks  in  dams  and  bulk- 
heads and  making  miscellaneous  repairs  that  an 
engineering  examination  would  show  to  be 
advantageous,  much  wasted  water  may  be  saved. 

5.  Changing  the  top  of  the  dam  or  the  flashboards 

so  as  to  provide  at  all  times  a  maximum  level  of 
the  headwater  will  often  increase  the  available 
head.  When  mills  were  first  built,  their  power 
requirements  were  small  and  no  attempt  was 
made  to  secure  all  the  head  or  fall  possible  for 
the  hydraulic  plant.  New  ways  of  discharging 
the  flood  water  open  up  unexpected  possibilities 
along  these  lines. 

6.  Improvement  in  the  millpond  or  in  small  near-by 

storage  reservoirs^  so  that  the  night  flow  of  the 

river  may  be  stored  for  day  use,  will  Increase 

the  water  available. 

When,  as  in  the  case  of  many  mills,  there  is  a  steam 

plant  working  in  conjunction  with  the  hydraulic  plant, 

the  combined  saving  by  rebuilding  the  water  power  may 

be  especially  advantageous. 

Old  plants,  considering  the  quantity  of  power  that 
they  furnish,  are  expensive  to  operate  and  to  maintain. 
Modern  plants,  on  the  other  hand,  because  of  the 
extreme  simplicity  of  their  apparatus,  require  little  care 
and  almost  no  repairs  and  replacements,  for  elimination 
of  gears  and  bearings  has  done  away  with  practically 
all  the  old  troubles.  Automatic  or  semi-automatic 
plants  which  operate  night  and  day  without  an  attend- 
ant and  with  only  occasional  inspection  are  among 
recent   improvements.     Automatic   devices   control   the 


power  output  of  these  plants  according  to  the  water 
available  or  the  demand  for  power,  as  the  ca.se  may  be. 
When  located  some  distance  from  the  mill,  electrical 
control  switches  and  indicating  instruments  may  be  pro- 
vided which  make  it  unnecessary  to  go  to  the  power 
station  when  starting  or  shutting  down. 

If  the  power  produced  by  a  small  plant  is  at  times 
more  than  can  be  utilized,  a  new  source  of  revenue  lies 
in  connecting  with  the  transmission  system  of  public- 
utility  light  and  power  companies.  The  output  from 
reliable  hydro-units,  however  small,  is  often  sought  by 
local  power  companies,  as  it  gives  a  re.serve  for  emer- 
gency. If  a  manufacturing  plant  is  purchasing  part  of 
its  power,  this  expense  may  be  materially  reduced  by 
selling  to  the  power  company  the  spare  output  of  the 
plant  during  the  night.  Revenue  from  such  sale  is 
practically  clear  profit  as  it  comes  from  water  that 
otherwise  would  go  to  waste  over  the  dam.  A  case  in 
mind  is  that  of  a  small  low-head  plant  thought  to  be 
useless  and  at  first  abandoned  becau.se  the  mill,  which 
had  burned,  was  rebuilt  at  some  distance.  The  rehabili- 
tated power  plant  with  a  short  transmission  line  now 
furnishes  about  two-thirds  of  all  the  power  the  mill 
requires,  and  during  the  greater  part  of  the  year  .sells 
part  of  its  output  to  the  local  power  company  at  a 
reduced  rate,  paying  the  owner  a  handsome  profit  on 
his  investment.  The  financial  return,  however,  is  not 
necessarily  the  most  important  consideration,  as  was 
demon.strated  during  the  war  when  the  Fuel  Adminis- 
tration found  it  necessary  to  close  on  one  day  per  week 
all  factories  not  operated  by  water  power.  By  obtain- 
ing the  maximum  output  from  his  hydraulic  plant,  t'ne 
individual  manufacturer  mar  .safeguard  his  own  inter- 
ests and  by  helping  to  save  coal  further  a  policy  of 
conservation  that  will  become  increasingly  important  in 
America's  progress. 

Conservation  a  Present,  Not  a  Future  Problem 

To  those  who  say  that  conservation  is  a  problem  of 
the  future  and  that  later  generations  must  look  out  for 
themselves,  we  answer  that  the  time  has  already  come 
when  this  generation  must  look  carefully  to  its  own 
future.  The  cheapest  and  most  readily  obtainable  of 
our  natural  resources  have  been  used,  and  the  rich 
homestead  lands  that  attracted  European  labor  have 
been  settled.  We  are  fast  approaching  the  labor  and 
natural  economic  conditions  that  prevail  in  other  coun- 
tries. 

The  turn  of  the  road  for  us  came  with  the  great 
changes  in  world  economic  conditions  caused  by  the  war 
We  are  being  forced  into  active  trade  competition  with 
European  nations  which  make  conservation  a  science. 
To  retain  the  lead  that  the  war  has  given  us,  we  must 
study  to  reduce  extravagance  and  to  eliminate  waste,  in 
order  that  when  the  period  of  lowei  prices  comes  we 
.shall  be  prepared  to  meet  it.  Development  of  additional 
water  power  will  release  coal-mining  labor  for  othei 
work  and  will  lighten  the  heavy  burden  imposed  upon 
the  railroads,  which  results  for  the  individual  manufac- 
turer in  higher  fuel  prices  and  from  which  the  nation  as 
a  whole  sufl"ers  through  clogging  of  the  channels  of 
tran.sportation. 

In  planning  the  big  things,  let  us  not  overlook  the 
small  possibilities — great  in  the  aggregate — that  lie 
around  us,  at  the  power  sites  selected  by  our  forefathers 
for  their  mills,  for  the  improvement  in  them  which  is 
commercially  possible  will  on  the  whole  double  the  power 
that  they  now  contribute. 
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Two  Indirect  Methods  of  Finding  the  Weight 

of  Ammonia  in   Circulation   in 

Compression  Refrigeration 


By  J.  W.  GAVETT,  Jr. 


MANY  different  methods  have  been  used  to  de- 
termine the  weight  of  ammonia  in  circulation 
in  compression  refrigerating  systems.  Among 
the  direct  mechanical  methods  are  the  use  of  meters  of 
various  types  and  the  placing  of  tanks,  mounted  on 
scales,  between  the  condsenser  and  the  receiver.  It  is 
evident  that  these  entail  the  installation  of  special  and 
expensive  apparatus  and  add  to  the  already  large  num- 
ber of  valves  and  joints  that  must  be  kept  tight. 

It  is  proposed  here  to  outline  two  non-mechanical 
methods  of  computing  the  weight,  which  require  little 
in  the  way  of  apparatus  beyond  the  plant  proper.  They 
will  be  considered  separately,  the  shorter  and  simphr, 
which   might   be   termed   the   pressure-volume   method, 
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PIG.    1.      THERMODYNAMIC    PROPERTIES    OF    AMMONIA 

The  .scale  to  the  left  of  the  chart  applies,  of  course,  only  to  the 
liquid  line  and  ssituration  curve.  (Plotted  from  tables  of  Keyes 
and   Brownlee. ) 


being  discussed  first.  The  necessary  apparatus  addi- 
tional to  the  plant  includes  thermometers  to  read  dis- 
charge temperature  at  the  compressor  cylinders,  a  revo- 
lution counter  (usually  installed  with  the  plant)  and  an 
indicator  with  which  to  take  indicator  diagrams  from 
tl  e  compressor  cylinders.  The  charts  of  the  properties 
of  ammonia,  which  accompany  this  discussion,  com- 
plete the  necessary  equipment.  These  charts  were  re- 
cently plotted  by  the  writer  from  the  tables  published 
ia   1917   by   Messrs.    Keyes   and    Brownlee    ("Thermo- 


dynamic Properties  of  Ammonia,"  John  Wiley  «&  Sons, 
Inc.),  which  are  the  latest  and  regarded  by  the  present 
writer  to  be  the  most  accurate  source  of  information 
available.    ' 

A  brief  explanation  of  the  charts  is  advisable  at  this 
point.  The  various  curves  of  Fig.  1  relate  to  liquid 
ammonia  and  to  wet  and  saturated  ammonia  vapor, 
but  do  not  enter  the  superheat  field.  On  this  chart  the 
only  curve  that  applies  to  the  present  problem  is  that  of 
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FIG.  2.     PROPERTIES  OF  SUPERHEATED  AMMONIA  VAPOR 


absolute  pressures  vs.  temperatures.  This  curve  is,  of 
course,  a  means  of  determining  the  boiling  points  of 
liquid  ammonia  at  various  absolute  pressures  or  vice 
versa. 

Fig.  2  deals  with  superheated  ammonia  vapor  and  is 
fundamentally  a  temperature-entropy  chart  in  which 
degrees  of  superheat  have  been  substituted  for  tempera- 
ture. Superimposed  on  the  temperature-entropy  co- 
ordinates are  two  additional  sets  of  lines,  one  of  con- 
stant absolute  pressures  and  one  of  constant  pressure- 
volume  (PV)  products  (pressure  in  lb.  per  sq.  in.  X 
volume  in  cu.ft.  per  lb.).  The  advantage  of  this  ar- 
rangement will  become  apparent  as  the  discussion  pro- 
ceeds. 

The  demonstration  and  calculations  will  be  made  from 
an  actual  indicator  diagram  and  actual  data  taken  from 
a  test  run  on  the  15-ton  York  plant  at  Cornell  Uni- 
versity. To  obtain  maximum  accuracy,  the  data  should 
be  averaged  from  readings  and  diagrams  taken  at  in- 
tervals throughout  a  run  of  considerable  length.  For 
simplicity  of  demonstration  one  card  only  is  used  in 
this  discussion,  although  the  remainder  of  the  data  has 
been  averaged  from  a  series  of  readings.  Fig.  3  is  an 
cvaot  copy  of  a  diagram   taken  from   one  cylinder  of 
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the  two-cylinder  compressor.     The  additional  necessary 
data  are  as  follows: 

Barometric  piessure  in  imrcury,  29.95  in.,  ocniais 14,7  11).  ijcr  '•M-in 

Discharge  prcHsurc,  gage 68.0  lb.  p<T  .-iq.in. 

Discharge  pressure,  absolute 82.7  lb.  per  S(i.in. 

Discharge  temperature,  deg.  F 138.  5 

Dimensions  of  compressor  cylinder       ..  '6x12  in. 

Piston  displacement  per  revolution  0.  443  cu.fl. 

Scale  of  indicator  spring 60  lb. 

Revolutions  per  minute  of  compiessor  52  8 


The  first  step  is  to  find  the.PF  production  of  one 
pound  of  ammonia  at  discharge  conditions;  that  is,  on 
the  high-pressure  side  of  the  system.     From  Fig.  1  the 


The    weight    of    ammonia    in    the    cylinder    is    thus 
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boiling  point  corresponding  to  an  absolute  pressure  of 
82.7  lb.  per  sq.in.  is  45.5  deg.  Thus  the  superheat  at 
discharge  is  138.5  —  45.5  =  93  deg.  Turning  now  to 
Fig.  2  and  following  the  horizontal  line  of  constant 
superheat  of  93  deg.  to  its  intersection  with  the  con- 
stant pressure  line  of  82.7  lb.,  a  PY  product  value  of 
362  is  determined. 

The  remainder  of  the  procedure  is  based  on  measure- 
ments of  the  diagram  taken  at  point  D  (Fig.  3),  which 
is  the  point  where  discharge  pressure  is  reached  and 
ammonia  begins  to  leave  the  cylinder. 

The  actual  volume  at  Z?  is  -^  X  0.443  CU.ft.,  in  this 

case  |^2§   X  0.443  =  0.149  CU.ft. 

The  diagram,  Fig.  3,  shows  clearly  that  there  is  no 
re-expansion  in  the  cylinders;  that  is,  there  is  no  clear- 
ance volume.  Should  the  diagram  show  re-expansion, 
as  in  Fig.  4  (exaggerated),  the  clearance  volume  must 
be  determined  and  allowed  for.  The  clearance  line  OY 
(Fig.  4)  may  be  calculated  from  direct  measurements 
of  the  cylinder  or  may  be  graphically  determined  by 
various  methods  described  in  books  dealing  with  steam- 
engine-indicator  diagrams.  To  determine  the  allow- 
ance to  be  made,  draw  any  line  xx'  parallel  to  the 
vacuum  line  and  intersecting  both  the  re-expansion  line 
and  the  compression   line.     The   total  volume   in    the 
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hour  follows  by  multiplying  by  the  r.p.m.,  or  revolutions 
per  minute,  and  by  60;  that  is,  0.0342  X  52.8  X  60  = 
109  lb.  per  hr.,  approximately. 

A  similar  process  is  applied  to  the  other  cylinder, 
and  the  sum  of  the  two  results  gives  the  total  weight 
in  circulation  per  hour.  In  this  ca.se  the  total  was 
236  lb. 

This  method  may  be  applied  only  when  the  vapor 
is  superheated  at  discharge,  but  as  this  is  almost  uni- 
versally the  case  in  present  practice,  its  application  will 
not  be  greatly  .limited  on  that  account. 

It  will  be  noticed  that  this  procedure  is  based  on  the 
a.ssumption  that  any  change  that  takes  place  in  the 
vapor  as  it  passes  through  the  discharge  valve  ha.s  but 
a  negligible  effect  on  the  value  of  the  PV  product. 
This  passage  through  the  valve  is  evidently  a  wire- 
drawing effect  and  takes  place  at  constant  heat.  A 
critical    analysis    of    the    process   on    this    basis,    using 
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volume),  but  of  this  the  proportion  ~  is  due  to  clear- 

ance  and  will  not  be  discharged  at  the  end  of  the  stroke. 
This  ratio  may  safely  be  assumed  to  hold  for  the  entire 
re-expansion  line,  so  the  true  volume  to  be  considered 

at  point  D  is     {7;  X  n)    X    (piston  displacement  + 

clearance  volume). 

The  absolute  pressure  at  D,  Fig.  S,  is  h  X  60,  or 
1.39  X  60  =  83.4  lb.  per  sq.in.  The  actual  PV  product 
is  therefore  0.149  X  83.4  =  12.4. 


to  avoid   unnecessary  size  of  the  chart. 

values  from  the  tables  previously  mentioned,  shows  that 
this  wiredrawing:  has  no  perceptible  effect  on  the  PV 
product. 

As  for  other  sources  of  error,  analysis  shows  that 
discrepancies  in  pressure  due  to  inaccuracy  of  the  gage 
or  in  reading  will  induce  an  error  in  the  PV  value  ot 
10  per  cent  of  the  relative  error  of  the  pressure  deter- 
mination. In  other  words,  an  error  of  1  per  cent  in 
pressure  will  cause  an  error  of  .'..  of  1  per  cent  in  the 
PV  value. 
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Similarly,  an  error  of  1  deg.  in  the  measurement  of 

,      18 
discharge  temperature  will  produce  an   error   ot      j^qq 

of  1  per  cent  in  the  PV  value.     These  errors  should  be 
negligible. 

The   Temperature-Entropy    Method 
Explained 

The  second  method  to  be  discussed  may  best  be  desig- 
nated as  the  temperature-entropy  or  T0  method.  This 
system  of  calculation  requires  additional  thermometers 
to  make  temperature  determinations  as  listed  below 
and  also  another  pressure  measurement,  that  of  the 
low  pressure  or  suction  side  of  the  system.  In  this 
case  we  had: 

Suction  pressure,  gage >4.5  lb.  per  sq.in. 

Suction  presf^ure,  absolute ??->'^j^-  T  ^ 

Temppraturo  of  ammonia  into  condenser 11  e'j^^'    f 

Temperature  of  ammonia  out  of  condenser ^"-^  deg.  t. 

Since  entropy  (0)  is  by  definition  the  dimensions 
of  heat  divided  by  absolute  temperature,  an  area  on  a 
T0  chart  represents  heat.  Heat  may  be  expressed  as 
work  if  multiplied  by  778,  the  mechanical  equivalent 
of  one  B.t.u.  These  are  the  fundamental  conceptions 
on  which  the  temperature-entropy  (70)  method  is 
based. 

Fig.  5  shows  the  T0  diagram  for  one  pound  of  am- 
monia in  the  case  under  discussion.  The  construction 
of  this  diagram  from  the  data  available  will  now  be 
traced.  The  first  step  is  the  plotting  of  the  liquid  line 
and  saturation  curve.  These  may  be  taken  directly 
from  Fig.  1,  which,  when  turned  left  side  down,  con- 
tains a  T0  chart.  Let  us  start  with  the  liquid  am- 
monia emerging  from  the  condenser  at  condenser  (dis- 
charge) pressure  (82.7  lb.),  for  which  the  correspond- 
ing boiling  temperature  is  45.5  deg.  F.  This  gives 
point  A  on  the  liquid  line.  In  the  present  case  there 
is  practically  no  supercooling,  the  temperature  of  the 
ammonia  coming  out  of  the  condenser  being  45  deg.  In 
case  supercooling  occurs,  it  will  be  shown  by  some  point 
A'  on  the  liquid  line.  This  makes  no  difference  in  the 
area  of  the  diagram,  since  the  next  stage  of  the  am- 
monia cycle  is  reheating  along  the  liquid  line  back  to 
point  A.  This  heat  will  usually  be  taken  up  from  the 
storage  system  or  piping  between  the  condenser  and 
the  expansion  valve. 

The  ammonia  now  expands  freely  at  constant  heat 
through  the  expansion  valve  to  suction  pressure,  29.2 
lb.  abs.  The  boiling  temperature  corresponding  to  this 
pressure  ( — 2  deg.  F.  from  Fig.  1)  locates  the  level  of 
line  BC,  along  which  vaporization  takes  place,  but  does 
not  locate  point  B.  We  know  that  some  vaporization 
has  taken  place  and  that  it  is  expressed  graphically  by 
the  distance  B'B,  the  value  of  which  may  be  found  by 
equating  the  heat  contents  at  points  A  and  B.  The 
sensible  heat  of  the  liquid  qA  (at  point  A)  is,  from 
Fig.  1,  15.5  B.t.u.  per  lb.  At  B  the  heat  is  made  up  of 
two  parts,  first  the  heat  of  the  liquid  at  — 2  deg.  F. 

ind  second  a  ratio  „,„  of  the  heat  of  vaporization 

r,  at  — 2  deg.  F.     From  Fig.  1  m  is  582  B.t.u.  and  <?« 
is  — 39  deg.  F.     Letting  ^7^  r=:  x,  we  can  write 


per  cent.  Next,  multiplying  the  length  of  the  line  BX 
(in  any  units)  by  0.0935,  we  get  the  length  B'B,  thus 
locating  point  B. 

From  B  the  vaporization  continues  along  line  BC, 
the  heat  of  vaporization  being  taken  from  the  brine 
or  other  substance,  which  is  to  be  cooled.  At  point  C 
the  vaporization  is  complete  and  superheating  begins. 
The  line  CC"  is  evidently  a  constant-pressure  line,  as 
the  ammonia  is  still  on  the  suction  or  low-pressure  side 
of  the  system.  It  is  sensibly 
a  straight  line  and  can  be 
drawn  as  such  without  ap- 
preciable error.  Its  exact 
shape  may  be  plotted  with 
data  taken  from  Fig.  2.  At 
point  C"  the  ammonia  en- 
ters the  compressor.  The 
point  is  located  as  follows: 
From  the  data,  suction  tem- 
perature is  46.5  deg.  F.,  but 
the  boiling  point  at  suction 
pressure  is — 2  deg.  F.  Thus 
we  have  46.5  —  (—2)  = 
48.5  deg.  superheat  at  29.2 
lb.  per  sq.in.  From  Fig.  2 
we  can  read  the  entropy  at 
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point  C"  as  1.285.  Plotting  this  against  the  temperature 
(46.5  deg.  F.),  we  locate  point  C". 

A  similar  process  applied  to  discharge  conditions 
locates  point  D,  but  the  shape  of  the  line  C"D,  which 
corresponds  to  the  compression  line  on  the  indicator 
diagram,  must  be  obtained  from  that  source.  As  be- 
fore, one  diagram  only  will  be  used  for  demonstration 
and  but  two  intermediate  points  will  be  plotted.  Fig. 
6  shows  the  actual  diagram  and  indicates  the  method  of 
making  the  necessary  measurements.  For  accuracy  a 
series  of  results  should  be  averaged  and  at  least  four 
intermediate  points  plotted. 

This  process  may  best  be  shown  by  means  of  a  table 
with  some  accompanying  explanation. 


Points 

D 

1 

2 

i/LX  0.443  = 
actual  vol- 
ume   

1-1^X0.443=0.17 

1-^X0.443  =  0.226 

|i^X  0.443  =0.306 

ft  X  60  =  ab- 
solute pres- 
sure 

1.44  X  60=  86.2 

1.06  X  60=  64.5 

0.765  X  60=  45.9 

Actual  PV 
product 

0  17X  86.2  =  14  6 

0  226  X  64.5  =  14.55 

0.306  X  45,9=  14  05 

The  PV  product  for  one  pound  at  discharge  conditions 
has  been  determined  as  362.  Then  the  PV  values  for 
one  pound  at  points  1  and  2  must  bear  the  same  rela- 
tion to  362  as  the  actual  PV  values  bear  to  the  actual 
PV  value  at  point  D.    Thus  we  get 


h'V  pel  pound 


14  05 
14  60 


X  362  =  348 


Then  from  Fig.  2,  knowing  the  PV  values  and  the 
pressures  at  points  1  and  2.  we  can  read  entropies  and 
superheats. 


Substituting,  we  find  x  =  0.0935;  or,  in  other  words, 
the  quality  of  the  ammonia  vapor  at  point  B  is  9.35 


Superheat,  deg.  F 

93 

98  5         j               92 

Entropy  (^) 

1.190                   1    220          I          1   248 
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The  actual  temperature  at  points  1  and  2  will  equal 
the  boiling  points  at  the  known  pressures  plus  the 
superheats,  giving 


Boiling  point,  deg.  F 

45.5 

at  64.5  lb. 

per    SQ.in. 

^  at  45.9  lb. 

per    sq.in. 
18 

Actual  temperature,  deg.  F .  . 

45.5  4-  93  = 
138.5 

33  +   98.5 
=  131.5 

18+  92  =- 

no 

Thus  knowing  actual  temperatures  and  entropies,  we 
can  plot  points  1  and  2  on  the  diagram. 

The  line  DF,  like  CC",  is  a  constant-pressure  line  and 
can  be  drawn  straight.  Line  FA  is,  of  course,  a  hori- 
zontal straight  line  at  constant  temperature,  which 
closes  the  cycle. 

A  consideration  of  the  chart,  as  well  as  our  knowledge 
of  the  refrigeration  process,  shows  that  the  ammonia 
takes  up  heat  through  that  portion  of  the  cycle  repre- 
sented by  ABCC'D  and  gives  up  heat  through  the  re- 
mainder of  the  cycle.  It  follows  then  that  the  area 
ABCC'DFA  represents  the  difference  between  heat 
given  up  and  heat  supplied  and  must  therefore  be 
equivalent  to  the  work  done  by  the  compressor  on  each 
pound  of  ammonia.  A  planimeter  will  serve  to  measure 
the  area  of  the  cycle,  which  in  this  case  is  17.14  sq.in. 
Since  the  co-ordinates  are  20  deg.  F.  of  temperature 
and  0.2  units  of  entropy  per  inch,  one  square  inch  is 
equivalent  to  20  X  0.2  =  4.00  B.t.u.  The  whole  area 
then  represents  17.14  X  4.00  =  68.56  B.t.u.  per  lb.  of 
ammonia. 

The  total  work  done  by  the  compressor  per  hour  may 
be  determined  by  the  usual  method  from  the  indicator 
diagram  of  the  ammonia  cylinders,  adding  the  powers 
of  the  two  cylinders  and  averaging  results.  For  the 
present  cases  the  total  was  6.48  hp.  Since  one  horse- 
power-hour is  equivalent  to  2,545  B.t.u.,  the  heat  equiva- 
lent to  the  compressor  horsepower  is  2,545  X  6.48  = 
16,500  B.t.u.  per  hour. 

Evidently,  then,  the  B.t.u.  work  per  hour  performed 
by  the  compressor  divided  by  the  work  per  pound  of 
ammonia  will  give  the  weight  in  circulation  per  hour, 
that  is, 

16,500  (X  778)       „,^  ,^ 

68.56  iy^ym)  =  '^^lb-Verhr. 

This  result  checks  that  of  the  first  method  within 
2  per  cent. 

It  should  be  pointed  out  that  the  temperature-entropy 
method  is  very  susceptible  to  error  caused  by  inaccu- 
racy of  pressure  determination.  For  instance,  if  the 
suction  pressure  is  incorrect  by  two  pounds,  the  cor- 
responding boiling  point  will  be  in  error  by  at  least  two 
degrees.  This  will  raise  or  lower  the  line  BC  and  seri- 
ously alter  the  work  area  of  the  diagram,  which  is  the 
ultimate  factor  in  determining  the  weight.  An  error 
in  discharging  pressure  will  have  a  similar  but  smaller 
effect.  Thus  it  will  be  noted  that  the  PV  method  is  not 
only  shorter  and  simpler,  but  is  probably  more  accurate 
than  the  temperature-entropy  method. 


According  to  the  Geological  Survey's  report,  the  aver- 
age daily  production  of  electricity  by  public  utility 
power  plants  during  January  was  124,600,000  kw.-hr., 
during  February  119,800,000  kw.-hr.,  and  during  March 
121,800,000  kw.-hr.  Of  this  33  per  cent  in  January  and 
February  and  38  per  cent  in  March  was  produced  by 
water  power.  To  help  produce  this  energy  10,247,947 
tons  of  coal,  3,481,742  bbl.  of  oil  and  4,553,228  cu.ft.  of 
gas  were  consumed. 


A  Steam  Alignment  Diagram 

The  use  of  an  "alignment"  diagram  for  the  graphical 
.solution  of  steam  problems  is  proposed  in  an  article 
by  D.  Halton  Thomson  in  a  recent  issue  of  Engineering , 
London.  The  accompanying  diagram  i.s  reproduced 
from  this  article  and  is  u.sed  here  simply  to  illustrate 
the  author's  ideas.  No  attempt  should  be  made  to  use 
this  copy  for  numerical  work,  as  the  repeated  repro- 
ductions and  the  small  scale  have  destroyed  its  value 
for  that  purpose. 

The  six  most  important  properties  that  appear  in 
steam  calculations  are  pressure,  volume,  temperature, 
entropy,  quality  (superheat  or  dryness  fraction)  and 
total  heat.  The  well-known  Mollier  diagram,  in  which 
total  heat  and  entropy  are  the  co-ordinates,  usually  has 
the  pressure  and  quality  shovm  by  families  of  curves 
known  as  constant-pressure  and  constant-quality  lines. 
Theoretically,  lines  of  constant  volume  and  constant 
temperature  might  be  added  to  such  a  diagram,  but  the 
resulting  complication  of  lines  would  render  the  plot 
difficult  to  work  with.  The  result  is  that  either  two 
diagrams  or  one  diagram  and  u  set  of  tables  must  be 
used  in  the'  solution  of  most  problems. 

It  may  be  shown  that  if  any  group  of  correlated 
variables  can  be  represented  by  a  diagram  consisting 
wholly  of  families  of  straight  lines,  this  diagram  may 
be  transformed  to  the  alignment  system  so  that  any 
three  (or  more)  straight  lines  passing  through  the 
same  point  on  the  cartesian  system  correspond  to  three 
(or  more)  points  lying  on  a  straight  line  on  the  align- 
ment system.  The  first  step,  then,  is  to  produce  a 
cartesian  diagram  consisting  wholly  of  straight  lines. 

The  ordinary  steam  diagrams  in  use  consist  of 
families  of  curved  lines,  but  a  study  of  some  of  Cal- 
lender's  equations  suggests  that  by  changing  the  scale 
of  the  co-ordinates  these  lines  might  be  straightened. 
A  diagram'  was  accordingly  plotted  using  values  of 
log  p  and  log  (H-835.2)  as  co-ordinates.  In  this  case 
the  entropy  and  superheated-steam-volume  lines  were 
perfectly  straight,  while  the  quality,  total-heat  and  wet- 
steam-volume  lines  were  so  nearly  straight  as  to  intro- 
duce only  negligible  errors.  From  these  considerations 
the  alignment  diagram  has  been  plotted,  the  scales  being 
laid  out  in  accordance  with  the  modified  logarithmic 
formulas,  but  the  graduations  being  marked  with  the 
direct  values  of  th^  propv.'ties.  By  the  use  of  the 
diagram  as  given,  practically  all  of  the  ordinary'  steam 
problems  may  be  solved  directly. 

In  using  an  alignment  diagram,  it  must  be  remem- 
bered that  any  straight  line  drawn  across  the  diagram 
represents  a  certain  condition,  or  "state,"  which  would 
be  represented  by  a  point  in  a  cartesian  diagram.  Such 
a  line,  then,  is  called  a  "state  line,"  and  its  intersection 
with  the  different  scales  gives  the  state  properties,  just 
as  the  position  of  the  "state  point"  gives  the  state 
properties  by  its  position  in  relation  to  the  various  prop- 
erty lines  on  ?  cartesian  diagram. 

For  example,  given  steam  at  160  lb.  pressure  and 
superheated  50  deg.  F.  A  straight  line  from  the  160-lb. 
point  on  the  pressure  or  p  scale  through  the  50-deg 
point  on  the  superheat  or  t'  scale  intersects  the  total 
heat,  or  H,  scale  at  1,229  B.t.u..  the  entropy,  or  0,  scale 
at  1,603  and  the  volume,  or  V,  scale  at  3.05  cu.ft. 

It  must  be  noted  that  when  the  steam  is  superheated 
or  supersaturated  the  scales  marked  H  and  V  must  be 
used,  but  when  dealing  with  wet  steam  scales  Hq  and 
T\,    must   be    used.      The    point    marked    V/ilson   Point 
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represents  the  lower  limit  of  complete  supersaturation 
as  determined  by  Wilson's  experiments,  and  if  the  state 
line  passes  below  this  point  the  steam  is  to  be  considered 
wet.  If  the  state  line  passes  between  the  Wilson  Point 
and  the  SaturoMon  Point,  the  steam  will  be  either  wet 
or  supersaturated,  depending  on  whether  it  is  or  is 
not  in  a  state  of  equilibrium.  This  point  must  be  de- 
termined from  the  conditions  of  each  special  problem. 


In  a  problem  involving  expansion  in  a  nozzle,  the 
process  is  not  isoentropic  and  corrections  must  be  intro- 
duced. Assume  the  expansion  between  the  conditions 
assumed  in  the  preceding  examples  with  a  friction 
factor  of  0.12.  The  adiabatic  heat  drop  will  be  found 
from  the  difference  of  the  values  already  found  1,229 
—  953  =  276  B.t.u.  The  heat  transformed  into  velocity 
will  then  be  276    (1   —   0.12),   or   243   B.t.u.,    leaving 


HYDRAUUC  EFFICIEHCIKTO 
(Scale,  applicable,  only  tn  MuJHSut^e 
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In  solving  a  problem  involving  a  change  of  state, 
the  final  values  are  obtained  from  a  new  state  line. 
Since  most  problems  assume  a  change  with  some  one 
property  constant,  the  new  state  line  must  intersect 
the  old  state  line  on  the  scale  of  the  constant  property. 
For  example,  suppose  steam  at  the  conditions  assumed 
is  to  expand  adiabatically  to  a  pressure  of  3  lb.  absolute. 
In  this  case  the  entropy  remains  constant,  so  the  new 
state  line  will  pass  through  the  point  1.603  on  the 
entropy  scale  and  3  lb.  on  the  pressure  scale.  Since  the 
final  state  will  obviously  be  in  the  wet  steam  region,  the 
heat  content  is  read  on  the  H.,  scale  at  953  B.t.u.,  the 
volume  i;n  the  V,,  scale  at  98  cu.ft.,  and  the  quality  on 
the  q  scale  at  0.832. 


1,229  —  248,  or  986  B.t.u.,  in  the  steam.  The  actual 
final  state  line  will  then  pass  through  986  on  the  i/.^ 
.scale  and  3  lb.  on  the  p  scale,  and  the  quality  0.865 
and  the  volume  102  cu.ft.  may  be  read  on  the  q  and 
V,i  scales  respectively. 

It  must  be  admitted  that  values  from  this  diagram, 
even  as  originally  prepared  on  a  large  scale,  will  be 
somewhat  in  error  due  to  the  deviation  from  the  straight 
lines  of  some  of  the  curves  in  the  cartesian  diagram. 
The  author  claims,  howevei-,  that  the  results  will  not 
be  greatly  in  error  and  that  where  extreme  refinement 
is  desired  they  may  be  checked  by  computation,  while 
for  ordinary  calculations,  especially  in  preliminary 
designs,  such  a  chart  is  sufficiently  accurate. 
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Osborn  Monnett — A  Leader  in  Smoke  Abatement 

Self-Made    Engineer  Who   Built  for  the  Future.      An   Expert  on  Combustion  Who 

Has  Specialized  on  the  Elimination  of  Smoke 


A  MAN  who  will  look  forward  in  his  profession 
for  a  quarter  of  a  century,  attempt  to  analyze 
conditions  and  predict  the  trend  of  development 
with  the  view  of  anticipating  the  progress  to  be  made 
and  to  meet  it  by  mapping  out  a  definite  course  of 
instruction,  is  a  rare  exception.  Osborn  Monnett  may 
be  placed  in  this  class.  First  of  all  he  had  a  definite 
ambition  to  become  a  steam  power  plant  operating  engi- 
neer. He  realized  that  the  requirements  of  a  good  engi- 
neer called  for  a  practical  knowledge  of  boilermaking. 
steamfitting,  general  operation  and,  perhaps  of  first 
importance,  chemistry.  Refinements  in  combustion  and 
boiler  practice  depend  largely  upon  chemistry  today  and 
upon  the  use  of  chemical  apparatus  unheard  of  in  the 
power  plant  twenty 
years  ago,  at  the  be- 
ginning of  Monnett's 
career.  The  problems 
of  the  future — for 
example,  low-temper- 
ature distillation  of 
coal  with  recovery  of 
byproducts  —  call 
more  and  more  for 
chemistry,  so  that 
Mr.  Monnett  made 
an  excellent  guess 
when  he  placed  in- 
dustrial chemistry 
as  one  of  the  chief 
requirements  for  an 
up-to-date  engineer 
of  the  present  and 
the  future.  In  1876 
Monnett  was  born  in 
Norfolk,  Va.,  but 
soon  after  his  par- 
ents removed  to 
Ohio,  their  native 
state,  where  he  re- 
ceived a  grammar- 
school  education.  His  first  practical  work  as  an  engineer 
was  in  Kentucky,  running  a  sawmill  that  produced 
white-oak  staves  and  lumber.  It  can  be  truly  said  that 
he  started  at  the  bottom  rung  of  the  ladder,  but  the  saw- 
mill job  was  only  temporary.  He  knew  that  the  best 
kind  of  training  could  be  obtained  on  the  water,  where 
a  man  was  placed  upon  his  own  resources  and  had  to  be 
more  than  a  "runner"  to  get  by.  Accordingly,  he  ar- 
ranged to  enter  the  marine  field  and  for  the  four  years 
dating  from  1899  was  employed  on  the  great  Lakes  in 
the  engine  rooms  of  coal  and  ore  carriers  with  large 
triple-expansion  engines,  Scotch  marine  boilers  and  all 
the  usual  equipment  on  these  steamers.  During  this 
period  he  progressed  from  coal  passer  to  fireman,  water 
tender  and  oiler  to  first  assistant  engineer. 

With  such  experience  back  of  him  he  left  the  service 
to  become  chief  engineer  of  the  W.  &  L.  E.  Shops  at 
Norwalk,  Ohio,  and  later  for  four  years  was  in  a  similar 
position  in  the  Rock  Island  Shops  at  Moline,  111.  It  was 
here   that    he   began   studying    chemistry,    graduating 


eventually  from  a  correspondence  course  in  qualitative 
and  quantitative  analysis.  During  his  studies  he  .set  up 
a  laboratory  at  the  plant  and  specialized  in  chemical 
problems  relating  to  his  work,  such  as  combustion,  feed 
water,  etc.  As  a  postgraduate  course  in  chemistry  he 
worked  for  a  short  time  in  the  laboratory  of  the  Ameri- 
can Steel  and  Wire  Co.,  at  Cleveland,  where  practical 
experience  was  obtained  in  general  commercial  work. 

His  progressive  tendencies  had  attracted  the  attention 
of  the  editor  of  The  Engineer,  published  at  that  time  in 
Chicago,  and  in  1907  he  was  asked  to  join  the  editorial 
staff.  It  was  new  work,  but  he  liked  it,  and  a  year 
later  he  went  with  the  paper  to  New  York  when  it  was 
consolidated  with  Power.     He  soon  returned  from  the 

East  as  Western  edi- 
tor in  charge  of  the 
Chicago  office  of  the 
Hill  Publishing  Co. 
For  three  years  he 
traveled  extensively, 
keeping  in  touch 
with  all  that  was  new 
and  interesting  in 
the  power-plant  field 
and  among  other 
things  specialized  on 
boiler  explosions.  In 
1911  the  wheel  took 
another  turn,  and 
Monnett  was  ap- 
pointed chief  smoke 
inspector  of  Chi- 
cago, serving  four 
years  under  Mayor 
Harrison.  The  or- 
ganization of  the 
smoke  department  at 
that  time  was  excel- 
lent. It  contained  a 
number  of  mechani- 
cal engineers  who  in 
their  work  had  accumulated  a  large  amount  of  informa- 
tion relative  to  furnace  design  and  the  setting  of  boil- 
ers. The  data,  nowever,  were  not  available  except  among 
the  men  themselves,  so  that  it  was  his  immediate  effort 
to  sift  this  information  and  get  it  down  on  paper  so 
that  it  could  be  used  in  the  general  fiela  of  engineering. 
As  a  result  of  this  work  standards  for  boiler  settings 
were  developed,  using  all  known  types  of  furnaces, 
stokers  and  boilers.  These  standards  have  since  been 
largely  copied  by  Cincinnati,  Pittsburgh  and  other 
cities. 

Following  the  four-year  period  in  the  City  Hall  he 
was  engaged  in  research  work  relating  to  low-pressure 
boilers  and  low  rates  of  combustion  with  the  American 
Radiator  Co.  in  Chicago  and  Buffalo.  During  this  time 
he  lectured  extensively  on  smoke-abatement  problems 
before  chambers  of  commerce,  civic  orj^anizations 
and  various  mechanical  engineering  associations  in 
many  of  the  cities  of  the  Middle  West.  When 
the    war    came    on  and  he  heard  the  call  to  service. 
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He  became  a  member  of  the  Conservation  Committee  of 
the  Fuel  Administration  for  the  State  of  Illinois  and 
helped  to  prepare  educational  pamphlets  and  lectures 
relating  to  the  saving  of  fuel.  Later,  he  went  to  Wash- 
ington as  a  member  of  the  Conservation  Bureau  of  the 
United  States  Fuel  Administration.  Among  the  more 
important  tasks  assigned  to  him  was  the  conservation 
of  fuel  in  the  entire  sugar  industry  of  the  United  States, 
negotiations  being  conducted  in  New  York  with  the 
managers  and  principal  officers  of  the  sugar-refining 
companies.  This  involved  important  questions  of  policy 
and  methods  in  the  use  and  distribution  of  coal  in  quan- 
tity, complicated  by  joint  action  with  the  Food  Admini- 
stration. He  also  represented  the  Conservation  Bureau 
of  the  Fuel  Administration  on  the  Priority  Committee  of 
the  War   Industrial  Board. 

Since  the  armistice  Monnett  has  been  cashing  in 
on  his  wide  and  varied  experience.  He  has  become  one 
of  the  consulting  engineers  of  Chicago  specializing  in 
combustion  matters  and  boiler  practice.  Of  the  notable 
work  he  has  done  during  the  past  year,  mention  might 
be  made  of  the  atmospheric  survey  of  Salt  Lake  City 
conducted  for  the  Government  in  the  capacity  of  con- 
sulting fuel  engineer  for  the  United  States  Bureau  of 
Mines.  This  work  has  extended  over  a  period  of  eight 
months  from  September,  1919,  to  May,  1920,  and  has 
included  a  careful  chemical  and  physical  examination 
of  the  atmosphere  not  only  with  relation  to  smoke  and 
smoke  abatement,  but  also  to  the  presence  of  smelter 
gases.  During  this  investigation  airplanes  were  used 
for  the  first  time  in  taking  air  samples.  A  fuel  survey 
and  soot-fall  study  was  included,  together  with  a  large 
amount  of  chemical  and  microscopical  work  in  examin- 
ing the  filtrates  and  precipitates  obtained. 

His  reputation  on  questions  involving  smoke  gained 
him  a  place  on  the  Chicago  Association  of  Commerce 
Committee  on  Atmospheric  Pollution,  a  body  formed  to 
study  all  forms  of  contamination  in  the  air  of  the  city, 
together  with  the  best  methods  of  reducing  the  nuisance 
to  a  minimum. 

Farnsworth  Heating  System 

Building  superintendents  and  heating  engineers 
will  be  interested  in  a  piping  layout  for  a  heating  system 
that  provides  a  closed-loop  circuit,  whereby  the  water  of 
condensation  from  the  radiators  is  returned  directly 
into  the  boiler.  This  system  has  been  developed  by 
the  Farnsworth  Company,  Conshohocken,  Pa.  With  the 
system  is  used  a  duplex  boiler  feeder,  which  permits  a 
continuous  flow  of  condensation  into  the  boiler.  The 
condensation  is  held  under  pressure  and  is  delivered 
into  the  boiler  at  a  temperature  only  one  or  two  de- 
grees below  that  of  the  steam,  corresponding  to  the 
pressure  carried  on  the  heating  system.  These  results 
are  obtained  without  the  use  of  a  receiving  tank.  There 
are  no  vents  open  to  the  atmosphere  and  practically  no 
heat  loss. 

When  the  high-pressure  steam  from  the  boiler  is  car- 
ried to  the  top  of  the  building,  it  passes  through  a 
reducing  valve  and  then  the  risers  drop  from  the 
main  line  to  supply  the  various  coils.  The  return 
line  of  the  coil  is  carried  back  into  the  riser  with  a 
drop  of  nine  inches  before  entering  the  riser  with  a 
check  valve.  By  this  static  head  of  nine  inches  all  water 
between  the  check  valve  and  the  lowest  pipe  of  the  coil 
is  sufficient  to  lift  the  check  valve  and  let  the  condensa- 
tion to  the  coil  flow  back  into  the  same  steam  riser. 


A  full-sized  pipe  is  carried  from  the  return  pipe  of 
the  coil  to  somewhere  near  the  top  of  the  coil,  where  an 
automatic  air  valve  is  inserted.  This  pipe  provides  a 
sort  of  air  chamber  and  eliminates  the  possibility  of 
any  water  squirting  out  of  the  air  valve.     The  return 
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PIPING    OF   HEATING    SYSTEM 

pipe  from  the  risers  is  carried  into  a  duplex  boiler  feeder 
located  somewhere  above  the  water  line  of  the  boilers. 

In  this  system  no  return  lines  are  necessary  other 
than  to  connect  the  risers  to  the  boiler  feeder,  which 
feeds  the  condensation  into  the  boiler  at  the  same  tem- 
perature that  it  leaves  the  system.  In  other  words,  the 
condensation  is  held  under  a  pressure  and  is  fed  directly 
into  the  boiler 

The  First  Boiler  Explosion 

Rhys  Jenkins,  in  an  article  entitled  "Links  in  the 
History  of  Engineering,"  in  The  Engineer  (Lon- 
don), quotes  from  an  unpublished  manuscript  of 
Farey's  an  account  of  what  seems  to  have  been  the  first 
boiler  explosion. 

It  occurred  on  Sept.  8,  1803.  An  engine  had  been 
set  up  temporarily  to  drain  the  foundations  for  a 
large  building  in  course  of  erection  for  a  tidal 
corn  mill  on  the  banks  of  the  Thames,  between 
Greenwich  and  Woolwich.  The  engine  was  in  charge 
of  a  boy  who  is  said  to  have  fixed  the  safety  valve  by 
inserting  a  prop  between  it  and  the  roof  of  the  boiler- 
house. 

The  boy  went  away,  leaving  the  engine  at  work, 
so  that  when  soon  afterward  it  was  stopped  by  another 
workman,  the  steam  had  no  outlet  and  an  explosion  took 
place,  causing  the  death  of  three  persons  and  serious 
injuries  to  three  others.  This  was  at  about  the  time 
that  Trevithick  was  being  called  a  murderer  by  Watt 
for  his  use  of  high-pressure  steam,  less  than  fifty 
pounds,  and  is  said  to  have  considerably  retarded  the 
use  of  the  "high-pressure."  or  noncondensing  engine. 
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Interconnecting  Industrial  and  Central- 
Station  Plants 


By  CORNELIUS  G.  WEBER 


With  data  from  a  number  of  individual  cases 
the  author  gives  some  indication  of  the  large 
savings  in  coal,  labor  and  transportation  that 
would  be  possible  from  electrical  interconnection 
on  a  give-and-take  basis. 


IF  ALL  industrial  establishments  were  to  purchase 
their  electric  energy  from  large  public  utilities,  a 
large  amount  of  coal  would  be  saved  as  far  as  the 
generation  of  electrical  energy  is  concerned,  but  the 
fact  that  many  industries  require  heat  in  the  form  of 
low-pressure  steam  at  once  makes  it  more  profitable 
for  such  industries  to  generate  energy  as  a  byproduct. 
Usually,  such  an  industry  will  generate  only  as  much 
energy  as  it  requires  for  its  own  use  and  will  operate 
an  engine  only  as  economical  in  fuel  consumption  as 
the  case  may  require.  No  attention  is  given  to  the 
possibility  of  generating  all  the  energy  economically 
feasible  to  generate  from  the  steam  used  and  to  dispose 
of  the  excess  amount,  for  where  would  there  be  a 
market?  No  less  an  authority  than  Dr.  Steinmetz  had 
the  following  to  say  on  present  methods: 

We  realize  that  our  present  method  of  using  our  coal 
resources  is  terribly  inefficient.  We  know  that  in  the  con- 
version of  the  chemical  energy  of  coal  into  mechanical  or 
electrical  energy,  we  have  to  pass  through  heat  energy  and 
thereby  submit  to  the  excessively  low  efficiency  or  trans- 
formation from  low-grade  heat  energy  to  the  high-grade 
electrical  energy.  We  get  at  best  10  to  20  per  cent  of  the 
chemical  energy  of  the  coal  as  electrical  energy;  the  remain- 
ing 80  to  90  per  cent  we  throw  away  as  heat  in  the  condens- 
ing water  or,  worse  still,  have  to  pay  for  getting  rid  of  it. 
At  the  same  time  we  burn  many  millions  of  tons  of  coal  to 
produce  heat  energy  and,  by  degrading  the  chemical  energy 
into  heat,  waste  the  potential  high-grade  energy  which  those 
millions  of  tons  of  coal  could  supply  us.  It  is  an  economic 
crime  to  burn  coal  for  mere  heating  without  first  taking  out 
as  much  high-grade  energy,  mechanical  or  electrical,  as  is 
economically  feasible.  It  is  this  feature  of  using  the  avail- 
able high-grade  energy  of  the  coal,  before  using  it  lor  neat- 
ing,  which  makes  the  isolated  station  successful  though  it 
has  every  other  feature  against  it. 

As  time  goes  on,  we  will  come  to  recognize  more  and 
more  that  it  is  economicatlly  criminal  to  burn  coal  for 
mere  heating  purposes  or  for  electrical  energy  only,  and 
a  day  will  dawn  when  fuel  will  have  attained  such  a 
high  price  that  all  will  recognize  the  full  truth  and 
take  steps  to  utilize  fuel  as  economically  as  possible. 
One  such  means  no  doubt  will  be  the  generation  of 
electrical  energy  as  a  byproduct  to  the  fullest  measure 
in  all  manufacturing  establishments  wherein  steaia 
heating  processes  are  involved. 

Since  it  is  highly  probable  that  the  time  is  not  so 
very  remote  when  all  power  plants,  large  and  small, 
will  be  electrically  interconnected  and  operating  on  a 
give-and-take  basis,  it  might  be  of  interest  at  this  time 
to  face  conditions  as  they  obtain  in  several  specific  cases 
and  aim  to  draw  such  conclusioiis  as  a  few  cases  will 
allow.  In  the  practice  of  his  profession  the  writer  has 
not  only  visited  and  inspected  many  industrial  plants, 


but  in  the  instances  considered  hereinafter  has  made 
exhaustive  tests  and  analyses  including  the  measure- 
ments of  li  /e-  and  exhaust-steam  consumption  of  appa- 
ratus and  proces.ses,  boiler  tests,  economic  performance 
test.s,  heating-load  tests,  etc.,  all  for  the  purpose  of 
working  out  in  each  individual  ca.se  a  plan  of  rehabilita- 
tion that  would  reduce  the  fuel  consumption  of  the 
specific  establishment  investigated.  All  such  investiga- 
tions resulted  in  the  compilations  of  detailed  reports 
based  on  facts  and  measurements,  and  since  plants  of 
widely  varying  character  were  encountered,  it  occurred 
that  it  might  be  of  interest  to  work  out  the  over-all 
fuel  economy  that  could  be  anticipated  in  the  cases  con- 
sidered in  the  event  that  they  were  electrically  inter- 
connected and  were  generating  electrical  energy  only 
in  proportion  to  the  fuel  needed  for  heating  and  proc- 
esses, disposing  of  excess  energy  to  the  central  station 
at  times  when  more  energy  than  needed  was  being 
generated  and  purchasing  energy  from  the  central  sta- 
tion when  a  deficiency  occurred. 

In  addition  to  the  fuel  economies  possible  in  the 
plants  considered  as  independent  units,  the  probable 
additional  fuel  savings  that  would  result,  were  these 
plants  provided  with  induction  or  other  generators  and 
connected  to  the  public-service  company's  distribution 
system,  have  also  been  worked  out.  The  plants  con- 
sidered embrace  industries  of  the  following  kinds: 
Automobile  parts,  machine  manufacturing,  food  prod- 
ucts, sheet-metal  products,  leather  manufacturing, 
woodworking,  structural-steel  fabricating,  textile  goods 
and  dyeworks. 

In  each  instance  the  fuel  consumption  was  first  deter- 
mined and  from  boiler  and  engine  tests  the  economic 
performance  was  determined.  The  low-pressure  steam 
requirements  for  heating  and  process  work  were  then 
found  after  which  the  annual  fuel  consumption  was 
computed  on  the  basis  of  proper  performance  of  the 
boilers,  the  installation  of  more  economical  prime  mov- 
ers and  the  utilization  to  V.^st  advantage  of  the  exhaust 
steam. 

In  this  discussion  the  conclusions  reached  are  based 
on  careful  analyses  and  practically  all  of  the  cases  con- 
sidered were  worked  out  in  the  same  detail  as  one 
typical  case  which  follows : 

The  graph  shown  in  Fig.  1  represents  the  operating 
conditions  as  found  by  test.  It  is  se'f-explanatory  in 
so  far  as  it  represents  steam  utilization.  There  is  this 
to  be  added,  however — the,  fuel  consumption  under  the 
conditions  revealed  was  6,033  tons  per  annum.  The 
processes  utilized  live  steam  at  low  pressure,  the 
boilers  wQre  opei-ating  at  an  effkiency  of  only  63.2  pei- 
cent  and  the  Corliss  engine  was  consuming  on  an  aver- 
age 43  lb.  of  steam  per  indicated-horsepower  per  hour. 

Annual  energy  requirements  of  the  plant  are  about 
610,000  kw.-hr.  under  the  conditions  shown  in  Fig.  3, 
wherein  electrification  is  contemplated.  Fig.  2  shows 
the  operation  of  the  same  plant  under  the  conditions 
whereiii  the  live  steam  for  processes  is  leplaced  by 
exhaust  steam,  the  boilers  brought  up  to  proper  effi- 
ciency, waste  heat  reclaimed  from  a  solution  cooler  and 
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the  Corliss  engine  carefully  repaired  to  bring  its  steam 
consumption  down  to  about  30  lb.  of  steam  per  indicated- 
horsepower  per  hour.  The  annual  fuel  consumption 
represented  by  Fig.   2  is  3,519  tons. 

Fig.  3  represents  the  operation  of  the  same  plant  con- 
templating the  installation  of  a  direct-connected,  poppet- 
valve,  engine-driven  generating  unit,  the  use  of  super- 
heated steam  and  the  elimination  of  a  considerable  fric- 
tion load  by  electrification.  The  annual  fuel  consump- 
tion under  conditions  as  shown  in  Fig.  3,  is  3,100  tons. 

It  will  be  noticed  that  under  the  conditions  shown  in 
both  Figs.  2  and  3,  there  is  not  enough  exhaust  steam 
during  the  colder  months  to  meet  the  requirements 
and  that  a  considerable  amount  of  live  steam  for  build- 
ing heating  and  process  work  is  necessary.  This  steam, 
being  all  low-pressure  steam,  could  first  be  drav^m 
through  a  larger  engine  and  additional  electric  energy 


latter  figure  only  the  additional  fixed  charges  on  the 
larger  engine  and  generator  would  have  to  be  figured. 
As  it  happens,  the  plant  discussed  is  not  a  consumer 
of  central-station  energy,  but  it  seems  reasonable  that 
under  present  conditions  even  a  central  station  could 
afford  to  purchase  energy  at  one  cent  per  kilowatt-hour. 
In  this  special  case  the  industrial-plant  owner  would 
be  ahead  $3,050  per  year,  less  the  fixed  charges  on  that 
portion  alone  of  the  prime-mover  equipment  cost  which 
is  larger  than  his  own  needs  require.  The  central 
station  would  be  ahead  by  the  profit  represented  by 
$1,250  worth  of  new  business,  it  being  assumed  that 
the  fuel  ar.d  labor  charges  in  the  central  station  amount 
to  Ic.  per  kw.-hr.  Should  it  cost  the  central  station 
more  than  one  cent  for  these  items  of  coal  and  labor, 
then  the  central  station  would  make  an  additional  profit. 
It    is   apparent,    of    course,    that    the    industrial-plant 
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Fig.    1.  Fig.   2.  Fig.    3 

PIGS.  1  TO  3.     STEAM  REQUIREMENTS  OF  A  TYPICAL  INDUSTRIAL  PLANT  UNDER  DIFFERENT  CONDITIONS 

Fig.  1 — Steam  per  hour  for  various  montlis  in  a  typical  industrial  power  plant.  Fig.  2 — Operation  of  same  plant  as  in  Fig.  1, 
live  steam  replaced  by  exhaust  steam.  Fig.  3 — Operation  of  same  plant,  but  with  poppet-valve  engine  driven  generating  unit, 
superheated  steam  and  electric  drive. 


generated  to  be  fed  into  the  public-utility  company's 
distributing  system. 

The  amount  of  additional  energy  that  could  be  so 
generated  under  conditions  shown  in  Fig.  3,  would  be 
360,000  kw.-hr.  per  annum.  During  the  months  of 
June,  July,  August  and  September,  when  some  exhaust 
steam  would  be  going  to  waste,  this  plant  could  utilize 
about  50,000  kw.-hr.,  of  central-station  energy  to  keep 
from  wasting  exhaust  .steam.  This  procedure  would 
eliminate  about  100  tons  of  coal,  which,  if  valued  at 
$700,  would  mean  that  to  break  even  financially  the 
plant  in  question  could  not  afford  to  pay  more  than  1.4c. 
per  kw.-hr.  However,  if  the  central  station  were  pur- 
chasing the  360,000  kw.-hr.  at,  say,  Ic.  and  were  charg- 
ing for  the  50,000  kw.-hr.,  2.5c.,  the  plant  under 
consideration  would  still  be  ahead  by  an  amount  of 
($3,600   +   $700)   —  $1,250  —  $3,050,  against  which 


owner  could  generate  the  50,000  kw.-hr.  during  the  sum- 
mer months  at  less  than  2.5c.  per  kw.-hr.  and  that, 
financially,  it  would  be  to  his  advantage  not  to  purchase 
such  energy.  This  is  true;  but  it  must  be  borne  in 
mind  that  he  would  no  doubt  agree  to  pay  the  amount 
of  $1,250,  of  which  only  $550  actually  represents  added 
cost,  for  the  privilege  and  opportunity  to  dispose  of 
the  excess  energy  that  he  would  be  generating  as  a 
byproduct.  It  is  evident  that  the  foregoing  represents 
a  profit  to  both  parties  concerned. 

With  such  a  co-operative  arrangement  the  amount  of 
fuel  conserved  for  the  nation  at  large  would  be  about 
as  follows :  Assuming  that  the  central  station  can  gen- 
erate energy  at  as  low  a  rate  as  2.5  lb.  of  coal  per 
kilowatt-hour,  then  the  purchase  of  the  360,000  kw.-hr., 
cited  previously,  would  conserve  450  tons  of  fuel,  since 
the  central   station   would   be   buying   360,000   kw.-hr. 
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for  the  generation  of  which  it  would  otherv/ise  have  to 
burn  450  tons  of  coal. 

During  the  summer  months  when  the  public-service 
company  would  be  selling  50,000  kw.-hr.  of  energy  to 
the  industrial  plant,  the  central  station  would  consume 
63.5  tons  of  coal,  where  the  industrial  plant  would  be 
consuming  about  100  tons,  thereby  bringing  about  an 
additional  saving  of  37.5  tons,  or  a  grand  total  of  487.5 
tons. 

In  round  numbers  the  annual  fuel  saving  in  so  far 
as  the  nation  is  concerned  would  be  from  475  to  500 
tons.  At  $7  per  ton,  this  would  represent  about  $3,500 
per  year,  which  latter  figui-e  must  be  reconciled  with 
the  industrial-plant  owner's  $3,050  profit  and  the  central 
station's  profit  on  $1,250  worth  of  new  business. 

The  summary  of  the  foregoing  is  shown  as  plant 
No.  5,  in  Fig.  4.  By  consulting  the  key,  the  graph 
becomes  self-explanatory.  Representations  above  the 
line  0-0  show  the  industrial  power-plant  operation  and 
those  below  the  line,  the  public  utility's  operation  in 
so  far  as  it  is  or  would  be  affected  by  the  industrial 
power  plant  in  relation  to  which  it  is  considered.     In 
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FIG.    4.      SUMMARY    CHART    COVERING    SEVERAL    TYPICAL. 
INDUSTRIAL,   POWER   PLANTS 

The  purpose  of  the  chart  is  to  show  the  effect  of  co-operation 
between  these  plants  and  the  central  station.  The  cases  are.  of 
COUr.se,   hypothetical. 


Fig.  4  there  are  four  sets  of  bends  to  each  plant  rep- 
resentation. The  two  to  the  left  show  actual  condi- 
tions as  found  and  the  two  to  the  right  as  they  would 
obtain    under    electrical    interconnection    conditions. 

By  a  similar  process  of  analysis  several  other  typical 
industrial  power  plants  have  been  charted  in  a  sum- 
mary way,  as  further  shown  in  Fig.  4.  For  convenience 
they  have  been  arranged   according  to   magnitude   of 


coal  consumption.  Data  on  numerous  other  plants  are 
in  possession  of  the  writer,  and  only  typical  cases  have 
been  .selected. 

There  is  this  to  be  said  specially  about  plant  No.  1: 
The  plant  operates  gas  engines  for  generating  electric 
energy,  but  burns  20,000  tons  of  coal  exclusive  of  the 
gas    engines    for    high-    and    low-pressure    steam    pur- 
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FIG.   5.      A  SUMMARY  OP  FIG.   4,  SHOWING  TOTAL  QUANTI- 
TIES  OK  FUEL  S.WBD  UNDER  ASSU.MED  CONDITIONS 


poses,  at  the  same  time  purchasing  3,00i,000  kw.-hr. 
of  electric  energy.  Only  fuel  burned  for  steam  pur- 
poses has  been  considered  and  that  portion  of  the  steam 
which  is  used  at  low  pressure  if  first  taken  through 
an  engine  as  a  reducing  valve  would  be  just  sufficient  to 
generate  the  same  amount  of  energy  as  is  now  pur- 
chased. As  it  happens  the  power  demand  is  practically 
uniform,  and  since  low-pressure  steam  is  used  also  at 
almost  a  uniform  rate,  this  steam  would  generate  energy 
in   proportion  to  the  amounts   needed. 

Fig.  5  is  a  summary  of  Fig.  4,  showing  total  quan- 
tities of  fuel  to  be  saved.  As  found,  the  aggregate 
amount  of  fuel  consumed  per  annum  by  the  nine  plants 
considered  is  56,633  tons.  As  isolated  independent 
plants  under  reasonable  rehabilitation  plans,  these  same 
plants  would  consume  only  44,550  tons  of  fuel,  or  12,083 
tons  less.  Electrical  interconnection  and  operation  on  a 
give-and-take  basis  would  result  in  an  additional  saving 
of  11,400  tons  of  coal.  The  total  saving  due  to  rehabil- 
itation and  electrical  interconnection  would  be  23,550 
tons,  as  represented  by  the  total  areas  of  the  bands 
shown  in  Fig.  5.  This  is  41.5  per  cent  of  56,633,  or 
in  other  words  a  saving  of  41.5  per  cent  in  fuel  would 
be  possible  in  these  cases.  The  solid  black  portions  of 
the  bands  shovm  in  Fig.  5  represent  11,400  tons. 
Electrical  interconnectio.'  would  result  in  a  saving  of 
11,400  tons  in  44.500  tons,  or  25.5  per  cent. 

In  these  cases  the  public  utility  would  lose  3,425,000 
kw.-hr.  of  business,  gain  3,125,000  kw.-hr.  and  in  addi- 
tion would  have  to  absorb  about  1,200,000  kw.-hr., 
bringing  about  a  net  loss  of  about  1,500,000  kw.-hr. 
to  the  public  utilities.  However,  the  loss  of  business 
would  be  represented  by  a  large  consvmer  paying  a  low 
rate,  whereas  the  new  business  would  be  represented 
by  numerous  small  customers  paying  a  higher  rate,  and 
:.ince  the  1,200,000  kw.-hr,  to  be  absorbed  would  be 
purchased  at  a  low  rate,  it  is  probable  that  the  public 
utility  would  be  benefited.  In  any  event  a  plan  on  the 
order  outlined,  where  plant  No,  5  was  discussed  in 
detail,  would  have  to  be  worked  out  since  the  co-oper- 
ative plan  would  have  to  be  of  benefit  to  the  public 
utility  to  be  attractive  and  workable. 

From  a  national  fuel-conservation  standpoint  the  pub- 
lic utility  should  be  interested  in  all  industrial  plants 
and  every  indust.-ial  plant  should  be  a  subscriber  to  the 
public  utility,  which  should  be  operating  in  a  bigger 
broader  and  better  field. 
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The  writer  has  come  in  contact  with  numerous  other 
cases  scattered  about  the  country.  In  one  instance  a 
plant  consuming  45,000  tons  of  coal  a  year  was  burning 
3,000  tons  for  heating  buildings  with  live  steam.  This 
3,000  tons  could  readily  have  been  utilized  for  power 
purposes. 

As  another  example,  in  a  to^m  of  3,500  population 
the  local  public  utility  is  being  operated  with  uneconom- 
ical engines  which  exhaust  the  steam  to  atmosphere. 
The  public  utility's  plant  is  located  on  a  large  river,  and 
the  installation  of  a  condenser  would  result  in  saving 
20  per  cent  of  the  fuel.  In  this  same  municipality  is  a 
large  woodworking  establishment  consuming  a  com- 
bined amount  of  coal  or  its  equivalent  in  wood  refuse 
equal  to  9,000  tons  of  coal  per  year.  The  plant  operates 
24  hours  per  day,  and  its  exhaust-steam  requirements 
are  such  that  practically  9,000  tons  of  coal  or  equivalent 
would  have  to  be  burned  for  steam-heating  purposes 
regardless  of  any  power  requirements.  However,  this 
plant  was  actually  considering  the  purchase  of  electric 
energy  from  a  water-power  concern,  and  had  this  been 
advised  and  done,  an  additional  loss  to  the  general 
public  would  have  been  added  to  an  already  aggravated 
situation. 

If  equipped  with  high-efficiency  engines,  the  wood- 
working establishment  would  have  been  in  position  to 
generate  more  than  all  of  the  electrical  energy  required 
by  the  municipality  at  night  and  could  have  generated 
more  than  enough  to  meet  the  daytime  demands  as 
well  as  its  own  needs.  In  other  words,  instead  of  this 
establishment  purchasing  energy,  it  should  take  advan- 
tage of  its  position  to  sell  energy  to  the  local  public 
utility,  allowing  the  latter  to  shut  down  and  conserve 
2,000  tons  of  coal  per  year.  If  a  transmission  line 
should  become  available,  the  plant  under  consideration 
would  be  able  to  retail  electric  energy  to  other  con- 
sumers. 

Interconnection  a  Boon  to  Industrial  Plants 

The  nation  is  full  of  just  such  possibilities.  What  we 
are  suffering  in  national  fuel  losses,  not  mentioning 
labor,  transportation  and  rolling-stock  costs,  can  be  im- 
agined when  we  see  what  happens  in  a  few  specific  cases. 
It  is  hardly  within  the  scope  of  this  article  to  dwell 
further  on  the  details  surrounding  the  actual  operation 
of  a  combination  of  plants  electrically  interconnected. 
Suffice  it  to  say,  that  from  an  engineering  standpoint 
it  would  be  simple  and  practicable  and  would  be  a 
boon  to  the  industrial  plants  themselves  rather  than 
a  hardship.  The  nine  plants  mentioned  previously  do 
not  represent  the  unusual,  but  are  fair  examples  of  the 
average.  What  is  happening  in  them  is  true  in  a  gen- 
eral way  in  nearly  all  medium-sized  industrial  estab- 
lishments. 

Our  annual  bituminous-coal  production  is  about  600 
million  tons.  About  90  millions  are  used  for  house  and 
building  heating,  135  millions  for  railroad  operation, 
and  about  375  millions  for  industrial  purposes,  including 
gas  utilities,  ore  smelters  and  electric  central  stations. 
It  seems  reasonable  to  suppose  that  at  least  200  million 
tons  are  used  per  annum  by  Industrial  power  plants. 
If  only  25  per  cent  instead  of  the  41.5  per  cent,  as  found 
in  one  typical  case,  would  be  saved  by  electrical  inter- 
connection and  other  means,  it  would  mean  an  annual 
saving  of  50  million  tons,  or  1,000,000  fifty-ton  cars. 
Such  a  irain  of  cars  on  an  air  line  would  stretch  three 
times  from  New  York  to  San  Francisco. 


Naval  Horsepower  of  9,000,000 

To  Use  Oil 

More  than  8,000,000  bbl.  of  fuel  oil  and  nearly  3,000= 
000  gal.  of  lubricating  oil  will  be  required  by  the  Navy 
during  the  next  fiscal  year.  These  figures  have  been 
given  out  by  Admiral  R.  S.  Griffin,  chief  of  the  Bureau 
of  Steam  Engineering.  In  addition,  Admiral  Griffin 
said: 

The  demand  for  oil  by  the  Navy  alone  looks  formidable 
in  comparison  with  the  requirements  of  two  or  three  years 
ago,  and  when  it  is  considered  that  a  large  number  of  mer- 
chant ships,  completed  during  the  last  three  years,  also  burn 
oil,  and  that  many  industrial  establishments  recently  have 
converted  their  power  equipment  to  oil  burning,  the  ques- 
tion of  an  adequate  supply  of  fuel  oil  for  the  Navy  becomes 
one  of  great  concern. 

I  share  the  views  of  many  regarding  the  national  import- 
ance of  conserving  oil.  Without  an  assured  supply,  our 
Navy  would  be  practically  useless.  I  shudder  to  think  what 
the  result  would  be  if  anything  should  occur  that  even  re- 
motely would  threaten  this  supply. 

We  now  have  in  commission  seven  battleships  of  a  com- 
bined horsepower  of  204,000,  which  burn  oil  only.  In  addi- 
tion to  these  we  have  building  twelve  other  battleships  of 
533,000  hp.;  six  battle  cruisers  of  1,080,000  hp.,  and  ten 
scout  cruisers  of  900,000  hp.,  making  a  total  under  construc- 
tion of  these  three  classes  of  ships  aggregating  2,513,000  hp. 

In  oil-burning  destroyers,  we  have  actually  completed 
234  with  an  aggregate  horsepower  of  5,626,000,  and  have 
under  construction  87  others  which  will  be  completed  during 
the  next  fiscal  year  and  will  bring  the  total  horsepower 
of  destroyers  up  to  7,975,000. 

Our  submarines  already  completed  aggregate  about  80,000 
hp.  in  Diesel  engines,  and  those  under  construction  will 
more  than  double  this  figure. 

Besides  these  vessels  of  a  purely  military  character,  we 
have  others  such  as  mine  sweepers,  tugs,  destroyer  and  sub- 
marine tenders,  and  fuel  ships,  in  which  oil  is  used  as  fuel, 
whose  horsepower  aggregates  173,400. 

To  sum  up,  we  actually  have  completed  and  ready  for 
service  vessels  aggregating  more  than  6,000,000  hp.  in  which 
oil  alone  is  used  for  fuel,  and  have  under  construction  other 
vessels  which  will  bring  this  total  up  to  nearly  9,000,000  hp. 


One  of  the  most  important  considerations  for  the 
successful  operation  of  geared  marine  turbines  is  the 
proper  lining  upon  the  foundations.  At  the  Hog  Island 
shipyard,  the  sole  plates  of  foundations  for  gears  and 
turbines  are  machined  parallel  to  the  line  of  shafting 
after  the  shafting  has  been  lined  up.  This  is  done  with 
a  special  milling  machine  so  set  that  the  sole  plate 
has  a  taper  of  0.020  in.  from  outboard  toward  center 
to  facilitate  setting  the  chocks.  After  the  gear  case 
is  lowered  into  place  and  held  by  jackscrews  measure- 
ments are  made  for  the  56  chocks.  These  chocks  ai'e 
machined  from  mild  steel  and  are  made  0.005  in.  thicker 
than  the  measurements  call  for  so  they  may  be  scraped 
to  fit.  The  holding-down  bolts  are  given  a  driving  fit 
by  reaming  the  bolt  holes  0.002  in.  less  diameter  than 
the  bolts.  A  set  of  these  gears  for  the  A  type  ships 
weighs  90,000  lb.  and  has  twelve  journals.  The  journals 
have  a  clearance  of  0.001  in.  per  in.  of  diameter. 


The  tendency  these  days  is  toward  comparatively  small 
installed  ice-making  capacity  and  large  ice-storage  ca- 
pacity. This  enables  holding  a  good  crew  the  year 
around,  insures  large  stock  at  times  of  great  demand 
and  cares  for  breakdown  repair  periods.  In  designing 
storage  houses  50  cu.ft.  is  usually  allowed  per  ton  of  ice. 


When  a  fluid  is  steadily  flowing  through  a  pipe, 
that  fluid  in  contact  with  the  wall  of  the  pipe  is 
practically  at  rest,  the  velocity  increasing  as  the  axis 
of  the  pipe  is  approached,  being  maximum  at  the  axis. 
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Will  We  Have  To  Come 
To  the  Big  Stick  Again? 

FOLLOWING  the  sad  experience  of  last  winter's  coal 
famine,  many  conferences  were  held  to  consider 
means  whereby  a  repetition  of  the  situation  might 
be  avoided.  Foremost  among  the  recommendations  of 
these  meetings  was   summer  storage. 

Summer  is  here,  and  what  is  the  situation?  Already 
the  daily  press  is  predicting  dire  results  for  next 
winter. 

Are  the  large  users  of  steam  coals  in  the  East  storing 
up  a  supply  for  the  season  when  the  demand  is  greatest 
and  the  transportation  facilities  least  adequate? 

No,  they  are  not;  and  through  no  fault  of  their  own. 

Most  of  the  large  consumers  are  perfectly  willing 
to  make  the  necessary  investment  in  storage  facilities 
and  outlay  in  coal  as  an  insurance  against  shutdown 
next  winter,  but  they  cannot  get  the  coal. 

Instead  of  building  up  a  reserve  supply  at  this  time, 
they  are  forced  to  proceed  from  hand  to  mouth. 

The  condition  appears  to  be  due  to  several  factors, 
chief  among  which  are  inadequate  production,  lack  of 
transportation  and  terminal  facilities,  labor  troubles 
at  terminals,  a  large  export  in  coal,  and  speculative 
selling. 

It  is,  perhaps,  the  inability  of  the  railroads  to  ex- 
pedite the  handling  of  cars  and  their  tie-up  at  terminals 
because  of  labor  troubles  or  inadequate  terminal  facili- 
ties, that  is  responsible  to  a  greater  extent  than  mere 
lack  of  cars.  For  last  October,  just  preceding  the  strike, 
with  practically  the  same  number  of  cars  available  as 
at  present,  it  will  be  recalled  that  the  transportation 
of  coal  beat  even  the  war  record  of  the  previous  year. 

Production  at  the  mines  naturally  follows  ability  of 
the  railroads  to  move  the  coal,  provided  there  is  a  brisk 
demand,  and  this  accounts  for  the  decreased  production 
in  certain  cases,  although  the  production  curve  this 
year  has  been  above  that  of  last  year.  However,  it  must 
be  remembered  that  in  the  spring  of  1919  some  in- 
dustries were  running  on  their  war  suitIus  and  the 
demand  for  several  months  fell  off. 

Much  has  been  said  of  late  concerning  the  increasing 
export  of  coal  and  its  effect  upon  certain  sections  of 
the  country,  notably  New  England,  which  receives  much 
of  its  coal  by  water,  and  the  Interstate  Commerce  Com- 
mission has  already  issued  priority  orders  with  a  view  to 
relieving  the  New  England  situation. 

As  an  aftermath  of  the  war  Europe  is  extremely 
short  of  coal  and  is  naturally  turning  to  the  American 
market  for  relief.  She  needs  the  coal  so  badly  that  sne 
is  willing  to  pay  almost  any  price  for  it.  This  being 
the  case,  purchasers  at  home  are  forced  into  competi- 
tive bidding  with  foreign  buyers.  During  recent  months 
the  foreign  shipments  have  increased  to  about  five  times 
those  of  pre-war  years  and  the  shipments  to  New 
England  have  decreased  by  twenty-five  to  forty  per 
cent. 

It  is  argued  by  the  coal  interests  that  this  is  a  per- 
fectly legitimate  situation;   that  the  home  consumers 


are  welcome  to  the  coal  if  they  will  meet  the  foreigners' 
price  and  that  there  is  no  more  reason  for  putting  an 
embargo  on  coal  than  there  is  for  putting  one  on  cot- 
ton or  wheat.  Besides,  Europe  needs  our  coal  just  as 
much  as  it  does  our  wheat. 

The  argument  seems  plausible  except  perhaps  to  the 
man  who  is  forced  to  pay  for  the  coal. 

Be  that  as  it  may,  an  embargo,  while  providing  tem- 
porary relief  to  New  England  and  making  possible 
diversion  of  cars  to  other  sections,  is  by  no  means  a 
remedy  for  existing  conditions.  If  our  total  exports 
were  stopped,  we  would  still  be  running  over  five  mil- 
lion tons  behind   our  monthly   requirements. 

The  shortage  has  created  a  condition  favorable  to 
manipulation  and  a  speculative  market,  which  in  turn 
has  probably  resulted  in  further  holding  of  shipments 
at  terminals  and  yards.  Coal  prices  are  on  the  rampage, 
and  what  is  bid  one  day  by  the  man  in  dire  necessity 
becomes  the  opening  price  the  following  day. 

The  necessity  for  a  revival  of  the  Fuel  Administra- 
tion will  be  regretted,  and  most  of  all  by  the  coal  men 
themselves.  The  country  is  tired  of  commissions  of 
inquiry  and  adjustment,  which  have  in  practically  every 
instance  failed  to  achieve  results.  What  it  needs  and 
is  sure  to  demand  is  a  wielding  of  the  big  stick,  laws 
with  teeth  in  them,  and  an  enforcing  agency  that  will 
see  to  it  that  the  producer  and  middle  man  are  allowed 
fair  profits  only  and  that  the  public  is  protected  from 
unwarranted  profiteering  and  speculation. 

Electrical  Interconnection 

THINGS  that  are  visionary  and  idealistic  today  are 
realities  tomorrow.  The  bigger  and  broader  ideas 
in  civil  and  economic  life  are  born  of  evolution  rather 
than  revolution.  Rome  was  not  built  in  a  day;  neither 
could  the  broad  idea  of  electrical  interconnection  sug- 
gested by  Mr.  Weber  on  other  pages  of  this  issue  be 
carried  out  in  so  brief  a  Ipse  of  time.  Civic  communi- 
ties have  adopted  city  planning,  whereby  a  certain  goal 
to  be  attained  ultimately  is  always  kept  in  mind  and 
the  common  weal  is  carefully  considered. 

In  the  case  of  building  new  industrial  power  plants 
or  rehabilitating  old  ones  no  consideration  i?  given  to 
any  feature  outside  of  the  sphere  of  the  individual 
plant,  since  the  byproduct,  electrical  energy,  has  no 
market. 

Engineers  are  fully  aware  of  the  situation,  but  there 
is  no  legislation  to  cope  with  this  haphazard  and  waste- 
ful procedure.  Wate**  power,  which  at  best  will  never  be 
adequate  for  industrial  demands,  will  never  run  out,  but 
the  fuel  supply  will. 

It  would  seem  as  t?iough  the  time  had  arrived  for 
crossing  the  indistinct  dividing  line  between  the  ideal- 
istic and  the  realistic,  and  that  within  the  course  of 
the  next  decade  we  should  consider  electrical  intercon- 
nectioi.  of  generating  stations,  not  as  an  original  and 
modern  method  of  doing  things,  but  as  a  necessity.  With 
the  aid  of  the  leaders  in  the  engineering  world,  bills 
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should  be  enacted  into  constructive  and  wholesome  laws 
that  would  conserve  the  coal  supply. 

In  the  new  German  legislature  a  bill  was  recently 
introduced  providing  for  government  ownership  of  all 
industrial  and  other  power  plants.  Their  motive  is 
obvious,  for  through  national  economy  they  hope  to 
recuperate.  Similar  legislation  in  this  country  mig.>t 
not  be  received  with  favor,  but  there  is  a  growing  tolei 
ance  for  the  thought  that  public  policy  demands  the 
supervision  of  power  plants  as  well  for  efficiency  as 
for  safety. 

As  a  further  possible  general  plan  it  might  be  feasible 
to  encourage  an  isolated  plant  to  connect  with  the  public- 
utility  service  lines  when  such  isolated  plant  can  prove 
that  it  can  generate  electrical  energy  as  a  byproduct. 
This  would  at  once  open  up  an  attractive  commercial 
field  as  auxiliary  to  the  main  industry,  but  if  manufac- 
turers could  see  a  handsome  profit,  they  would  undoubt- 
edly do  much  of  their  own  volition  in  this  direction  and 
the  solution  of  the  problem  would  become  more  or  less 
automatic. 

When  we  think  of  the  vast  tonnage  of  coal  that  could 
be  conserved,  the  coal  that  our  railroads  must  consume 
for  transporting  only  the  wastage,  the  additional  toiling 
hands  in  mines,  factories  and  shops  that  could  be 
utilized  for  other  purposes,  not  mentioning  the  still 
further  possibilities,  should  a  constructive  movement 
gain  foothold,  of  operating  central  stations  at  coal  mines, 
electrifying  railroads,  etc.,  is  it  not  time  to  look  into 
the  remote  future,  view  the  whole  matter  in  an  open- 
minded,  unprejudiced  mood  and  act,  and  thereby  lay 
the  cornerstone  for  a  greater  and  broader  industrial 
structure? 

Electrically  Driven 
Reversing  Steel  Mills 

ELECTRIC  drives  have  gradually  proved  their  superior 
merits  until  they  have  become  an  important  factor 
in  almost  every  manufacturing  plant  and  have  practic- 
ally revolutionized  many  manufacturing  processes.  They 
are  used  on  the  smallest  and  on  the  largest  drives,  from 
the  dental  tool  to  the  largest  hoists  and  steel-mill  appli- 
cations. And  in  almost  every  case  they  are  doing  the 
work  better,  more  efficiently  and  economically  than  it 
could  be  done  with  mechanical,  hydraulic  or  steam 
drives.  One  of  the  industries  in  which  the  introduction 
of  the  electric  motor  has  been  most  seriously  contended 
by  the  steam  engine  is  in  the  steel  mill.  However,  the 
last  ten  years  has  witnessed  a  general  adoption  of  elec- 
tric motors  to  all  classes  of  drives  in  the  steel  industry ; 
and  as  for  the  non-reversing  mill,  it  has  been  established 
that,  owing  to  its  greater  flexibility  and  reliability,  the 
electric-motor  drive  is  superior  to  the  steam  engine  in 
every  respect.  The  electric  drive  in  the  continuous-run- 
ning mill  will  produce  equal  tonnage  at  lower  cost,  power 
consumption  and  maintenance  charges  than  the  steam 
engine — so  much  so  that  electric  motors  are  being  in- 
stalled on  a  very  large  percentage  of  main-roll  drives  in 
all  new  installations. 

Two  of  the  important  factors  in  the  economical  oper- 
ations of  electric  drives  in  steel  mills  are  the  ease  and 
accuracy  with  which  the  power  consumption  can  be 
measured,  and  the  fact  that  the  equipment  must  be  kept 
well  insulated  or  it  cannot  be  operated.  At  best,  with 
the  steam  engine,  it  is  inconvenient  to  get  an  accurate 
record    of   power   consumption.      Whether   or    not    the 


steam  lines  are  kept  well  insulated  andfthe  joints  tight, 
the  old  engine  will  answer  to  the  throttle.  The  engine 
will  continue  to  operate  even  if  the  valves  and  piston 
rings  do  leak  and  the  vacuum  is  not  maintained  at  its 
maximum.  Although  this  may  indicate  that  the  engine 
is  a  serviceable  and  reliable  piece  of  machinery,  never- 
theless operating  under  such  conditions  is  not  conducive 
to  economy,  low  power  costs  and  maintaining  equipment 
in  a  high  state  of  repair.  These  features  not  infrequently 
cause  the  steam  engine  to  show  unnecessarily  high 
steam  consumption.  With  the  electric  motor  any  serious 
leaks  soon  develop  into  a  short-circuit  and  must  be  re- 
paired before  operation  can  be  continued. 

It  is  in  reversing-mill  applications  that  the  ability 
of  the  electric  motor  is  most  seriously  contended  by  the 
steam  engine.  Although  with  electric  drive  the  cost  of 
power  per  ton  of  steel  rolled  is  lower  than  with  the  steam 
engine,  probably  with  two  or  three  exceptions  the  re- 
versing steam  engine  is  rolling  a  higher  tonnage  than 
the  reversing  electric  motor,  and  tonnage  is  what  the 
average  steel-mill  man  is  chiefly  interested  in.  How- 
ever, two  new  reversing  mills  that  have  been  in  opera- 
tion for  some  months,  according  to  reports,  are  equaling 
if  not  surpassing  the  tonnage  records  of  any  reversing 
steam-engine  driven  mill.  The  leading  article  in  this 
issue  "Electrically  Driven  Reversing  Steel  Mills,"  by 
T'razer  Jeffrey,  is  a  very  interesting  discussion  on  this 
subject,  in  that  it  considers  a  number  of  the  problems 
involved  in  applying  a  reversing  electric  drive  and  then 
shows  how  one  of  the  applications  was  solved.  The  elec- 
tric drive  in  such  installations  has  the  handicap  of  con- 
siderable higher  first  cost,  but  as  the  author  points  out, 
higher  first  cost  means  little  if  in  a  reasonable  length 
of  time  the  saving  in  cost  of  operation  and  of  main- 
tenance will  more  than  offset  it  to  the  extent  of  show- 
ing appreciable  gains. 

The  Water  Power  Bill 
Becomes  a  Law 

WHEN  Congress  adjourned  without  the  President 
having  affixed  his  signature  to  the  water  power 
bill,  it  was  taken  for  granted  that  the  measure  had  been 
lost  and  there  was  keen  disappointment  among  those 
who  had  supported  repeated  attempts  at  satisfactory 
legislation  during  the  last  eight  or  ten  years.  There- 
fore, recent  announcement  from  the  White  House  that 
the  President,  acting  upon  an  opinion  of  the  Attorney 
General  that  adjournment  of  Congress  did  not  deprive 
him  of,  the  ten  days  allowed  by  the  Constitution  for  the 
consideration  of  a  measure,  had  finally  signed  the  bill, 
was  greeted  with  general  satisfaction. 

The  bill  is  necessarily  a  compromise,  and  while  some 
of  its  provisions  may  not  entirely  satisfy  the  extremists 
on  either  side,  it  is  generally  conceded  to  be  a  satisfac- 
tory measure  and  one  that  will  form  a  basis  for  con- 
structive development  of  our  water  powers. 

The  West  will  be  particularly  gratified  at  the  Presi- 
dent's action  in  view,  of  the  need  for  a  wide  and  com- 
prehensive hydro-electric  program  to  meet  the  ever- 
increasing  demand  for  electricity  among  the  Pacific 
Coast  states.  In  an  effort  to  meet  the  present  power 
shortage,  much  new  construction  is  already  under  way 
in  California,  but  this  consists  principally  of  additions 
..o  existing  developments.  There  is  still  available  on 
public  lands  a  large  amount  of  potential  power  which 
has  heretofore  remained  undeveloped  because  of  the  un- 
satisfactory method  of  granting  permits. 
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Case  of  a  Stuck  Governor  Valve 

The  following  experience  with  an  engine  that  failed 
to  start  after  being  shut  down  for  several  months  may 
be  of  interest.  The  engine  in  question  was  in  a  small 
sawmill  and  was  of  the  horizontal  slide-valve  type,  pro- 
vided with  a  throttling  governor.  The  mill  had  been 
shut  down  for  nearly  a  year,  and  when  it  was  desired  to 
reopen  it  the  engineer,  who  had  been  employed  to  oper- 
ate the  power  plant,  was  unable  to  start  the  engine.  He 
telephoned  for  a  friend  of  mine,  who,  although  he  is  not 
a  regular  engineer,  had  been  successful  in  locating 
trouble  in  a  number  of  small  plants. 

On  arriving  at  the  mill,  he  found  steam  up  and  every- 
thing about  the  boiler  and  engine  apparently  in  good 
order.  The  engineer  had  'already  closed  the  stop  valve 
in  the  main  steam  pipe  next  to  the  boiler  and  had  re- 
moved the  bonnet  from  the  throttle  valve  and  also  the 
steam-chest  cover.  There  was  nothing  wrong  at  these 
points,  and  yet,  upon  opening  the  boiler-stop  valve  and 
the  throttle,  no  steam  appeared  in  the  open  steam  chest. 

My  friend  naturally  thought  of  the  governor  and 
asked  if  this  had  been  examined.  The  engineer  replied 
that  it  had  not  been  taken  apart  as  it  worked  all  right. 
On  raising  the  balls  they  did  appear  to  move  easily — 
rather  too  easily,  my  friend  thought.  The  engineer  said 
that  when  he  had  first  come  to  the  mill  that  morning  he 
had  raised  the  governor  balls  and  that  they  seemed  to 
be  stuck,  but  had  come  loose  in  a  short  time. 

That  was  the  whole  trouble.  The  governor  was  taKen 
apart,  and  it  was  found  that  the  valve  had  corroded 
tightly  to  its  seat.  The  valve  stem  at  its  lower  point 
was  also  somewhat  corroded  and  when  the  engineer  had 


pried  up  on  the  balls,  the  stem  had  broken  off  short. 
Nearly  a  day's  delay  had  resulted  through  this  simple 
sticking  of  a  valve.  Moral:  Sometimes  the  "insides" 
of  a  device  may  be  "out  of  gear,"  even  if  the  exterior 
appearance  and  its  apparent  working  are  correct. 
Washington,  D.  C.  Hugh  G.  Boutell. 

Traveling  Screens  Reduced  Labor 

The  accompanying  illustrations  show  a  cooling  system 
now  in  use  at  the  plant  of  the  Connecticut  Light  and 
Power  Co.,  Waterbury,  Conn.  A  set  of  traveling  water 
screens  are  housed  in  the  small  shed  shown  immediately 
above  the  intake  in  Fig.  1. 

This  plant  is  on  the  Naugatuck  River,  and  at  a  point 
just  below  where  the  picture  was  taken,  there  is  a  dam 
over  which  the  water  frequently  does  not  flow  during 
the  summer  months.  This  practically  makes  a  cesspool 
of  the  pond  formed  opposite  the  power  house,  and  before 
the  traveling  screens  were  installed,  two  or  three  men 
were  required,  sometimes  twenty-four  hours  a  day,  to 
clean  the  racks  in  order  to  permit  sufficient  condensing 
water  to  enter  the  intake.  The  traveling  screen  has 
eliminated  all  this  labor  and  has  also  reduced  the  con- 
denser cleanings  by  about  50  per  cent. 

From  the  condensers  the  cooling  water  is  discharged 
through  the  spray  pipes,  as  shown,  into  the  river.  A 
flume  built  parallel  to  the  bank,  Fig.  2,  prevents  this 
water  from  immediately  returning  to  the  intake.  This 
flume  is  two  or  three  blocks  in  length  so  that  the  water 
must  travel  a  considerable  distance,  giving  it  additional 
opportunity  to  cool  before    .gain  entering  the  intake. 

Milwaukee,  Wis,  W.  H.  Brandt. 


FIG.  1.     SPRAY  NOZZLES  AND  INTAKE  TO  SCREENS 


FIG.  2.    YiKW  OF  ro>:D  a>:d  discharge  flume 
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An  Emergency  Union 

Extra-heavy  fittings  for  extremely  high  pressures  are 
sometimes  hard  to  get,  and  unless  they  are  carried  in 
stock  a  break  in  a  line  of  this  kind  is  likely  to  cause 
a  lot  of  worry,  as  well  as  some  delay  in  the  operation  of 
the  machinery  depending  on  the  line.  I  had  such  an 
experience,  when  a  union  on  a  11-in.   hydraulic  line, 


CROSS-SECTION    THROUGH    THE    UNION 

carrying  3,500  lb.  pressure,  broke.  Extra  fittings  had 
been  ordered,  but  were  not  then  in  stock,  so  a  new  one 
of  some  sort  had  to  be  devised. 

A  piece  of  scrap  shafting  about  4  in.  in  diameter  was 
secured  and  two  pieces  were  sawed  off  about  11  in. 
thick.  These  were  placed  in  a  lathe,  faced  off,  bored  and 
threaded  to  fit  the  pipe.  They  were  then  chucked  with 
the  other  side  out,  faced  and  one  made  female  and  the 
other  male,  as  shown  in  the  sketch.  Four  half-inch 
bolt  holes  were  then  drilled  in  each  half  of  the  union 
to  match.  A  sole-leather  gasket  was  made  to  fit  into  the 
cavity  in  the  female  half,  and  the  job  was  finished. 

When  installed,  this  union  held  and  it  is  still  holding 
this  high  pressure,  and  there  has  never  been  any  appre- 
ciable leakage.  P.  A.  Gett. 

Cherryvale,  Kan. 

Used  Natural  Refrigeration 

In  a  certain  plant  a  motor-driven  ice  machine  was  run 
all  the  year  round  to  cool  refrigerator  boxes  in  various 
parts  of  the  building.  Purchased  current  was  used  at 
considerable  expense  and  after  a  time  it  dawned  upon  us 
that  if  these  boxes  had  openings  to  the  outside  in  win- 
terthe  result  would  be  a  considerable  saving  in  the 
power  bill. 

The  situation  was  gone  over  and  ducts  were  run 
from  such  boxes  as  were  near  the  wall,  through  the 
wall,  connecting  with  tight  insulated  doors  in  the  boxes. 
From  the  boxes  in  the  basement  ducts  were  run  to  a 
point  about  ten  feet  above  the  sidewalk.  These  also  had 
doors  in  them,  and  by  regulating  the  opening  of  these 
doors  fairly  good  temperature  regulation  was  main- 
tained throughout  the  cold  weather  with  a  notable  sav- 
ing in  the  powor  bill.  It  might  be  added  that  these 
openings  were  screened  to  keep  out  birds,  insects,  etc., 
and  each  had  overhanging  canopies  to  protect  them 
from  the  weather.  Besides  the  saving  in  power,  a 
chance  was  afforded  to  overhaul  the  plant,  which  could 
not  be  done  before  without  the  boxes  becoming  warm, 
as  they  were  constantly  being  opened  and  the  building 
was  heated.  G.  F.  Klugmann,  Jr. 

St.  Louis,  Mo. 


Banding  an  Armature   Without 
Removing  It  from  Frame 

One  of  our  50-kw.  engine-driven  generators  began  to 
flash  at  the  commutator  and  upon  shutting  the  machine 
down  it  was  found  that  the  middle  band  on  the  arma- 
ture had  broken  and  parts  of  it  came  out  on  the  com- 
mutator and  brushes.  The  generator  was  directly  con- 
nected to  the  engine,  consequently  it  would  have  been  a 
considerable  job  to  remove  the  armature  to  put  the  new 
band  on,  therefore  it  was  decided  to  try  to  put  on  the 
band  with  the  armature  in  place.  The  polepieces  were 
bolted  to  the  frame  with  bolts  from  the  outside.  This 
made  it  possible  to  remove  the  bolt  from  the  top  pole- 
piece  and  take  the  latter  out,  as  shown  in  the  figure. 
Two  wood  clamps  were  used  to  hold  tension  on  the 
band  wire.  One  of  these  clamps  was  fastened  to  a 
piece  of  timber  between  two  posts  about  5  ft.  away  from 
the  machine  and  the  other  was  fastened  against  one 
polepiece  inside  the  machine,  as  in  the  figure,  and  used 
to  direct  the  wire  on  the  armature.  With  one  end  of 
the  banding  wire  fastened  to  a  coil  where  it  projected 
beyond  the  core,  the  armature  was  turned  by  hand  and 
three  or  four  turns  were  put  on  the  armature,  to  gradu- 
ally bring  the  banding  wire  over  to  the  position  of  the 


GENERAL  ARRANGEMENT  OF  PARTS  FOR  PLACING 
BAND  ON  ARMATURE 

bard.  The  wire  was  then  placed  in  the  clamps  and  the 
latter  adjusted  to  give  the  proper  amount  of  tension. 
On  the  first  turn  of  the  new  band  the  armature  was 
worked  around  very  carefully  and  the  mica  insulation 
and  copper  binding  clips  put  in  place;  after  this  the 
remainder  of  the  band  went  on  easily.  After  soldering 
all  around  and  removing  the  loose  ends  of  the  band,  the 
polepiece  was  put  back  into  place.  The  machine  has 
been  in  service  for  a  number  of  months  now,  and  the 
band  is  still  giving  service  and  shows  no  signs  of 
moving.  S.  Nygreen. 

New  York  City. 


Another  Long  Run 


I  read  with  interest  the  record  run  of  a  steam  turbine, 
as  published  in  the  May  15  issue.  We  have  an  875-kw. 
600-r.p.m.  generator  directly  connected  to  a  waterwheel 
operating  under  a  head  of  170  ft.  This  unit  ran  from 
Dec.  15,  1919,  to  April  18,  1920.  a  total  of  126  days, 
without  being  shut  down  for  any  purpose  whatever. 

Copenhagen,  N.  Y.  V.  C.  Wood. 
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Shaft  Lubrication 

With  reference  to  recently  published  articles  in  Power 
on  the  subject  of  self-oiling  bearings,  I  would  say  that  I 
have  also  found  the  ring-oiled  type  of  bearing  to  be 
generally  efficient,  but  it  is  obvious  that  the  use  of  that 
method  of  lubrication  on  the  larger  sizes  of  bearings  is 
not  practical. 

It  has  been  my  experience,  with  chain-oiled  bearings 
as  large  as  20-in.  running  120  r.p.m,  and  12-in,  bearings 
running  between  150  and  200  r.p.m.,  to  find  that  the 
difficulties  encountered  in  that  method  are  usually 
caused  by  tight  links,  broken  pins  or  chains  not  being 
of  proper  length.  I  have  found  chains  long  enough  to 
drag  on  the  bottom  of  the  oil  well,  and  in  other  cases  the 
adding  of  a  few  links  to  a  poorly  running  chain  has  in- 
creased its  traction  and  caused  it  to  run  steadily. 

Before  putting  a  new  chain  in  service  for  this  work, 
it  is  always  well  to  examine  each  link  carefully  to  make 
certain  that  it  doesn't  bind  excessively,  as  a  tight-fitting 
link  will  offset  the  chain  after  it  passes  over  the  shaft, 
and  if  it  does  not  straighten  itself  out  before  coming  up 
on  the  other  side,  the  offset  formed  will  stop  the  chain. 
Another  point  that  requires  attention  is  the  matter  of 
joining  the  ends  of  a  chain  after  placing  it  around  a 
shaft.     This  joint  is  often  made  with  copper  or  othei" 
soft-metal  wire,  which  if  used  on  an  iron  chain  will  wear 
out  in  a  comparatively  short  time  and  allow  the  chain 
to  part,  perhaps  at  a  critical  time.    The  pin  used  at  that 
joint  should  be  equal  in  strength  to  all  others  used  in  the 
chain.     Without  observing  these  small  precautions,  the 
chain  method  of  oiling  cannot  be  said  to  be  dependable. 
I  entirely  agree  with  the  statement  in  the  April  6 
issue  of  Potver  to  the  effect  that   ring-oiled  bearings 
should  be  watched  when  they  are  started,  to  see  that  the 
rings  start  with  the  shaft,  but  I  have  known  of  several 
instances  where  oil  rings  have  stopped  while  the  shafts- 
were  revolving.     In   my   experience  this  has   occurred 
most  frequently  with  slow-  and  variable-speed  shafts  and 
it  is  almost  always  caused  by  some  defect  in  the  ring, 
such  as  high  or  low  places  where  the   ring  ends  are 
joined  or  by  the  ring  being  bent  out  of  a  true  circle. 
In  one  instance  a  ring  on  a  4-in.  shaft  was  found 
chattering   and    jumping   clear    of    a    motor    shaft    so 
rapidly  as  to  allow  practically  no  oil  to  be  carried  to 
the  shaft.     When  this  motor  was  slowed  down  to  about 
one-half  normal  speed,  the  ring  immediately  came  down 
on   the  shaft,   ran   steadily   and  carried   plenty   of   oil. 
Upon  raising  the  oil  level  in  this  bearing  about   I    in., 
the  ring  operated  properly  at  all  speeds  of  the  motor. 
On     another     occasion     considerable     trouble     was 
experienced  by  the  frequent  stopping  of  a  ring  on  a  3-in. 
shaft  of  a  compressor  running  at  200  r.p.m.    This  ring 
gave  no  trouble  during  the  first  three  years  of  its  use. 
When  the  trouble  first  occurred,  it  was  found  that  the 
ring  would  run  very  slowly  for  about  one-half  revolu- 
tion, then  speed  up,  only  to  slow  down  again  and  finally 
stop  after  running  about  half  an  hour.    Close  examina- 
tion revealed  that  the  ring  was  sprung  to  a  slight  oval 
form,  barely  noticeable  without  measuring.  After  truing 
the  ring,  it  ran  satisfactorily  a  few  weeks  and  then  began 
an  erratic  action  again.    A  second  investigation  showed 
that  the  ring  had  again  sprung  to  an  oval  form  and 
would  hang  up  when  one  of  the  long  ends  of  the  oval 
reached  the  top  of  the  shaft,  although  the  distortion  of 
the  ring  in  this  case  was  scarcely  more  noticeable. 

A  permanent  remedy  was  thereupon  effected  by  filing 
away  part  of  the  metal  on  the  inside  of  the  ring,  to 


bring  it  as  nearly  as  possible  to  a  true  circle  without 
having  to  again  spring  it. 

Careful  examination  will,  in  mo.st  cases,  show  the 
reason  for  a  ring-oiled  bearing  failing  to  give  .satisfac- 
tion as  to  economy  and  continuous  .service. 

Jersey  City,  N.  J.  I.  S.  Chamberlain. 

A  Peculiar  Meter  Problem 

Victor  H.  Todd's  metering  problem  in  the  April  6 
issue  of  i^ower  brings  lo  mind  a  condition  that  pre- 
vailed on  our  system  for  a  time  some  years  ago,  before 
twenty-four  hour  service  was  given.  A  building  was 
wired  and  connected  to  the  secondary  street  mains 
through  a  service  meter,  and  later  a  new  part  was  built 
on  and  connected  to  the  same  mains  through  another 
service  and  meter,  as  shown  in  the  diagram.  In  order 
to  furnish  power  in  the  new  part  before  the  service 
was  installed,  the  wiremen  connected  the  two  circuits 
together  as  shown  by  the  dotted  lines  in  the  diagram. 
Since   no  day  service  was   given,  the  electrician   who 


HOW   THE   TWO   CIRCUITS   WERE   IXTERCOXXECTED 

installed  the  meter  did  not  notice  that  the  new  part 
was  alive,  and  it  was  only  by  mere  chance  that  the 
connections  were  made  so  that  no  fuses  blew  when 
both  service  switches  were  in  and  the  current  on. 

It  was  noticed  that  the  meter  readings  were  not  com- 
mensurate with  the  loads,  although  tests  with  portable 
instruments  and  a  separate  load  showed  that  both 
meters  were  correct.  On  replacing  the  fuse  plugs  and 
connections  after  testing  the  last  meter,  it  was  observed 
that  this  meter  hummed  with  the  main  switch  out, 
which  showed  that  current  was  flowing  in  its  potential 
coil,  and  upon  turning  on  a  light  near-by  the  presence 
of  current  was  proved.  This  started  an  investigation 
that  disclosed  the  cross-connections  between  the  two 
circuits.  It  so  happened  that  the  new  ''ervice  was 
made  as  shown,  thus  connecting  one  end  of  the  through 
circuit  of  the  new  meter  to  the  same  main  as  one  end 
of  the  series  side  of  the  old  meter,  while  the  through 
side  of  the  old  meter  was  likewise  connected  with  refer- 
ence to  the  series  side  of  the  new  meter.  Upon  tracing 
the  circuits,  it  can  readily  be  seen  that  by  means  of  these 
connections  the  through  circuit  shunts  the  series  coils 
of  the  meters.  Upon  removing  the  cross-connections, 
the  meter  ran  correctly.  Henry  Mulford. 

Patchogue,  L.  I. 
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Care  of  CO2  Recording  Machines 

In  reading  the  article  by  G.  A.  Chatel,  on  page  784 
of  the  May  11  issue,  I  am  pleased  to  learn  that  Mr. 
Chatel's  experience  with  CO,  machines  is  so  nearly  like 
my  own.  For  example,  he  estimates  that  about  one-half 
hour  per  week  is  required  for  changing  absorbent 
cartons  and  general  cleaning,  which  agrees  nearly  with 
my  own  estimate,  as  stated  in  the  Feb.  17  issue.  Also, 
Mr.  Chatel  "does  not  consider  it  good  economy  to  put 
a  high-priced  mechanic  on  the  job;"  in  other  words, 
the  machines  are  in  charge  of  a  man  "not  necessarily  a 
first-class  mechanic,  but  rather  one  who  has  specialized 
in  the  care  and  operation  of  these  particular  machines." 

On  one  point,  however,  Mr,  Chatel  disagrees  with 
me,  claiming  that  one  man  spends  on  an  average  one- 
half  hour  per  boiler  per  day  for  routine  testing,  check- 
ing and  adjusting,  whereas  I  estimated  three  or  four 
minutes  daily  for  this  work.  Certain  CO,  recorders 
include  means  for  checking  for  accuracy,  and  if  several 
units  are  checked  at  one  time  it  is  possible  to  com- 
plete this  work  by  devoting  an  average  of  three  or  four 
minutes  to  each  machine.  Evidently,  in  Mr.  Chatel's 
plant,  they  check  frequently  against  an  Orsat  and  make 
a  very  thorough  job  of  the  whole  proceeding.  While 
such  thoroughness  is  not  absolutely  necessary  to  satis- 
factory performance,  it  is  nevertheless  commendable 
and  the  extra  time  required  is  undoubtedly  effort  well 
spent  in  the  long  run. 

In  the  last  paragraph  Mr.  Chatel  refers  to  the  lag 
of  five  to  ten  minutes  in  the  time  required  for  the 
gas  to  reach  the  machine  and  become  analyzed.  The 
amount  of  the  lag  depends  on  the  location  of  the  analyz- 
ing machine.  Naturally,  the  farther  it  is  from  the 
boiler  the  greater  will  be  the  lag;  hence  it  is  advisable 
to  install  the  analyzing  machine  as  close  to  the  boiler 
as  practicable.  A  new  type  of  CO,  instrument  has 
recently  been  introduced  in  which  the  lag  has  been 
greatly  reduced.  This  result  is  accomplished  by  employ- 
ing two  aspirators  for  drawing  the  gas  sample  instead 
of  one,  as  was  formerly  the  practice.  The  auxiliary 
aspirator  employs  the  exhaust  steam  from  the  primary 
aspirator,  hence  the  newer  arrangement  is  also  more 
economical. 

The  only  lag  in  any  event  is  during  the  travel  of 
the  gases  from  the  flue  to  the  analyzing  machine.  There 
is  practically  no  lag  in  actuating  the  CO,  recorder  in 
the  chief's  office  or  the  auxiliary  CO,  indicator  on  the 
boiler  front  irrespective  of  the  distance  of  these  instru- 
ments from  the  analyzing  machine. 

Mr.  Chatel  states  that  CO,  recorders  are  "very  useful 
in  keeping  efficient  fires,  as  a  man  who  is  experienced 
can  judge  very  closely  the  condition  of  the  fire  by  the 
percentage  of  CO  ,"  but  adds  that  an  ideal  installation 
would  be  a  combination  of  CO,  equipment  and  recording 
pyrometer  on  each  boiler,  if  price  were  not  prohibitive. 

This  is  indeed  the  ideal  combination.  Furthermore, 
the  price  is  real'y  not  prohibitive  excepting  on  small 
boilers,  or  where  fuel  is  very  cheap.  For  example,  one 
type  of  equipment  is  made  in  this  combined  form.  It 
records  CO,  and  temperature  on  the  same  chart,  which 
is  an  advantage  because  the  two  readings  can  then  be 
more  readily  correlated.  Combined  equipment  of  this 
sort  for  a  battery  of  four  boilers  with  individual 
recorders  for  each  costs  about  $400  per  boiler.  Assum- 
ing a  monthly  cost  of  fuel  amounting  to  $1,000  per 
boiler,  it  is  apparent  that  as  little  as  5  per  cent  saving 
in  fuel  resulting  from  the  use  of  the  combined  pyrom- 


eter and  COj  instrument  would  return  the  initial  cost 
of  the  instruments  in  considerably  less  than  a  year. 
After  returning  the  initial  investment,  the  future  sav- 
ings would  be  almost  clear  profit.  If,  however,  there 
is  any  question  as  to  the  amount  of  available  funds 
or  whether  the  size  of  the  plant  would  warrant  a  com- 
bined pyrometer  and  CO,  recorder,  a  CO,  recorder  alone, 
being  much  cheaper  than  the  combined  outfit,  would 
undoubtedly  pay  for  itself  in  a  very  short  time  anyway. 
New  York  City.  C.  J.  SCHMID. 

Industrial  Unrest 

On  page.  782  of  the  May  11  issue,  I  read  with  much 
interest  what  Mr.  Crawford  had  to  say  on  "Industrial 
Unrest."  Perhaps  we  who  work  in  the  textile  industry 
know  a  thing  or  two  of  this  same  unrest.  We  get  the 
question,  "When  is  the  next  raise  coming*^"  fired  at  us 
from  all  points  of  the  compass  every  hour  of  the  twenty- 
four.  Our  power-plant  workers  go  around  with  "chips" 
on  both  shoulders,  and  we  beg  our  assistants  to  be 
careful  and  do  nothing  to  explode  the  charge  within. 

Engineers  get  together,  as  Mr.  Crawford  says,  and 
the  weak  want  the  support  of  the  strong  and  in  some 
cases  get  it.  I  was  surprised  one  day  to  find  that  not  one 
of  my  engineers  knew  how  a  boring  bar  was  "set,"  yet 
they  were  all  shouting  their  individual  qualifications. 

I  have  never  asked  the  "boss"  into  my  office  to  talk 
over  mill  work.  My  men  have  to  come  to  my  office  when' 
they  want  something.  My  time  is  taken  up,  not  for 
eight  hours  a  day,  but  sixteen  hours,  sometimes,  and 
unless  supervising  repairs,  my  place  is  generally  in  my 
office.  The  "boss's"  place  is  generally  in  his  office,  and 
it  is  a  no  longer  walk  from  my  office  to  his  than  from  his 
to  mine.  He  is  older  by  some  years  than  myself  and 
deserves  some  courtesy,  which  I  try  to  extend  to  him. 
I  never  go  to  his  office  in  my  overalls,  even  if  they 
are  "paid  for."  I  wash  myself  as  clean  as  possible  and 
try  to  look  as  decent  as  his  other  visitors. 

Before  the  war  began  I  had  my  salary  voluntarily 
advanced  over  100  per  cent  in  a  short  term  of  years.  I 
did  not  feel  that  I  was  the  equal  of  the  man  higher 
up,  but  that  I  was  a  kind  of  understudy.  I  believe  that 
"all  men  are  created  equal,"  but  it  is  a  fact  that  they 
do  not  stay  so.  The  assistant  in  a  certain  plant  often 
remarked,  "If  I  ever  get  to  be  chief,  I'll  show  the  'old 
man'  a  thing  or  two."  In  the  course  of  time  the  old 
chief  retired  and  the  assistant  was  promoted  to  his  posi- 
tion. He  lasted  just  about  three  months.  The  old  chief 
always  said,  "yes  sir,"  "no  sir,"  "thank  you,"  etc.,  to  his 
superior.  The  new  chief  said,  "sure"  and  "nope,"  but 
never  "thank  you."  He  never  "slicked  up"  to  go  to  the 
office. 

One  of  the  office  girls  remarked  to  me  one  day: 
"The  assistant  engineer  who  took  your  place  a  few 
years  ago  has  been  made  chief,  and  there'll  be  a  good 
job  for  somebody  soon,  because  he  can't  last.  He  never 
washes  his  face  or  takes  off  his  overalls  and  I  don't 
believe  the  'boss'  will  stand  for  it."    And  he  did  not. 

The  reason  I  am  writing  this  is  because  I  feel  that 
we  have  a  large  body  of  young  readers  and  I  want 
them  to  get  both  sides  of  the  issue.  The  army,  the 
navy  and  every  ship  has  a  superior  officer.  He  is  not 
necessarily  a  grouch,  but  he  is  in  confmand. 

Your  plant,  my  plant  and  the  other  fellow's  plant 
must  have  a  superior  officer,  and  the  place  to  thresh 
out  your  troubles  is  in  his  office.         C.  W.  Peters. 

New  York  City. 
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Alloy  for  Metallic  Packing  Rings. — What  is  a  good  com- 
position of  soft  metals  for  piston-rod  packing  rings? 

W.  B.  R. 

For  casting  metallic  packing  rings  good  results  have  been 
obtained,  using  an  alloy  consisting  of  lead,  883  per  cent; 
tin,  8 J  per  cent;  antimony,  8S  per  cent.  For  use  with  supei-- 
heated  steam  tin  should  be  omitted  on  account  of  its  low 
melting  point  with  the  alloy  composed  of  80  per  cent  lead 
and  20  per  cent  antimony. 


Less  Grate  Area  with  Stokers  than  with  Hand  Firing. — 

Why  are  the  grate  areas  of  stokers  usually  made  less  than 
the  areas  of  hand-fired  grates  for  the  same  furnaces  ? 

W.  N.  J. 
The  motion  of  the  stoker  maintains  a  cleaner  fire  by  con- 
stantly disturbing  the  film  of  ash  formed  by  the  burning 
coal.  The  rate  of  combustion  attainable  per  square  foot  of 
grate  is  thus  increased  to, an  extent  that  more  than  com- 
pensates, for  the  smaller  grate  area. 


Conversion  of  Baume  Degrees  to  Specific  Gravity. — How 

is  the  specific  gravity  of  a  liquid  estimated  from  the  num- 
ber of  degrees  Baume?  G.  A.  W. 

To  convert  degrees  Baume  into  specific  gravity  the  fol- 
lowing formulas  are  used: 

For  liquids  lighter  than  water: 

For  liquids  heavier  than  water: 


Sp.  gr. 


145 


145  —  deg.  Be. 


Grooving  of  Boiler  Shells. — What  is  grooving  of  a  boiler 
shell,  and  by  what  is  it  caused  ?       .  F.  R. 

Grooving  is  internal  corrosion  or  rusting  away  of  the 
boiler  shell  in  the  form  of  grooves  or  cavities.  Corrosion  of 
this  kind  generally  may  be  attributed  to  local  changes  of 
shape  of  the  boiler  shell  due  to  changes  of  pressure  or  tem- 
perature. Slight  movements  loosen  particles  of  skin  or  rust, 
and  fresh  surfaces  are  exposed  for  the  formation  of  more 
rust.  Corrosion,  thus  foriiiing  grooves  or  cavities,  proceeds 
rapidly  in  such  places  as  at  sharp  comers  of  head  flanges, 
in  the  lower  part  of  the  water  legs  of  locomotive  and  of 
vertical  boilers,  especially  when  fitted  with  mud  rings,  and 
along  the  side  seams  of  cylindrical  shells  that  are  made 
with  lap  joints  as  a  result  of  the  bending  that  occurs  in  a 
lap  seam  when  under  pressure. 


Sloping  Floor  of  Combustion  Chamber. — In  the  setting  of 
a  horizonal  return-tubular  boiler,  what  is  the  advantage  of 
having  the  floor  of  the  combustion  chamber  extended  with  a 
slope  downward  from  the  upper  part  of  the  bridge  wall  to 
the  rear  of  the  setting  ?  D.  M. 

There  is  no  advantage  in  sloping  the  floor  beyond  obtain- 
ing greater  convenience  for  drawing  soot  and  cinders  with  a 
hoe  toward  the  rear  of  the  setting  when  cleaning  out  the 
combustion  chamber.  It  is  desirable  to  have  thorough  mix- 
ture of  the  gases  before  they  reach  the  return  connection  of 
the  setting,  and  for  that  purpose  more  favorable  eddying  of 


the  gases   is  obtained  by  having  the  combustion  chamber 
begin  with  a  deep  drop  below  the  top  of  the  bridge  wall. 


Designing  Angle  of  Advance  of  Eccentric. — Why  is  the 

angular  advance  of  an  engine  eccentric  referred  to  the  posi- 
tion of  90  degrees  with  the  crank  in  place  of  designating  the 
whole  number  of  degrees  in  advance  of  the  crank?  W.  R.  T. 

The  90-degree  position  is  taken  a«  the  basis  for  considera- 
tion, because  in  the  simplest  form  of  valve,  without  lap  or 
lead,  that  position  is  necessary  for  admission  of  steam  to 
one  end  or  the  other  end  of  the  cylinder,  and  departures 
from  that  form  of  valve  or  its  operation  are  naturally  re- 
ferred to  the  90-degree  position  of  the  eccentric,  and  "angle 
of  advance"  is  commonly  so  undei  stood.  When  otherwise 
intended,  the  angular  advance  should  be  specified  as  degrees 
"ahead  of  the  crank." 


Saving  from  Use  of  Feed-Water  Heater. — ^What  is  the 
percentage  of  saving  by  the  use  of  an  exhaust  steam  feed- 
water  heater  where  the  boiler  pressure  is  90  lb.  gage  and 
the  feed  water  is  heated  from  50  deg.  to  170  deg.  F.? 

R.  A.  B. 

By  referring  to  steam  tables  it  may  be  seen  that  a  pound 
of  dry  saturated  steam  at  the  pressure  of  90  lb.  gage,  or 
90  -j-  1.5  =  105  lb.  per  sq.in.  absolute,  contains  1,187.2 
B.t.u.  above  32  deg.  F.  When  the  feed  water  is  at  50  deg. 
F.,  or  50  —  32  =  18  deg.  above  32  deg.  F.,  for  convei'sion 
into  steam,  each  pound  of  the  feed  water  requires  1,187.2  — 
18  =:  1,169.2  B.t.u.  If  the  feed  water  has  a  temperature  of 
170  deg.  F.,  then  for  its  conversion  into  steam  each  pound 
would  require  170  —  50  =  120  B.t.u.  less  than  when  the 
temperature  is  50  deg.  F.,  and  if  the  feed-water  heater  is 
operated  without  increasing  back  pressure  on  the  engine, 
the  saving  would  be  120  -^  1,169.2  =  0.1026  or  about  lOi 
per  cent.  

Setting  Steam  Valves  of  Duplex  Pump. — ^What  is  the 
method  of  setting  the  stetin  valves  of  a  duplex  pump? 

J.  R. 

First,  place  the  pistons  of  each  side  of  £he  pump  at  the 
centers  of  their  strokes  by  moving  them  first  to  contact 
with  one  head  and  then  to  the  other,  marking  each  position 
on  the  rods  against  the  stuffing-box  glands.  Then,  on  each 
rod,  place  a  mark  midway  between  those  marks  and  move 
the  rod  until  this  central  mark  comes  against  the  gland. 
When  this  is  done  on  both  sides,  the  pi?tons  are  in  central 
positions,  and  the  valve-motion  rocker  arms  that  connect 
with  the  crossheads  should  stand  perpendicular  to  the  piston 
rods.  If  for  either  side  this  is  not  the  case,  the  cross  head 
must  be  disconnected  and  fixed  at  such  a  position  as  to  cor- 
rect the  position  of  the  arm.  Now,  remove  the  steam- 
chest  covers  and  place  the  slide  valves  centrally  over  the 
ports  and  adjust  the  lost  motion  of  each  valve  so  there  will 
be  the  same  clearance  at  each  end.  If,  upon  trial  of  the 
pump,  a  steam  piston  strikes  the  head  of  its  cylinder,  take 
up  some  of  the  lost  motion;  if  the  piston  does  not  make  a 
full  stroke,  give  more  lost  motion. 


[Correspondents  sending  us  inquiries  should  sign  theii 
communications  with  full  names  and  post  office  addresses. 
This  is  necessary  to  guarantee  the  good  faith  of  the  com- 
munications.— Editor.] 
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"The  Great  St.  Lawrence" 

"The  Great  St.  Lawrence"  was  the  subject  of  the  evening 
at  the  final  session  of  the  season  for  the  Chicago  Section 
of  the  American  Society  of  Mechanical  Engineers  at  a 
dinner  meeting  held  at  the  Chicago  Engineers'  Club  on  the 
evening  of  June  8  Before  proceeding  with  the  main  topic, 
a  brief  report  of  the  St.  Louis  spring  meeting  was  made 
by  the  chairman,  A.  L»  Rice.  Formal  notification  was  given 
that  the  next  spring  meeting  of  the  society  would  be  held 
in  Chicago  and  the  necessity  for  beginning  preparations 
immediately  instead  of  waiting  until  next  spring  was 
emphasized. 

The  following  list  of  officers,  presented  by  the  nominating 
committee  for  next  season,  were  elected  unanimously: 
Chairman,  H.  S.  Philbrick;  vice  chairman,  W.  O.  Moody; 
secretary,  J.  D.  Cunningham;  two  members  of  executive 
committee,  G.  W.  Hubbard,  D.  Lofts.  There  was  also  a 
report  on  the  conference  held  in  Washington  for  the  pur- 
pose of  organizing  a  national  federation  of  engineering 
societies.  A  full  account  of  this  mjeeting  appears  in  the 
June  15  issue  of  Power. 

An  interesting  talk  on  the  possibilities  of  the  St.  Law- 
rence River  from  the  standpoint  of  navigation  and  power 
development  was  given  by  H.  C.  Gardner,  president  of  the 
Great  Lakes-St.  Lawrence  Tidewater  Association.  The 
fact  that  the  basin  of  the  Great  Lakes  was  not  settled  for 
200  years  after  the  discovery  of  this  country  was  laid  to 
the  impediment  to  navigation,  such  as  the  rapids  and 
Niagara  Falls. 

Just  as  the  World  War  began,  a  committee  had  been 
appointed  from  this  country  to  confer  with  the  Canadian 
government  with  the  purpose  of  improving  navigation  on 
the  St.  Lawrence.  The  war  stopped  all  proceedings,  but 
a  year  ago  the  Great  Lakes-St.  Lawrence  Tidewater  Asso- 
ciation had  been  formed  to  take  up  the  work  of  bettering 
navigation  and  considering  the  possible  power  developments. 
The  international  joint  commission  appointed  eleven  years 
ago  by  this  country  and  Great  Britain  is  also  investigating 
the  same  problem. 

~The  speaker  outlined  a  territory  starting  from  the  St. 
Lawrence,  cutting  down  through  Maine,  New  York  State 
and  Pennsylvania,  continuing  along  the  southern  borders 
of  Kentucky,  Missouri,  Kansas  and  Colorado,  and  then 
north  to  include  the  States  of  Colorado,  Wyoming  and  Idaho 
to  the  Canadian  Border.  This  territory  he  represented  as 
the  heart  of  the  country,  containing  more  than  one-third 
of  the  population  and  considerably  more  than  one-third  of 
the  wealth.  In  this  territory  he  indicated  the  centers  of 
productivity  and  production;  that  is,  of  manufactured  arti- 
cles and  food  products.  He  pointed  out  the  immense  advan- 
tage water  transportation  would  impart  to  this  territory, 
which  was  within  easy  reach  of  the  Great  Lakes,  and  what 
it  would  mean  for  the  development  of  this  section.  Accord- 
ing to  estimates  it  would  require  six  billion  dollars  to  do 
what  must  be  done  for  transportation  if  the  country  is  to 
progress.  Even  if  the  money  could  be  obtained,  the  work 
could  not  be  done  fast  enough.  It  would  be  possible,  how- 
ever, to  improve  the  St.  Lawrence  for  a  comparatively  small 
part  of  the  money  needed  by  the  railways,  and  the  improve- 
ment would  be  effected  in  a  comparatively  few  years. 

Some  of  the  numerous  advantages  of  ocean  vessels  com- 
ing through  to  Chicago  were  enumerated.  Upon  the  sup- 
position that  we  were  exporting  3,000,000  bushels  of  wheat, 
it  would  be  possible  to  save  a  minimum  of  6c.  per  bushel, 
amounting  to  $18,000,000.  As  a  matter  of  fact,  the  rail- 
ways had  employed  differentials  as  high  as  20c.  to  protect 
against  contingencies  in  shipments  to  Liverpool. 

Some  of  the  objections  raised  by  opponents  to  this  move- 
ment were  that  the  Great  Lakes  and  the  river  were  ice- 
bound a  considerable  part  of  the  year.  It  was  pointed  out 
that  the  Great  Lakes  were  open  for  navigation  244  days 
in  the  year  and  closed  121  days;  that  the  Detroit  River 
carried  90,000,000  tons  of  freight  per  annum,  which  was 
ten  to  fifteen  times  greater  than  the  amount  passing 
through  the  Suez  Canal,  the  inference  being  that  enough 
traffic  could  be  taken  care  of  in  the  eight  months  available 
to  warrant  many  times  over  the  expenditure  that  would  be 
necessary. 


With  reference  to  the  power  developments  possible,  it 
was  stated  that  between  Lake  Ontario  and  the  Lachine 
Rapids  at  Montreal,  a  stretch  «)f  150  miles,  the  total  fall 
was  221  ft.,  and  the  flow  of  240,000  sec.-ft,  was  phenome- 
nally uniform,  there  being  a  variation  of  only  25  per  cent 
between  the  mean  and  the  maximum,  which  might  be  com- 
pared to  30  to  1  at  Keokuk,  on  the  Mississippi,  and  similar 
variations  for  other  rivers  of  the  country. 

With  this  fall  and  flow  it  was  possiblek1;o  develop  5,750,000 
hp.  At  70  per  cent  efficiency  the  total  would  be  reduced 
to  4,000,000  hp.  About  one-third  of  this  power  was  avail- 
able in  the  international  part  of  the  river,  and  the  balance 
in  Canada.  If  the  expense  of  developing  the  international 
part  of  the  stream  were  shared  equally  and  the  power 
divided,  there  would  be  available  to  the  United  States  about 
800,000  hp.,  and  if  this  country  sharecj  in  the  entire  project, 
about  2,000,000  hp.  would  be  available. 

From  the  conservation  standpoint,  allowing  twenty  tons 
of  coal  per  horsepower-year  for  steam  generation,  the  800,- 
000  hp.  would  save  16,000,000  tons  of  coal  per  year.  The 
total  development  of  the  4,000,000  hp.  would  save  80,000,000 
tons  of  coal  per  year,  which  would  be  increased  to  100,000,- 
000  tons  by  including  the  20,000,000  tons  of  coal  that  would 
be  needed  to  transport  all  of  this  fuel  by  rail.  This  is 
approximately  one-sixth  of  the  total  amount  of  coal  used 
in  this  country  last  year  for  all  purposes.  Besides,  there 
would  be  the  man-power  saved  in  the  mine,  on  the  railway, 
in  the  distribution  of  the  coal  to  the  ultimate  consumer,  and 
the  men  that  would  be  required  to  fire  the  coal  in  a  steam 
plant. 

From  the  standpoint  of  navigation,  power  development 
and  conservation  it  would  be  one  of  the  best  investments 
this  country  ever  made  to  unite  with  Canada  and  improve 
the  St.  Lawrence. 


Engineering  clubs  and  societies,  manufacturers'  associa- 
tions, commercial  organizations,  technical  schools,  and  the 
educational  departments  of  large  corporations  will  be  in- 
terested in  the  announcement  that  the  Diamond  Power 
Specialty  Co.,  Detroit,  Mich.,  now  has  available  for  free 
distribution  three  copies  of  its  motion  picture,  "Coal  is 
King."  The  film  was  originally  prepared  as  part  of  the 
coal  conservation  campaign  used  during  the  war,  but  has 
just  been  completely  revised  and  brought  up  to  date,  all 
war  material  being  eliminated  and  much  new  material 
added.  The  film  deals  with  good  and  bad  methods  of  coal 
mining  and  transportation,  good  and  bad  methods  of  firing, 
com,bustion  losses  and  their  minimization,  power-plant  in- 
struments such  as  draft  gages,  CO2  recorders  and  their 
uses,  losses  caused  by  leaky  boiler  settings,  good  and  bad 
management  of  the  boiler  room,  and  the  necessity  for 
keeping  the  boiler  surfaces  clean  is  properly  brought  out. 
Pictures  of  scale  and  soot  removal,  losses  caused  by  firing 
the  boiler  too  high  or  too  low  above  or  below  rating,  losses 
caused  by  cutting  in  stand-by  boilers  too  early  or  too  late, 
losses  caused  by  uncovered  steam  pipes,  leaky  pipes,  steam 
traps,  etc.,  are  shown.  The  film  is  in  four  reels,  requiring 
approximately  fifty  minutes  to  be  shown.  Bookings  are 
now  being  made  for  the  summer  and  fall,  and  those  in- 
terested should  make  their  reservations  without  delay  in 
order  that  schedules  may  be  completed. 


Hearings  on  the  proposed  amendments  to  the  New  York 
state  industrial  code  relative  to  the  construction,  installa- 
tion, inspection  and  maintenance  of  steam  boilers  were 
recently  held  by  Deputy  State  Industrial  Commissioner 
Thomas  C.  Eipper,  who  explained  that  the  proposed  amend- 
ments were  prompted  by  changes  recently  adopted  by  the 
American  Society  of  Mechanical  Engineers.  Among  the 
proposed  changes  discussed  were:  Requirement  that  boilers 
under  state  jurisdiction  be  inspected  internally  once  a  year 
and  externally  twice  a  year;  that  the  commission  revoke 
the  licenses  of  inspectors  for  incompetency  or  untrust- 
worthiness  after  a  hearing;  that  applicants  for  inspector- 
ships have  five  years'  practical  experience  before  being 
eligible  and  that  certificates  of  inspection  of  portable  boilers 
be  kept  near  the  boiler  at  all  times. 
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What  a  Definite  Federal  Water-Power 
Policy  Will  Mean 

When  President  Wilson  affixed  his  signature  to  the  Water- 
power  Bill  it  put  into  effect  what  is  admitted  to  be  one  of 
the  most  important  pieces  of  legislation  of  recent  years.  It 
marked  the  culmination  of  the  fight  which  has  been  in 
progress  since  1890,  to  establish  a  Federal  water-power 
policy.  That  the  provision  for  a  definite  method  by  which 
water  powers  on  the  public  lands  and  on  navigable  rivers 
will  have  a  decided  bearing  on  the  entire  power  situation 
of  the  country  is  admitted.  It  is  estimated  that  every  water 
horsepower  that  can  be  substituted  economically  for  a  horse- 
power developed  from  fuel  would  represent  a  saving  of 
approximately  five  and  one-half  tons  of  coal  per  year.  This 
calculation  is  based  on  a  twelve-hour  day.  It  is  further 
calculated  that  the  labor  of  one  man  is  released  for  other 
uses  every  time  fifty  hydro-electric  horsepower  is  developed, 
while  one  freight  car  is  saved  for  other  use  for  each  150 
horsepower  which  may  be  developed  hydro-electrically. 

Sixty  Million  Horsepower  Available  for  Development 

The  United  States  Geological  Survey,  which  has  made  the 
only  pretentious  survey  of  potential  water  power  of  the 
country — and  the  estimates  necessarily  were  purely  approxi- 
mations— believes  that  more  than  sixty  million  horsepower 
is  available  for  development.  Interest  in  water  power 
naturally  is  greatly  stimulated  at  this  time  by  the  increased 
cost  of  coal  and  the  certainty  that  great  restriction  must 
come  in  the  use  of  fuel  oil  for  steam-making  purposes. 

While  it  is  realized  that  the  utilization  of  the  country's 
maximum  water-power  resources  is  a  long  way  in  the  future, 
even  the  ultra  conservationists  admit  that  there  would  now 
have  been  twenty-five  million  developed  horsepower  rather 
than  the  five  million  which  exists,  had  it  not  been  for  lack 
of  satisfactory  legislation. 

Originally  there  were  two  types  of  water-power  bills 
being  urged.  One  involved  the  use  of  power  on  navigible 
streams  and  the  other  the  use  of  power  on  public  lands 
and  reservations.  The  more  the  matter  was  discussed,  how- 
ever, the  more  evident  it  became  that  the  same  basic  prin- 
ciples must  prevail,  and  finally  the  idea  of  separate  adminis- 
tration for  public-land  water  powers  and  navigible-stream 
water  powers  was  abandoned.  To  accomplish  that,  the  com- 
mittees on  public  lands  joined  with  the  committees  having  to 
do  with  commerce  in  form.ulating  the  legislation  for  joint 
administration.  It  may  be  mentioned,  however,  that 
throughout  its  entire  course  in  Congress,  the  bill  never  has 
been  a  partisan  measure. 

The  outstanding  feature  of  the  Water-power  Act  is  its 
valuation  provisions  which  establish  bases  for  the  purposes 
of  rate-making  or  sale.  The  fundamental  principle  is  that 
the  investor  who  puts  an  honest  dollar  into  a  water-power 
project  can  make  an  honest  profit  on  that  dollar  and  get  the 
dollar  back,  if  he  desires  at  the  end  of  the  license  period. 
It  is  believed  that  inflation  has  been  sufficiently  guarded 
against,  and  valuations  at  the  beginning  will  make  impos- 
sible the  type  of  exploitation  which  accompanied  land  grants 
to  the  railroads.  Everything  possible  has  been  put  into  the 
bill   to  take  the   gamble   out  of  water-power   development. 

Machinery  orders,  running  high  in  the  millions,  are  under- 
stood to  have  been  placed  contingent  upon  the  passage  of 
this  water-power  legislation  and,  as  the  bill  is  regarded  very 
generally  as  being  sufficiently  liberal  to  attract  capital, 
fairly  rapid  development  is  anticipated. 

Federal  Power  Commission 

The  act  provides  for  a  Federal  Power  Commission  to  be 
composed  of  the  Secretaries  of  War,  Interior  and  Agricul- 
ture. These  secretaries  are  directed  to  appoint  an  executive 
secretary  and  may  request  the  President  to  detail  to  the 
commission  an  engineer  officer  to  assist  in  the  administra- 
tion of  the  law.  The  duties  and  functions  of  the  commission 
may  be  classified  under  seven  general  heads,  as  follows: 
(1)  General  administration  of  water  powers;  (2)  design, 
construction  and  operation  of  project  works;  (3)  regulation 
of  financial  operations;  (4)  regulation  of  rates  and  service; 


(5)  valuation  of  properties  of  licensees;  (6)  general  investi- 
gations; (7)  special  investigation.s. 

In  the  general  administration  of  water  powers  the  more 
important  duties  placed  upon  the  commission  are  the  follow- 
ing: To  issue  licenses  for  power  projects  and  transmission 
lines;  to  issue  preliminary  permits  to  power  projects;  to 
provide  for  proportionate  distribution  of  annual  costs  of 
headwater  improvements  between  owner  and  licensees  bene- 
fited thereby;  to  assess  against  all  licensees  benefited  the 
annual  costs  of  any  headwater  improvement  constructed 
by  the  United  States;  to  prescribe  rules  for  and  to  fix 
annual  license  charges  and  to  determine  the  relation  of 
such  charges  to  prices  collected  from  consumers;  to  make 
rules  and  regulations  for  the  administration  of  the  act. 

The  commission  has  authority  to  pass  upon  the  general 
scheme  of  development  of  power  sites,  upon  the  plans  and 
specifications  of  the  works  and  upon  certain  features  of 
maintenance  and  operation  of  project  works.  This  includes 
the  duty  to  require  project  works  to  be  properly  main- 
tained and  kept  in  efficient  operating  condition,  and  to  keep 
in  touch  with  conditions  of  the  power  market  tributary 
to  every  development,  in  order  to  require  extensions  as 
rapidly  as  conditions  warrant.  In  addition,  the  commis- 
sion is  charged  with  the  preparation  of  a  comprehensive 
plan  of  development  in  connection  with  each  power  project, 
which  shall  take  into  account  full  utilization  of  the  stream 
for  the  purposes  of  navigation,  water-power  development 
and  other  beneficial  public  uses. 

Under  the  provisions  of  the  act,  the  commission  must 
require  the  submission  of  financial  statements  and  reports; 
to  regulate  under  certain  conditions  the  amount  and  char- 
acter of  securities  which  may  be  issued  for  the  financing  of 
power  projects;  to  prescribe  rules  for  the  establishment 
and  maintenance  of  depreciation  reserves;  to  devise  prin- 
ciples for  the  proper  apportionment  of  surplus  earnings  to 
amortization  reserves. 

Jurisdiction  over  the  regulation  of  rates  and  service  is 
placed  in  the  hands  of  the  commission  whenever  the  state 
has  no  agency  to  look  after  regulation  or  whenever  the 
states  concerned  do  not  have  power  to  act  individually  or 
cannot  reach  a  mutual  agreement. 

Valuations  To  Be  Based  Upon  Investment 

One  of  the  fundamental  principles  of  the  act  provides 
for  valuations  for  the  purpose  of  rate  making  or  of  purchase 
at  the  termination  of  the  license  period.  Valuations  are 
to  be  based  upon  net  investment  in  the  property  which  are 
to  be  determined  either  through  a  system  of  account'ng 
or  through  physical  valuation.  For  those  purposes  the 
commission  is  directed  to  require  the  filing  of  statements 
showing  the  cost  of  construction  of  project  works  and  the 
price  paid  for  water  rights,  rights  of  way,  lands  and 
interests  in  lands.  This  involves  also  the  making  of  valu- 
ations of  projects  brought  inder  license  which  have  been 
constructed  in  whole  or  in  part  prior  to  the  application  for 
license.  The  commission  must  determine  the  net  investment 
and  severance  damages  in  the  erent  that  properties  of  th'» 
licensee  are  taken  over  by  the  United  States  at  the  termina- 
tion of  a  license  period. 

The  commission  is  specifically  charged  to  undertake  the 
collection  of  comprehensive  data  concerning  the  utilization 
of  the  water  resources  of  any  region  to  be  developed.  It 
also  is  called  upon  to  report  on  the  water-power  industry 
as  a  whole  and  its  relation  to  other  industries  and  to  inter- 
state and  foreign  commerce.  Other  investigations  are  also 
outlined.  In  that  connection  the  commission  is  to  hold 
hearings  and  may  require  the  attendance  of  witnesses  and 
the  production  of  evidence. 

The  special  inv3Stigations  provided  for  in  the  bill  include 
a  report  on  the  Great  Falls  power  project,  near  Washing- 
ton, on  the  Potomac  and  reports  on  all  projects  on  navigable 
streams  in  which  it  appears  that  the  construction  of  suit- 
able navigation  structui'es  cannot  be  undertaken  by  the 
applicant  for  license. 

It  is  recognized  that  the  three  Cabinet  members  neces- 
sarily ..an  devote  little  time  to  the  administration  of  the  new 
law  and  that  the  entire  responsibility  rests  with  the  execu- 
tive secretary.     It  has  been  rumored  ihat  the  secretaries  in- 
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tend  to  appoint  to  this  important  position  Oscar  C.  Merrill, 
now  the  chief  engineer  of  the  Forest  Service.  In  that 
position  Mr.  Merrill  has  had  jurisdiction  over  the  use  of 
water  powers  in  the  iorest  reserves.  His  long  service  in 
that  capacity  has  given  him  more  opportunity  than  to 
any  other  man  in  the  country  to  come  into  contact  with  the 
practical  problems  presented  in  the  administration  of  water- 
liower  matters.  In  addition,  Mr.  Merrill  is  regarded  as  an 
authority  on  water-power  subjects,  and  it  was  he  who 
drafted  the  bill  which,  with  some  amendments,  has  become 
a  law. 

The  Iowa  State  N.  A.  S.  E.  Convention 

The  annual  convention  of  the  Iowa  State  Association  of 
Stationary  Engineers  was  held  in  Dubuque,  June  16  to  18. 
O.  C.  Carr  delivered  an  address  of  welcome  to  the  delegates. 
F.  W.  Raven,  national  secretary  of  the  N.  A.  S.  E.,  William 
Lyons,  president  of  the  Central  States  Exhibitors'  Asso- 
ciation, and  Royal  H.  Holbrook,  state  deputy,  answered  on 
behalf  of  the  visitors. 

Papers  were  read  by  T.  C.  Messplay,  engineer  of  the 
International  Filter  Co.,  on  "Water  Treatment  and  Scale 
Prevention,"  and  John  M.  Drabelle,  mechanical  and  elec- 
trical superintendent  of  the  Iowa  Railway  and  Light  Co., 
on  the  "Qualifications  of  an  Engineer."  In  the  afternoon 
the  A.  Y.  McDonald  Manufacturing  Co.,  makers  of  pumps 
and  plumbing  supplies,  entertained  the  delegates.  In  the 
evening,  A.  M.  Pritchard,  of  the  Vacuum  Oil  Co.,  read  a 
paper  on  lubrication,  illustrated  with  lantern  slides.  On 
Friday  morning  the  regular  election  of  officers  was  held, 
resulting  as  follows:  President,  Harry  G.  Hammond,  of 
Davenport;  vice  president,  A.  B.  Elliott,  Mason  City;  secre- 
tary, Abner  Davis,  Cedar  Rapids;  treasurer,  James  A.  Coul- 
son,  Sioux  City;  conductor,  William  Meese,  Marshalltown ; 
doorkeeper,  William  Viggers,  Des  Moines;  state  deputy. 
Royal  H.  Holbrook,  Cedar  Rapids.  Davenport  was  selected 
as  the  place  for  the  next  convention. 


Fuel  Section  of  the  A.  S.  M.  E. 

One  of  the  first  professional  sections  to  be  authorized 
by  the  Council  of  the  American  Society  of  Mechanical 
Engineers  is  that  upon  Fuels.  The  organizing  committee 
expresses   itself  with   regard  to  the  policy  of   the  section 
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as  follows:  "It  is  the  firm  conviction  of  this  committee 
that  the  work  of  the  Fuels  Section  should  be  carried  out 
for  the  benefit  of  the  country  and  fuel-consuming  communi- 
ties at  large,  and  not  to  foster  any  specific  interest  of  either 
industry  or  trade." 

The  section  has  been  organized  by  the  election  of  Prof. 
L.  P.  Breckenridge,  chairman;  Prof.  G.  F.  Gebhardt,  vice- 
chairman,  and  F.  R.  Uehling  and  Joseph  Harrington  to 
serve  with  the  chairman  and  vice-chairman  as  an  executive 
committee.  A  meeting  of  this  executive  committee  was 
held  at  the  rooms  of  the  society  on  June  9,  at  which  a 
Committee  on  Meetings  and  Papers  and  another  on  Pub- 
licity Information  were  appointed.  It  is  hoped  that  the 
section  will  take  an  important  part  in  the  program  at  the 
annual  meeting  in   December. 

Power  Survey  Authorized 

The  United  States  Geological  Survey  has  been  author- 
ized by  the  Sundry  Civil  bill  to  proceed  with  the  super- 
power survey  for  the  industrial  region,  Boston  to  Wash- 
ington, and  by  the  bill  is  given  $125,000,  together  with 
authority  to  receive  additional  sums  which  may  be  con- 
tributed to  the  work.  This  survey  will  include  a  study  of 
the  possibilities  of  water  power  in  contrast  with  coking  of 
coal  and  steam-power  plants,  both  at  the  mine  and  at 
seaboard.  It  is  anticipated  that  several  experts  of  wide 
experience  will  be  engaged  by  the  Survey  to  direct  the 
investigation. 

Whitfield  P.  Pressinger 

Whitfield  P.  Pressinger,  New  York,  vice  president,  Chi- 
cago Pneumatic  Tool  Co.,  died  June  10  as  a  result  of  com- 
plications following  an  operation.  Mr.  Pressinger  was 
actively  engaged  in  the  pneumatic  tool  and  allied  machinery 
industry  for  many  years.  He  was  general  manager  of  the 
Clayton  Air  Compressor  Co.  for  seven  years  and  became 
widely  known  tnrough  numerous  activities  in  the  American 
Society  of  Mechanical  Engineers  and  the  Compressed  Air 
Society.  He  was  born  in  New  York  City  in  1871.  In  addi- 
tion to  the  foregoing  societies  he  was  a  member  of  the  Sons 
of  the  Revolution,  Seventh  N.  Y.  Regiment  Veterans,  F. 
and  A.  M.,  and  the  following  clubs  of  New  York  City: 
Engineers,  Lawyers,  New  York  Athletic,  New  York  Rail- 
road, Columbia  Yacht,  and  the  Machinery  Club. 
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Coal  Market  Still  Chaotic 


For  the  last  year  and  a  half  or  two  years  a  column  of  coal 
prices  has  appeared  weekly  in  Porver.  The  present  situa- 
tion in  the  coal  market,  however,  is  so  impossible  to  describe 
by  mere  figures  that  a  weekly  discussion  will  be  substituted 
in  place  of  the  tabulation.  A  paragraph  or  so  will  be 
devoted  to  conditions  in  each  of  the  principal  cities. 

New  York:  The  demand  for  anthracite  is  heavier  than 
the  receipts,  which  are  below  normal  for  this  season.  Pro- 
duction is  reported  to  be  heavy,  but  in  view  of  the  effort 
being  made  to  induce  a  stronger  movement  of  bituminous 
it  is  feared  that  the  car  supply  at  the  anthracite  mines 
may  be  reduced.  Of  the  steam  coals,  rice  and  buckwheat 
are  the  most  active.  The  reason  for  the  activity  in  steam 
coals  is  attributed  to  the  high  prices  quoted  for  bituminous. 
Quotations  for  company  coal  per  gross  ton  at  the  mines 
and  f.o.b.  New  York  tidewater  at  the  lower  ports  are  as 
follows : 

Pea 5  85— 6.25  7.60— 8  00 

Buckwheat 4.00—4.  10  5.75—5.85 

Rice 3.00—3.50  4.75—5.25 

Barley 2  25— 2.50  4.00—4.25 

Boiler 2  50  4.25 

In  the  bituminous  market  prices  are  higher  than  a  week 
ago,  the  high  level  being  the  result  of  buyers  bidding  against 
each  other  in  the  coal  fields.  Another  factor  in  the  high 
prices  is  the  heavy  towing  charge,  tariff  for  boats  along- 
side being  about  $15.  It  is  reported  that  fair  grades  of 
Pennsylvania  coal  are  quoted  around  $10. 

Boston:  The  spot  market  on  steam  grades  of  bituminous 
continues  its  remarkable  rise,  the  present  price  being  nearly 
$12,  with  no  sign  of  a  decline.  The  heavy  demand  for  soft 
coal  has  persisted  for  more  than  six  weeks;  wholesale 
offices  are  beseiged  by  buyers;  middle-houses  are  purchas- 
ing from  one  another,  and  conservative  consumers  have 
ceased  to  wait  and  now  are  seeking  coal  at  the  best  prices 
obtainable.  The  car  movement  appears  to  be  improving, 
cars  having  reached  New  England  from  beyond  Pittsburgh 
in  less  than  ten  days.  Current  wholesale  prices  on  bitumi- 
nous are  about  as  follows: 

Cambrias  and^ 
ClearfieWs  Somersets 

F.o.b.  mines,  net  tons $9.75@$I1.25         $10.25@$11    50 

F.o.b.  Philadelphia,  gross  tons 12.80®    14  50  13  40@    14  30 

F.o.b.  New  York,  gross  tons 13.50®    14.85  13.75®    15.   0 

Philadelphia:  Moderate  tonnages  of  anthracite  continue 
to  enter  Philadelphia,  but  the  fact  that  coal  is  being  de- 
livered to  consumers  as  rapidly  as  it  comes  in  is  causing 
some  uneasiness  in  the  trade.  Ordinarily,  at  this  season 
there  would  be  large  stocks  of  pea  coal,  but  there  is  an 
actual  scarcity  of  this  size  today.  For  the  past  four  years 
pea  coal  has  been  finding  a  widening  use,  with  the  West 
a  heavy  buyer.  It  is  stated  by  the  premium  shippers  that 
pea  is  selling  as  high  as  $9.75  at  the  mines. 

The  steam  coals  appear  to  be  moving  satisfactorily,  with 
the  exception  of  barley.  There  is  a  tightening  in  buck- 
wheat, and  the  companies  have  all  the  business  they  can 
handle  at  $4  and  $4.10.  The  independents  are  getting  $4.25 
to  $4.50  for  buckwheat,  and  are  disposing  of  all  produced. 
Rice  is  active,  due  probably  to  the  scarcity  of  soft  coal. 
There  seems  to  be  a  tendency  on  the  part  of  the  big  con- 
sumer to  change  over  a  portion  of  the  boiler  equipment, 
to  take  advantage  of  an  over-production  of  barley  with 
soft  coal  prices  out  of  reason. 

Although  it  is  claimed  that  soft  coal  production  has 
increased  recently,  mine  prices  have  remained  in  the  vicinity 
of  $10,  while  sales  at  $11  have  not  been  rare.  The  big 
producers  have  no  coal  for  the  spot  market,  most  of  them 
having  difficulty  in  meeting  contract  obligations. 

Cleveland:  Following  a  conference  with  railway  officials 
and  the  manager  of  the  Ore  and  Coal  Exchange,  operators 
in  No.  8  district,  with  headquarters  in  Cleveland,  have  sent 
an  appeal  to  the  Interstate  Commerce  Commission  for 
means  of  "continuous  operation  of  the  mines,"  which  can 
be  accomplished  only  by  an  adequate  supply  of  cars.  Most 
plants  continue  to  operate  on  a  hand-to-mouth  basis  and 
extraordinary  efforts  are  being  made  to  obtain  sufficient 
coal  to  avoid  shut-down.     As  high  as  $8  is  being  of^efed 


by  consumers,  but  stock  supplies,  even  at  that  price,  are 
almost  unobtainable. 

Anthracite  coal  is  about  the  only  grade  obtainable  from 
dealers'  yards,  and  most  retailers  are  accepting  orders 
only  for  anthracite.  There  are  practically  no  stocks  of 
Pocahontas  remaining,  and  retailers  refuse  either  to  quote 
prices  or  guarantee  delivery.  It  is  stated  that  the  supply 
is  only  about  5  per  cent  of  the  demand. 

Retail  pr'ces  per  net  ton,  delivered  in  Cleveland,  are 
$13.20  for  egg;  $13.20  to  $$13.50  for  grate;  $13.50  for  chest- 
nut and  stove;  $11.75  for  Pocahontas  shoveled  lump,  and 
$9.25  for  mine-run. 

Chicago:  Coal  continues  to  enter  the  Chicago  market 
in  very  satisfactory  quantities,  so  that  the  plants  are  in 
a  position  to  be  a  little  more  discriminating  in  their  buying. 
Prices  vary  widely  in  the  different  fields.  Franklin  County 
coal,  perhaps  the  best  produced  in  this  territory,  is  selling 
at  the  fair  prices  shown  in  the  tabulation: 

Southern  Illinois 

Franklin,  Saline  and  Williamson  counties-  Rate    to 

Chicago 

Prepared  sizes $350to$6.00  $1.55 

ivlme-run 3.50to    5.50  1.55 

Screenmgs 3.25to    4.50  1.55 

Central  Illinois 
Springfield  District: 

Prepared  sizes $4  00  to  $6.00  $1.32 

Mme-Txin 4  00  to    5.00  1.32 

Screenings 4.00to    4.75  1.32 

Northern  Illinois 

Prepared  sizes $4.75  to  $5.30  $1.24 

Mme-run 450to    5.00  1.24 

Screenmgs 4.25to    4.50  1.24' 

St.  Louis:  There  is  a  shortage  of  steam  coal  and  of  high- 
grade  domestic.  In  the  Standard  district,  the  mines  con- 
tinue to  work  about  two  days  a  week  on  commercial  coal, 
although  they  make  a  considerably  better  showing  where 
railroad  coal  is  loaded.  In  the  Carterville  field,  two  days 
a  week  is  the  commercial  run  on  the  Missouri  Pacific,  and 
about  three  days'  work  a  week  on  the  other  railways,  with 
better  time  where  railroad  coal  is  loaded.  The  miners 
seem  to  be  generally  satisfied,  and  there  is  practically  no 
labor  trouble.  The  movement  of  cars  throughout  all  the 
fields  is  slower  than  normal.  Standard  coal  is  quoted  for 
St.  Louis  delivery  at  from  S3.25  to  $4.50  at  the  mines  for 
domestic  sizes,  and  at  about  the  same  price  for  screenings 
and  mine-run. 

Detroit:  Steam  and  domestic  buyers  are  having  serious 
difficulties  in  obtaining  supplies.  Jobbers  state  that  con- 
ditions are  not  improving  and  that  the  shortage  of  bi- 
tuminous coal  is  as  serious  as  ever.  There  is  practically 
no  free  coal  on  the  tracks,  practically  all  stock  going 
directly  from  mines  to  consumers.  Although  small  ship- 
ments are  coming  from  Illinois  and  Indiana,  the  market  is 
practically  dependent  upon  Ohio  for  its  bituminous  coal. 
Slack  from  Ohio  is  reported  selling  around  $6.75  at  the 
mines  per  short  ton.  Mine-run  is  quoted  at  $7  to  $7.25, 
and  lump  is  offered  at  $7.50.  Jobbers  report  that  the 
storage  of  cars  is  still  preventing  mines  in  nearly  all 
districts  from  getting  more  than  two  or  three  lays'  pro- 
duction per  week.  Coal  from  West  Virginia  and  Kentucky 
has  all  but  disappeared  from  the  mark',t,  and  is  received 
only  in  shipments  applying  on  long-standing  contracts. 
This  coal,  which  was  formerly  the  chief  supply  of  Detroit 
manufacturers,  is  now  being  sent  to  tidewater,  for  prices 
are  said  to  be  at  a  level  that  render  it  impr'icticable  for 
local  buyers  of  steam  coals  to  purchase  it. 

Birmingham:  Reports  indicate  that  coal  is  moving  with 
fewer  delays.  Contract  fuel  mines  are  obtaining  all  the 
cars  needed,  while  commercial  operations  receive  from  45 
per  cent  to  50  per  cent  of  their  requirements.  Extremely 
warm  weather  has  caused  labor  to  slacken,  with  smaller 
production  as  the  result.  The  principal  work  among  the 
brokers  and  selling  agencies  is  the  declining  of  the  great 
volume  of  orders.  There  is  no  coal  available  lor  handling 
additional  business.  The  small  amount  of  soft  coal  that 
enters  the  market  is  absorbed  at  prices  ranging  from  $4.50 
to  $7  per  ton  mines,  regardless  of  grade. 
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PROPOSED    WORK 

X.  H.,  Portsmouth  —  Kendall.  Taylor  & 
Co.,  Archts.  and  Engrs.,  93  Federal  St., 
Boston,  Mass.,  will  soon  award  tlie  contract 
for  a  2  story,  ."lO  x  50  ft.  boiler  house,  etc., 
for  the  Portsmouth   Hosi)ital,   here. 

.Mass.,  Boston  —  The  Edison  Electric  Il- 
luminating Co..  70  State  St.,  plans  to  build 
a  ijower  station  on   B'way. 

Mass.,  Boston  —  The  Schoolhouse  Comn. 
will  .soon  award  the  contract  for  the  instal- 
lation of  new  boilers  and  other  changes. 

Mass.,  Pittsfield  —  The  General  Electric 
Co  will  soon  award  the  contract  tor  a  1 
story,  100  x  400  ft.  factory  for  the  manu- 
facture of  electric  specialties.  Plans  include 
a  steam  heating  system. 

R,  I.,  Providence  —  The  Packard  Motor 
Car  Co.,  B'way  and  61st  St..  New  York 
(  'ty  will  soon  award  the  contract  for  a  2 
s  ory,  190  X  205  ft.  garage,  service  building, 
.  tc,  including  a  steam  heating  system  and 
e:?ctric  power,  on  Plenty  St.  About  $400,- 
000. 

C  onn.,  Montville — The  Robert  Gair  Paper 
( 'o;p ,  Thames  River  Division,  will  soon 
i'ward  the  contract  for  a  2  story,  250  x 
400  ft.  paper  factory.  Plans  include  a  1 
story,  50  x  50  ft.  power  house.  About 
$500,000. 

\  Y.  Buffalo  —  The  Keystone  Tool  & 
Metal  Parts  Corp.,  65  Oak  St.,  is  in  the 
market  for  a  3  phase,  25  cycle,  720  r.p.m. 
10   or  20   hp.  motor. 

X.  Y.,  New  York  —  The  Dept.  of  Pub. 
Chanties,  Municipal  Bldg.,  is  in  the  mar- 
ket for  refrigerating  machinery  for  the  New 
York   City    Home  on   Blackwell's   Island. 

X  Y  Yonkers  —  The  Yonkers  Electric 
I^iglit  &  Power  Co.  plans  to  construct  a  sub- 
station. About  $150,000.  W.  Whitehall,  55 
Duane  St.,  New  York  City,  Archt.  and 
Engr. 

X.  J.,  Newark  — J.  H.  and  W.  C.  Ely. 
Archts.  and  Engrs..  Fireman's  Trust  Bldg., 
will  receive  bids  about  July  1  for  a  4  story, 
140  X  200  fV  recreation  building  including 
a  steam  heating  system,  on  Clark  and  Og- 
(Un  Sts  for  the  Clark  Thread  Co..  Clark 
and  Ogden  Sts.     About   $350,000. 

X  .1..  Trenton — The  City  Comn.  will  soon 
n-roive  bids  for  installing  a  25,000.000  gal. 
pump  and  a  1,000  hp.  generator  to  be 
driven  by  a  steam  turbine  for  the  city 
waterworks.  About  $75,000.  J.  R.  Fell, 
engr. 

Pa.  Ford  Citv — The  City  Clerk  will  soon 
award  the  contract  for  a  reservoir  and  a 
power  house  addition,  etc.  Douglas  &  Mc- 
knight. Columbia  Bank  Bldg.,  Pittsburgh, 
Pa.,   Engrs. 

:Md.,  Baltimore — Lockwood  Green  &  Co.. 
.Archts.  and  Engrs.,  101  Park  Ave..  New 
York  City,  will  soon  award  the  contract  for 
■\  4  story  80  x  222  ft.  factory  including  a 
steam  heating  system,  for  MacCawley  & 
Co.,  400  Exch.  PI.      About  $650,000. 

Va..  Hampton  Roads  —  The  Bureaii  of 
Yards  &  Docks,  Navy  Dept.  Wash.,  D.  C. 
received  bids  for  an  underground  steam 
heating  system  at  the  naval  operating  base 
here  from  John  R.  Proctor,  74  (^ourtlandt 
St  New  York  City,  $19,380  ;  M.  A.  Dane  & 
Son  Co.,  28  Buffum  St.,  Lynn,  Mass..  $22.- 
000.     Noted  March    30. 

N.  C  Newton — The  Citizens  Cotton  Mill 
is  in  the  market  for  one  250  hn.  engine  and 
one    125    hp.    r.t.    boiler,    (used). 

Tenn.,  rhattanooga  —  "^he  Brock  Candy 
Co.,  1113  Chestnut  St.,  plans  to  btiild  a 
liower  house  and  install  a  300  hp.  boiler, 
air  compressors,  etc. 

Tenn..  riarksviJle  —  The  Kentucky  Pub. 
Sirv  Co.  plans  to  build  an  auxiliary  elec- 
tric power  plant.     A.  D.  Couch.   Engr. 

Tenn.,    Nashville J.    W.     Dashiell.     Socy., 

will  receive  bids  until  June  30  for  the  de- 
signing and  construction  of  a  20,000,000 
gal.  turbine-driven  centrifugal  or  steam 
actuated  equivalent  condensing  high  service 
pumping  engine  and  two  20,000.000  gal.  low 
service  centrifugal  pumps  to  be  engine  or 
otherwi.«!e   driven,    for   th(>   city. 

O.,  Akron  —  The  City  Council  contem- 
plates issuing  $1,000,000  bonds  to  construct 
and   maintain   a   power   plant. 

O..  .M<ron — E.  A.  Zeisloft.  Dir.  of  the  Pub. 
Serv..  T)el;iw;in>  Bldg..  will  i-cceive  bids 
until  July  9  for  the  construction  and  equip- 
ment of  an  nddition  to  the  water  purifica- 
tion plant  here.  Motor  driven  pumps  and 
other  auxiliary  equipment  will  be  installed 
n  same. 

O.,  Cleveland — The  city  will  receive  bids 
until  July  2  for  furnishing  and  installing 
two  8.000  "00  gal.  and  one  4,000.000  gal. 
motor  driven  vertical  centrifugal  pumps 
v.^th      motors      eleo»rirql      equipment,     etc. 


About  $25,000.  E,  Shattuck.  Agt.  G.  B. 
^'.ascoigne,  City  Hall,  Engr.  Noted  June  22. 
O.,  Cleveland — The  city  will  receive  bids 
until  July  2  for  1  motor  driven  power  house 
type  coal  crusher.  E.  Shattuck,  City  Hall. 
Agt. 

O.,  Cleveland  —  The  Comr.  of  Purchases 
and  Supplies.  219  City  Hall,  will  receive 
bids  until  July  2  for  furnishing  and  install- 
ing 3  motor  driven  vertical  centrifugal 
pumiis  with  motors,  electrical  equipment, 
etc. 

O.j  West  Carrollton — The  Miami  Paper 
Co.  is  having  plans  prepared  for  a  1  story, 
20  X  28  ft.  boiler  house  addition.  One  150 
hp.  boiler  will  be  installed  in  same.  About 
$10,000.  W.  D.  Spangler,  Marshall  Bldg., 
Cleveland,    Archt.    and    Engr. 

Mich.,  Detroit — The  Kirby  Ave.  Develop- 
ment Co.,  c/o  Smith,  Hinchman  &  Grylls, 
Archts..  710  Washington  Arcade,  plans  to 
build  a  2  story  service  station  on  -  Kirby 
Ave.      About  $150,000. 

Wis.,  AVest  Bend — The  West  Bend  Heat 
&  Light  Co.  plans  to  build  a  113  x  150  ft. 
power  plant  and  extend  its  transmission 
lines  to  Kohlsville,  Newburg  and  Fredonia 
stations.      About   $80,000. 

Minn.,  Albert  I^ea — The  City  Clerk  will 
soon  award  the  contract  for  furnishing  2 
motor  driven  centrifugal  pumps  with  auto- 
matic control,  2  air  compressors.  2  motors 
with  belt  drive  and  1  horizontal  driven 
doulile  suction  centrifugal  pump  to  have  a 
caiiacity  of  800  gal.  per  minute  against  a 
50  ft.  head  direct  connected  to  one  14 
hp.   steam   turbine.      R.   G.    Lindgren.    Engr. 

Minn..  Buhl — Louis  Ruchstadt,  Clk.,  will 
soon  award  the  contract  for  a  3  story,  180 
X  200  ft.  high  school  addition  including  a 
steam  heating  and  mechanical  ventilating 
system,  on  Main  St.,  for  the  School  Bd. 
About  $350,000.  A.  W.  Kerr  &  Co.,  Chest- 
nut St.,  Virginia,  Minn.,  Archt.  and  Engr. 

Kan.,  CuIIison — The  city  will  soon  award 
the  contract  for  a  transmission  line  from 
here  to  Pratt.  About  $15,000.  L.  M.  Hut- 
chison,   Clk. 

N.  D.,  Bismarck — The  Bd.  of  City  Comrs. 
will  receive  bids  until  July  12  for  a  com- 
plete waterworks  system  including  a  steam 
heating  system  in  the  proposed  filtration 
plant. 

Miss.,  Shubuta — The  city  plans  an  elec- 
tion July  13  for  the  purpose  of  submitting 
to  the  voters  a  proposition  to  issue  $12,000 
bonds  to  construct  an  elecrtic  light  plant 
here. 

Wyo.,  Slioshone — The  Wyoming  Chemical 
Products  Co..  Duluth.  Minn.,  plans  to  build 
a  large  plant  for  the  manufacture  of  alum 
and  epsom  salts.  A  750  hp.  boiler,  tanks, 
etc.,  will  be  installed  in  same.  About  $200,- 
000.     W.   G.   Wey,   Engr. 

Okla.,  El  Reno — The  City  Clerk  will  soon 
award  the  contract  for  furnishing  material 
and  labor  for  improvements  to  water  works 
system.  Two  2,000,000  gal.  per  day  steam 
pumping  engine  and  a  1,000,000  gal.  reser- 
voir will  be  included  in  plans.  Burns  & 
McDonnell,  Interstate  Bldg.,  Kansas  City. 
Mo.,  Engrs. 

Okla.,  Madill — The  City  Comn.  will  re- 
ceive bids  until  July  1  for  a  waterworks 
system  including  dam,  reservoir,  pumping 
station,  elevated  tank,  water  mains  and 
supply  lines  for  the  city.  About  $410,000. 
Johnson  &  Benham,  Engrs. 

Cal.,  Bakersfield — The  Southern  Califor. 
nia  Edison  Co.,  Edison  Bldg..  Los  Angeles, 
has  been  granted  authority  to  issue  $1,985.. 
000  bonds  to  complete  the  Kern  River  Plant 
3,  northwest  of  here,  in  connection  with  the 
proposed  $5,000,000  hydro-electric  develop- 
ment project. 

Cal.,  Big  Creek — The  Southern  California 
Edison  Co.,  Edison  Bldg..  Los  Angeles, 
has  been  granted  authority  to  issue  $2,108,- 
000  bonds  to  construct  third  unit  here  and 
complete  Shaver  tunnel  and  reservoir,  etc.. 
in  connection  with  the  $5,000,000  hydro- 
electric development  project. 

Cal.,  Eagle  Rock  —  The  Souf.iern  Cali- 
fornia Edison  Co.,  Edison  Bldg..  Los  An- 
geles, has  been  granted  authority  to  issue 
$312,000  bonds  to  increase  the  capacity  of 
the  substation  here,  in  connection  with 
the  $5,000,000  hydro-electric  development 
project. 

Cal..  T^ong  Beach  —  The  Southern  Cali- 
fornia Edison  Co.,  Edison  Bldg.  has  been 
granted  authority  to  issue  $120:000  bonds  to 
install  a  steam  turbine  at  the  station  here, 
in  connection  with  the  $5,000,000  hydro- 
electric development  project. 

Cal.,  T.os  .4ngeles — The  First  Church  of 
TiOS  Angeles  plans  to  build  a  2  story.  100  x 
200  ft.  church  including  a  steam  heating 
sy.<5tem.      About   $1,000,000. 

Cal.,  Sacramento — M.  J.  Desmond.  City 
Clk..  will  receive  bids  about  Aug.  15  for 
a  pumping  jjlant  in  connection  with  the 
proposed  ^titration  plant.  Aboyt  $275,000. 
C.  J.  Hyde.   Engr 


Cal.,  San  Pedro — The  Fabri-Cord  Tire  Co. 
has  purchased  a  site  on  17th  St.  and  plans 
to  construct  a  3  story.  60  x  250  ft.  tire  fac- 
tory including  a  boiler  plant,  etc.,  on  same. 
About  $2,000,000.  S.  H.  Christian,  917 
Citizens'  Natl.  Bank  Bldg.,  Los  Angeles, 
Pres. 

Cal.,  Madera  —  The  Madera  Irrigation 
Dist.  plans  to  build  a  distributing  system 
to  serve  about  350.000  acres,  pumping 
plants  and  drainage  system,  including  a 
dam.  Cost  $15,000,000  to  $20,000,000. 
Bonds  will  be  voted  upon  for  project.  T.  H. 
Means,  58  Sutter  St.,  San  Francisco.  Chief 
Engr. 

Cal.,  Richgrove — The  Southern  California 
Edison  Co.,  Edison  Bldg..  Los  Angeles, 
has  been  granted  authority  to  issue  $814.- 
000  bonds  to  complete  the  substation  here 
and  $513,000  bonds  to  complete  the  trans- 
mission line  from  here  to  Kern  River  3,  in 
connection  with  the  $5,000,000  hydro-elec- 
tric development  project. 

Que.,  Montreal  —  The  Protestant  Bd.  of 
School  Comrs.  received  bids  for  installing 
heating,  plumbing  and  ventilation  systems 
in  the  proposed  school  to  be  known  as  the 
Devonshire  School,  from  W.  J.  McGuire  & 
Co..   332   Craig  St..   W.,   $63,500. 

Que..  Verdun — The  city  will  receive  bids 
until  July  15  for  an  extension  to  the  civic 
electric  plant.  About  $38,000.  A.  Guyshon. 
Engr. 

Ont.,  Hamilton — The  city  will  soon  re- 
ceive bids  for  a  steam  auxiliary  plant  for 
the  Hydro  Electric  System. 

CONTRACTS   AWARDED 

Mass.,  Chelsea — The  Commonwealth  of 
Massachusetts,  Boston,  has  awarded  the 
contract  for  a  2  story.  35  x  90  ft.  power 
house  and  laundry  addition  to  the  present 
building  at  the  Soldiers'  Home,  here,  to 
Joseph  Slotnick,  448  B'way.  About  $125,- 
000.     Noted  June   15. 

Conn..  Waterbury — The  Waterbury  Clock 
Co.,  31  Cherry  Ave.,  will  build  a  1  story. 
50  X  57  ft.  boiler  house  addition  on  Cherrv 
Ave.  About  $20,000.  Work  will  be  done 
by  day  labor. 

N.  Y.,  New  York — The  City  has  awarded 
the  contract  for  repairing  the  steam  plant 
in  the  Hollenbeck  Bldg..  505  Pearl  St.,  to 
the  Acme  Furnace  Co..  39  Cortlandt  St.. 
for  $7,605. 

N.  y.,  Brooklyn  —  The  City  Bureau  of 
Charities,  Municipal  Bldg.,  New  York  City, 
has  awarded  the  contract  for  repairs  to 
boiler  settings  and  new  boiler  fronts  at  the 
power  house  at  the  Kings  County  Hospital 
here,  to  the  Acme  Furnace  Equipment  Co., 
39  Cortlandt  St..  at  $15,052.     Noted  June  15. 

N.  J..  Newark — The  Bd.  Educ.  City  Hall, 
has  awarded  the  contract  for  the  installa- 
tion of  a  steam  heating  system  in  the  pro- 
posed 3  story,  70  x  80  ft.  school  addition 
on  Alexander  St..  to  Fred  P.  Merhle.  533 
Central  St.,  at  $35,972.     Noted  June  22. 

N.  C,  Mooresville — The  Mooresville  Cot- 
ton Mills  has  awarded  the  contract  for  a 
steam  plant  and  bleachery  to  the  Flynt 
Bldg.  &  Constr.  Co.,  30  Church  St..  New 
York  City.     J.  E.  Sirrine,  Engr. 

O.,  Cincinnati — The  United  States  Engi- 
neer's OfRce,  War  Dept.,  Wash..  D.  C,  has 
awarded  the  contract  for  a  wall  power 
plant,  etc.,  for  dams  33  and  39  in  the 
Ohio  River.  Lot  "A"  Turbines  in  dams  33 
and  39  to  the  Trump  Mfg.  Co.,  Columbus 
Ave.,  Springfield,  at  $4,510;  Lot  "A"  other 
things  not  given  for  dams  33  and  39.  and 
Lot  "B"  valve  jacks,  to  the  J.  and  J.  B. 
Millholland  Co..  714  5th  Ave..  Pittsburgh. 
Pa..  $11,699  and  $17,155  respectively:  Lot 
"C"  pipe  fittings,  etc..  dam  33  and  Lot  "C" 
pipe  fittings  dam  39,  $6,236  and  $7,748  re- 
spectively. 

Mich..  River  Rouge — The  Amer.  Gypsum 
Co..  Port  Clinton,  O.,  will  build  a  material 
storage  and  handling  plant  and  install  elec- 
tric driven  elevating  and  conveying  equip- 
ment for  handling  building  materials,  etc. 
About  $75,000.  Work  will  be  done  by  day 
labor. 

Wis.,  Hartford — The  Kissel  Motor  Co.  has 
awarded  the  contract  for  constructing  and 
furnishing  a  7  x  150  ft.  stack  and  stokers 
to  the  Combustion  Eng.  Co..  11  B'way.  New 
York  City. 

Wis.,  Milwaukee — The  Bd.  of  Industrial 
Educ.  Manufacturer's  Home  Bldg..  has 
awarded  the  contract  for  furnishing  power 
feeders,  to  the  Jung  Electric  Service  Co., 
Mason   St.,  at  $1,895. 

Qne..  Montreal  —  The  Montreal  Light, 
Heat  &  Power  Co.,  83  Craig  St.,  West,  has 
awarded  the  contract  for  a  3  story,  29  x 
47  ft  power  house  on  Montana  and  Boyer 
Sts..  to  John  Qulnlan  &  Co..  Green  Ave. 
Westmount.   at  ?22,000. 

Qne..  Shawlnlgan  Falls — ^The  Belgo  Cana- 
dian Pulp  &  Paper  Co.,  Ltd..  has  awarded 
the  contract  for  a  transformer  house  and 
addition  to  trrlnder  room  and  boiler  house 
to  William  L  Bishop,  Ltd.,  622  New  Blrks 
Bldg.  Montreal 


a 


BUmimBECW.     JUNl2l«J 


TJ 

1 

P7 

V.51 

Engin . 


Power 


L 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 


UNIVERSITY  OF  TORONTO  LIBRARY 


